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Abstract: 
 
 

Nepal’s economic development is hampered by its inadequate energy supply. We do not 
have our own reserve gas, oil or coal so we rely on other country and due to sudden 
changes in government or policy we face huge energy crises. Many industries have been 
shutdown creating unemployment crises. To solve the Energy crises in Nepal, renewable 
energy coupling together with energy efficiency needed to be explored which can support 
broader transition in the energy system. When energy efficiency and renewable energy 
potential are considered in parallel, total energy demand could be reduced. As compared to 
recent year we have observe drastic acceleration and improvement towards renewable 
energy. The evolution of renewable energy and energy efficiency has exceeded all the 
expectations and it has increased worldwide. 

 
Working at Chamber of Industries Morang as Energy Officer my job is to set a framework for 
Industries in Nepal to improve the effectiveness and energy efficiency of the industries in 
Nepal through energy audit and paralleling promoting renewable energy together. Nepalese 
industries still have lot of potential for energy efficiency, while conducting energy audit we 
have found in an average about 15-25 % of energy savings of total energy bills. And I 
believe when we couple energy efficiency with renewable energy we can double the amount 
of energy savings. During my study I have observe that Energy efficiency can play 
important role in managing our energy system by reducing energy use without affecting the 
production and cutting down on waste, making energy system more sustainable and drive 
down greenhouse gas emissions. 



 

 

In both technical and policy contexts, renewable energy can have positive effect on energy 
efficiency or vice versa. The data’s were collected during monitoring which we mainly 
conduct after energy audit in span of four month Implementation period. We have identified 
that the implemented recommendations concern a large variety of equipment and 
technologies. After making the measurement and evaluation of all the implemented energy 
efficiency options I was amazed to find out the results which are from Industries where they 
have implemented energy efficiency measures provided in energy audit report and I am 
interested to present the amount of energy savings along with the savings reduction in CO₂ 
Emission. 
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Overview 
 

In 2017, green taxes began to be applied to CO2, PM, NOX and SO2 emissions in Chile to 
reduce the negative environmental effects of fossil fuels burned in industrial and thermoelectric 
sources with a thermal power greater than or equal to 50 megawatts. In this context, the 
present study generates an optimization model to simulate how different tax scenarios would 
modify the behavior of regulated industrial sources considering the alternatives they have to 
minimize their costs (tax payment, fuel change and/or installation of abatement technologies). 
The main results show that, under the current tax scenario, CO2, PM and SO2 emissions would 
decrease by 11%, 48% and 49% respectively, while NOX emissions would increase by 5%. By 
extending the tax to all industrial and thermoelectric sources regardless of their thermal 
power, CO2, PM and SO2 emissions would decrease respectively by 14%, 98% and 66%, while 
NOX emissions would increase by 7.1%. 

 
Methods 

 
To model the alternatives of industrial sources must face by the introduction of green taxes, an 
optimization model is developed considering the different costs associated with fuels 
replacement, the installation of abatement technologies and the payment of taxes for non-
abated emissions. In this form, it is assumed that each industrial source evaluates in a 
decentralized way different possibilities as doing nothing and simply paying taxes, install 
abatement technologies, change their fuel, and also, both change their fuel and install 
abatement technologies to reduce taxes to be paid. Thus, the following optimization model is 
proposed: 

 
The data to calibrate the model were obtained from the latest ENIA survey of 2015 (INE, 
2017), which includes records of 3,167 industrial sources, of which it is estimated that 425 
have burners and / or boilers with thermal power greater than or equal to 50 MW. Based on 
fuel consumption and emission factors in the scenario without taxes, 6.6 million tons of CO2, 
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33,369 tons of PM, 10,577 tons of NOX and 28,152 tons of SO2 were estimated. 
 

Results 
 

The simulations of the model show that when applying the current regulatory scenario (in 
which green taxes are established only to sources with a thermal power greater than or equal 
to 50 MW), CO2, PM and SO2 emissions would decrease, respectively, to 5.9 million, 17.233 
and 14.469 tons, while NOX emissions would increase to 11,089 tons. Based on these results, 
it can be concluded that the taxes currently applied in Chile to reduce CO2 emissions as a 
global pollutant and PM, NOX and SO2 as local air pollutants do not generate large changes in 
the behavior of industrial sources with respect to their consumption fuels, emissions and 
installation of abatement technologies. 

 
However, if the same current tax rates are maintained but the application of the tax is 
extended to all industrial sources, it would be observed that 1,452 sources would change fuel 
and 287 would install abatement technologies. In this case, 



 

 

CO2, PM and SO2 emissions would be reduced by 13.9%, 97.8% and 66.3% respectively, while 
NOX emissions would increase by 7.1%. 

 
 
 
 
 

Table 1. Behavior of industrial sources under different tax scenarios 
 

  Without 
taxes 

With current tax 
rates 

   Sources 
≥ 50 MW 

All 
sources 

Fuel 
[N° 

sources
] 

Coal 62 59 11 

Fuel oil N°2 1,579 1,578 178 

 Fuel oil N°6 789 788 856 
 Gas Natural 591 591 1,863 
 Biomass 146 151 259 

abateme
nt 
technolog
y [N° 
sources] 

PM 0 57 242 

NOx 0 0 0 

 SO2 0 5 45 
 Total 0 62 287 

Emissio
ns [Ton 
/ year] 

CO2 6,585,6
43 

5,866,64
6 

5,664,11
3 

PM 33,369 17,233 717 

 NOx 10,577 11,089 11,331 
 SO2 28,152 14,469 9,476 

Tax 
collecti
on 
[USD / 

year
] 

CO2 0 15,084,3
63 

28,319,5
71 

PM 0 5,345,53
9 

12,056,9
20 

NOx 0 3,636,28
7 

5,872,43
2 

 SO2 0 181,941 1,695,72



 

 

6 
 Total 0 24,188,1

30 
47,944,6
49 

Source: Own elaboration 
 
 

Conclusions 
 

It is concluded that the application of green taxes should be extended to all emission sources 
and the tax rates currently applied should be modified in order to observe substantial 
improvements in the emissions of these local and global pollutants. Moreover, it could be 
mentioned that modifications in the tax rate of a single pollutant does not generate substantial 
changes in the level of emissions of the other pollutants. Therefore, it is more efficient to 
modify the tax rates together so that they approximate the social cost of each pollutant. 
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Renewable Energy Investment for Power Generation in the East Asia Region 
 

Han Phoumin1, Shigeru Kimura2, and Cecilya Laksmiwati Malik3 
 
 

Abstract 
 

Sustained population and economic growth in the East Asia Summit (EAS) region [the original 
EAS plus United States of America (EAS17)] are the key drivers for the projection of an 
increasing energy demand for both primary and final energy consumption to nearly 50 percent 
from 2015 to 2040 periods, reflecting annual growth rate of about 1.6 percent annually. The 
increasing energy demand poses a threat to the region’s energy security. Hence, potential 
energy saving and investment in renewable energy are key to reducing energy demand and 
carbon dioxide (CO2) emissions. This study is part of the Energy Outlook study in East Asia 
region that had quantified the estimated the necessary investment in the power sector, 
especially power generation facilities, which comprise of coal, gas, nuclear, hydro, 
geothermal, solar photovoltaic (PV), wind, and biomass power generation plants. The study 
employed several sources of information to obtain the current capital cost of each power 
plant, but it did not forecast future capital cost due to its uncertainty. For all the EAS17 
countries taken together, the amount of investment needs to meet the electricity demand 
would be $US 3.5 trillion for BAU case, and $US 4 trillion in APS. This investment cost 
considers the reduction of upfront cost of each technology due to fast drop of unit cost of each 
of the technology, especially the renewable one. The Increment of electricity demand from 
2015 to 2040 of BAU will be 13,361TWh. On the other hand, its APS will be 12,641 TWh. But 
APS will shift to more renewable and nuclear energy and power capacity will be 3,119 GW 
which will be bigger than BAU, 2,875 GW due to lower operation rate of renewable energy. 
However, the necessary investment cost for power generation in APS case will be higher than BAU. 
The study also estimated the energy saving potential brought about by improvements in both 
the transformation sector, particularly power generation, and the final energy consumption 
sector where efficiencies of household appliances and more efficient building designs are 
expected. The findings of this study would continue to set light towards policy implications for 
decision‐making to ensure that the region could enjoy both economic growth and renewable 
energy investment opportunities to improve energy security and environmental in EAS17 
region. 

 
 
 

Keywords: Renewable Investment, Primary Energy Supply, Final Energy Consumption, 



 

 

Energy Saving Potential. 
JEL Codes: Q41, Q47, Q48, Q49 
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3 Cecilya Laksmiwati Malik is a regional consultant on energy policy planning. 
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Overview 

Monitoring and enforcement of government regulations generally rely on costly and labor-
intensive manual inspections. Consequently, agencies often balance regulatory priorities 
against budget considerations when scheduling inspections. Infrequent inspections 
undermine the deterrence power of these regulations, resulting in widespread non-
compliance in many different contexts. However, recent technological advances are poised 
to change environmental enforcement. Remote sensing and real- time monitoring 
technologies are becoming cheap and ubiquitous, and the adoption of these technologies 
can drive the marginal cost of monitoring to zero. In turn, improved monitoring allows 
near-perfect detection of violations, often from a near-zero baseline. This improved 
monitoring strengthens the incentive to comply with environmental regulations, potentially 
offering large environmental benefits. 

We conduct a randomized field experiment to study this transformation in the context of the 
enforcement of outdoor water use restrictions. Growing populations and rising costs of 
developing new water supply increase the need for utilities to control the demand for water 
and reduce the pressure on existing sources. Moreover, this dynamic becomes more 
pertinent as climate change increases the frequency and severity of droughts in arid regions 
worldwide. However, utilities typically do not price water at marginal cost, for a variety of 
political, regulatory and ethical reasons. As a result, they often resort to non-price 
mechanisms to manage demand. Residential outdoor watering restrictions are one such 
mechanism that are ubiquitous in arid regions. For example, in April 2015, California 
Governor Jerry Brown mandated that all utilities in the State introduce these restrictions to 
reduce the impacts of the worst drought in the State's history. These regulations only 
permit customers to use water outdoors during specified hours at night and only for a few 
nights each week. 

 
We partner with a large Californian city that had recently installed smart meters in all 
single-family homes. These smart meters enabled the introduction of automated 
enforcement of outdoor water use violations – offering perfect violation detection at a 
minimal cost. Prior to the introduction of automated enforcement, 68% of households had 
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violated the restrictions; however, water cops performing visual lawn inspections caught 
less than 1% of these violators. The adoption of automated enforcement implies changes in 
the optimal design of water use regulations; if rates of detection are higher, then lower 
fines may be able to achieve similar levels of deterrence. Furthermore, real- 



 

 

time data requires regulators to redefine what constitutes a violation; utilities need to set 
an excessive water use threshold above which households are presumed to be irrigating 
outdoors and fined. A lower threshold may lead to larger reductions in water use but may 
also increase calls and complaints to the city’s customer service line, a hidden cost of such 
an enforcement strategy. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Methods 
 

We study these tradeoffs by implementing a three-month randomized field experiment 
across all single-family homes in our partner city. In the summer of 2018, we randomized 
over 80,000 homes into 12 treatment groups defined by a) automatic detection of excess 
water use violations through smart meters (relative to visual detection), b) the fine size for 
such violations (baseline fines or a 50% or 75% discount), and c) the water use threshold 
that defines a violation and triggers a fine (300, 500, or 700 gals/hr). We study the effect of 
varying these parameters on two primary outcomes: water use and customer service 
requests. First, we measure the impact of automated enforcement on water use at different 
times of day and days of the week. Second, we collect data on customer service calls to the 
city and on requests for free services to improve water schedule compliance, such as free 
water use audits and timer setting tutorials. Thus, our unique setting allows us to estimate 
the opportunity cost of time spent by city officials to answer calls and visit households to 
provide compliance assistance, enabling us to perform a more realistic assessment of the 
cost-effectiveness of automated enforcement. 

 
Results 

 
We find that automated enforcement has both benefits and costs. First, automated 
enforcement decreases water use by 2.8% and increases compliance, reducing the  total 
number of violations by 17%. On the extensive margin, 8% fewer households violate 
regulations in the treatment groups relative to the control. Second, automated enforcement 
increases calls to customer service by over 500% and doubled the number of service 
requests received by the city, such as requests that staff visits a household to perform leak 
audits or timer tutorials. Responding to all of these phone calls and service requests posed 
substantial costs on the city. Surprisingly, we do not find significant evidence that 
households assigned to treatment groups with lower fines increase water use and violations; 
however, they are less likely to call customer service. Moreover, we find that higher users of 
water do not conserve proportionally more water under automated enforcement compared 
to low baseline users; however, higher users are more likely to call customer service. This 
pattern suggests that policymakers can make automated enforcement more palatable to 
constituents by having more frequent but lower fines. Third, we still observe 9.1 violations 
per household in the automated enforcement group, suggesting a low ex-ante `general 
deterrence' effect of perfect detection. In contrast, we do observe `specific deterrence' 
effects of enforcement, that is households reducing water use after receiving notices of 
violation. 

 
 

Conclusions 
 

This paper presents results from the first field experiment to study the impact of automating 
the enforcement of local environmental regulations. It is also the first experiment to 



 

 

randomize both detection methods and sanctions for violations of such regulations, and it is 
the first to do so in a context where compliance can be perfectly observed, and on a 
representative population at the city level. 

 
As environmental agencies and private actors increase adoption of remote sensing and 
continuous monitoring technologies, policymakers must adapt old regulations to these 
new tools. This experiment provides empirical evidence on how households 



 

 

respond to different policy levers, such as `excessive water use' thresholds and fines. This 
type of evidence is crucial for policymakers to consider when they balance the costs and 
benefits of designing policy around automated enforcement. 
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Overview 
 

During the last decade, the growth of productivity in Korea has slowed down. Since 2010, the total factor 
productivity (TFP) growth rate of the Korean manufacturing sectors has been less than two-thirds the TFP 
growth rate of the German manufacturing sectors, whereas the value added growth rate of the Korean 
manufacturing sectors has been higher than that of advanced countries, e.g., the German manufacturing 
sectors. A consensus view in the literature has emerged whereby, as an economy grows, the marginal 
contribution of production factors to productivity growth declines gradually. As economic growth is 
determined mainly by productivity, it also declines. Furthermore, this change is also determined by how 
efficiently production factors are allocated. Many studies have shown that, when capital is misallocated, 
aggregate output would be higher if capital were reallocated from a firm with a low marginal product to a 
firm with a high marginal product. 

 
This paper is the first to link a decline in TFP to misallocation of energy resources. This paper analyzes the 
role of allocative efficiency of energy resources in the Korean manufacturing total factor productivity (TFP). 
Notably, Korea’s total energy consumption has increased by 2.5 percent annually, though Korea has fewer 
natural resources than do other countries. Energy consumption has increased because of the expansion of 
facilities and a rise in the production of energy-intensive industries — the steel, petrochemical, and 
semiconductor industries — thus boosting industrial energy consumption. Consequently, the energy 
intensity of energy-intensive sectors (including coke, petroleum, and chemical sectors and basic and 
fabricated metal sectors) in Korea grows faster than does that of other manufacturing sectors, and forms 
approximately 80 percent of the total energy consumption of the Korean manufacturing sector. This paper 
studies the role of allocative efficiency of energy resources in the Korean manufacturing TFP. By identifying 
the allocative inefficiency of energy markets from the whole allocative inefficiency, we address the following 
questions: How important is an improvement in allocative efficiency in accounting for TFP growth in Korean 
manufacturing sectors? What are the key policy distortions in electricity and fuel markets that have 
contributed to this allocative inefficiency? 
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Methods 

 
We extend the framework of Hsieh and Klenow (2009) to consider a production function with capital, labor, 
and energy inputs. In this framework, the allocative efficiency measures total output as a fraction of the 
output that could be attained if production factors were reallocated optimally within each industry. We use 
establishment-level data from the Census on Establishments of mining and manufacturing sectors from the 
Statistics of Korea for the sample period 2000–2014. 



 

 

Results 
 

Our results show that within-industry misallocation has increased between 2000 and 2014. Equalizing total 
factor revenue productivity (TFPR) across firms within an industry and reallocation of resources could have 
boosted gross output by 43.7% and 71.6% above the actual levels in 2000 and 2014, respectively. Both 
capital market distortion and energy market distortion have contributed to shaping the evolution of firm 
productivity in the Korean manufacturing sector. In particular, deteriorating allocative efficiency of both the 
electricity and the fuel markets may have shaved productivity growth after the global financial crisis period, 
although the energy intensity of the Korean manufacturing sector reached a peak in 2008. The results 
indicate that benefitting from the low cost of energy is in line with the fact that, in Korea, these firms benefit 
from energy policy that either directly or indirectly reduces the cost of energy. Our evidence suggests that 
government price intervention is likely to have played an important role in the observed improvement in the 
allocative inefficiency of energy markets and productivity loss. Indeed, low energy prices have induced the 
expansion of energy-intensive industries. Notably, non-energy-intensive firms have consumed more 
electricity than have energy-intensive firms, even during the low- oil-price period. 
We confirm that allocative efficiency of electricity for upper-middle productivity was exacerbated. In 2014, 
particularly, electricity was allocated much less to high- and middle-productivity firms. Interestingly, most 
firms that failed to obtain an efficient level of electricity in 2014 are energy-intensive firms. This indicates 
that firms in energy-intensive industries would use electricity more efficiently, whereas other firms might 
benefit from cheap electricity price and utilize electricity inefficiently. The current regulatory price regime in 
electricity markets fails to charge different electricity prices across firms, depending on their heterogeneous 
productivity. To improve the allocative efficiency of the electricity market, we should explore ways to 
increase the price of electricity for industrial use to encourage companies in other industries to increase their 
energy efficiency while also minimizing any potential damage to companies in energy- intensive industries. 
Unlike the case of electricity, most firms that failed to obtain an efficient level of fuel in 2014 are not energy-
intensive firms. This suggests that the efficiency gain would be larger in the former. Meanwhile, our analysis 
of the fuel market has shown that the resource allocative inefficiency of firms in energy-intensive industries 
increased. 

 
 

Conclusions 
 

We conclude that firms in energy-intensive industries have used electricity more efficiently. This shows 
that, to relieve the distortion of resource allocation in the electricity market, the current regulatory energy 
price regime, which fails to charge a different price for electricity across firms with heterogeneous 
productivity, needs to be modified. 
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Overview 
Past research has argued that in energy-only electricity markets, such as Australia’s National Electricity 

Market (NEM), an increasing penetration of negligible short-run marginal cost variable renewable energy 
(VRE) generation is likely to have two effects: (i) increasing spot price volatility, and (ii) an increase in the 
market price cap (MPC) and related price signals for reliability. 

 
This paper tests the validity of both of these price effects, using actual spot pricing outcomes in South 

Australia. South Australia has one of the highest penetrations of VRE generation worldwide. 
 

Methods 
Quantitative and descriptive analysis 

 
 
 

Results 
Between 2008 and 2019, the penetration of VRE generation in S.A. increased from 8 per cent to over 50 

per cent, yet spot price volatility was broadly unchanged. Furthermore, reliability in S.A. has remained high 
despite the MPC (and other key price settings) remaining constant in real terms. 

 
 
 

Conclusions 
We provide four reasons why spot price volatility and the MPC need not dramatically increase as VRE 

penetration increases: (i) the role of volatility-dampening technologies like storage and interconnectors; (ii) 
the role of contract cover on generator bidding behaviour and in turn on spot prices (iii) the role of more 
price-responsive demand; (iii) and (iv) the emergence of additional ancillary service revenue streams 
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Overview 
The Asia Pacific Economic Cooperation (APEC) consists of 21 economies which together accounted for 

almost 60% of global electricity generation in 2016. This paper focuses on two APEC economies that have 
policies to promote EVs, namely Indonesia and New Zealand, and presents model results to analyse the 
implications of increased demand from EV charging on the cost and emissions of electricity generation. 

 
EV deployment theoretically has two contradictory effects. On one hand, it is expected to reduce air 

pollution by substituting for conventional vehicles, particularly in urban areas. On the other hand, there are 
concerns that the increase in emissions at power generating sources caused by transitioning to EVs will also 
be substantial. 

 
This study investigates whether additional electricity demand from EV charging increases the cost and 

emissions of power generation by comparing the electricity generation mix, average cost of generation, and 
emissions in Business-as-Usual (BAU) and High EV share (HEV) scenarios. The BAU scenario is taken from 
the APEC Energy Outlook 7th Edition (APERC, 2019). The HEV scenario is based on the APEC Target 
Scenario of the same Outlook, and assumes a larger penetration of EVs (compared to the BAU, 107% lar ger 
for Indonesia and 86% for New Zealand). 

 
Methods 

The model and key assumptions for this study are based on the electricity model for the 7th Edition of 
the APEC Outlook. Additional enhancements such as increasing time slices to one hour to better represent 
EV demand profiles, and including non-CO2 emissions as this study focuses on NOx emissions, have also 
been made. 

APERC’s long-term electricity model calculates the optimal capacity and operation of power generation, 
including storage facilities, to satisfy demand as projected by a demand model. It is a bottom-up model 
formulated as a linear programming problem, designed to minimise the discounted total system cost over 
the projection period as shown below. The General Algebraic Modeling System (GAMS) is used to perform 
computation for the optimisation. One calendar year is divided into 288 time-slots to take seasonal and 
diurnal characteristics into account. 
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Note: γy: discount rate, ccy: total annualised capital costs for power generation and storage technologies in 
year y, fcy: total fuel costs for power generation technologies in year y, ocy: total O&M costs for power 
generation and storage technologies in year y, ecy: total carbon taxes in year y (all costs in USD). 

 
This study adopts the electricity charging pattern in Bedir et al. (2018) which comprehensively analysed 

electric charging patterns in the state of California. NOx properties for each fuel category (i.e. coal, natural 
gas, oil and biomass) are derived from a report published by the IPCC which evaluates major non-CO2 
greenhouse gases from combustion processes (Amous, 2013). Daily load curve of electricity supply in 
Indonesia and New Zealand are obtained from PLN (2018) and Transpower (2019), respectively. 

 
Results 

In the HEV scenario in Indonesia, generation from power sources with higher ramp-up/ramp-down 
capabilities (e.g. natural gas, hydro, and biogas) increases, including EVs as storage. By 2050, gas 
generation increases 5,446 TWh (4.8%) and renewables increase 2,452 TWh (16%). In contrast, coal power 
plants, which have not been adjusted to allow rapid response to demand in Indonesia, decreases by 335 
TWh (-3.4%), especially at peak hours. 

 
In New Zealand, electricity generation is projected to be nearly 100% renewables in the BAU, mainly 

geothermal, hydro and wind power by 2050 (APERC 2019). Batteries and pumped hydro play important 
roles of storing excess electricity during early morning and daytime from wind power, to be discharged at 
night when demand peaks from residential electricity demand and EV charging. While electricity supply as a 
whole did not change drastically among scenarios, total supply contribution through energy storage 
increases 42% (21 TWh) in the HEV over the Outlook. By 2050, the increase of EVs in the HEV scenario 
reduces 7% of electricity supply curtailme nt from wind power compared with the BAU. 



 

 

In the HEV scenario, the average cost of generation increases in both economies. In the case of 
Indonesia, the average cost in 5.2% higher than the BAU. This is mainly driven by a higher consumption of 
natural gas for electricity generation and additional investment in solar PV and biogas to provide higher 
output flexibility. In New Zealand, the average cost of generation increases only marginally in the HEV. 
Additional power capacity is not required to meet EV demand, however, investment in battery storage (875 
MW in total) is needed so that enough batteries can be charged in the daytime to meet EV charging demand 
at night. Accordingly, the average cost of generation increases 1.1% in the HEV. Figure 1 shows electricity 
demand and supply curves in Indonesia and New Zealand in 2030. 

 
Figure 1: 

Electricity supply 
in Indonesia and 
New Zealand, 
2030 

 
In the HEV 

scenario,
 NO
x emissions are 
reduced in 
Indonesia but 
briefly rise in 
New Zealand 
(Table 1), 
although 
average 

annual NOx 
emissions in New 
Zealand are 
already very low 
as they are a 

developed economy. Average emissions in Indonesia decreased 4.1% from 2031 to 2050, mainly because of 
the reduction in coal generation. 

 

Table 1: NOx emissions from electricity generation, BAU and HEV scenarios 
NOx emissions Indonesia New Zealand 

Period 2016 – 2031 – 2016 – 2031 – 
Average emissions (g/kWh) in the 
BAU 

1.83 1.57 0.146 0.026 

Average emissions (g/kWh) in the 
HEV 

1.83 1.51 0.149 0.025 

Change (+/-) 0.0% -4.1% 2.0% -3.3% 



 

 

 
Conclusions 

Electricity generation from flexible power generation increases. In the case of Indonesia, gas increases 
as other flexible power sources are not sufficient to supply peak demand from EVs in the HEV scenario at 
night. For New Zealand, the added demand from EVs reduces wind power curtailment although it requires 
additional storage capacity. Meanwhile, introducing EVs without promoting demand peak cuts or peak shifts 
increases the average cost of generation, because EV demand is only met through power sources with rapid 
ramp-up/ramp-down capabilities. This effect is more significant for Indonesia. NOx emissions are also 
generally reduced in the HEV, with an especially notable change in Indonesia due to the transition from coal 
generation to more nimble sources like gas and renewables. 
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Cambodia: Empirical Evidence and Policy Implications 
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Abstract 

 
This study investigates the impacts of energy insecurity on household welfare in Cambodia. The notion of 
energy insecurity is not well understood in the literature as well as in local contexts. This study defines 
household energy insecurity as the status quo derived from the interplay of inadequate and insufficient 
energy consumption that prevents households from meeting basic energy needs. The notion of energy 
insecurity can only be well understood by investigation in the local context as it varies from place to place. 
Households facing insufficient energy consumption may forgo many other opportunities. Once energy 
security has been defined in the Cambodian context, the study employs multiple regression models using the 
Cambodia Socio-Economic Survey Data (2015) to investigate the impacts of household energy insecurity. 
The study confirmed that energy insecurity has enormous negative impact on welfare of the households, 
with a further negative impact on the human capital formation of the children. The findings will lead to policy 
implications to improve household energy security, and thus impact economic, social, and environmental 
development. 

 
Keywords: energy insecurity, schooling and welfare 
JEL Classification: Q48, C39, I39 

 
 

Overview 
The concept of energy security defined in this study strongly links energy security with fundamental human 
rights as reflected in the 65th UN General Assembly’s resolution declaring 2012 as international year for 
‘sustainable energy for all’ (UN, 2011). This resolution highlighted the importance of energy services that 
have a profound effect on productivity, health, education, climate change, food and water security, and 
communication services. It further said the lack of access to clean, affordable, and reliable energy hinders 
human, social, and economic development and is a major impediment to achieving the Millennium 
Development Goals. Politicians’ and decision-makers’ lack of understanding of energy insecurity in terms of 
inadequate and insufficient household and individual energy consumption could delay energy access to all. 
Thus, this study defined household energy security as the amount of energy needed to meet the basic needs 
of daily life of the individual and household in terms of cooking, lighting, washing/cleaning, warming/cooling 
the house. 
The fundamental research questions of this study are (i) Who are the households facing energy insecurity in 
Cambodia? (ii) Does energy consumption insufficiently and inadequately of the household affect their 
welfare? 
(iii) Does empirical evidence using Cambodia data support the existing literatures? What should be the policy 



 

 

implications from the findings of this research? Thus, this study investigates the above research questions 
by using the 2015 Cambodia Socio-Economic Survey (CSES), and by defining household energy insecurity 
and determining how it impacts welfare of the households. The results will help formulate policy implications 
to strengthen the energy security of the households. 

 
Methods 
The hypothesis is that household of energy insecurity is believed to substantially impact a households’ welfare 
including food consumption, education, and health of the individual in the household. To investigate energy 
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insecurity on households’ welfare, two structural equations will be constructed. The right-hand side of the 
equation in the first structural equation uses the independent variable ‘Energy Insecurity’ explicitly as it will 
affect households’ welfare. The second structural equation, the right-hand side variable ‘Share of energy 
expenditure to total expenditure’, is used to investigate the magnitude of impact. Thus, the model 
specification can be written as: 

 
Eq. (1) 

 
Eq. (2) 

 
The variable is the set of exogenous variables representing the household’s characteristics such as 
household’s income, electricity access, electricity consumption per capita, education, and access to clean 
water. The variable is the community characteristic if the household is residing in the rural or otherwise. 

 
Results 

 
The results will confirm on (1) the impact of energy insecurity on welfare such as food consumption and 
education expenditure for the children; (2)The impact of a household’s income on welfare such as food 
consumption and education expenditure for children; (3)The impact of household head’s education on 
welfare such as food consumption and education’s expenditure for children; (4)The impact of other 
household and community characteristics on welfare such as food consumption and education’s expenditure 
for children: 

 
Conclusions 

 
The findings could lead to confirm that energy insecurity has enormous negative impact on households and 
the human capital formation of the children. The above findings imply for policy implications and reform on 
policy towards welfare impacts due to energy insecurity of the households. 
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Overview 
In this paper, we compare how targeted consumer and supply chain policy instruments affect the share 

of electric vehicles (EVs). This paper offers several contributions. First, it endogenizes the progress in the 
costs and performance of EVs and of gasoline vehicles (GVs) by making technological progress a function of 
the policy instruments that are used. Second, it considers the role of the batteries in the EV to increase the 
share of renewable energy in the transport sector. Further, we consider the different car use externalities as 
well as the network externality that arises in the development of EV charging infrastructure. Finally, it 
assesses a wide range of policy options to stimulate the penetration of EV. 

 
We use a two-period partial equilibrium model for a simplified dynamic cost comparison of three main 

types of policy instruments: fuel efficiency standards for gasoline cars, a portfolio mandate for electric 
vehicle sales, and high purchasing taxes or subsidies combined with charging network subsidies. We assess 
the cost-efficiency of these policy instruments evaluating production costs, fuel costs, and externalities. We 
calibrate the model to Germany. With our two-period model, we take as given the EU objective to reduce 
average CO2 emissions of new cars to 95 g/veh-km (or 4.1 liter gasoline/veh-km) over a period of 5 years 
and a reduction to 59 g/veh-km (or 2,56  liter of gasoline/veh-km) after 15 years. This numerical 
comparison shows that the market share of EVs depends strongly on the type of policy instrument used but 
that the share of EVs is not necessarily a good indicator for a successful carbon policy. We find that the fuel 
efficiency standard for gasoline vehicles with a tradeable permit scheme achieves the emissions reduction 
goals at the lowest cost. 

 
Methods 

To include the learning by doing and the R&D effects, we adapt the renewable electricity model of Fisher 
and Newell (2008) to the passenger car market. EVs can become cheaper through two knowledge building 
effects: by learning by doing and by pure R&D. Also, the fuel efficiency of GVs can improve over time thanks 
to pure R&D. How much both technologies improve depends on the policies in place. Policies can incentivize 
car producers to produce more cars (learning by doing) but can also stimulate them to invest in R&D that 
reduces the costs of crucial car components. Consumers are differentiated in function of the number of days 
per year they make a short or long trip. In our model, the car ownership and the car use is given. The only 
equilibrium value of interest is therefore the market share of GVs and EVs. The major disadvantage of EVs 
compared to GVs is their limited range. So we can expect a user equilibrium where EVs are selected by 
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consumers that make mainly short trips. The break-even point will be determined by the number of long 
trips where the consumer cost in the first period for GV and EV are equalized.The number of days with short 
trips will also determine the availability of batteries for Vehicle to Grid (V2G) storage. The electricity 
production sector is simple and the V2G option is modelled as in Greaker et al. (2019). 

 
The EV and GV producers maximize profits under perfect competition. In our formulation, we limit the 

effect of endogenous technological progress for GVs to the costs that are specific to fuel efficiency. As the 
main challenge in terms of technological progress for EV producers is to make batteries cheaper (and 
lighter), we assume that learning by doing and R&D serve to decrease the cost of the battery component of 
EVs. 

 
Results 
The easiest instrument to understand is the portfolio mandate where the EU targets have to be met by 
increasing the market share of EVs that have 0 emissions. We assume here that the GVs keep their current 
fuel efficiency level of 0,056 liter/ veh-km5. This implies that the EVs have to reach a market share of 27% 
at end of period 1 and a market share of 54% at the end of period 2. The GV producers have no incentive to 
improve the fuel efficiency as the policy instrument requires them to contribute to the EV market share by 
buying portfolio credits from the EV producers. In the absence of induced technological progress, we see 
that in the first period, the GV producers have to pay 886 €6 for every EV, so per GV this is 328 € annually. 
In the second period, the share of EVs needs to be higher, as EVs have a higher user cost for longer trips, 
they need a lower purchase price and this requires a higher portfolio credit for the EVs (1764 €). 
Together with the lower market share of GVs, this results in an increase of the purchase cost of GVs on an 
annuity basis of 2070 € per gasoline car. The purchase cost of EVs is just one of the elements in the user 
cost equilibrium as also the fuel costs, the V2G benefits and the endogenous refueling network density play a 
role. The average cost of emission reduction is 226 €/ ton of CO2. To put this cost in 

 
5 We assume that GV producers do not decrease the fuel efficiency of their cars. In our model simulations 

we keep the gasoline tax unchanged so that they have no incentive to change the initial fuel efficiency level. 
6 This is an annual equivalent; this means that the EVs receive a credit of 6610 € per car produced. 



 

 

perspective, it can be compared with the current gasoline tax (0,68 €/liter) that comes down to 293 €/ ton 
of CO2. Replacing a portion of the GV fleet with EVs would save emissions at a lower cost: 165 €/ ton of CO2 
because EVs have very low emissions. 

 
We can now introduce the effects of technological progress. In the case of the portfolio mandate, the 
technological progress is limited to the EVs because the fuel efficiency of the GVs does not matter for 
meeting the portfolio mandate. The producers of EVs benefit from the two mechanisms to reduce the costs 
of EV batteries. First they realize that producing a larger quantity (and selling below the marginal cost in the 
first period decreases their production cost in the second period, part of this cost reduction spills over to the 
rest of the industry but there remains a clear incentive to produce more and achieve a stronger learning by 
doing effect. When the market share of EVs increases in the first period to 27%, there is a significant 
learning by doing effect. The second mechanism that is activated by the EV producers is the pure knowledge 
build up about battery production that requires firms to invest in R&D. EV producers invest some 10% of 
their income in the first period in pure R&D. This allows to reduce the cost of batteries by 97%. This does 
not increase the share of EVs because the EV-share is determined by the portfolio obligation that is still 
binding. But the technological progress reduces the costs of meeting the target and the cost of emissions 
reduction decreases to 199 €/ ton CO2. 

 
We can now analyze the fuel efficiency standard that forces car producers to achieve a lower average 
emission rate in the first period and an even lower emission rate in the second period. The GV producers can 
do this by making their cars more efficient and by buying fuel efficiency credits from EV producers. 
Excluding technological progress forces the GV producers to make more efficient GVs (0.0488 liter/vehkm) 
but this is expensive and increases the production cost of GVs (annual equivalent) to 4025 €. They need to 
complement this effort with fuel efficiency credits they buy from EV producers. In the second period, 
reaching the fuel efficiency target becomes very expensive for the GV producers and they have to rely on 
purchasing fuel efficiency permits from the EV producers. In the end this solution produces slightly less CO2 
emission reduction: there are less EVs but the GVs are more fuel efficient. CO2 emissions are also reduced 
at slightly lower cost (186 €/ton CO2) than in the case of the portfolio standard, all this in the absence of 
technological progress. 

 
When we include technological progress, the GV producers have a strong incentive to reduce the cost of fuel 
efficiency improvement via R&D expenditures as the cost of reaching the target in the second period is very 
high. The investments in R&D allow them to improve the fuel efficiency from 0.056 liter/vkm (starting 
value) to 0.0288 liter/vkm after 15 years. For the last bit (to reach the target 0.0254), they rely on fuel 
efficiency credits of EVs. The share of EVs in the second period is lowest in this scenario. The most 
important advantage of this scenario is the lower cost of reducing CO2 emissions. Total emission reductions 
are somewhat lower than in the other scenarios (51% in the second period rather than 64%) but the overall 
cost of the scenario is much lower and the emissions reduction cost is just 100 €/ton CO2. The main reason 
is that the option to improve the fuel efficiency of GV has become interesting for GV producers so that they 
will invest in bringing down the cost of fuel efficiency improvements. 

 
Conclusions 

The current EU policy instrument is a tradable fuel efficiency standard where gasoline fueled cars have to 



 

 

improve their fuel efficiency but can purchase efforts from EV producers as EVs are considered zero-
emission cars. We show that this instrument outperforms the portfolio mandate where the same reduction of 
the average emission rate is obtained via a tradable portfolio mandate. The fuel efficiency mandate is better 
because it contains an incentive to improve the fuel efficiency of GVs through R&D. The fuel efficiency 
mandate is dynamically more efficient than a portfolio mandate that targets a high share of EVs. With 
endogenous technological progress, the cost of saving CO2 emissions is reduced to about 100 €/ton CO2. 

The investments in technological progress require that car producers consider the EU target as credible 
and a real commitment. The EU fuel efficiency target for 2021 will very likely not be met and this means that 
car producers may not take the current targets as a strong commitment from the side of the policy makers. 
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Overview 
Electric vehicles (EVs) are a substitute for replacing conventional Internal Combustion Engines (ICEs) 

and thereby decarbonising the transport sector. With recent technological advancements in Dynamic 
Inductive Power Transfer (DIPT) system, EVs can  be energised wirelessly by embedding a roadway charging 
network while travelling in-motion. However, the provision of a viable DIPT system still remains challenging, 
given the large-scaled investment required and some potential risks involved. This study assesses the 
economic viability of a DIPT system for EVs through public–private partnership (PPP), by employing a 
simulation model under the net present value (NPV) framework, to determine the optimal PPP ratio. The PPP 
model could be considered an effective pathway for leveraging capital, and alleviating uncertainties 
associated with construction and operation. New Zealand is used as a real-world case study. Our results 
indicate that, for a 15-year concession period under PPP where the private investor is expecting a 12.5% 
return, the government can contribute 9.46% towards the initial investment and charging roadway users a 
toll of 37 cents/kWh. By implementing DIPT system, EVs could also achieve a significant reduction in carbon 
dioxide (CO2) emissions compared to ICEs. The robustness of the model is validated through Monto Carlo 
sensitivity analysis. 

 
Methods 
In order to provide a holistic picture of economics of the transport infrastructure, we follow a simulation 
model proposed by Chen, Liu and Yin (2017). The modelling assumptions are listed below: 

 We consider a traffic corridor of a specified length of l (km) equipped with IPT system to charge the EVs 
travelling over it. 

 The DIPT roadway infrastructure is assumed to have a power of P (kW) for charging the EVs with a 
recharging efficiency (ε). 

 The total number of EVs using the lane is given by f as calculated in the previous section. 
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 The EV is considered to have a battery capacity of E (kWh) with an efficiency of η. The EV is assumed 
to be travelling at a constant speed of v (kmph) all along the corridor. 

 The facilities are provided in such a way that no vehicle can finish the trip without recharging and the 
charging provided is just sufficient to complete the trip. As it is well known that ‘range anxiety factor’ 
is one of the leading barriers to the adaptation of EV (Rauh, Franke and Krems, 2015), the EV drivers 
are assumed to have a range anxiety factor of (1-x). Therefore, the driver can be assured with a 
confidence level x. 

It is important to note that the model does not attempt to provide the optimal location of the charging 
facility. Rather, the model only calculates the length of the transmitter required for a vehicle to finish the 
trip. Hence, the total charge required 

 
to complete the trip is
 and the range anxiety factor is . 
The cost components involved in the infrastructure are as 
follows: 

 Construction cost per unit length of energizing section is given by Cd ($/km). 
 Cost of unit charger power Cp ($/kW) which is a function number of inverters. 
 The unit cost of charging the EV is given by Ce ($/kWh). 

Note that the number of transmitters is irrelevant to the total cost as all the cost units are converted to per 
unit length and only the length of the total transmitter segment is considered. The revenue from the system 
is generated by collecting toll fee for using the charging system. Net present value from the infrastructure is 
given by: 

 

 

 
(1) 



 

 

where TC is the concession period. 
 

In order to find the optimal initial investment ratio between the public and private sectors, we adopt a 
simple model developed by Peng at el. (2014). The government investment is IG and private investment is 
IP=I-IG, I being the total investment cost. Let k be the government investment ratio (i.e.) IG=kI. A private 
enterprise expecting a rate of return of r will only consider investing in the project if and only if: 

 
 

 
(2) 

 
 

Hence the opportunity profit for the private investor 3 must be below which the private 
investor will not consider it a profitable investment opportunity. 

 
Results 

 
For a concession period of 15 years, as per the risk borne by the private and public sector, the minimum 
expected return on investment for the private enterprise is $52,532,457. The optimal investment ratio would 
be government contributing 9.46% towards the initial investment. This provides the maximum benefit for 
both private sector in achieving the return on investment and the government’s target of delivering services 
for a minimum cost. A toll fee of $0.37 is charged for the private industry to gain a return on investment 
within the concession period. Moreover, for providing a safe investment opportunity, the government can 
offer security for 5% volatility in the uptake level of EVs. As such, for the whole concession period of 15 
years, the government will need to provide the private investor a guarantee for a total of $93,792,488, 
against any unforeseen volatility.The environmental impact of a pure EV is compared with plug-in hybrids 
and traditional ICEs. Pollutants such as CO, NOX and volatile organic compounds are compared to show 
emission savings by switching to pure electrics. According to the results, for a period of 30 years, pure EVs 
can reduce CO2 emissions by 54.27% when compared to petrol vehicles, and 52.33% when compared to 
diesel engines. A Monto Carlo sensitivity analysis is performed for 100 runs on vehicle uptake model, by 
considering a volatility of ±5% variation in the uptake level and its effect on the net cash flow and a 
government guarantee for the private investment. According to the Monte Carlo analysis, the average value 
of the net cash flow at the end of 15 years is higher than the expected rate of return for the private 
industry. We can conclude that the dynamic charging infrastructure of EVs using DIPT technology is a better 
investment opportunity with high reliability. 

 
Conclusions 

 
This paper is the first to assess a charging infrastructure based on DIPT system by developing an economic 
model under a PPP consortium. Our results show that PPP is a viable mechanism for the public sector to 
attract private capital in the delivery of this novel transport infrastructure service. PPP benefits both the 
government and the private enterprise with the latter enjoying a 15-year concession period, plus guarantees 
for the return on investment. Although the initial investment for infrastructure is relatively large, payback 
can be achieved in a short timeframe for a given toll charge. Moreover, with the rapid development in 



 

 

charging technologies, the cost involved in developing this infrastructure is expected to fall. It is also 
important to note that by providing the correct incentives, the private sector will take the risk to invest and 
innovate, which will promote sustainable transportation development. Risk can be effectively managed 
though shared resources and investment. With the rapid uptake of EVs in mainstream transportation 
systems, DIPT technology can provide ease of access to charging facilities for consumers and tackle the 
problem of range anxiety. It can have a significant impact on long-distance travel which has been proved 
difficult to address. 
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Overview 
Turkey is in the process of an energy transition. The share of renewables in the electricity mix increases every 

year, and the country is about to introduce nuclear energy into its electricity mix in the coming years. For several 
years, there is fierce public debate on different impacts of energy sources, especially focusing on the 
environmental issues. In 2018, almost two-thirds of the electricity generation in Turkey was realized via fossil 
fuels, more than 75% of which is imported. Hence electricity generation has significant economic, environmental, 
and social impacts in Turkey. This study intends to get an answer to the following question: Which energy source 
meets the expectations of the stakeholders of the energy sector in Turkey the most? 

 
Methods 

The following energy resources were included in our analysis: 
 Coal (hard coal and lignite, separately) (abbreviation: HC and LG, respectively) 
 Natural gas (abbreviation: NG) 
 Hydroelectricity (reservoir type and run-of-the-river type, separately) (abbreviation: HRES and HROR, 

respectively) 
 Wind (abbreviation: WND) 
 Geothermal (abbreviation: GEO) 
 Solar photovoltaic (abbreviation: PV) 
 Nuclear (abbreviation: NUC) 

 

First, we categorized the impacts associated with electricity generation into three main groups, which are 
social, economic, an environmental impacts. Then, we created sub-impacts for the social and environmental 
categories. The breakdown of the impacts assessed in thi study can be found below: 

 
 Social impacts 

o Safety (defined as the fatalities directly caused by energy-related processes (YOLL/GWh) 
(abbreviation: SAF) 

o The reciprocal of employment potential associated with that particular energy resource 
(GWh/jobs.years) (abbreviation: 1/EMP 

 Economic impact 

mailto:gorkem.uctug@ieu.edu.tr
mailto:baris.ozerdem@ieu.edu.tr


 

 

o Lifetime levelized cost of electricity generation ($ / MWh) (abbreviation: LCOE) 
 Environmental impacts 

o Abiotic resource depletion (elements – kg Sb eq. / MWh) (abbreviation: ABRe) 
o Abiotic resource depletion (fossil fuels – MJ / MWh) (abbreviation: ABRf) 
o Acidification potential (kg SO2 eq. / MWh) (abbreviation: AP) 
o Eutrophication potential (kg PO4 eq. / MWh) (abbreviation: EP) 
o Global warming potential (kg CO2 eq. / MWh) (abbreviation: GWP) 
o Human toxicity potential (kg DCB eq. / MWh) (abbreviation: HTP) 
o Ozone layer depletion potential (kg R11 eq. / MWh) (abbreviation: ODP) 
o Photochemical smog formation potential (kg ethene eq. / MWh) (abbreviation: PSP) 

 
All the impacts investigated in this study were calculated by employing a cradle-to-grave life cycle approach, 

which is the main novelty o this particular work. GaBi software and Ecoinvent database were used for the life cycle 
assessment step. In order to obtain the weights require  for the comparison, an online survey was prepared and 
sent to a large number of academics, private sector professionals and government official all of whom work on 
energy. In total, 143 people responded to the survey. 52% of the participants were academics and 46% had 
doctorat  degrees. Finally, a multi-criteria decision making method named “Technique for Order Preference by 
Similarity to Ideal Solution (TOPSIS)” wa used to compare the energy sources in a quantifiable manner. The details 
of this method can be found elsewhere (Hwang and Yoon, 1981 Behzadian et al., 2012). 



 

 

Results 
The survey results showed that environmental aspect is regarded as the most important one (with a weight of 

0.380) and the social aspect as the least important one (with a weight of 0.276) as far as the stakeholders of the 
energy sector in Turkey are concerned. In Table 1 below, the lifecycle impacts scores of the energy sources are 
provided. 

 
Table 1. Impact scores of the energy sources 

 ABR
E 

ABRf AP EP GWP HTP ODP PSP 1 / 
EMP SAF LCOE 

LG 20.3 15.1 10.8 11.9 1.1 1.4 0.00004
2 

0.5 5.00 59 114 

HC 80.5 13.5 6 2.3 1.1 0.3 0.00011 0.3 5.00 59 115 
NG 24.2 8.8 0.8 0.1 0.5 0.01 0.00001 0.2 5.00 27 161 
HRES 7.8 0.01

5 
0.00
5 

0.002 0.007 0.003
5 

0.00001
2 

0.001
5 

0.69 1 55.5 

HROR 21.2 0.04 0.02 0.006 0.004 0.01 0.00001
2 

0.002 0.69 2 91 
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In Figure 1 below, the TOPSIS ranking of the energy sources can be seen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Figure 1. TOPSIS ranking scores of energy sources in Turkey 

 
Conclusions 

Renewable sources (hydroelectricity, wind, solar, geothermal) were found to have much lower impacts 
compared to the conventional sources (natural gas, coal, nuclear). On average, the TOPSIS ranking score of the 
renewable sources was obtained as 0.143 whereas that of the conventional resources was found as 0.579, 
meaning that conventional sources have approximately 4 times the impact that the renewable sources have. The 
most desirable type of energy source turned out to be hydroelectricity (reservoir type), mostly because of its low 
carbon emissions and low human toxicity potential as well as low levelized cost. Wind energy emerged as the 
second most desirable source of energy. On the other end of the spectrum, coal (hard coal and lignite) was found 
to be the least desirable source of energy by a great margin. This was not surprising as coal had higher economic 
and social impacts than any other energy source and it also had the highest environmental impact scores for six of 
the eight environmental indicators considered in this study. 
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Overview 
This paper assesses the outlook for China’s ongoing market reforms to the energy sector and the 
implications for the low-carbon energy transition. China’s efforts to constrain the carbon emissions from its 
energy sector to date have relied largely on transitional administrative measures backed by generous 
financial support. However, this approach is encountering ever-diminishing returns. In response, the 
government has been introducing a series of market reforms. These include competitive tenders for shale 
gas acreage, emissions trading pilot markets, competition in electricity markets, third-party access to 
pipelines, renewable energy reverse auctions and green certificate trading. However, the energy sector 
remains dominated by state through central and local government agencies and state-owned enterprises 
whose priorities and behaviours are changing only slowly. In institutional terms, this results in 
incompatibility between, on the one hand, the formal rules that govern transactions and, on the other hand, 
the wider institutional environme nt and the informal rules that govern behaviours. Consequently, progress 
in implementing these market reforms will be slow and the outcomes uncertain. 

 
Analytical Framework 
The paper applies neo-institutionalist concepts (e.g. North, 1990; Williamson, 2000) to the challenge of 
introducing market mechanisms into China’s energy sector, with a particular focus on electricity. The 
principal motivations for introducing competition in the power industry are to enhance economic and 
operational efficiency, improve the quality of service and promote innovation and to pass the advantages to 
consumers and wider society. Key steps include: the unbundling of generation, transmission, distribution 
and retail; privatisation of the state-owned enterprises; and the creation of an authoritative and well-
resourced regulatory agency. Fundamental to success is the removal of government from the operation of 
energy companies. The introduction of market mechanisms requires a change from vertical command and 
control to the regulation of horizontal relationships. This, in turn, requires a stable legal framework, 
contractual sanctity and clear property rights. The process of introducing competition is necessarily staged 
and requires strong political commitment throughout. Similar logics apply to carbon emissions trading 
systems which are, in principle, the most economically efficient way of achieving a given emissions reduction 
target. These trading systems require careful planning and strong institutional support, particularly with 
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respect to the allocation of allowances, oversight and compliance. 
 

The institutional environment embodied in China’s energy sector continues to carry features of the Leninist 
planning systems that previously applied to the whole economy (Andrews-Speed and Zhang, 2019). 
However, the longstanding structures and systems of government persistently undermine effective policy 
implementation because of weaknesses in coordination. This combination of features has long been referred 
to as “fragmented authoritarianism”. At the same time, the legal system is immature, there is no tradition of 
independent regulation, and capacity to govern sophisticated policy initiatives is weak. 

 
Consequently, the policy paradigm for the energy sector has focused on supply security through the central 
role of the state. Only recently have air pollution and carbon emissions become priorities. The relative 
importance of energy in the agenda of the central government varies over time, depending on domestic and 
international events. Despite an apparently powerful central government, policy making and policy design 
are highly political processes subject to negotiation and bargaining. As in other sectors, the government 
often carries out local pilot projects to test policy proposals. Even with the results of these pilots, 
implementation of the final policies commonly encounters severe challenges arising from a mix of poor policy 
design, ambiguous rules and actor behaviour. 

 
Results 

 
China’s power sector underwent a phase of restructuring between 1997 and 2003 that resulted in the separation of 
generation from the rest of the industry to create five large state-owned generating companies. Transmission,  
distribution 



 

 

and retail remained integrated in two large, state-owned grid companies. Reform was then halted. 
Consequently, the state has remained deeply involved in the power sector, through central and local 
government, and through its majority ownership of the major power companies and major energy intensive 
industries. 

 
In its 2015 document “Opinions on Deepening the Reform of the Electrical Power Industry”, the State 
Council emphasised the need for the market to play a decisive role in resource allocation, whilst also 
adhering to the principles of a socialist market economy. Specific steps to be taken included: reforming 
tariffs so that they are set by market forces; reforming the trading system to allow bi-lateral trading, to 
promote inter-regional trading, and to launch markets for ancillary services; enforcing third-party access to 
the grid; and opening distribution and retail to new actors. In the meantime, the government announced in 
2017 that it would launch a national carbon emissions trading system in 2020, drawing on the lessons from 
nine pilot carbon emission trading markets that had been operating since 2013. 

 
These and other initiatives to introduce market forces show that China’s government is seeking new ways to 
govern the energy sector. However, the track record of such schemes has not been promising, as illustrated 
by these examples: 

 The competitive tenders for shale gas licenses in 2011 involved only the least attractive acreage, as 
the national oil companies (NOCs) held the rights over the prospective areas and no effort was made 
to enforce relinquishment. 

 The pilot carbon markets operating since 2013 had little impact on emissions. Oversupply of 
allowances led to a low carbon price and low liquidity. The institutional infrastructure was weak, 
leading to poor monitoring,  reporting, verification and compliance. 

 Third-party access to oil and gas pipelines has not been enforced due to resistance from the NOCs, 
despite “Trial” measures being introduced in 2014. “Final” measures were published in July 2019. The 
government plans to remove the pipelines from the NOCs and create a national pipeline company. 
However, NOCs will retain shares in this company. 

 Steps to create competition in power generation and distribution have been subject to interference 
from local government. Distribution has not been separated from transmission, which allows the 
incumbent grid companies to maintain their strong position in both distribution and retail. Finally, the 
balancing areas remain under the influence of the provinces, thus constraining inter-regional trading. 

 
Looking ahead, the risks for these market initiatives are significant. Central and local governments may not 
remove themselves sufficiently from the operation of the markets and may continue to load the SOEs with 
non-commercial obligations. If the SOEs are not privatised, their soft budgetary constraints, non-transparent 
accounting and links to government will shape their behaviours in these new markets. They are likely to be 
able to continue acting in an uncompetitive way, especially if the legal and regulatory framework is weak. A 
further set of risks arise if the individual market initiatives are not designed in such a way as to coordinate 
effectively with each other and with the pre-existing administrative measures. 

 
Conclusions 

The outlook for China’s ongoing market reforms to the energy sector is quite uncertain, as are the 
implications for low-carbon energy transition. It is likely that policy design and implementation challenges 



 

 

will persist and that the state will remain involved in many forms. Policy implementation will be incremental 
(“muddling through”; Lindblom, 1959), and progress towards achieving the goals of economic efficiency and 
emissions reduction will be slow. A key question is whether the government will remain committed to these 
policies given other pressing economic and political priorities. 
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Overview 
Climate change concerns have engendered the need for energy transition from conventional fossil fuels to 
renewables and other conceivable clean technologies. The discussion in contemporary times transcends 
mere shifts in energy sources. It is now centred on just energy transition; but just transition at the expense 
of what variables? This paper proceeds with the inclination that there are multiple critical challenges in need 
of consideration when planning for a just transition. Amongst the conceivable challenges, the paper draws 
attention to the complexities of ideological paradoxes; economics of energy demand and supply in 
contradistinction to current global state of investments in renewables/clean energy sources; and the role of 
law in proffering solutions through suitable regulations and policy mechanisms. The ideological paradoxes 
contemplated are conflicting notions of fossil fuel divestment/abolition, energy efficiency mantra, and 
corporate shifts by energy companies. 

 
Methods 

The paper adopts a doctrinal method comprising conventional legal and economic analyses to critically 
examine the identified issues. 

 
Results 
The examination suggests three key results – prevailing dominance of fossil fuels in energy economics and 
investment; appreciable understanding of the interactions between identified paradoxes; and difficulty in 
driving a just energy transition until these paradoxes are addressed. 

 
Conclusions 

Conclusions and insights revolve around realising apparent difficulties in achieving a just energy 
transition, need for well-thought pragmatic regulations and economic policies to incentivise increased 
investments in clean energy sources, balance energy demand and supply dynamics and address ideological 
paradoxes antithetical to the just transition mantra. 
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Overview 
New Zealand uniquely saw its residential electricity demand decline from 47% in 1974 to 32% in 2015 

(IEA, 2017). The reductio n was driven by less electricity consumption particularly in the winter and autumn 
periods due to improvements in energy efficiency where demand generally tends to peak. Traditionally, 
households in New Zealand typically encountered under-heating problems since their average indoor 
temperature is below 18-21oC which is the standard temperature recommended by the World Health 
Organisation (WHO) (Howden-Chapman et al., 2009; Isaacs et al., 2010; Lloyd et al., 2008; O'Sullivan et 
al., 2016). Factors explaining the poor heating conditions included the relatively old-age of the houses and 
its inferior thermal insulation (Howden-Chapman et al., 2009; Isaacs et al., 2010; O'Sullivan et al., 2015). 
Retrofitting houses with insulation will not only increase the indoor temperature but also gain significant 
energy and electricity savings (Grimes et al. 2011). 

 
Electricity is the main source of energy followed by solid fuels and natural gas for New Zealand 

residential sector. Electricity alone meets 69% of household energy demand while 34% of the total energy 
use is catered towards space heating among New Zealand homes (Isaacs et al., 2010). However, solid fuels 
are the most important energy source used for residential space heating with electricity and natural gas 
following in prominence (Grimes et al. 2011). Total electricity demand in New Zealand is likely to more than 
double from around 40 terawatt hours (TWh) per annum in 2018 to around 90 TWh by 2050 (Transpower 
White Paper, 2018). New Zealand electricity system exhibits unique features. No other country generates 
electricity from the same generation mix, low levels of energy storage and without a grid connection to 
another country (Transpower White Paper, 2018). A rapid electrification of the industrial and transport 
sectors in the push towards decarbonisation is expected to pose energy security risks to the New Zealand 
electricity sector. For instance, electric vehicles (EVs) are expected to reach 40% of the market share by 
2030 and 85% by 2050. Globally, the share of electricity in transportation is expected to double between 
2015 and 2040 as more plug-in electric vehicles enter the fleet (IEA, 2017). New Zealand ranks as the 10th 
highest per capita electricity consuming country among the OECD members in 2014 (IEA, 2015; WB, 2017). 

 
Meeting this demand requires energy planning based on periodic and reliable electricity demand studies 

to guide the significant and timely investments required in New Zealand’s electricity generation and 
transmission networks. Underestimating the demand may result in supply shortages and forced power 
outages, while overestimating demand may result in overinvestment in generation capacity and ultimately 
even higher electricity prices (Steinbuks, 2017). However, the findings of existing demand studies in New 
the Zealand are inconclusive partly owing to the omission of important price and non-price variables. The 



 

 

omission of price variable such as ‘own price’ and ‘price of close substitutes’ and non-price variables such as 
temperature is problematic since an analysis of these factors is necessary to design policy measures for 
electricity conservation. 

 
This study models electricity demand in residential, industrial, and commercial sectors in New Zealand 

during 1980 to 2015 using structural time-series econometrics. Time-series forecasts yield good predictions 
for modelling electricity demand when data are available (Steinbuks, 2017). Most importantly, our findings 
on rebound effects are important to New Zealand as the launch of the Energy Efficiency and Conservation 
Strategy 2017-2022 recognises the need for improving energy efficiency and productivity especially among 
the industrial and commercial users of electricity (MBIE, 2017b). Second, our study uses the ‘real price of 
natural gas’ as proxy for close substitute to model electricity demand of the residential and commercial 
sectors in New Zealand. Incorporating price of natural gas in energy demand analysis is important given the 
key role of gas in facilitating the energy transition as the rise of the renewables in energy generation 
continues globally (Fattouh et al., 2018). The ‘substitute energy price’ factor is important because 
households with access to lower-cost substitute energy tend to have higher requirements for space heating 
(Howden-Chapman et al., 2009; Isaacs et al., 2010). Third, we focus on sectoral electricity demand in an 
OECD economy where the changes in demand patterns are unique. Fourth, we explicitly model the effect of 
temperature on sectoral demand for electricity in New Zealand unlike previous studies. Electricity demand 
and supply are becoming increasing weather dependent (Staffell and Pfenninger, 2018). Hence, there is a 
need for considering the effects of temperature on energy supply and demand, as our study does. 



 

 

Methods 
This paper examines the rebound effects in sectoral electricity demand based on sectoral price 

decompositions and estimates electricity demand elasticities in New Zealand during 1980 – 2015. An 

autoregressive distributed lag models is used for this purpose. The bounds testing approach has more 

precision and reliability than other cointegration tests (Pesaran et al., 2001). 

Once the long-run equilibrium relationship is confirmed through the existence of cointegration relationships, 

we estimate the following ARDL  specification: 

 
 
 
 
 
 

to obtain the long-run coefficients in Equation 2, where: 

 
 

with and . The last step of the estimation is following short-run relationship model to 

measure the adjustment speed (ECT) for a deviation in the short-run: 



 

 

 
 

Results 
We find a partial rebound effect with values estimated to be 54% and 23% for the industrial and 

commercial sector respectively. Therefore, expected reduction in electricity demand from energy efficiency 
improvements alone may not be achieved in these sectors. The rebound effect is insignificant in the 
residential sector. Residential electricity demand is also inelastic to income and temperatures level. 

 
Conclusions 
These findings lead to policy recommendations for more effective energy conservation and policy in 
those sectors. Our results signal for other intervening energy policies alongside energy efficiency 
improvements to mitigate the possibilities of rebound effects in the industrial and commercial sectors in 
achieving the actual energy savings. 



 

 

t t 

25 
 
 
[ENERGY MIX AND SOCIAL WELFARE: EVIDENCE FROM SOUTH KOREA] 

 
[Chu, Zhuang, Peaking University, 

z.chu@sz.pku.edu.cn] [Joo, Kyohun, 
KAIST, jookh@kaist.ac.kr] [Seo, 
Yongseok, KAIST, manoa@kaist.ac.kr] 
[Ahn, Kwangwon*, KAIST, 
k.ahn@kaist.ac.kr] 

 
 
 
 
 

Overview This article examines the effects 
of 
the energy mix on social welfare under a dynamic general equilibrium framework in South Korea. To assess 
the social welfare effects, we focus on the energy mix as an energy policy target and incorporate two 
factors, energy price and nuclear disaster, into the model. The results suggest that the increase in the 
proportion of nuclear energy in the energy mix promotes social welfare in the long run because the positive 
effect of the cost-efficiency from nuclear energy use outweighs the negative effect of a higher risk of 
nuclear disaster on social welfare. We also find that the rise in energy policy uncertainty decreases output 
and consumption through delaying investment. 

 
 

Methods 
Our model builds on a series of energy augmented real business cycle models which include a single type 

of energy into the utility and production function. The baseline model economy consists of a representative 
economic agent that makes every decision related to energy and non-energy consumption, savings and 
leisure subject to technical and budget constraints. In addition, the price of energy is modeled as an 
exogenous random process. Energy is explicitly modeled in the household’s utility function. 

 
The representative household’s utility consists of three resources: non-energy consumption (ct), energy 

consumption (et), and leisure (1 − lt), u(t) = ϕ log[θc ρ + (1 − θ)e ρ]1/ρ + (1 − ϕ) log(1 − lt) where ϕ 
represents the share of consumption in the household’s utility; θ is the share of non-energy consumption in 
the aggregate consumption; and 1/(1 − ρ) indicates the elasticity of substitution between energy and non-
energy consumption. 

 
we extend the baseline economy as follows: 1) We consider various sources such as nuclear power, 

renewable energy, LNG and coal as components of the energy mix. The price of multiple energy sources are 
converted to a composite price weighted by energy mix; 2) As the proxy for energy policy, the proportion of 
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each energy source in the energy mix is modeled as an exogenous process, allowing for a time-varying 
volatility which indicates the policy uncertainty; and 3) Damage caused by disaster is also included as the 
potentialcosts of nuclear energy. 

 
Results 

Energy policy: To evaluate the impacts of energy policy on economic activities, we exploit the dynamic 
impulse response of key economic variables to energy policy shock. Since each administration emphasizes 
different energy sources, we compare the macroeconomic impact of the energy policy under two 
administrations. We determine the magnitude of energy policy shock according to the difference between 
each administration’s energy mix target and current energy mix in 2017. The impulse response functions 
(IRFs) of key economic variables in Figure 1 explain the transmission channel through which phasing out 
nuclear energy negatively affects economic activities. The Moon’s energy policy places an emphasis on the 
replacement of nuclear energy with renewable energy. Generally, the cost of renewable energy is higher 
compared to nuclear energy. Therefore, the Moon’s policy will increase the composite energy price (E). Due 
to the substitution effect, increased composite energy prices reduce household’s and firm’s energy 
consumption (F, G). A lower energy input for production decreases the optimal level of capital and labor, 
thus investment decreases (H, I). Reduction in production factors (such as capital, labor and energy) 
decreases output (J), and consumption is also decreased due to the income effect (K). Consequently, lower 
expected consumption decreases the real interest rate (L). The Park’s policy, emphasizing an increase in the 
proportion of nuclear energy in the energy mix, decreases the composite energy price, consequently having 
the opposite impact on each variable. Therefore, in the short to medium run a higher proportion of nuclear 
energy has a positive impact on output and consumption due to a decrease in the energy price, which in 
turn affects social welfare positively. 

 
 

Disaster probability: To figure out the transmission mechanism of nuclear disaster on economic 
activities, we refer to the IRFs of key economic variables to disaster probability shock. Conservatively, we 
set the magnitude of disaster probability shock as equal to the 



 

 

steady-state disaster probability, i.e., we examine the reaction of the economy when doubling the disaster 
probability. Figure 2 shows that disaster disrupts productivity, accumulated capital stocks, and energy 
consumption and production, which is in line with the literature. The positive shock on disaster probability 
negatively affects productivity (A, B). For precautionary purposes, households consume less, work harder 
and delay their investment (C, D, E). Due to a decrease in investment and expected consumption, the 
capital and real interest rate decrease, respectively (F, G). The proportion of nuclear energy in the energy 
mix decreases, and, thus, the composite price increases (H, I). Therefore, households and firms consume 
less energy because of the substitution effect (J, K). Due to these lower production factors, the aggregate 
output levels decreases (L). Therefore, the nuclear disaster channel implies that in the short to the medium 
run a rise in the proportion of nuclear energy in the energy mix increases nuclear disaster damage to output 
and consumption, which in turn affects social welfare in a negative way. 

 
Conclusions 

We investigate the impacts of the energy mix on economic activities and social welfare within the DSGE 
framework in South Korea. A higher proportion of nuclear energy in the energy mix, while leading to an 
economy more efficient in terms of electricity generation, will also render the economic system more 
vulnerable to nuclear disaster. To evaluate the effects of the energy mix comprehensively, we consider two 
competing factors: cost-efficiency and disaster damage. The main finding is that the positive price channel 
clouds out the negative disaster damage channel: an increase in the proportion of nuclear energy increases 
consumption and output. When energy prices are at the 2015 level, a higher proportion of nuclear energy 
results in social welfare gain in the long run. We have shown that increasing the proportion of nuclear 
energy in the energy mix will fail to increase social welfare, if the price of renewable energy decreases by 
66.7% or more. Should the price of renewable energy continue to decrease at the current trend, nuclear 
energy would lose its economic comparative advantage over renewable energy in 2052. Our research 
suggests that adhering to the Moon’s energy mix target quadrupling the portion of renewable energy to 20% 
by 2030 and making the country nuclear-free by 2060 would bring about social welfare costs to society. 
Other than the case that a nuclear disaster happens at a probability of 33.7% or causes 28.7% damage to 
the capital  accumulation, maintaining or increasing the proportion of nuclear energy still benefits society in 
terms of social welfare. Our findings underscore the importance of reducing legislative uncertainty. This in 
turn requires designing and implementing policy incentives that investors perceive as providing greater 
stability for promoting long-term investment. Beside cost-effectiveness and safety that are usually 
considered in the choice of the energy policy target, the stability of the policy itself should be added to the 
list to be explicitly considered. If policies lack long-term credibility or are surrounded by uncertainty, there is 
a risk that producers and investors will refrain from undertaking the necessary investments, so that the 
policy aims cannot be met at the lowest possible cost. 
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Is corruption bad for carbon emissions? Evidence from China 
 
 

Abstract 

Increasingly, people are realizing that corruption has a significant negative impact on the economy and 

carbon emissions. However, few studies have provided theoretical or empirical analysis on the relationship 

between corruption and carbon emissions in China. This paper attempts to fill this gap through the ARDL 

model and panel quantile regression model. Based on the panel data of China's provinces from 1998 to 

2016, this paper studies the impact of long-term and short-term corruption on per capita carbon emissions 

in China, and takes into account the heterogeneous distribution of per capita carbon emissions. The results 

show that corruption will increase per capita carbon emissions in China's provinces in the short term, but in 

the long run, it will help reduce per capita carbon emissions in China's provinces. In addition, corruption has 

a significant positive impact on per capita carbon emissions in all quantiles, indicating that per capita 

carbon emissions will increase with the severity of corruption. The coefficients of low quantile are slightly 

larger than those of high quantile, indicating that corruption leads to more carbon emissions in some 

provinces with lower per capita carbon emissions. 

 
Key words: carbon emissions; corruption; panel ARDL model; panel quantile regression model 
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Overview 
Analysis of the effectiveness of climate policies is essential for formulating climate change mitigation 

strategies. Economic theory is clear that putting a price signal on emissions will tend to reduce emissions. 
This has also been established in some individual case studies. However, there is a remarkable lack of cross-
country studies on the effectiveness of carbon pricing in reducing emissions. In this paper we estimate the 
contribution of carbon pricing schemes to reducing carbon dioxide (CO2) emissions, using data for over two 
decades for 143 countries. A quarter of these countries have had carbon prices. We employ econometric 
techniques that control for other potential determinants of emissions growth, including other policies. We 
focus on emissions from fossil fuel combustion, which account for approximately 80% of CO2 emissions and 
have been the main target of carbon prices (IEA 2017). We also analyse sectoral effects. 

 
Methods 

We seek to explain factors affecting CO2 emissions from fossil fuel use across countries. Emissions data 
are from the International Energy Agency (IEA 2019), covering 143 countries that account for approximately 
96% of the global population. 

 
Our analysis uses several variables describing the existence, strength, and extent of carbon pricing 

(OECD 2016; ESMAP (Energy Sector Mangement Assistance Program) 2018; World Bank and Ecofys 2018). 
This includes continuous measures and also a binary measure. 

 
We use three modelling approaches that are suitable for our analysis of policy effects on carbon dioxide 

emissions. In addition to policy variables, we also include initial economic structure variables related to the 
Kaya Identity, initial levels of emissions to control for possible convergence effects (Barro 2015; Csereklyei 
and Stern 2015; Best and Burke 2017), and prior-period growth in emissions to control for potential 
momentum effects. The three modelling approaches are: 

 
 Cross-sectional growth rate regressions 

 Fixed-effects panel estimations 

 Difference-in-differences estimations 
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Results 

We find negative and significant coefficients for carbon pricing in explaining the subsequent CO2 
emissions growth rate. A one-euro increase in the effective carbon rate per tonne of CO2 emissions is 
associated with a slowdown of 0.2 percentage points in annual emissions growth, significant at the 1% level. 
The effective carbon tax variable, which is one of the two additive components of the effective carbon price 
rate, has a similar impact. There is also a negative and significant coefficient for the other component of the 
effective carbon rate, the ETS rate. These results are consistent with the emissions-reducing effect of a 
carbon price being stronger for higher carbon prices, as theory would suggest. 

 
Other carbon pricing variables also have negative effects on emissions. The carbon pricing score from the 

Energy Sector Management Assistance Program (ESMAP) of the World Bank (2018) has a negative 
association with subsequent emissions growth, significant at the 5% level. A carbon pricing variable that 
equals one for countries with a carbon price at the beginning of the growth period in 2012, zero for countries 
that did not have a carbon price from 2012–2016, and the fraction of years for countries introducing a 
carbon price during 2012–2016, also has a negative and significant coefficient at the 1% level. 

 
Conclusions 

The results of our analysis provide empirical support to the theoretical contention that carbon pricing 
helps to reduce emissions. We quantify the size of the effect of carbon pricing on the subsequent emissions 
growth rate. We find that there are substantial effects of carbon pricing on subsequent emissions growth. 
Our analysis uses cross-country panel data with an extensive list of policy and other 



 

 

controls. We use continuous policy variables, an advance on many studies of renewable energy uptake that 
only use binary variables. We assess a global sample of countries. Our analysis covers over two decades of 
carbon pricing experience. Our suggestive results are useful as the first study of this type. 
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Overview 
This paper discusses the status and expectations for renewable energy in APEC’s (Asia 
Pacific Economic Cooperation) Low-Carbon Model Town (LCMT) project. The LCMT project 
aims to combine various components such as energy-efficient buildings, transport and low-
carbon power systems to create communities that affordably reduce energy use and carbon 
emissions while creating liveable conditions. Renewable energy is an important supply side 
component of low-carbon town development in the APEC region. Moreover, renewable 
energy in urban areas can meaningfully contribute to low- carbonisation of the APEC area as 
a whole. 

 

Methods 
Historical analysis of renewable energy in APEC LCMT project, mainly referring to APEC reports. 
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Results 
APEC Energy Ministers launched the APEC LCMT Project in June 2010 at their 9th Meeting in 
Fukui, Japan. In their Fukui Declaration, the Ministers issued the following statement: 
“Introduction of low-carbon technologies in city planning to boost energy efficiency and 
reduce fossil energy use is vital to manage rapidly growing energy consumption in urban 
areas.” 

The LCMT Project consists of three activities: Developing and refining the ‘Concept of Low-
Carbon Town in the APEC region’ (‘Concept’) by APEC experts (Study Group A); A feasibility 
study of low carbon development for each case study town by consultants; And a policy 
review of low carbon development policy of each case study town by APEC experts (Study 
group B). Since 2011, one town/city has been chosen as the case town for each year’s 
phase. The case towns represent various types of town/city in the region. 

In October 2011, the First Edition of ‘Concept’ was published and ‘Use of renewable energy’ 
was identified as one of the supply side measures for low carbon town development. The 
‘Concept’ explains the necessary considerations for using renewable energy in towns: “While 
solar energy and underground heat energy can be utilised regardless of the regional 
characteristics, there will be a higher potential for utilisation in suburban areas or 
middle/small-sized local towns rather than in the central areas of large towns.” 

During subsequent phases, the ‘Concept’ has been refined to take into account a different 
type of LCT development in each phase. Several paragraphs were added to elaborate the 
role of renewable energy in low-carbon town development. The refinement process of the 
Concept itself has changed considerably since Phase 3 with the inclusion of the APEC Low-
Carbon Town Indicator (LCT-I) System in November 2016 as a self- assessment tool, in 
order to assess and monitor the progress of each low-carbon town development project. 

The Yujiapu Financial District (YFD) Development Project in Tianjin, China was the first case 
study town covered in Phase 1 (2011) of the project. However, renewable energy was not 
included in low-carbon measures for YFD and the review team did not recommend 
considering the possibility of introducing renewable energy. The potential to introduce 
renewable energy in YFD may have been regarded as very low as the development was 
located in the Central Business District (CBD) of a large city. 

However, Samui Island (Koh Samui), Thailand in Phase 2 (2012) is situated in a rural area 
with considerable renewable energy potential. The review team emphasised that the 
“Utilisation of renewable energy is instrumental in the development of any low- carbon 
town, it is important that Koh Samui authorities build on existing research and analysis to 
clarify potential end uses. At the same time in order to encourage its use it is important that 
methods of reducing initial high capital costs are considered.” The Phase 
2 Study Group B produced 82 recommendations, 10 of which are for further improvement of 
the development and implementation of various kinds of renewable energy. 



 

 

Da Nang, Viet Nam was chosen as the case town for Phase 3 (2013). The Phase 3 Study 
Group B produced 75 recommendations for implementation. The recommendations were 
grouped by high, medium and low order urgency level for the first time. Among 10 
recommendations related to renewable energy, 3 are classified at the high urgency level 
which can be implemented in the short term but at low cost. It is noteworthy that the 
review team paid attention mainly to solar photovoltaic systems. Among 10 
recommendations for renewable energy, seven concern photovoltaic systems, including 
three urgent recommendations. This is most likely because the Da Nang project is located in 
a relatively large city with good solar radiation resources where photovoltaic systems 
represent the most promising renewable energy source. The other three recommendations 
relate to renewable energy in general, solar hot water systems and wind energy. 

For San Borja, Lima, Peru in Phase 4 (2014), the review team made 50 recommendations 
for implementation, also grouped in order of high, medium and low urgency levels. The 
team discussed energy efficiency and renewable energy together. Among 12 
recommendations related to energy efficiency and renewable energy, 5 recommendations 
are related to both energy efficiency and renewable energy. Among them, only one specifies 
solar energy as a promising renewable source in San Borja, but only with low order urgency 
level. 

Bitung, Indonesia was chosen for Phase 5 (2015). The policy review team made 64 
recommendations for implementation, grouping of those for immediate action, for action in 
the next 2-3 years or for action in the longer term. This time the review team discussed 
renewable energy together with untapped energy. All 4 recommendations related to these 
topics emphasise renewable energy rather than untapped energy with one identifying 
biofuel as a promising renewable energy source in Bitung. Additionally, among the 
recommendations for low-carbon building, three recommendations promote photovoltaic 
panels in the building sector. 

For Mandaue, the Philippines in Phase 6 (2016), the policy review team made 52 
recommendations for implementation, grouped by the same priority levels as the previous 
Phase. The review team again discussed renewable energy together with untapped energy. 
Among 7 recommendations related to renewable energy and untapped energy, 3 
recommendations are on renewable energy, 3 on untapped energy and one on renewable 
energy and untapped energy in general. Solar photovoltaic is the main renewable energy 
type discussed, and some attention is also paid to solar water heating. 

Krasnoyarsk, Russia was chosen as the last case town in Phase 7 in 2017. The policy review 
team made 67 recommendations for implementation, grouped by the same priority levels as 
the previous Phase. However, this time the review team discussed renewable energy 
separately from untapped energy. Five recommendations related to renewable energy are 
all general and not specific to any kind of renewable energy. As a basis to make 
recommendations, the experts pointed out the possibility of biogas and low potential of 
solar and wind power in their findings. They suggested biomass could be introduced in 



 

 

Combined Heat and Power (CHP) and in waste incineration plants. The APEC LCMT Project 
has entered a transition period from survey and research stage in Phases 1-7 to its 
Dissemination Phases in 2017. 



 

 

Conclusions 
APEC LCMT Project is currently in the middle of its Dissemination Phases. From 
Dissemination Phase 1, the Project has been focusing on disseminating LCT throughout the 
APEC Region by promoting the application of the LCT-I System to towns/cities which aspire 
to become less carbon intensive. 

As shown in policy recommendations to previous case towns for the project, renewable 
energy’s role in low-carbon town development has been still low-key. Among various 
sources of renewable energy, solar photovoltaic has been the most commonly 
recommended in low-carbon town development. Other sources, such as biofuels and biogas, 
have also been promoted depending on each town or city’s location  and climate. 

In September 2014, APEC Energy Ministers issued a statement to ‘reaffirm the UN 
“Sustainable Energy for All” initiative and instruct the APEC Energy Working Group) to 
develop the road map for the aspirational goal of doubling the share of renewables in the 
APEC energy mix, including in power generation by 2030’. In order to attain this goal, 
APERC’s Peer Review on Low Carbon Energy Policy (PRLCE) project is expected to contribute 
to promoting renewable energy at the economy (national) level. However, the region needs 
to increase renewable energy supply also at the town/city level in the face of rapid 
urbanisation. It is hoped that following seven phases the APEC LCMT Project will contribute 
further promotion of renewable energy at the town/city level. As such, renewable energy in 
urban area can contribute to low-carbonisation of the APEC area as a
 whole. 
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Overview 
 

This study analyzes the trends and context of corporate social responsibility (CSR) in the energy industry. 
We take China as an example, and use environmental and social responsibility data in 34,000 CSR projects 
released by over 800 companies in 31 provinces. Clustering methods as wells as ordinary least squares and 
the fixed effects panel regression modeling are performed to provide insights on the context, trends, and 
impact of CSR projects on companies’ productivity and financial outcomes. Results of data processing and 
modeling indicate that: (a) most projects focused on improving companies’ environmental sustainability 
(compared to social); (b) implementation of both environmental and social projects had positive impacts on 
companies’ performance; and (c) trends, context, and impact of the projects varied with time, company 
type, and location (provinces). In addition, data suggest that companies operating in regions with lower 
economic conditions (GDP per capita) seem to be less motivated to implement environmental and social 
sustainability projects compared to those operating in regions with higher economic conditions. This study is 
meaningful for both companies that consider adopting CSR initiatives, as well as stakeholders and managers 
who aim to promote sustainable development in China 

 
Methods 
This study is the first that comprehensively captures companies’ CSR actions in China. We use a very large 
data set extracted from the China Stock Market & Accounting Research (CSMAR) database, and eventually 
collect over 34,000 CSR project announcements released by over 800 companies in China. Our analytical 
methods include: 

 
Clustering methods with big 
data Ordinary least squares 
Fixed effects panel regression modeling 

 
Results 

First, Chinese companies adopted CSR projects between 2006 and 2013 with increasing rates (As shown 
in Figure 1). However, the CSR projects distribute unevenly in the 31 provinces of China, and this uneven 
distribution is tightly related to the distribution of the energy sectors. 
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Figure 2: Number of CSR projects in China 
Second, we then analyzed the types and contexts of the CSR projects. Through reading the project 

reports issued by companies, we identified which issues the company would address. These issues were then 
categorized into two main sections for environmental sustainability or social responsibility, and then the 
context was specified according to the main focus of the CSR project. our analyses of the CSR projects 
suggest a significant increase for CSR initiatives from 2006 to 2016 in the energy industries, and a trend 
toward promoting sustainable development in China. Furthermore, results suggest the importance and 
impact of geographical location and GDPs on the success of CSR initiatives in China. Project types and 
numbers shown varied according to the type of company and the anticipated impact on maintaining 
environmental and social sustainability in China. 



 

 

Third, we find that in the regions with more CSR practices, energy companies will benefit more from 
their CSR practices with a higher reward of investment earnings. And aspects of CSR improve the financial 
health of one company. 

 
Conclusions 

 
This paper contributes to the body of knowledge in the areas specific to understanding parameters 
controlling success of CSR projects particularly in developing economies. We capture a comprehensive graph 
of the environmental and social responsibility projects in the energy industry of China. We investigate and 
compare impacts of the projects on company performance from the perspective of investors and managers; 
we assume that the core issues for corporate governance (including CSR initiatives) is controlled by different 
motivations of corporate owners, equity investors (principals), and managers (agents) who have 
determinative power on various company affairs including adoption of CSR initiatives. Our contribution is 
extended by suggesting an evolutionary path of CSR theory and practices. Results highlight the effect of 
state of economies on the level of acceptance and configuration of CSR projects, suggesting that companies 
in China are slightly shifting focus on their CSR impact from macro-social effects to organizational-level 
effects on the profit, and less on ethics-oriented practices. 
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Overview 
Recently there has been renewed interest in the possibility for the trade of hydrogen between countries. 

For example, there have been a range of reports focused on the future of hydrogen in Australia (ACIL Allen 
Consulting 2018, CSIRO 2018, Hydrogen Strategy Group 2018) and a IEA report prepared for the G20 
meeting in Japan (IEA 2019). All of these reports discuss the potential for trade between Australia and key 
trading partners in Asia (including Japan, Singapore and South Korea). There are also national strategies 
that have set a goal for imported hydrogen to be cost competitive with conventional energy by 2030. For 
example, the one released by Japan in late 2017 (METI 2017) states that “hydrogen may be produced from 
renewable energy in countries or regions featuring relatively lower power generation costs and transported 
to Japan for local use in a sufficiently economical manner”. 

 
Hydrogen provides a way for renewable resource rich countries to export low carbon energy to countries 

that are less capable of decarbonising and have high energy needs. For example, IEA (2019) states that 
“hydrogen and hydrogen based fuels can transport  energy from renewables over long distances – from 
regions with abundant solar and wind resources, such as Australia or Latin America, to energy-hungry cities 
thousands of kilometres away” (IEA 2019). It has also been proposed that Australia has an opportunity “to 
establish itself as hydrogen supplier of choice to Japan and other nations such as South Korea that are 
hungry for hydrogen as a cost- effective route to reducing emissions” (Hydrogen Strategy Group 2018). 

 
This paper will assess the possible future economics of large-scale hydrogen production in Australia and 

export to Asia using a model of a hydrogen export industry. The model will be developed for different parts 
of Australia and incorporate a range of factors, including wind/solar capacity factors and shipping distances. 
It will also utilise scenarios for the cost of renewable energy for powering electrolysis and the cost of 
electrolysers. The modelling framework expands that used in Glenk and Reichelstein (2019) and provides 
specific regional applications. 

 
The analysis will assess the potential timing of the establishment of large-scale hydrogen exports from 

Australia to Asia. This will be based on region-specific scenarios of the cost of hydrogen production between 
2020 and 2050. The regions that will be represented in the modelling are areas of Western Australia, 
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Queensland and the Northern Territory that have high solar/wind capacity factors and are close to existing 
and potential port facilities. Other areas of interest are inland areas with high renewables potential such as 
in New South Wales and South Australia. There are also options to produce hydrogen from lignite with CCS 
in Victoria, which will also be represented in the model. 

 
Methods 

This paper will build a hydrogen export model to assess the threshold conditions for hydrogen production 
and export to become cost competitive with natural gas. The analysis will include representations of the 
costs of the: - supply of wind and solar electricity, - energy from lignite with CCS, - electrolyser to create 
hydrogen, - storage of hydrogen, - different conversion options for transport (i.e. compression for use in 
pipelines and ammonia/liquefication for sea/truck/rail-based shipping), and - shipping to Asian and 
Australian markets. A comparison between the export of hydrogen and the export of liquid natural gas is 
suitable as there are similar techno- economic elements in both industries (such as liquification for 
international shipping). 

 
The first component of the analysis will use existing cost estimates for renewable energy generation and 

hydrogen production to build cost models of different techno-economic options/scenarios. This will include 
projections of the cost decreases that would be needed for hydrogen to be cost competitive with natural gas. 

 

_ENREF_3_ENREF_3_ENREF_3The second component of the analysis will be matching these cost models 
to region-specific characteristics. These characteristics will include wind/solar capacity factors, shipping 
distances and the potential for pipelines or integration into the electricity grid. 



 

 

The third component of the analysis will be modelling demand for different types of hydrogen based on 
the type of transport method (i.e. compression, liquification and ammonia via truck, rail and ship) and the 
life-cycle emissions of the hydrogen produced. This demand will be modelled for both a domestic and export 
market. 

 
Different techno-economic scenarios will account for the difference in supply costs and demand for 

different types of hydrogen (which differ based on their life-cycle emissions [i.e. brown, blue and green 
hydrogen] and the transport method). These will be compared to supply costs and demand for liquid natural 
gas. 

 
Results 

The expected outcome is a flexible model that will assess the viability of different types of hydrogen 
production in key regions of Australia and can be used for a range of analyses. It will provide insights into 
threshold conditions for costs that will make large-scale hydrogen production in Australia and export to Asia 
economically viable. 

 
Our analysis will provide an indication of how much further the cost of renewable energy generation and 

hydrogen production needs to fall, and whether carbon prices would need to be applied to fuels, in order for 
hydrogen exports from Australia to be cost competitive with natural gas in Asia. We will also assess which 
parts of Australia are likely to be suited to the export of solar-based hydrogen and which regions are better 
suited to supplying a domestic market for hydrogen. We will be able to produce scenarios with different 
timings for the viability of large-scale hydrogen exports and project how large the potential domestic and 
export markets might be. 

 
Conclusions 

The possibility of establishing a large-scale green hydrogen industry in Australia for export to Asia has 
attracted strong interest. This includes a briefing paper prepared for the Council of Australian Governments 
(COAG) Energy Council by a group chaired by Dr Alan Finkel, Chief Scientist of Australia (Hydrogen Strategy 
Group 2018). Green hydrogen trade has great potential for assisting Asia with decarbonising their energy 
systems. Australia is one of the countries with the potential to produce large amounts of renewable 
electricity and is likely to be among the most cost competitive locations. Our analysis establishes detailed, 
locationally differentiated threshold conditions for future green energy production costs and the costs of 
electrolysis for hydrogen to be cost competitive with natural gas (with and without carbon pricing). 
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Overview 
 

Despite the abundance of occurring natural crude oil resources, Nigeria continually suffers shortages of 
refined petroleum products, which undermines economic development of the country. The purpose of this 
multicase study was to explore the strategic role of how investment in petroleum refineries and 
infrastructures can improve supply and hence mitigate shortages or scarcity of refined petroleum products in 
the petroleum supply chain and enhance economic development in Nigeria. The research participants 
comprise of ten senior leaders from two private-sector Nigerian downstream petroleum supply companies 
located in the Niger Delta region, who had effectively implemented strategies for petroleum supply. The 
conceptual framework for the study was the resource based view theory. 

 
Methods 

 
The research method was qualitative, while the design was the case study approach. Data were collected 
through semistructured face-to- face interviews and review of operational and policy documents from the 
supply or marketing petroleum companies. Data were transcribed, analyzed, and validated through member 
checking and triangulation. 

 
Results 
The discoveries indicate the need to establish more refineries, privatize the existing moribund refineries, 
and build more infrastructures in Nigeria. 

 
 

Conclusions 
Findings may be used by petroleum leaders and investors to optimize available crude oil natural resources, 
and to create investment strategies in the petroleum supply chain, leading to product availability, 
sustainability, poverty reduction, and economic development in Nigeria. 
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Overview 
Energy is one of the essential components of sustaining decent living. The number of people without access 
to electricity in Southeast Asia is over 200 million (International Energy Agency, 2014). Achieving 
sustainable energy is one of the key components of sustainable development as presented in the 
Sustainable Development Goals (United Nations, n.d.). The Association of South East Asian Nations (ASEAN) 
has been working on utilizing its energy resources scattered across the region through the integrated grid 
networks. The ASEAN Power Grid and the Trans ASEAN Gas Pipelines are the backbone of the integration 
efforts. The power trade in the Great Mekong Sub-region is a good example of successful power trade in the 
region. 

 
Energy market integration has been suggested as a way of achieving sustainable energy and development 
(e.g., Wu et al, 2012; Kimura et al, 2013; Chang and Li, 2013; Li and Chang, 2015). Energy market 
integration in East Asia appeared to help meet surging energy demand and ease demand shocks in the 
region. It also appeared to remove some subsidies in the electricity sector (Wu, Shi and Kimura, 2012). The 
possible benefits of energy market integration could be huge even after taking account the costs of and 
losses in transmission (Chang and Li, 2013). If the costs of grid interconnection are taken account in real 
terms, the possible benefits could be negative as the costs of transmission infrastructure are high. 
Nevertheless, the resulting benefits, after taking account the costs of grid interconnection, transmission 
costs and losses, could be positive although the amount appears to be marginal (Li and Chang, 2015). 

 
The ASEAN has huge potential in renewable energy such as hydropower, solar energy, wind energy and 
biofuel (Chang and Li, 2015). One country in the region cannot afford the total costs required for the 
development and the country may not able to absorb the entire amount of electricity supply from its 
renewable potential. This raises a need for a regional power grid-based market. Despite strong support from 
literature for integrating energy market in the region, integrating renewable energy into a power grid in the 
region has been slow due mainly to the intermittent availability of electricity from renewable sources. There 
are some possibilities of flexibility in supply of and demand for electrcity that can promote the integration of 
renewable energy into the grid. Possible supply components of flexibility are conventional generators, 
renewable generators and storage. Wind and solar energy added variability to the supply side. Possible 
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demand components of flexibility are building end uses, electric vehicles and storage. Grid flexibility is the 
necessary condition for more integration of renewable energy into the fuel mix in ASEAN nations (Huang et 
al, 2019) and accessing such flexibility appears to be a key to renewable energy integration into the grid. 

 
This study aims to examine how the integration of renewable energy incorporating system flexibility into 

the regional power trade affects the total cost of meeting the energy demand of the ASEAN as a whole and 
the amount of carbon dioxide emissions. It takes t he ASEAN power trade model developed by Chang and Li 
(2013 and 2015) and Li and Chang (2015) as a base and modifies it to incorporate system flexibility. The 
modified AEAN power trade model includes a flexibility option and explicitly considers the effect of renewable 
energy integration and system flexibility on the trajectory of carbon dioxide emissions and the cost of carbon 
in the region. Using the General Algebraic Modelling System (GAMS), the study solves the model, verifies 
whether and how system flexibility shapes the process of decarbonization in the region and derives policy 
implications. 

 
Methods 
The model of this study consists of an objective function and various constraints such as resource 
endowments, technologies, capital and operation costs, and carbon emissions and corresponding taxes, 
among others. Altogether they make power trade in the region feasible and realistic. The objective function 
is to minimize the cost of meeting energy demand by taking account all resource endowments, available 
technologies and constraints. The constraints considered are resource endowments, electricity generation 
technologies, capital and operation costs, carbon emissions and corresponding taxes, and cross-border 
transmission costs. Optimising the above objective function should meet the following critical conditions. 
First, total power capacity should meet total power demand in the region. Second, the power 



 

 

supply of all countries to a certain country must be greater than the country’s power demand. Third, the 
total supply of power of one country to all countries (including itself) must be smaller than the summation of 
the country’s available power capacity at the time. Fourth, power traded across border should be subject to 
the constraint of transmission capacities available at a certain point of time. This study includes an electrical 
storage system in a country to see how this affect the trajectory of carbon emissions and the total cost of 
meeting the demand for electricity in the region. 

 
This study constructs two scenarios. A first scenario is a case without system flexibility. Along with the base 
case in which no system flexibility is considered, this study builds a second scenario that specifically 
considers the system flexibility. The system flexibility enters into the model in the form of electrical storage 
system. It shows how system flexibility affects the transformation of power system and the cost of meeting 
ever-increasing energy demand in the ASEAN. It also presents how environmental considerations such as 
the imposion of carbon taxes on fossil fuels will influence the transformation of power generation mix in the 
region as a whole and the amount of carbon dioxide emissions that is the negative environmental 
consequence of conventional generators. For each scenario, this study considers three cases – no power 
trade, power trade up to 50% and 80% of the total power demand in the region. 

 
Results 

This study presents two key findings. First, integrating regional electricity market enabling power trade in 
the region appears to increase the amount of carbon dioxide emissions and the value of the objective 
function, meaning the total system cost higher than that of no-trade case. Unlike the cases of no or lower 
levels of power trade such as 50% power trade, the case of 80% power trade presents an almost non-
decreasing trajectory of carbon dioxide emissions. This implies that the higher level of power trade appears 
to utilize all possible sources of generation technologies regardless of whether generation technologies are 
carbon-intensive or not. This led to higher amounts of carbon dioxide emissions and higher total system 
costs but higher levels of economic output. This finding seems to be against the common perception that an 
integrated electricity market is expected to decrease the amount of carbon emissions. The integration of 
regional electricity market is considered the good way of utilizing all potential sources of power generation 
but seems to have negative impacts on the amount of carbon emissions. More aggressive policies are 
required to address such seeming negative consequences of integrated regional electricity market. 

 
Second, incorporating system flexibility into a power trade model in the form of electrical storage system 
appears to decrease the amount of carbon dioxide emissions and flatten the trajectory of carbon dioxide 
emissions compared to the case without system flexibility. Like the case of integrated regional electricity 
markets without system flexibility, it appear that the higher level of power trade is, the flatter the trajectory 
of carbon dioxide emissions is. The lower level of power trade is, the more fluctuations in the trajectory of 
carbon dioxide emissions are. This implies that lower cost generation technologies are utilized first as these 
are cheaper and followed by higher cost generation technologies such as renewable energy sources. Once 
the low cost, low carbon-emitting generation technologies are exhausted, the more carbon-emitting 
expensive fossil fuel-sourced generation technologies are utilized. This makes the shape of the trajectory of 
carbon dioxide emissions a cubic form of increasing, decreasing and increasing. An interesting point 
observed is that the gap between the highest trajectory of carbon emissions and the lowest one (i.e., the 
case of no-trade) under the case with system flexibility is slightly wider than that of the case without system 



 

 

flexibility. 
 

Conclusions 
This study examines how system flexibility affects the integration of renewable energy into the grid and 
influences the amount and trajectory of carbon dioxide emissions. It takes an electrical storage system as a 
form of system flexibility and Singapore as a country. Singapore has planned to install 6,480MW of electrical 
storage system by 2050. This study presents two key findings. First, the more power trade is allowed in the 
integrated regional electricity market, the higher amount of carbon emissions is. This seems to be against 
common perception. The integrated regional electricity market, however, pushes under-utilized generation 
technologies mainly fossil fuel-fired generation ones to the limit and hence more carbon emissions as higher 
levels of power trade are allowed. Second, when system flexibility is incorporated into the integrated 
regional electricity market, it appears to decrease the amount of carbon emissions. It also appears to flatten 
the trajectory of carbon dioxide emissions. 
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Structure of primary energy consumption is affected by many factors, which do not necessarily show 

linear superposition. A class of optimal synthesis method is formulated. There is a correlation between 
various factors. The key issue is that how the nonlinear synthetization affect primary energy consumption. 
This paper constructs an orthogonal coordinate system and describes the multi-factor synthetization. By 
using a new measurement method and constructing an orthogonal coordinate system, we can draw on each 
factor on the primary energy decomposition and synthesis. It is obtained the trends finally. It can be used to 
solve the combined effects of a variety of factors. 

 
Methods 

 
Two or more factors have different direction impacts on primary energy consumption. We need to 

determine the separate relationship and obtain the independent effect. In some sense, it is very difficult. If 
we want to solve the problem, there are three things to be dealt with directly as follows: 

 
As we cannot know the impact direction precisely, in order to describe the problem clearly, we suppose 

two emergencies-FA, F1 and affected event O to illustrate the method. An orthogonal coordinate system are 
illustrated as follows 

 
(1) Suppose a given time, an emergency FA and the affected event O make up a plane-OY ; 
(2) The angle between FA and O is∠A. Another emergency F1 has the impact direction to O and FA ; 
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(3) F1 has the angle∠B1 with axis Z which is perpendicular to OY; 
(4) The projection of F1 to OY has the angle∠B2 with axis O. 

 
 
 
 
 
 
 
 

Fig. 1: Orthogonal Coordinate System for Multi-Factors 
Here we only take two factors for the primary energy consumption. We combine the primary energy 

consumption with one of the major factors into a plane. The rest of the major factors are orthogonal to the 
plane and X-axis which is perpendicular to this plane. This method can be used to determine the direction of 
the impact of major emergencies on the objective. 

When all factors are decomposed into the same direction, how to calculate these different factors? 
’kilometer+kilogram’ may be puzzling. Naturally, we need an alternative method to replace the “the uniform 
form of units”. As far as known, the rate of change can be defined by the following expression: 

Measurement  Absolute change originally 
Reference value 

Based on the above, we can construct the synthesis equations and supplementary equations. 
(1)Suppose there is a research object O to be an axis of the orthogonal system, including the 
chief factors set is (FA, F1…Fn), 

 

(1
) 

(2)A chief factor FA and the research object O can compose a plane. Then, an axis which is perpendicular 
to FA in the plane is the second orthogonal axis. 

(3)An axis with perpendicular to the chief factor FA and research object O is the third orthogonal one. 
Components of the chief factors with respect to the orthogonal axis O, Y and Z are as follows: 



 

 

O  {FA cos A, F1 sin B1 cos B2 , F2 sin B3 cos B4 ,, Fn sin B2n 1 cos B2n },Y  {FA sin A, F1 sin 
B1 sin B2 , F2 sin B3 sin B4 ,, Fn sin B2n1 sin B2n }, 

Z  {0, F1  cos B1 , F2 cos B3 ,, Fn  cos B2n1} 
The sum of the components of the factors with respect to the orthogonal axis O is equal to primary 
energy consumption 

  
FA cos A  Fi  sin B2i1 cos B2i    FO 

i1 
The sum of the components of the factors with respect to the orthogonal axis Y is equal to zero 

  
FA sin A  Fi  sin B2i1 sin B2i    0 

i1 
The sum of the components of the factors with respect to the orthogonal axis Z is equal to zero  

Fi  cos B2i1   0 i1 

 
 
 
 
 

(2) 
 
 

(3) 
 
 

(4) 

Moreover, the supplementary equations are as follows: 
sin2  A  cos2  A  1 

 
sin2 Bi  

cos 
Bi  1, i 
 1,, n 

(5) 

Calculation steps can be drawn on the major factors on primary energy consumption as follows 
 
 
 
 
 
 
 
 
 
 

Fig.2: Calculation Diagram of A Multi-factor System 
 

Results 
 

In this section, the future primary energy consumption is predicted in Japan, India and China . 
After 2030, the proportion of non-clean energy in Japan will be less than 50%. Meanwhile the proportion 

of clean energy will be more than 50%. By 2050, the proportion of clean energy will be more than 2/3, to 
about 68%. Coal will shrink the most. Oil will gradually decrease to about 30% by 2050. For Japan's long-
term plan of 2030, there is a big gap in its current speed of development. To make up for this gap, 

n 

n 

n 

2 



 

 

renewable energy needs to further increase investment. The speed of nuclear power development should 
also be strengthened. The proportion of investment should be at least double to ensure that there are more 
than nine nuclear power units in operation. Less than 20 units, and ensure full power generation. 

India's future share of non-clean energy has been more than 70% without a significant reduction. Coal 
has been reduced to less than 18%. The growth of clean energy as a whole is weak and just over 25% by 
2050. The overall share of renewable energy is about 9% and the development is not ideal. The Indian 
government's expectation is that renewable energy will reach 15% in the near future by 2020. However, 
there is a big difference. India's national economic restricts the development of renewable energy. The 
renewable energy will not be the main energy development in India for at least 30 years in the future. 

China's future share of non-clean energy will always drop to below 70%. However, the trend can be 
further explored. Coal will shrink to less than 47%, but the space is still very large. The whole share of clean 
energy is still not very large, and it will only exceed 30% by 2050. Because China has a large volume and is 
too big "inertia" to reverse, it is impossible to increase rapidly. The overall proportion of renewable energy is 
about 6%, and the development is not ideal. For the Chinese government's expectation, the proportion of 
non-fossil energy will reach 15% and 20% in the near future by 2020 and 2030. It is not too big a problem 
to achieve at the present speed. The share of non-fossil energy will reach nearly one third in 2050, which 
can completely combat fossil energy. It is worth noting that renewable energy is possible. Sources will not 
exceed 8% by 2050. Further development is needed to ensure the balanced development of non-fossil 
energy resources in order to make China's energy structure safer and more optimized. 



 

 

Conclusions 
 

A class of optimal synthesis method is formulated. This method constructs an orthogonal coordinate 
system and describes the multi- factor synthetization. By using a new measurement method and 
constructing an orthogonal coordinate system, it can be used to solve the combined effects of a variety of 
factors problem. At last, the method is applied to forecast the structure of primary energy. It is shown from 
the example that this method is effective and feasible. 
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Overview 

Promoting cross-border clean tech-transfer has been a salient issue in mitigating and 
adapting to climate change (Gerstetter, Marcellino, and von Sperber 2010; A. E. Brown 
2017; Barton 2007). Existing international law governing clean tech-transfer are provided 
both in international environmental law and international economic law (more specifically 
international intellectual property law)(A. EL Brown 2017). Intellectual property rights 
affect both technology supply and demand. On the supply side, firms may refuse to 
transfer their technology if not patent protected. On the demand side, weaker intellectual 
property protection reduces demand for formal import and increased dissemination of 
technology (Littleton 2009). 

It has been very difficult for international environmental law to impose substantiate 
obligations on intellectual property because governments in developed countries are 
unlikely to “order” that technology be transferred by the private sector if they are patent 
protected. Within overlapping and non-hierarchical international regimes, rules with a 
rigorous enforcement mandate such as Agreement on Trade related Aspects of 
Intellectual Property Rights (TRIPS) often prevail. Similar controversies have existed for 
decades without being resolved in access and benefit-sharing (ABS) for genetic resources 
and traditional knowledge (Rosendal 2001). The failure of IP negotiation in Paris 
Agreement to produce outcomes is a recent example demonstrating the almost 
impossibility of mandating a reconciliation in TRIPS for the purpose of implementing 
another multilateral agreement. At the bilateral level, TRIPS-minus is not an option 
because TRIPS is legislatively proscriptive which requires WTO Members to enact 
affirmative policies to implement the Agreement. 

If states cannot change TRIPs, they may need to learn how to work around it where 
necessary. TRIPs actually allows states fair amount of flexibilities in implementation 
(Lamping 2014). These flexibilities include defining subject matter for patentability, 
specifying inventive steps in national patent law, substantiating compulsory licence 
requirements, designing green patent pools, defining terms and conditions for the 
transfer of standard essential patents, clarifying parallel importation in clean technology, 
and enforcing disclosure obligations required in other international agreements. 
Nonetheless, these flexibilities are shrinking. In recent years because TRIPS-plus 
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standards in bilateral free trade agreements have further encroached the regulatory 
sovereignty for developing countries (Drahos 2001; Sell 2010). In addition, the increasing 
cases of using investor-state dispute settlement (ISDS) threatens TRIPS flexibilities as 
well (Baker and Geddes 2017; Ho 2016). 



 

 

Countries interested in ensuring that TRIPs and TRIPs-plus requirements do not inhibit 
the diffusion and adoption of green tech may benefit from referring to the experiences in 
the issue of access to medicines where the pharmaceutical industry is involved (Abbott 
2009). Further the less concentration of the market power in the renewable energy 
industries may allow for a holistic deployment of TRIPS flexibilities beyond the Doha 
Declaration once achieved (Abbott 2011). We propose a more practical solution of 
sufficiently safeguarding and using TRIPS flexibilities rather than trying to “fix” TRIPS 
through prolong multilateral negotiations to facilitate clean tech- transfer. 

This paper will explore the flexibilities within the TRIPS Agreement to achieve the goals of 
the energy transition, and the option of incorporating these flexibilities into domestic 
laws, bilateral or regional agreements or sector-specific agreements to supersede TRIPS. 

 

Methods 
This paper is an interdisciplinary study of international law and international political 
economy. This approach will consider political factors that shape the international law, 
situating legal rules and institutions in their political context. It also undertake 
comparative analysis on the previous attempts to reconcile TRIPS, through the issue of 
access to medicines and the relationship between TRIPS and the Convention on Biological 
Diversity (CBD). Recognising political constraints for state commitment and the 
ramification of clarifying TRIPS obligations on other issues, this paper does not propose 
creating new norms to “fix TRIPS” as literature recommended, rather it provides practical 
and feasible policy recommendations that encourage states to exhaust TRIPS flexibilities. 
In addition, policy 



 

 

recommendations are provided in a way that not only identifies what type of rules are 
relevant and can potentially be explored but also concrete political strategies for states 
to utilise these norms. 

Results 
This paper finds that the flexibilities available in the TRIPS Agreement that would facilitate 
clean tech-transfer are not sufficiently used by states. While admitting there are 
limitations in applying flexibilities within the TRIPS Agreement (Krishnamurthy 2017) and 
strengths in multilateral IP standards (Drahos 2011), this paper argues that implementing 
TRIPS flexibilities is more practical and feasible way for states than initiating new 
negotiations to impose obligations to amend TRIPS. In addition, the substantiating TRIPS 
flexibilities in domestic legislations and FTAs will also safeguard these flexibilities to be 
further encroached by FTAs. 

 

Conclusions 
In conclusion, this paper provides concrete recommendations for technology importing 
states to overcome the intellectual property barrier in facilitating clean tech- transfer after 
comparing this measure with initiating new negotiations to amend TRIPS. Concerning 
international law, we recommend that states should consider implementing specific 
flexibilities in TRIPS agreement. Concerning strategies, we recommend that they first 
incorporate these flexibilities in their domestic law and then endeavour to incorporate 
them in any bilateral or regional agreements or potential sector-specific agreements they 
are involved as long as clean tech-transfer is a relevant issue in these treaties. 
Consequently, these rules will be considered as custom in international law and overtime 
will usher a prevailing interpretation of relevant provisions in TRIPS with regard to clean 
technology. 
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Overview 

 
Within the last years, PV systems have evolved from a technology reserved for wealthy 
single-family homeowners to a cost-efficient solution for people in different living situations. 
The legislative background allows for PV sharing concepts in energy communities (ECs) to 
be realised among residents in multi-apartment buildings in most countries. In some 
countries, ECs can already be realised between multiple buildings. However, whether PV 
system implementation in general or PV sharing concepts in ECs will evolve to be state of 
the art in residential buildings depends not only on the regulatory background, but 
especially on the profitability. Thus, it is highly important to investigate the economic 
viability of such concepts, because – generally speaking – most people only invest if a 
break-even can be expected. Recent studies provide strong evidence for the profitability of 
PV sharing concepts in individual multi-apartment buildings [1,2] and ECs [3] between 
buildings on a neighbourhood level. The next step and thus the motivation of this work is to 
assess the economic potential of PV systems on a large-scale, based on ECs formed on a 
neighbourhood level. A use case is provided for Austria. 

 
Methods 

 
To achieve the goal of a realistic economic PV potential estimation, a mixed-integer linear 
optimisation model, with the objective of maximising the net present value of any EC over a 
time horizon of 20 years, is developed in a first step. This optimisation model determines 
the profitability of PV systems in ECs along with the according cost- optimal PV system 
capacities. Second, four different settlement patterns (city area, town area, rural area and 
mixed area) are identified which are considered characteristic for Europe and other regions 
in the world. Based on these settlement patterns, four model ECs (one for each settlement 
pattern) with a specified number of characteristic buildings and real-measured load profiles 
are set-up. The default setting in this study is to consider 10 buildings per model EC. The 
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cost-optimal PV system sizes are determined for these four model ECs by using the 
introduced optimisation model. The third step concerns the large-scale area, for which the 
economic PV potential is assessed: An algorithm is developed to assign buildings of different 
types per political district (or any other 



 

 

geographical granularity of the area of investigation) to the four predefined settlement 
patterns and, based on that, the number of ECs that are formed per political district within 
the different settlement patterns are determined. Knowing the number of ECs per 
settlement pattern and thus for whole Austria as well as the cost-optimal PV system sizes 
for the four model ECs, the large-scale economic PV potential can be estimated by 
upscaling. In a fourth step, the geographical PV potential is estimated for comparison. 

 
 
Results 

 
The results show that community PV system installation is profitable for the individual model 
ECs in all four settlement patterns. In the model EC of the city area, the largest PV system 
capacities are installed and the highest cost savings are achieved due to the great load 
profile diversity. In the rural model EC, the optimal installed PV system capacity is much 
lower because single-family households have small electricity load profiles compared to 
multi-apartment buildings; however, the added value of forming an EC is highest in rural 
areas. 

 
An upscaling of the results for the four model ECs to the level of Austria as described in the 
Method-section leads to results that show that the least significant amount of PV is installed 
in city areas while rural areas have the most PV system capacities installed. The reason for 
this is that Austria is in general a country with many rural areas: The share of single-family 
houses on the total building stock is largest. On the contrary, densly built areas such as 
cities with 



 

 

multi-apartment buildings are rare in comparison. The estimated economic potential in 
Austria for city areas is around 1.2 GW, for rural areas it is more than 4 GW, for town areas 
it is approximately 3 GW and for mixed areas it is 1.5 GW. Comparing these results with the 
estimated geographical potential it becomes obvious that there is a massive geographical 
over-potential in rural areas. This means that there is a lot more roof space available than is 
actually used for cost-optimal PV system installation. In city or town areas on the contrary, 
the roof space is limited, which means that most rooftop areas would be saturated with PV. 
Thus, forming ECs between city/town and rural areas can be recommended due to the 
following reasons: (i) On the one hand, city residents would profit from a lot of additional 
roof space for optimal PV system installation (in Austria, PV sytems facing South receive the 
best solar irradiation and are therefore most profitable.) and (ii) on the other hand, 
residents from rural areas would profit from increased synergy effects (the more different 
load profiles, the more synergy effects, the higher the profitability of PV). 
In the default setting of this study, ten buildings were considered per model EC. As a 
sensitivity analysis, the number of buildings per model EC is reduced to five. Results show 
that the more buildings per EC, the more efficiently the available roof space and PV 
electricity can be used wherefore less PV capacity needs to be installed for achieving cost-
optimal results. Moreover, the retail electricity price (in eurocent/kWh) as well as the 
specific PV system costs (in €/kWp) have a significant impact on the economic PV potential. 
Dropping retail prices (22 eurocent/kWh to 18 eurocent/kWh) lead to a reduction of the 
economic potential. The cheaper the electricity from the grid, the smaller the cost saving 
potential by installing PV. However, when considering a drop of retail electricity prices (22 
eurocent/kWh to 18 eurocent/kWh) along with a 20% reduction of specific PV system costs 
(1050 €/kWp to 840 
€/kWp), the large-scale economic potential of PV is even higher than in the default setting 
(retail electricity price of 22 eurocent/kWh and 1050 €/kW PV system price). Thus, PV 
system prices seem to have the highest influence on the economic potential  of PV. 

 

Conclusions 
 

In general, the results indicate that in the future, ECs should be installed beyond the 
borders of individual settlement patterns to optimally utilize synergy effects between 
different load profiles and available rooftop areas. However, right now, forming ECs between 
a limited number of buildings on the neighbourhood-level, as indicated in this study by the 
model ECs, is reasonable. People are often suspicious towards novel concepts like PV 
sharing and, to gain trust, small-scale ECs are a good point to start. In this respect, this 
work provides a solid basis for policy decision makers concerned with the development of 
ECs on a neighbourhood scale and the thereon derived large-scale economic potential of PV. 

 
 
 
References 



 

 

• Fina, B., Fleischhacker, A., Auer, H., Lettner, G., 2018. Economic assessment and 
business models of rooftop photovoltaic systems in multiapartment buildings: Case 
studies for austria and germany. Journal of Renewable Energy 2018, 1-16. 



 

 

[1] Fina, B., Auer, H., Friedl, W., 2019. Profitability of active retrofitting of multi-apartment 
buildings: Building- attached/integrated photovoltaics with special consideration of different 
heating systems. Energy and Buildings 190, 86-102. 

 
[2] Fina, B., Auer, H., Friedl, W., 2019. Profitability of PV Sharing in Energy Communites: 
Use Cases for Different Settlement Patterns. Energy. Minor Revisions required, currently 
under evaluation. 

  



 

 

 
 

43 
 

EFFECTIVENESS OF CHINA’S PLUG-IN ELECTRIC VEHICLE SUBSIDY 
Tamara L. Sheldon, Department of Economics, University of 

South Carolina & KAPSARC, 001-803-777- 6828, 
Tamara.Sheldon@moore.sc.edu Rubal Dua, 
KAPSARC, 00966-112903013, 
rubal.dua@kapsarc.org 

 
Overview 

 
China, the world’s largest emitter of carbon dioxide, has announced ambitious climate goals 
in recent years. These include reducing carbon intensity of GDP by 40-45 percent of 2005 
levels by 2020 and by 60-65 percent of 2005 levels by 2030 (1). One component of China’s 
overall plan to reduce carbon emissions is its “New Energy Vehicle Policy,” a multi-pronged 
policy to increase the share of battery electric vehicles (BEVs), plug-in hybrid electric 
vehicles (PHEVs), and fuel cell vehicles. Since 2009, plug-in electric vehicles (PEVs, which 
include BEVs and PHEVs) qualify for substantial rebates (up to US$9,000) from both the 
central and local governments (2). Furthermore, in several big cities such as Shanghai and 
Shenzhen, PEVs are exempt from new vehicle registration lotteries and fees (3). These 
policies have led to significant PEV market share growth in recent years, with PEVs 
consisting of 2.5% new vehicle sales in 2017. 

 
There are several recent updates to China’s PEV policy. First, starting in 2017, PEV rebates 
have gotten smaller, declining 20% per year from 2017-2020 from 2016 levels, and 
technological requirements more stringent. Second, to address concerns about subsidy 
fraud, anti-fraud and enforcement measures have been implemented (2). Third, in 
September 2017, China finalized a New Energy Vehicle (NEV) mandate policy targeting 
vehicle manufacturers. Under the mandate, starting in 2019, all large manufacturers 
(producing or importing at least 30,000 passenger cars annually) must achieve NEV targets 
of ten percent in 2019 and twelve percent in 2020. The targets are not for NEV production, 
rather, for NEV credits, where each NEV produced qualifies for up to six credits based on 
characteristics such as electric range and energy efficiency. The resulting NEV market share 
would likely be lower than the target percent (e.g., a four percent market share could 
achieve the twelve percent 2020 target based on NEV credits) (4). 

 
Studies have shown that various government policies, including subsidies, preferential 
taxes, and parking and driving perks have positively impacted NEV adoption in China 
(5-9). However, little is known about the effectiveness or especially cost-effectiveness of 
these policies. Despite China’s ambitious goal to have five million NEVs on the road by 
2020, there is uncertainty over the future of the subsidy program, with some reports 
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suggesting that the subsidy program will be eliminated in the near future (10; 11). This 
paper seeks to shed light on the effectiveness of these subsidies with the intent of 
informing policy makers in the face of future program uncertainty. 

 
Methods 

A vehicle choice model is estimated using a large, random survey sample of new vehicle 
purchases in China. The primary data set, purchased from J.D. Power and Associates, is a 
survey of 23,993 individuals across China who purchased a new light- duty vehicle 
between October 2016 and June 2017. To account for consumer heterogenity, the study 
involved estimation of separate choice models for low and high income consumer 
subgroups. The distinction in income groups is sought because previous studies on new 
vehicle consumers in other countries such as the U.S. have shown that preferences vary 
most by income (e.g., 12; 13). The estimation results are used to predict PEV sales if 
subsidies were eliminated and if subsidies were targeted towards low income consumers. 

 

Results & Conclusions 
Simulation results suggest that the 2.5% PEV market share of Chinese new vehicle sales in 
2017 resulted in China’s new vehicle fleet fuel economy improving by roughly 2%, reducing 
total gasoline consumption by roughly 6.66 billion liters. However, the current PEV subsidy 
in China is expensive, costing $1.90 per additional liter of gasoline saved. This is due to a 
large number of non-additional PEV buyers, particularly high income consumers, who would 
have purchased the PEV regardless of the subsidy. 
Eliminating the subsidy for high income consumers and increasing it for low income 
consumers could result in a substantially lower cost per additional PEV ($13,758 versus 
$24,506). This would allow for greater PEV adoption (3.11% versus 2.47% market share) 
for the same budget. 
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Overview 
In the context of increasing concerns surrounding the climate change debate  and having 
most power system going through a transition phase from fossil fuels to renewables, 
understanding the impact of renewable intermittent output on wholesale electricity prices 
captured the attention of researchers in the energy markets over the past decade. There is 
a vast energy economics literature which demonstrates that the output of wind and/or solar 
supply impacts the wholesale electricity prices by influencing their volatility, by changing the 
tails fatness of their distribution function and by reducing their average levels. This present 
piece of research builds on the previous literature by showing that the speed with which 
intermittent supply output is reducing the day-ahead 
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electricity prices is not constant across the quantiles of the electricity prices, being more 
pronounced on the lower and the higher day-ahead price quantiles. Using a model based on 
fundamentals and a quantile regression approach, we investigate the German and the 
Spanish hourly day-ahead electricity prices and supply mix between January 2015 and June 
2019, showing that the share of intermittent output is decreasing faster the day-ahead 
electricity prices at the very low and at the very high day-ahead price quantiles than 
elsewhere on the distribution of day-ahead electricity prices. This result enriches the energy 
economics literature on electricity markets as it is acknowledging that intermittent supply 
has a varying impact on power prices. This result has also an important practical value for 
market players (especially for storage facility operators) that are using price prediction 
intervals in their bidding strategies. As we show in the paper, including in the prediction 
interval models the information that intermittent supply decreases electricity prices with a 
different rate in the extreme low and extreme high price quantiles then elsewhere, leads to 
price interval forecasts that better resemble the actual distribution of day-ahead prices. 
When compared to ordinary least squares models, the proposed quantile regression 
approach allows for a greater variation in the size of the forecasted price intervals and, in 
the same time, it also permits for more extreme prices to be comprised in the predicted 
intervals. This pattern stays constant regardless of the choice of using a linear or a non-
linear model. Such a variation predicted by the quantile regression approach is in line with 
what we observe in the Spanish and the German day-ahead markets past data. The 
evidence acquired throught the analysis leads us to conclude that, when predicting day-
ahead electricity price intervals, using a quantile regression model is a more suitable 
approach compared to ordinary least squares models. 

 
 

Methods 
The analysis proposed in this paper covers two main areas. The research starts with an 
initial part where the varying effect of the intermittent supply on day-ahead electricity prices 
is demonstrated and is followed in the second part with an analysis and discussion of the 
implication of this result. For both parts of the paper we make use of quantile regression 
models. First introduced by Koenker et al. (1978), a quantile regression model as we know 
it today can locate the effect that independent variables have on the dependent one not only 
on average level but also at each quantile of the distribution of the dependent variable. This 
aspect provides important advantages for models where one or more independent variables 
do not have a constant impact on the dependent variable. While the use of quantile 
regression in electricity markets is not new, to our knowledge this technique was not used 
specifically for looking at the varying impact of intermittent supply on electricity prices. The 
present analysis uses a quantile regression model that is based on the fundamentals of day-
ahead electricity prices. Due to the space restrictions of this abstract, we limit ourselves to 
mentioning that the model used takes into account as independent variables the share of 
the intermittent supply (wind and solar share) along with proxy variables for total demand 
(total load) and for the marginal cost of non-intermittent supply (lagged price). Demand and 
the marginal cost of non-intermittent supply (or the level of the underlying fuel prices) are 



 

 

the two variables that are alone contributing the most to wholesale electricity price 
formation. Therefore, not including them in the model would lead to the model not being 
able to isolate the effect of intermittent supply on electricity prices. Detailed explanation on 
each model choice is presented in the full version of the paper. Using this model, we 
investigate the day-ahead price behaviour at each day-ahead price quantile. Through this 
approach we are able to observe if the impact of intermittent supply is constant or 



 

 

not across all day-ahead price levels. Before concluding the first part of the analysis, we 
disicuss and run robustness checks aimed to investigate if the results represent a 
generalizable truth regarding the impact of intermittent supply on day-ahead electricity 
prices or if those results can be dependent on structural changes in the supply mix, market 
selection or model selection. In the second part of the paper, once the varying impact of the 
intermittent supply on the day-ahead electricity prices is 



 

 

proven, we test the practical utility of this information and we discuss the general 
implications of it. The application that is investigated in the paper focuses on forecasting 
day-ahead electricity prices intervals (with a 95% confidence level). Accurate electricity 
price intervals forecats can help storage providers in signaling moments when price levels 
are expected to be very low (best moments to charge storage facilities) and moments when 
prices are expected to be very high (best moments to discharge storage facilities). If the 
impact of the intermittent supply on power prices is not constant, when looking to forecast 
day-ahead price intervals, models that assumes a constant effect of the independent 
variables across the distribution of the dependent variable, models such as ordinary least 
squares, should generate less accurate estimates. With this in mind, the paper forecasts 
day-ahead hourly price intervals using the quantile regression approach and compares them 
to price interval forecasts obtained by using the ordinary least squared approach. To check 
how well these two approaches predict day-ahead hourly price intervals, we compare the 
forecasts with the price confidence intervals that can be observed in the actual past data on 
Spanish and German day-ahead markets. In the process of comparing among the selected 
models,we choose to separate the observations in a matrix of subsamples categorized by 
the level of total demand and by the share of intermittent supply. This subsampling method 
allows us to isolate moments in time that exhibit similar load and intermittency 
characteristics and to examine how the predicted price intervals behave in comparison to 
the actual data in each subsample. 

 
 

Results 
The results of this paper confirm the fact that intermittent power supply has a varying 
impact on the day-ahead electricity prices. In both the Spanish and the German markets, 
the results show that at the higher and the lower day-ahead price quantiles an increase in 
the share of wind and/or solar supply lowers much more the day-ahead prices than in the 
other price quantiles. Through our robustness checks, we show that regardless of the 
market chosen or the model chosen the aforementioned result still holds. When looking into 
the potential applications of this information on forecasting price intervals, the results 
suggest that quantile regressions forecasts, as opposed to ordinary least squares forecasts, 
resemble more the patterns observed in the actual distribution of day-ahead historical price 
data. Through the subsampling method chosen, we can see in the actual price data that in 
moments with very high demand and very low share of intermittent output, the average size 
of the price intervals is very high (compared to moments with an average load). The higher 
size of the price confidence interval in those moments is driven mainly by the occurance of 
frequent extreme high price spikes. The same high average size of the price intervals is 
seen in the actual data when the markets are situated in the opposite state: moments with 
very low demand and very high share of intermittent supply. In this situation, the higher 
price interval size is driven by the frequent extreme low price spikes. When employing 
quantile regression and ordinary least squares approaches to predict price intervals in these 
extreme moments, the results clearly show that only the quantile regression models are 
providing for the required flexibility. Even when considering non-linear models, ordinary 



 

 

least squares methods are rigid in forecasting price intervals as they do not allow for higher 
price interval size when extreme are expected to occur. The flexible size of the price 
prediction intervals forecasted by quantile regressions is apprearing because the quantile 
regression models allow in their forecasts for more extreme prices (both high and low 
spikes) to be included in the predicted price intervals. As day-ahead electricity prices exhibit 
frequent price spikes, the quantile regression model replicates better this pattern. While we 
do not aim through this paper to provide a perfect price intereval forecast model, the 
results show that by considering into a price forecasting model the 



 

 

differentiated impact level of intermittent supply on power prices, the price interval 
forecasts are resembling more the actual patterns of historical day-ahead prices. 

 
 
 

Conclusions 
With the rise of wind and solar output in most markets, the share of intermittent supply 
becomes an important element in establishing electricity prices. Thus, a better 
understanding of the impact that intermittent supply has on electricity prices has an 
important value. This present paper builds upon the knowledge that we already have from 
the literature by proving that the intermittent supply output has a varying streght in 
reducing the day-ahead electricity prices. Thinking beyond the academic relevance, the 
information that this paper provides can help market players in better forecasting electricity 
price intervals. While for traditional suppliers and retailers, the technique of forecasting day-
ahead prediction intervals might not play a central role in their bidding strategies, for 
owners of storage units, such forecasting strategies can be essential. Players in electricity 
markets using storage facilities are undertaking a unique role in the power system, the role 
of providing flexibility to the market, by shifting load from moments with too much available 
supply compared to demand to moments with too much demand compared to available 
supply. In order to be profitable to play this role, the storage facility owners can make use 
of strategies that signal the moments when, with a certain confidence level, electricity prices 
are expected to be very low (in order to charge the batteries) or very high (in order to 
discharge the batteries). Using the information that this paper provides, the fact that wind 
and solar output is decreaseing with different speeds the day-ahead electricity prices at the 
extreme low and high price quantiles, we show that quantile regression models present a 
more adequate tool than ordinary least squares approaches when forecasting electricity 
price intervals. This approach can help storage facility operators in optimizing their bidding 
strategies. 
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Overview 
In the history of electricity systems in several countries different boundary conditions existed and exist with 
respect to price formation in the market. After the periods of state regulation and the first phase of 
liberalisation of the wholesale markets currently the electricity system faces the third huge challenge: the 
change towards a bidirectional system, which should be more democratic and sustainable. This process is 
currently under way in some countries as Germany, Austria, UK and California. And in these countries also a 
change in the principle how prices come about is already under way. A major reason for this development is 
that in recent years the electricity generation from variable renewable energy sources especially from wind 
and photovoltaic (PV) power plants increased considerably. 
The three historical periods of market design in electricity markets and the resulting approach of price 
formation is shown in Fig. 1. A major aspect of the second period (in the middle) in Fig. 1 is, that at the 
beginning of liberalisation huge excess capacities for electricity generation existed, which made it possible 
to rely on pure short-term marginal cost electricity pricing. 
The major objective of this paper is to analyze and provide insights on how to bring about a sustainable and 
competitive electricity system with even higher shares of renewable energy sources (RES) and an energy 
economically balanced system but without escalating political interventions. It is triggered by the current 
discussion on how to integrate large shares of variable RES but the fundamental intention goes beyond that. 
It is to show how to head towards real competition in electricity systems, including all dimensions such as 
generation, storage, but especially the customer side. This is a challenge for all countries world-wide. 

 
Method 
Our method of approach is based on the following principles: (i) Crucial is coverage of residual load (= 
difference between final electricity demand and generation provided by non-flexible electricity generation) ; 
this is modeled on an hourly base over a calendar year based on assumed variable RES generation and 
development of the load profile; (ii) Deduction of available conventional and backup capacities including 
must-run (iii) flexibility on the demand side based on consumer behavior incl. flexibility instrument such as 
batteries etc.; (iv) hourly electricity prices equal to short-term marginal costs and scarcity rents. 

 

mailto:haas@eeg.tuwien.ac.at


 

 

 

 

 

 
Fig. 1. Three periods of market design in 
electricity 
markets and the resulting approach of 
price formation 

Fig. 2. Contributions of various supply-side 
and demand-side options to meet residual 
load at times of scarcity 

 
Results 
The major results are: 
1) Of core relevance for a complete markets and to enhance competition is a pricing system in an energy-

only market (EOM) where the price signals provide information about scarcity or excess capacities at 
every point-of-time; 



 

 

2) Most important to balance variations in residual load is an optimal portfolio of flexibility options which 
already exists today but is not fully harvested due to low economic incentives. Some of this flexibility 
options are, see Fig. 2: 
• Short-term and long-term storages – batteries, hydro storages; 
• Technical demand-side management measures conducted by utilities like cycling, load management) 
• Demand response due to price signals mainly from large customers to price changes, time-of-use 

pricing 
• Transmission grid extention leads in principle to flatter load and flatter generation profiles; 
• Smart grids: They allow switch of voltage levels and contribute in this context to load balancing; 

 
 
 
 

 

 

 
Fig. 3. New thinking in electricity markets: 
supply-oriented, two-way, very high flexibility 
and the increasing relevance of „Prosumagers“ 

Fig. 4. The tenant electricity model and 
blockchain: Possible future model for 
trading and using electricity from 
decentralized PV rooftop systems 

 
Another major finding is that in a complete market there will be a new core player in the chain, the 
balancing group (the “supplier”), see Fig. 3. This player is the logical market coordinator of the electricity 
supply chain and the organizer of competition between the different options. Finally we state that the 
transition  towards a competitive and sustainable future electricity system will be based on the following 
principle of “new thinking”, which is to accept a paradigm shift of the whole electricity system - including 
switching from an inflexible and one-way system where variable load is met with changes in generation to a 
more flexible and smarter system allowing two-way electricity flows – to our understanding – a greater 
scope for demand participation by consumers needs to be included. In addition, suppliers (or balancing 
groups) are the most important part of the whole energy service providing chain, see Fig. 3. 

 
In adition, as indicated in Fig. 4 in future decentralized PV systems along with decentral battery storages 
will play a key role. The astonishing changes in the solar industry epitomize the over-all way PV is heading 
to. (WNISR 2015): “There seems to be a general recognition that the fall in production costs of RE 
technologies, particularly of PV, coupled with the expected falling costs of electricity storage will accelerate 
the transpormation of the power sector.” 

 



 

 

And the IEA, which has been tradionally skeptical with respect to RES states in the WEO (2017): “ PV is on 
track to become the cheapest source of new electricity in most countries world-wide”. One specific approach 
could be the so-called “tenant electricity model” along with the blockchain. As depicted in Fig. 4 this 
approach could provide a completely new future model for trading and using electricity from decentralized 
PV rooftop systems. 

 
Conclusions 
Our major conclusions are: 
• Revised Energy-only-markets have to be introduced which allow temporarily shortage prices higher 

than short-term marginal costs and in times of excess electricity negative prices; 
• A very important element of such a market will be flexibility options. But these will only be harvested 

when sufficiently high price signals from the electricity markets trigger these options, when “the 
exploration principle in the markets work” (Erdmann 2012). Yet this will only be done if the market is not 
distorted by centralized capacity payments. 

• The final conclusion of this analysis is, that it will be necessary to accept a paradigm shift in our 
understanding of the whole electricity system where no longer the generators are the centre but the 
balancing groups respectively the supply companies. And finally we state that the evolution of such a 
creative system of integration of RES in Western Europe may also serve as a role model for electricity 
supply systems largely based on RES in other countries world-wide. 
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• Overview 

World crude oil prices fluctuate a lot in past year. Although it is very hard to 
predict the movement of world crude oil prices, it is not very hard to sought out 
the importance of the key factors on oil prices. Based on this idea, this paper pays 
more attention on the comparisons of key impact factors on crude oil prices. 
Following the method of Recursive Feature Elimination, we use five kinds of 
machine learning algorithms (i.e. Random Forest, Gradient Boosting, Ridge 
Regression, Bayesian Ridge, Support Vector Machine) to evaluate the significant 
level of the impact factors on crude oil prices. Ten impact factors are chosen in 
current stages, which are US index, US Ending stocks, Crude Oil Production, 
Refiner Net Input, Gross Inputs Into Refineries, Operable Crude Oil Distillation 
Capacity, Utilization of Refinery Operable Capacity, US Export of Crude Oil, US 
Import of Crude Oil and Golden. We are surprised to find "US Import of Crude Oil" 
is the least important factor in our current  results. 

 
(1) Methods 

After reviewing all related articles, we tackle this issue step by step as below: 
 

1. Collect weekly data of above ten impact factors from EIA, CFTC and Reuters 
during the period from October 1992 to December 2018. 

2. Implement above five machine learning algorithms for all above ten impact factors. 
3. Rank the significant level from 1 (the most significant) to 10(the least 

significant) for each machine learning algorithm. 
4. Sum up all above results shown as in Table 1. 
5. Conclude and make some suggestions. 

 
(2) Results 

Our preliminary results show that the US index is the most important factor 
for explaining the crude oil price movement. From Table 1, we found all five 
algorithms chose US index as the most important impact factor. While the second 
most important factor is varied from different algorithms. Crude Oil Production 
factor is chosen by the algorithms of Random Forest, Gradient Boosting and 
Support Vector Machine, while Gross Inputs Into Refineries is chosen by the 
algorithms of Bayesian Ridge and Ridge Regression. The latter result may imply 
that the importance of Crude Oil Production and Gross Inputs Into Refineries are 
expressed in different aspect, which are still needed to be investigated by more 
effort. Based on the tree-based ensemble methods, the 
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algorithms of Random Forest and Gradient Boosting can find the significant level 
for all impact factors. For example, the significant level of US index is calculated 
to be 0.63, 0.65 respectively for Random Forest and Gradient Boostin, while the 
significant level of Crude Oil Production is 0.15, 0.11 respectively, and all the 
others are less than 0.1. 

 
(3) Conclusions 

Machine learning algorithms are very popular recently for solving many 
problems. This paper uses five kinds of machine learning algorithms (i.e. Random 
Forest, Gradient Boosting, Ridge Regression, Bayesian Ridge, Support Vector 
Machine) to evaluate the significant level of the impact factors on crude oil prices. 
Our preliminary results show that the US index is  the  most important factor for 
explaining the crude oil price movement. While the crude oil production is the 
second most important impact factor. 
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Table 1: The significant level of all impact factors on oil prices for different 

machine learning algorithm 
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Does the transformation of industrial structure under resource dependence affect China's 
carbon emissions reduction? 
Abstract: With increasing concerns over climate change and global consensus regarding low 
carbon growth, industrial structure transformation has become urgent and challenging. And 
natural resource endowment has a significant influence on industrial structure which in turn 
influences CO2 emissions. This paper investigates the effect of rationalization and upgrading of 
industrial structure on carbon dioxide emissions in China, based on the perspective of natural 
resource dependence. The results of the STIRPAT model on provincial panel data show that 
industrial structure’s upgrading will help curb CO2 emissions, while such effects are restricted by a 
region’s reliance on natural resources. In the process that industrial structure with resource 
dependence affects CO2 emissions, rationalization of industrial structure has a paradoxical effect 
on CO2. Energy-saving technology has a rebound effect on CO2 emissions, but environmental 
technology inhibits CO2 emissions. By eliminating the rebound effect of energy-saving technology 
on CO2 emissions and promoting environmental technology, the rationalization of industrial 
structure will curb the CO2 emissions at first, and then promote CO2 emissions when the degree of 
industrial structure’s rationalization is improving. These findings imply that the development 
strategies of industrial structure’s transformation which aim on reducing emissions should 
consider a region’s resource dependence and local level of technology. 
Keywords: carbon emissions; technological advance; industrial structure; resource dependece 
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Overview 
The huge progress of machine learning (especially in deep learning) since the early 2010s and 
recent rapid adoptions penetrations across a wide range of sectors draw great attention from 
academic, governments and investors. The open- source platform and freely accessible projects 
greatly reduced the entry barrier of development and implementation of AI systems. Recent 
research (Mckinsey, 2018) estimates AI could potentially boost global economy growth by about 
1.2 percent a year if 70 percent of companies adopting AI technologies by 2030. However, even 
though its great potential, we observed that most AI startups are picking the “lower-hanging fruit” 
in the natural language processing, computer vision, and communication industry. The 
implementations of AI in the energy sector, electricity systems, and manufacturing sector are still 
rare. In the top AI conference International Conference on Machine Learning (ICML) and 
Conference on Neural Information Processing Systems (NeurIPS), AI scholars are calling the ML 
and AI communities to take actions on climate change mitigation and adaptation. A group of 
world-class AI experts also produced a report on the possible approaches that AI can contribute to 
tackling climate change (Rolnick et al., 2019). We expect that AI can greatly reduce the cost of 
mitigation by increasing the efficiency and reducing the waste and loss of production, consumption 
and the market of the electricity, energy and other sectors (Victor, 2019). Although with great 
uncertainty, the penetration of AI systems can also greatly affects human behaviours which is 
usually partially captured by the rebound effects, drives structural change in the energy systems, 
and might ultimately bridge the gaps to meet 1.5 °C target and sustainable development goals 
(Grubler, 2018). 

 
Methodology 
In this research, we also reviewed the literature surrounding the evaluation of the impacts that 
ICT technology penetration in different research diciplines. Then, the impacts of AI on tackling 
climate change is analyzed in a systematic approach. We started with examining the embodied 
energy, and operational energy consumption of typical AI systems. Secondly, we explored the 
energy impacts of the efficiency enhancement and possible substitution by implementing typical AI 
systems. Finally, we built several narrative scenarios to describe the possible human behaviours 
change and structural change of social-economic systems due to the penetration of AI systems by 
adjusting the low-demand scenarios (Grubler, 2018). 

 
Conclusions 
We find the net energy effects of AI systems can be difficult to understand and interpret. The 
uncertainty surrounding AI penetration, the results of efficiency enhancement and substitutive 
energy effect studies can be highly sensitive to scoping decisions and assumptions. Also, 
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uncertainty increases as the impact scope broadens, especially when we include the human 
behaviour change in the analysis. However, it is likely that AI has large energy savings potential 
according to the previous research on the penetration of other ICT technologies, but that the 
realization of this potential is highly dependent on deployment details and user behaviours. 
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Overview 
Despite having considerable potential for solar energy, Vietnam was slow in adopting solar 
photovoltaics (PV). Recently, however, Vietnam has remarkably increased its installed capacity of 
solar photovoltaics, from 10 MW in 2018 to over 4,500 MW by June 2019. With this, Vietnam has 
overtaken Thailand to have the largest solar PV capacity in Southeast Asia. Vietnam’s solar boom 
can be largely attributed to an introduction of a feed-in tariff (FIT) of US$93.5 per MWh under 
Prime Minister Decision 11/2017/QD-TTg dated 11/4/2017 (Nguyen, 2019). 
However, this FIT is only a direct driver. Vietnam also witnessed substantial changes in 
socioeconomic settings that function as indirect drivers and the overcoming of barriers (Baulch, 
Do, & Le, 2018; Needfjes, 2017; Thanh Tu Tran, 2016; Urban, Siciliano, Wallbott, Lederer, & 
Nguyen, 2018; Zimmer, Jakob, & Steckel, 2015). These include increasing electricity demand 
associated with industrialisation and urbanisation, the government’s energy and climate change 
policies, increasing public awareness about and demand for environmental quality, international 
influences via energy financing and technical assistance, and rapid solar PV technology and 
market development. These important factors have not yet been thoroughly studied to identify 
underlying drivers as well as barriers for further diffusion of solar PV. 

 
This paper aims at providing insights into the rapid solar photovoltaics diffusion in Vietnam by 
answering two main questions: 

 
1) What are underlying drivers of the recent solar PV boom in Vietnam? 
2) How can solar PV be further developed? 

 
Methods 
The paper uses a political economy analysis framework based on a case study approach. 
Economic, social, and institutional dimensions are analysed to identify drivers and barriers of the 
solar PV diffusion (Burke et al., 2019). Three criteria of cost-effectiveness, equity and institutional 
feasibility (IRENA, 2012) are then employed to determine potential policy instruments for further 
promoting solar PV in Vietnam. Data sources are drawn from reviewing academic and non-
academic documents including government reports and non-governmental publications. This 
literature review is supplemented by semi-structured interviews of policymakers, representatives 
of international organizations and non-governmental organisations and experts from university 
and research institutions. 

 
Results 
It is found that decreasing solar PV costs and the government’s enabling policies such as a solar 
PV tax exemption and private sector promotion were supporting factors for understanding the 
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effectiveness and efficiency of Vietnam’s FIT. With respect to triggering factors, the government’s 
determination to ensure sufficient local electricity supply to cope with increasing power demand 
and delays in coal and gas power development projects, together with increasing public demand 
for local environmental quality, are the two main underlying drivers of the introduction of the FIT. 
Other drivers include the government’s green economy policy and reduced fossil fuel subsidies. To 
a lesser extent, advocacy for renewable energy from international organisations and climate 
change policy have played catalyst roles in solar energy development. To further tap its solar PV 
potential, Vietnam needs to overcome regulatory, technical and financial challenges with locally 
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tailored policies to provide a more enabling environment for solar PV development. Among potential 
policy instruments, a carbon emission fee is found to be highly relevant. 

 
Conclusions 
Several policy implications are drawn from this study. First, domestic socioeconomic factors can be 
more dominant than international and climate change related factors in driving energy transition. 
Second, the transition to renewable energy in developing countries can be highly influenced by 
public demand for better environmental quality. Third, a policy mix comprising incentives for 
renewable energy development as well as a carbon tax and fossil subsidy removal is needed for 
ongoing successful diffusion of renewable energy. Fourth, latecomers in energy transition can 
leapfrog by taking advantage of rapidly decreasing renewable energy costs and increasing public 
support for clean energy deployment. These implications could be relevant at both national and 
international energy transition policy discussions. 
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Overview 

Alternative fuel vehicles (AFVs) and autonomous driving technology have been drawing 
considerable attention globally. The widespread adoption of AFVs may contribute to 
alleviating climate change and air pollution (Liao, Molin, and van Wee, 2017). According to 
the International Energy Agency’s global electric vehicle outlook 2018 (IEA 2018), electric 
vehicles (EV) have shown record sales in 2017 with more than half of global sales taking 
place in China. The yearly sales percentage of new battery EVs in Japan, however, was still 
at 0.4% in 2016, and plug-in hybrids (PHEV) was at 0.8%. However, the percentage of 
yearly sales of electric/gasoline hybrid vehicles (HEV) was at 30.8% in 2016. Currently, 
Japanese consumers seem to prefer HEVs over other AFVs. EVs and fuel-cell vehicles (FCV) 
are still in the early stages of market expansion and both central and local governments 
offer subsidies and tax exemption schemes to achieve their AFV goals by 2030 and to 
reduce CO2 emissions. In addition to the promotion of AFVs, the Japanese government is 
currently developing legislation regarding automated driving because major automobile 
companies are investing in R & D of autonomous technologies. 

The choice modelling approach is a useful tool to assess consumers’ preferences for 
unfamiliar goods. A number of studies have applied choice modelling approaches concerning 
AFVs (Liao, Molin, and van Wee, 2017) but few have applied best-worst scaling (BWS). This 
study applied a multi-profile case BWS to assess Japanese consumer preferences for AFVs 
and autonomous driving technology. For data collection, an online questionnaire survey was 
conducted in March 2019. Data from 1,048 drivers who lived in Japan were collected. The 
attributes of the profile in question are engine/motor type, reduction of CO2 emissions, 
purchase price, fuel/electricity cost per 100 km drive, autonomous driving levels and 
maximum driving distance. The engine/motor types used for this analysis were gasoline, 
HEV, clean diesel (CDV), PHEV, EV, and FCV. 

The estimation results demonstrated that respondents were likely to choose HEV, EV and 
PHEV compared with normal gasoline vehicles in an environmentally-friendly hypothetical 
scenario. Specifically, HEV had the highest marginal willingness to pay (MWTP), and CDV 
had negative MWTP. The coefficients of purchase price, and fuel/electricity cost were 
negatively significant. Conversely, maximum driving distance were positively significant. The 
coefficients of the reduction of CO2 emissions and FCV were not statistically significant. By 
identifying consumers’ preference for the least attractive goods, the results of economic 
valuation using choice modelling approaches could possibly be improved. 
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Methods 
BWS is a choice modelling approach and although it is similar to conventional choice 
experiments, it characteristically obtains information concerning the best and worst profiles 
simultaneously (Louviere, Flynn, and Marley, 2015). BWS consists of three categories: 
object case (case 1), profile case (case 2), and multi-profile case (case 3). This study 
applies a multi-profile case BWS to assess consumer preferences for AFVs and autonomous 
driving technology. The multi-profile case BWS encourages respondents to choose the 
best/most and worst/least profiles presented to them. In the current Japanese vehicle 
market, the diffusion of AFVs—excluding HEVs—is still limited. As for FCVs, the construction 
of hydrogen stations is a key to promote their sales but the number of the public hydrogen 
stations is still 108 in Japan. FCVs may be less attractive for ordinary consumers and the 
sales volume of FCVs is still low though the Japanese government provides subsidy 
programs. Obtaining the worst choice as well as the best could result in robust coefficient 
estimations, because the worst choice could reveal a preference for goods that were not 
usually chosen. 

The orthogonal fractional factorial design of the BWS multi-profile case allowed us to 
prepare 32 choice sets, each comprising of four profile types with six attributes and four 
levels. Respondents were each presented with eight different choice sets. Attributes of the 
profile are engine/motor type, autonomous driving levels (level 1, 2 and 3), reduction of 
CO2 emissions, purchase price, operation cost (fuel/electricity) per 100 km drive, and 
maximum driving distance after filling up or at full charge. Engine/motor types were 
gasoline, HEV, CDV, PHEV, EV, and FCV. The hypothetical scenario projected by the BWS 
analysis requires respondents to bear an additional financial burden to purchase AFVs 
compared with purchasing a conventional gasoline car, which has the lowest purchase price. 
The purchase price range of AFVs was established at up to 2 million yen. 
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The multi-profile BWS model is analyzed with a mixed logit model and the coefficients of the 
individual attributes are estimated. If a choice set includes a total of J items, the combination 
of the best and worst profiles totals J (J − 1). There are 4 × 3 = 12 combinations of the best 
and worst profiles in this BWS analysis. Respondents with a valid driver’s license were pre-
selected and 1,048 samples were collected through this survey. The gender ratio and age 
groups with intervals of 10 years were normalized. Of the respondents, 80.3% had at least 
one vehicle in their household. AFVs (HEV, CDV, PHEV, and EV) accounted for 17.4% of the 
vehicles that was owned by respondents. 

 

Results 
The data obtained from the multi-profile BWS was analyzed with a mixed logit model. The 
coefficients of all attributes were statistically significant. The alternative-specific constant 
(ASC) for FCV was 0.00269 but not statistically significant. The ASC for HEV was 0.593, for 
CDV it was -0.180, for PHEV it was 0.226, and for EV it was 0.304. MWTP for HEV was 
905,344 yen, and EV was 464,763 yen, and CDV was -275,023 yen, PHEV was 350,061 yen. 
This indicated that HEV, PHEV and EV among AFVs were likely to be chosen by respondents 
as opposed to a normal gasoline car in this hypothetical scenario, in which the attribute of 
environmental performance was emphasized. The preference for the hybrid engine was the 
highest and its standard deviation parameter was statistically significant. Preference 
heterogeneity, i.e., taste difference among respondents was confirmed only for HEV, the most 
popular AFV in Japan. 

The coefficients of purchase price, and fuel/electricity cost were negatively significant for both 
mean and standard deviation parameters. Conversely, maximum driving distance were 
positively significant. The reduction of CO2 emissions was not statistically significant. The 
coefficients of mean parameters of autonomous driving were all significant. Level 1 (driver 
assistance) was the highest and the Level 3 (conditional automation) was the lowest. Only a 
coefficient of standard deviation parameter of Level 2 (partial automation) was statistically 
significant. MWTP of Level 1 was 235,237 yen, Level 2 was 149,130 yen, and Level 3 was 
123,817 yen. 

Interaction terms were also estimated to determine the factors affecting the attributes. The 
results demonstrated that higher household income increased the probability to choose FCV, 
and the preference for the reduction of CO2 emissions. Respondents who owned HEV were 
likely to choose EV. As for autonomous driving, elder respondent with higher interest and 
expectation for autonomous vehicles were likely to value the autonomous vehicles. 

 

Conclusions 
This experimental study applied a multi-profile BWS to analyze Japanese consumers’ 
preferences concerning AFVs and autonomous driving technology. The estimation result 
demonstrated that all of the different types of AFV were likely to be chosen by respondents as 
opposed to a normal gasoline vehicle in an environmentally-friendly hypothetical scenario. 
Specifically, the hybrid engine was highly preferred by Japanese consumers, possibly because 
Japanese consumers are familiar with HEV. The coefficients of purchase price, fuel/electricity 
cost, reduction of CO2 emissions and maximum driving distance were significant. By 
identifying consumers’ preference for the least attractive goods, it can be said that the results 
of economic valuation could be 
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changeable. The detailed knowledge of the powertrain of AFVs affected the probability to 
choose AFVs. 

The results showed that Japanese consumers valued driving assistant technologies and HEV. 
However, the diffusion of AFVs other than HEV are still limited in the current Japanese car 
market. The results suggested that general consumers would change their attitudes toward 
AFVs if the environmental performance and price was more ideal and acceptable for 
consumers. Additionally, some Japanese consumers have a different level of knowledge and 
information concerning AFVs than others. The implementation of stronger promotion activities 
and marketing strategies by automobile companies and governments is necessary to 
accelerate the shift from gasoline vehicles to AFVs in Japan. 
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Overview 
Major energy importers and consumers in Asia, such as Japan, China and South Korea, have 

policies which aim to promote the production and utilisation of hydrogen as a fuel for transport 
and for electricity generation. Using hydrogen as a fuel results in no local air pollution and, if it is 
produced from electrolysis powered by renewable electricity, then it is completely greenhouse gas 
(GHG) emission free. Given constraints on land availability for renewables and Paris GHG emission 
reduction commitments, Japan is looking to import hydrogen from countries such as Australia, 
which has plenty of capacity for renewables and is an existing LNG trading partner. However, 
given their high near-term future demand for hydrogen, they are developing alternative methods 
of large-scale hydrogen production such as the Hydrogen Energy Supply Chain project. The 
hydrogen in this case is produced from the gasification of brown coal and 90% of the emissions 
will be sequestered in a saline aquifer off the coast of Victoria, Australia. Hydrogen will be liquefied 
and shipped to Japan. 

 
In order to increase understanding of the emerging hydrogen energy sector, CSIRO launched 

the National Hydrogen Roadmap in August 2018 (Bruce, et al., 2018). The roadmap provided a 
comprehensive overview of hydrogen value chain (production, storage, transport and utilisation) 
technologies and the associated costs and opportunities. The production of hydrogen in Australia 
from renewables for export to Asia was one of the key hydrogen pathways explored. Building on  
from this work, more recent studies have calculated the potential hydrogen demand for the energy 
sector in Asian countries (Acil Allen, 2018). 

 
The aim of this study is to determine the potential for hydrogen to meet demand in the energy 

sector in Asia, to understand which fuels it is replacing and to calculate the impact of hydrogen on 
reducing GHG emissions. For instance, if hydrogen is replacing natural gas and coal in the 
electricity sector, then emissions will decrease. However, if it is displacing renewables, emissions 
could potentially increase depending on the method of hydrogen production. These issues will be 
explored through the use of CSIRO’s techno-economic modelling suite of the global energy sector, 
the Global and Local Learning Model (GALLM) to explore scenarios of hydrogen uptake in Asian 
regions. 

 
The modelling scenarios were developed with energy sector stakeholder input as part of the CSIRO 
and the Australian Energy Market Operator (AEMO) GenCost project. This project uses a 
consultative process and applied modelling framework to produce electricity generation technology 
capital cost projections. These costs are used by various government and industry sector 
stakeholders for grid planning and investment decisions. 

 
Methods 
GALLM has been developed by CSIRO to project the capital cost and uptake of electricity 
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generation and alternative fuel conversion technologies. GALLM is solved as a mixed integer linear 
program to produce a least- cost solution for which the constrained electricity and/or transport 
supply are matched to a given level of electricity and/or transport demand over time. The model 
features endogenous technological learning through the use of experience curves at both the 
global and local scale. 

 
GALLM has 13 regions based on OECD regional definitions, including current and future expected 
importers of Australian hydrogen in the Asian region, namely China, Japan and S Korea. It also 
features 27 electricity generation technologies and in the road transport sector, batteries and fuel 
cells are available alternative technologies for vehicles that share learning with the electricity 
sector (Hayward & Graham, 2013)(Graham, Hayward, Foster, Story, & Havas, 2018) (Hayward, 
Foster, Graham, & Reedman, 2017) (Hayward & Graham, 2017). 
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GALLM has constraints on renewable resource availability in India, Japan, S Korea, South East Asia 
and Western Europe, based on a review of the literature around technical limits of resources, land 
availability and rooftop availability (for rooftop PV) (Hayward & Graham, 2017). This means these 
countries/regions are limited in their ability to rely solely on renewables for electricity generation 
and so would benefit from access to imported hydrogen to reduce GHG emissions. China (and the 
remaining regions) have unlimited renewable resources (relative to expected electricity demand). 
However, other studies have modelled unlimited renewable potential in all regions. See for 
example (Bogdanov, et al., 2019). 

 
In order to explore the impact of hydrogen in these regions the following scenarios will be modelled 
in GALLM: 

• High variable renewable energy and electrification: no renewable resource constraints and 
a high hydrogen price. Hydrogen is not needed for decarbonisation as there are unlimited 
renewables. 

• Diverse technology response: tightly constrained renewable resources mean more 
technologies are needed to reduce emisions, including imported hydrogen. Hydrogen will 
have a low price in this scenario. 

• Central scenario: renewables are constrained and only existing renewable energy policies 
are modelled. This has a medium hydrogen price. 

 
The scenarios take into consideration key drivers of model outcomes, such as carbon pricing, 
renewable policies, rates of electrification of demand sectors such as transport, technology 
learning rates and renewable resource constraints. 

 
Results 

We have no results so far as this is work in progress. Results will be included in conference 
paper. 

 
 
 

Conclusions 
We have no conclusions so far as this is work in progress. Conclusions will be included in 
conference paper. 
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Overview 

Cities consume a large amount of energy demanding more than 75% of world energy 
prodicution and genarting 80% of Green House Gas (GHG) emissions. Between now and 2030, the 
number of city dwellers in Association of South East Asia (ASEAN) countries is projected to rise 
from roughly 500 million to 900 million. Urbanization at this rate will significantly increase energy 
demand, as more energy will be required to support greater economic activity, expanded urban 
infrastructure, and the rising need for municipal services. In order to ensure that such growth is 
sustainable, the ASEAN enhanced coordination with relevant sectors to create low-carbon 
sustainable cities and strengthen the capacity of local governments in conducting GHG inventory. 
It also recommended to strengthen the effort of government, private sector and community in 
reducing emissions and pollutions for the betterment of the standard of living of the people. Now a 
days, the large and small districts in ASEAN are proposing a new city model, which represents a 
community of advanced Information and Communication Technology (ICT) size, interconnected 
with artificial intelligence and big data. For developing “the smart cities: and agreements among 
26 cities in 10 cities has been established. These cities have to elaborate and develop action plans 
for low-carbon energy before rigorously establish implementation plans. The low-carbon energy 
actions establish the development of smart cities would also contribute to national objective of 
Paris Climate Agreement or Nationally Determined Contributions (NDC). Coordinating programs for 
renewable energy uptake, waste to energy conversion and energy efficiency improvements are 
obvious step and enables cities to become low-carbon, and utilities to target the most appropriate 
residents, businesses, and communities for retrofit and rebate programs. Smart cities, on the  
other hand represent an enthusiasm drive for efficiency through interconnected technologies to 
share energy resources. The rapid speed of urbanization has led many city governments to think 
how to utilize resources more efficiently as their citizens demand more of everything. They turn 
into more sustainable approaches to city development, resulting in the eventual visioning of smart 
cities. A model to evaluate the low-carbon energy performance of smart city is presented here and 
discussed in the context ASEAN smart cities vision and startegeis. 

 
Methods 

 
The conceptualization of smart city, varies from city to city. So far, leading the smart city pack in 
ASEAN region are Singapore, Malaysia, and Thailand Under the Smart City initiative, they aims to 
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harness the use of digital and smart technologies to become a more economically competitive and 
livable cities. The Smart Nation plan outlines several key enablers like an e-payment gateway, 
smart urban mobility and a national digital identification system which would help it fulfil its low 
carbon ambitions. A fuzzy methodology for modelling and representing low-carbon energy use 
planning is developed, considering environment economy and society aspects. A multicriteria 
decision making approach through Key performance indicators (KPIs) to assess smart city 
readiness. The KPIs aim to fulfill the three main objectives of (i) promoting energy efficiency and 
encouraging the rational use of energy resources in power, waste, water and transport subsectors 
(ii)  increasing the use of new and renewable energy sources as week as encouraging energy 
diversification through application of ICT technologies (iii) stimulating energy efficiency through 
application of big data analytics. In order to compare the differetent indicators, the standardization 
of values is derived through z-transformation (Yager, 1978). This methodology embeds an 
element of urban design which uses highly advanced technologies, wherein energy services is 
becoming one big and highly complex cypher-physical system, in which computer based 
algorithms improve the quality of the residents of the city and build a sustainable and clean 
environment for the residents of the city. The smart city represents an design architecture similar 
to industry 4.0 representing a next industrial revolution currently taking place or represents the 
equivalent of Energy 4.0 (Anbumozhi and Kimura, 2018). 
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Results 
A smart city is a city well performing in six characteristics namely, smart economy, smart 

mobility,  smart  environment, smart people, smart living and smar goverancne (ASEAN, 2018). In 
the ASEAN 26 smart city network, these smart charctersitics are builit upon combination of 
endownmnets as illustred in figure 1. The objective is correctly establish the value to assign to 
indicator system. The assigned value provides sysnthetic description of the low-carbon energy 
transformation practice. 

 

Fig 1. Constitutents of ASEAN smart City model 
 

A low-carbon prespective that can be misleading in the selection of smart city ondicators is to 
consider the smart citu as measurable in a single ay. The relationship between smart city and low-
carnon energy transition through ICT is interconnected. A set if 18 smart city indicators are found 
to be effective in the interconenctions. Since the codification in categoroes of smart city indicators 
eelcose in itself some elements low-carbon attributes, the technical defitition of an indicators in 
power, transport, waste, water sector justifies its use and purpose of ICT technology application 
on its charteristics. Some essential term for the predisposition of low- carbon energy transition 
within smart city indicators are (i) identification of the space and time context that is taken as 
reference (ii) decision on the type of low-carbon in infrastructure and the method to synthesise 
the carbon emissions and (iii) investigation of dome common areas that would characterise the 
definition of smart low-carbon cities. Therefore, it is possible to equip the policy maker with for 
readiness of smart city, to provide him the that put him in situation to attend and to estimate the 
effects of particilaur ICT intervention. An application for the smart cities of ASEAN through the 
weights calculated with fuzzy logic is conducted. The anlusi allows estimating the smart city in 
accordiance with established goals of low-carbon, economy and inclusive society. For eacg 
ibdicaror a low carbon city goal, equal to 100 us determined without attributing to weights. 
Therefore each indicator can assume a value between 0 (min) and 100 (max). For the 26 cities in 
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the ASEAN smart city network the proposed calacuation is applied. The results varied from 0.43 
(Luong Prabong, Lao PDR) to 0.68 (Singapore). For the investigated cities, it is high lighted how 
some parameters widely respect low carbon city condition, and how other paratmers need further 
work for limting. It can also also been seen that only some parmeters do not respect the smart 
city concept, while other resepcts totally the established low-carbon transition goals. 
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Conclusions 
The smart city represents the challenges and the opportunity with low-carbon energy 

transition. The applied methodology for calaculating smart and low carbon energy transition 
indicators highlights the importance of decision makers subjectivity in making ICT infrastructure 
decisions. The proposed assessment system allows examaination of different combination of 
means to achieve low-carbon transition. 

 
References 

Anbumozhi V and F Kimura, (2018). Industry 4.0: Empowering ASEAN for Circular Econoomy, 
Economic Research Institute for ASEAN and East Asia. 

 
Yagger RR (1978). Fuzzy decision making inckuding unequal objectives. . Fuzzy Sets Systems 
1985:15:21-31 

 
ASEAN (2018). ASEAN smart cities Framework 

 https://asean.org/storage/2012/05/ASEAN-Smart-Cities- Framework.pdf 
  (accessed  on  15 September, 2019)
 ] 

https://asean.org/storage/2012/05/ASEAN-Smart-Cities-Framework.pdf
https://asean.org/storage/2012/05/ASEAN-Smart-Cities-Framework.pdf


Page 21 

 

 

62  
 
AN EXAMINATION OF THE ROLES OF INFRASTRUCTURE LIMITATIONS VERSUS CONSUMER 
PERCEPTIONS IN ELECTRIC VEHICLE ADOPTION INTENT 

Lee White, The Australian National University, +61 2-6125-1501, 
lee.white@anu.edu.au Andre Carrel, The Ohio State University, +1 
614-688-2718, carrel.20@osu.edu Nicole Sintov, The Ohio State 
University, +1 614-688-3015, sintov.2@osu.edu 

 
 
 
 

Overview 
Consumers adopt battery electric vehicles (BEVs) at higher rates in countries that offer 

financial incentives and have extensive charging infrastructure (Sierzchula 2014). At the sub-
national level, counties in Norway with a larger number of charging stations have higher sales of 
BEVs (Mersky et al. 2016). This would suggest that rolling out extensive charging infrastructure 
will be a key driver of BEV sales in future, including for Asia-Pacific nations wishing to increase 
BEV uptake to reduce transport reliance on petrol. Yet prior work has also found that a BEV with a 
range of 160 km can meet the needs of 50% of single car households and 80% of multiple car 
households across cities in the US with a wide range of climates and city layouts (Khan and 
Kockelman 2012). Prior research in the US and Germany has shown that even previous-
generation BEVs, with a range of 100 km rather than the 240 km ranges that are typical today, 
would be sufficient to meet daily driving needs for most regular travel, such as commute travel, 
with only overnight charging (Tamor et al. 2015). 

Much of the population should thus be able to adopt a BEV for daily commuting without 
significantly changing current habits, so long as overnight charging at home is possible. Why, 
then, has prior research found the availability of public charging stations to be a powerful driver 
of BEV sales, when the majority of BEV users would not find public charging stations essential for 
using a BEV that could be given a nightly charge at home? Common misperceptions of BEV 
technological capabilities (Krause et al. 2013) may be limiting adoption intentions among those 
who could adopt a BEV without significant lifestyle change. We examine this possibility using 
survey data from individuals in the US cities of Los Angeles and Atlanta to better understand what 
underlies a person’s stated intent to adopt an electric vehicle, with particular focus on the role of 
range anxiety 
in adoption intent and the drivers of range anxiety. 

Our analysis considers the extent to which BEV adoption decisions are driven by true 
limitations versus perceptions that BEVs, a relatively new technology, are not yet able to meet 
the average person’s transport needs. Prior work has found that experience in a BEV reduces 
range anxiety (Rauh, Franke, and Krems 2015), suggesting that range anxiety is at least partially 
driven by perceptions of BEV limits rather than by actual technological BEV limits. By confirming 
the effect of range anxiety on BEV adoption intent, then examining the predictors of range 
anxiety itself, we hope to illuminate the extent to which range anxiety is driven by actual inability 
of BEVs to meet driving needs versus driven by personal factors that may not be impacted by 
technological improvements and infrastructure expansion. If the latter is the case, then expansion 
of urban charging infrastructure may represent a relatively more expensive way to increase BEV 
adoption. Funds to support BEV adoption may for example be better spent on expansion of long-
distance charging networks to allow BEV use outside urban centers, or to support plain-English 
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messaging campaigns to increase general population understanding of how current BEV range 
capabilities translate into actual driving capabilility. Prior work has already suggested that 
increasing visibility and familiarity of BEVs may be key in countering the idea that BEVs require 
significant lifestyle changes in adoption (Silvia and Krause 2016). 

 
Methods 

The online survey platform Qualtrics was used to recruit a sample of 913 respondents who 
stated that they intend to purchase a vehicle within the next 5 years. Respondents were sampled 
from the US metropolitan areas of Los Angeles, 
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California, and Atlanta, Georgia, to capture stated BEV adoption intent in two areas with different 
climates and different voting patterns. Respondents answered a series of questions including sets 
of questions aggregated to form measures of range anxiety and perceived needs for a car to meet 
mobility needs, and single-item self-reports of actual daily driving needs in miles. Cronbach’s 
alpha and factor analysis are used to confirm that aggregated items all measure the same 
construct. 

Ordinary Least Squares (OLS) regression is used to examine predictors of BEV adoption. 
Predictors examined are: range anxiety; perceived BEV fuel cost relative to petrol vehicles; 
perceived BEV maintenance cost relative to petrol vehicles; perceived BEV total cost of ownership 
relative to petrol vehicles; the number of publicly available chargers within each person’s zip code; 
reported perception of reliance on cars to move between locations on a daily basis; reported 
perception of importance of occasionally using cars for long-distance trips; reported perception of 
BEVs being able to meet current driving practices; reported daily driving distances (weekday and 
weekend averages); reported number of annual long-distance trips (trips over 2 hours driving); 
access to an electrical outlet in home garage; number of cars owned by the household; perceived 
BEV range; political affiliation; and level of concern about climate change. 

OLS regression is next used to examine predictors of range anxiety. Predictors examined 
are: the number of publicly available chargers within each person’s zip code; reported perception 
of reliance on cars to move between locations; reported perception of importance of occasionally 
using cars for long-distance trips; reported perception of BEVs being able to meet current driving 
practices; reported risk aversion; reported daily driving distances (weekday and weekend 
averages); reported number of annual long-distance trips (trips over 2 hours driving); access to 
an electrical outlet in home garage; and perceived BEV range. 

 
Results 

Higher BEV adoption intent is most strongly correlated with lower range anxiety and 
greater concern about climate change. Greater numbers of local public charging stations are also 
correlated to higher BEV adoption intent, though to a lesser degree. In constrast to expectations, 
greater reported daily driving distance positively correlates with BEV adoption intent, while the 
number of reported long-distance trips has no correlation. Higher perceived BEV maintenance cost 
relative to petrol vehicles negatively correlates with BEV adoption intent. Other variables included 
in the model do not significantly correlate with BEV adoption intent. Total model R2 is 0.22, 
N=913. 

Considering range anxiety as the dependent variable, we unexpectedly find that range 
anxiety is not correlated with access to public charging stations. Greater range anxiety is most 
strongly correlated with higher reported perception that BEVs will not be able to meet current 
driving practices, whereas the overall amount of driving or car dependence present in a person’s 
current lifestyle is not correlated. Greater range anxiety is also strongly correlated with higher 
reported risk aversion. Actual driving distance and access to charging infrastructure, either public 
or private, are not significantly correlated with levels of range anxiety. Total model R2 is 0.21, 
N=913. 

 
Conclusions 

While higher BEV adoption intent is somewhat correlated with greater access to public 
charging infrastructure, correlation is far stronger with range anxiety, concern about climate 
change, and access to in-home charging stations. Range anxiety itself is not correlated at all with 
access to charging infrastructure in public, and is predominantly predicted by perceptions about 
BEV ability to meet lifestyle needs yet not by actual differences in lifestyle. This suggests that the 
technological capabilities of current BEVs are not well understood, and that further improvements 
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in battery technology or expansion of instracture may not achieve large increases in BEV adoption 
intent if misperceptions persist. Policy makers could meaningfully focus on tactics such as 
messaging to convey the driving time and amount of trips possible to complete on current BEV 
ranges in non-technical fashion, as a potentially cheaper alternative to installing urban public 
charging stations as a way to increase BEV adoption. 
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Overview 
 

Governments, regulators and customer groups in Australia have urged retail electricity customers 
to switch retailers to get better deals. Customers have responded and switching rates are high. A 
common view is that over almost a decade of unregulated competition a two-tier market has 
evolved, in which “switchers” avoid the “loyalty tax” paid by “remainers”. We refer to this as the 
“bifurcation hypothesis”. 

 
We analyse a little over 48,000 Victorian household electricity bills to compare outcomes for 
switchers and remainers.  The typical remainer left $281 per year (20% of their bill) on the table. 
However, after controlling for various factors, switchers only leave $45 less on the table. This calls 
into question the common view of a market bifurcated between switchers and remainers. 
Competing explanations include that customers value attributes other than prices when they 
search and switch, that rents have already been competed away, that customers find tariff 
structures and discounts confusing or that they get poor advice. We conclude that customers 
mostly search for lower prices, that rents have not been competed away and that tariff structure 
complexity does not seem to be a problem. Discounts that are not as they seem and poor advice 
from price comparison service providers likely explains part of the market’s failure to give most 
customers what they seem to be searching for. While successful retail markets may depend on 
demand-side participation, this is not sufficient. Customers must be able to participate effectively 
if they are to benefit from the market. 

 
Methods 

We use contemporary data science techniques to extract relevant data (such as usage, 
discounts, cost) from a little over 48,000 individual residential electricity bills uploaded by 
households to the Government’s price comparison website between July and December 2018. The 
bills are compared to all publicly available market offers to establish the “money left on the table” 
(MLT) of each bill. MLT is the gap between the estimated annual bill based on the customers’ 
actual prices and the annual bill they would pay if they had been able to select the best offer in 
the market. Parametric (OLS) and non- parametric (Multivariate Adaptive Regression Splines) 
methods are use to isolate the effect of switching on MLT. 

 
Results 

 
After controlling for various factors, the typical (median) remainer has an MLT of $281 per year 

(around 20% of their bill). By contrast, the median switcher has an MLT of $236 per year. The 
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difference in the MLT of switchers and remainers is $45. 
 

Conclusions 
 

In his critique of retail electricity markets (Defeuilley, 2009) focussed on the complexity of the 
determinants of choice and suggested this would explain why many customers would avoid 
switching even if they would gain from it. He suggested that would translate into persistent 
segmentation between active and inactive customers. While active customers would benefit from 
competition, weak price competition for inactive 
customers would give market power to the incumbent retailer over the customer (i.e. the 
“bifurcation” 
hypothesis). 
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Analysing a little over 48,000 household electricity bills, we test for evidence of the bifurcation 
hypothesis in the Victorian market. Our main finding is that after controlling for various factors, 
switchers only leave $45 per year less on the table than remainers. This casts doubt on the 
common understanding that the retail market bifurcates between switchers (who get much better 
deals) than remainers. This is not necessarily inconsistent with the proposition (which we could 
not test) that a subset of switchers consistently gets better deals than remainers (and other 
switchers). While we think our sample may be biased towards more engaged customers, we do 
not think this bias is likely to be large and so the conclusions from our sample are likely to be 
representative of the population. 

 
Encouraging customers to switch retailers has been the mainstay of policy makers’ response to 
customers’ concerns about the retail market. Customers have responded to the encouragement 
to engage, but evidently many are not getting the results that they and policy makers are 
seeking. Policy could be refocussed to promote effective participation by the demand side. 
Improving price comparison services would be valuable. Comparing the comparers and/or 
regulating comparison methods such as has long been the case in Great Britain for example, 
merits consideration. Alternatively, providing an easy way for customers to know when they are 
getting bad advice might be considered. 
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Overview 
As China enters the middle and late stage of urbanization and industrialization, the gap 

between energy supply and demand is increasing day by day, and energy constraints have further 
attracted the attention of the government and related enterprises. Although considerable progress 
has been made in the market-oriented reform of energy since the reform and opening up, the 
pricing of natural resources such as electricity, oil, natural gas and land is still regulated by the 
government (Zhang et al., 2011; Lin & Du, 2013), this government-led initial allocation of factor 
resources has led to a long period of lower energy efficiency than the world average (Wei & Shen, 
2007). The bad environment pollution, resource allocation mode and market regulation faced by 
the traditional energy industry cause the distortion of the factor market to varying degrees, and 
the distortion of the factor market brings obvious social welfare losses (Lin and Mou, 2008; Wei et 
al., 2012). The distortion of energy factors has become an important factor restricting 
technological progress, efficiency improvement and development transformation. In order to 
achieve high-quality economic development and energy supply-side reform, an important way out 
is to improve energy efficiency. 

 
 
 

Methods 
Referring to the model of Hsieh and Klenow (2009), we calculate the distortion coefficient of 

capital and labor force, use the Tobit model to estimate the impact of capital and labor distortion 
on the total factor productivity of energy enterprises, and test the results of TFP impact of energy 
enterprises under different heterogeneity. The influence of factor distortion on TFP of energy 
enterprises is analyzed by quantile regression model. 

 
 
 

Results 
The results show that: (1) there is a positive correlation between capital factor market 

distortion and energy enterprise TFP, that is, the degree of capital factor market distortion 
positively affects energy enterprise TFP, in specific industries. The impact of labor distortion has 
always restricted the TFP of energy enterprises. (2) from the aspect of industry heterogeneity, the 
distortion of capital factor market has a strong positive effect on the TFP behavior of natural gas, 
coal and power enterprises, while the distortion of labor force is not conducive to the promotion of 
TFP; of natural gas, oil, coal and power enterprises. In the aspect of heterogeneity of enterprise 
ownership, the distortion of labor factor market plays a more important role in promoting TFP of 
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public holding energy enterprises than that of non-public holding energy enterprises. The reason is 
that the public holding energy enterprises bear more social responsibilities such as employment, 
and the capital driving behavior of the non-public holding energy enterprises is more obvious. In 
terms of regional  heterogeneity, the reverse effect of labor factor market distortion on the 
eastern, central and western regions and the northeast region is more obvious, while the capital 
factor distortion is significant in the western region, and helps to improve the TFP of energ y 
enterprises in the western region. (3) the factor market distortion has an obvious nonlinear effect 
on the TFP of energy enterprises, and the threshold value of labor market distortion is lower than 
that of capital distortion, indicating that the factor market distortion caused by human resources 
and other factors is lower than that caused by capital drive. 
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Conclusions 
Robust content analysis includes: first, the consistency of results. In this paper, the results of 

the whole sample estimation and the four heterogeneity estimates are basically the same, so the 
results are robust. Second, the reference point. The distortion of energy market factors calculated 
in this paper is not much different from that calculated by Wang & Wu (2014) and Shao et 
al.(2013), and fluctuates around 1. Thirdly, in order to avoid the error estimation that may be 
missed and the influence of factor distortion under different elasticity, this paper compares the 
influence of factor distortion on energy enterprise TFP in the case of elastic delta=5 or 10 
simulation, and the results are not different. In summary, this paper believes that the impact of 
factor distortion on the TFP of energy enterprises is relatively robust. 

 
The distortion of factor market is a special phenomenon in the period of China's transition. In 

order to enable energy enterprises to better serve the market and promote TFP, to promote the 
process of marketization of Chinese factors, the government should continue to promote market-
oriented reform and appropriately simplify administration and delegate power. Reduce the 
intervention in the factor market, let the market play the normal competition mechanism; At the 
same time, we should also continue to deepen the reform of state-owned enterprises, improve the 
efficiency of energy allocation, and achieve sustainable economic growth. 
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Overview 
Natural gas and refineries will inevitably produce combustion phenomenon in the process of 

exploitation and processing, and combustion emission is a kind of waste treatment process. In the 
absence of continuous combustion data reports from natural gas and refineries, it is not possible 
to effectively measure the waste generated by natural gas and refineries in the process of 
exploitation and processing at this stage. And it is impossible to accurately measure the 
production and processing capacity of natural gas and refineries (Elvidge et al.,2016). The data 
generated by combustion can approximately estimate the amount of gas produced, the amount of 
waste produced and the quantity of natural gas used or sold, depending on differences in physical 
geographical conditions (Elvidge et al.,2016). Existing scholars in dealing with the amount of gas 
produced by combustion are usually used in the following aspects: first, carbon cycle analysis, 
mainly through specific observation points to obtain greenhouse gases, Then the carbon cycle 
change (Peylin et al.,2013 in a specific region is analyzed by spatial matching. Second, tracking 
changes in natural gas combustion activities (Sonibare & Akeredolu,2006; Elvidge et al.,2016); 
third, natural gas potential assessment, through combustion activities to determine the 
geographical location of the potential attraction of natural gas; Fourth, calculate the carbon 
intensity of burning fuel (Sonia et al.,2013). This paper draws lessons from the data processing 
method of combustion produced by oil and gas exploitation and processing (Elvidge et al. (2016). 
The final calibrated combustion data (VIIRS) is used to evaluate the center of gravity migration 
and spatio-temporal differentiation of oil and gas production and processing upstream (production 
base) and downstream refineries and liquefied natural gas (LNG) terminals in China. 

 
 
 

Methods 
Taking the infrared radiation measurement of combustion gas data as the starting point, 

through the exploratory spatial data analysis model, the center of gravity transfer characteristic 
method and the kernel clustering-kernel principal component method, This paper describes the 
spatial pattern and changing trend of oil and gas exploitation and processing in China from 2012 
to 2016, and then inverts China's oil and gas production capacity, processing capacity and 
emission reduction ability in the process of oil and gas exploitation. 

 
 
 

Results 
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The results show that: (1) China's oil and gas exploration capacity in North China is relatively 
concentrated, followed by the northwest region, oil and gas exploration capacity is more dispersed 
in other regions, while the processing capacity of Song-Liao base is relatively Concentrate and 
gradually form an oil and gas processing base based on the eastern coastal ports. (2) During the 
sample period, the center of gravity of China's oil and gas processing moved to the southeast 
direction (the direction of Handan City, Hebei Province). The center of gravity of oil and gas 
processing moved from inland to coastal in the longitude. The center of gravity of the oil and gas 
processing center of gravity shifted to the south. (3) During the sample period, the center of 
gravity of China's oil and gas exploration moved to the southwest (direction of Baiyin City, Gansu 
Province), in which the center of gravity moved from the coast to the inland, and the center of 
gravity shifted to the west, while the center of gravity of the latitude change generally shifted to 
the south. The trend indicates that the focus of China's oil and gas processing and production 
during the sample period is still biased towards the northern region. (4) Clustering results show 
that the current combustion process has reduced the combustible link, indicating that the 
current 
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Chinese government and oil and gas exploration processors have made certain improvements in 
the environmental management of the mining process and specific emission reduction measures. 
(5) Exploratory spatial analysis shows that there is a significant positive spatial relationship 
between China's oil and gas exploration-processed combustion gases. The downward trend of 
Moran's I value indicates that the spatial agglomeration of China's oil and gas exploration-
processing development has weakened, and it has some spatial geography dispersion. 
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Overview 

Asia-Pacific Economic Cooperation (APEC) is a dynamic region in which diverse economies 
have agreed to work together to support sustainable economic growth and prosperity. Over 
the past decade, many APEC economies have experienced rapid economic growth alongside 
rising population, which drives up individual and collective energy demand requirements. 
The region has a prominent role in shaping the global energy sector, accounting for 57% of 
global final energy demand in 2016 (APERC, 2019). In this regard, APEC aspires to reduce 
its aggregate energy intensity by 45% percent by 2035 with 2005 as base year. The APEC 
Energy Working Group (EWG) has been monitoring the progress of energy intensity over the 
years using final energy consumption per GDP as the common measure, and has noted 
considerable progress towards the energy intensity reduction target. Nevertheless, the 
analysis is not a complete picture of what is driving the reduction as energy consumption 
trends may be explained by several factors beyond energy efficiency improvement. Changes 
in final energy consumption can be explained better by a) activity effect―changes in the 
scale of economic activity; b) structural effect―changes in the relative importance of sectors 
with different energy intensities, c) intensity effect―changes in the productivity of energy 
use and d) weather effect―changes in weather patterns (especially for residential). Hence, 
this paper seeks to identify the main factors that have driven the decline in energy intensity 
in APEC region since 2005 using decomposition methodology (Ang, 2016). This method 
allows us to separate structural shifts, understanding better true trends in energy 
consumption as well as trends in economic activity that influence energy consumption in the 
region. 

 
 
Methods 

 The final energy consumption (FEC) data in thousand tonnes of oil equivalent (ktoe) 
used in the analysis were from the EGEDA (APEC) database. FEC consists of the 
industry, services and agriculture sectors only as these sectors have the equivalent 
measure of the level of activity of energy consumption associated with gross value 
added (GVA). 

 To conduct energy decomposition, activity data are also needed, in this case the GVA 
in constant 2010 US dollar taken from World Bank Indicators were used. Note that 
while GVA represents the level of activity associated with the energy sectors 
mentioned, it is not a good proxy to measure activity in other sectors such as the 
transport or residential. The transport consumption is not comparable to the GVA of 
the transport sector since the energy use attributed to transportation is part of the 
companies and activities included in all economic sectors while energy consumption 
in the domestic sector is not directly related to any concrete production process 
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(Marrero and Ramos-Real). These two sectors can be analysed with other more 
related indicators such as passenger-km travel and number of vehicles (transport), 
floor area and weather effect (residential), etc. It is of note also that the GVA of 
Chinese Taipei (DGBAS, 2019) was taken from its National Statistics office in the 
local currency unit and converted into constant 2010 USD. 

 Decomposition method represented by Logarithmic Mean Divisia Index (LMDI)-I 
Formula by B.W. Ang: ΔEtot=ET- E0=ΔEact+ ΔEstr+ΔEint where ΔEtot 
represents change in energy consumption, ΔEact change in consumption due to 
activity, ΔEstr due to change in structure and ΔEint due to intensity effect. A 
positive activity effect means GVA grows because of additional energy demand 
from increased economic activity. Relatedly, the activity effect is negative during 
economic recession. A positive structural effect means that the share of GVA 
corresponding to energy intensive sectors increases relative to the GVA of less 
intensive ones. And lastly, the intensity effect, represented by the ratio of final 
energy consumption to GVA, accounts for changes in total energy consumption due 
to technology improvements, policy effects and other factors (Economidou, 2017). 

 
 
Results 

Final energy consumption (FEC) grew at a compound annual growth rate (CAGR) of 2.3% 
between 2005-16. Among the three sectors analysed, the industry sector dominated the 
total consumption in APEC with more than a 70% share followed by the service sector 
(18%) then lastly agriculture (4%). The economic ranking, however is slightly different 
when we look at GVA. APEC’s GVA grew at a 3.4% CAGR over the same period, with the 
service sector comprising the biggest share at 66% followed by industry (30%) then 
agriculture (3%). While shares of GVA represent the relative size of each sector in the 
economy, the final consumption shares highlight the region’s energy 
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needs for the respective demand sector. And as mentioned earlier, the sectoral composition 
of economy is critical in determining the region’s energy consumption trends as well as 
energy intensity trends. 

 
By decomposition, Figure 1 shows that the activity effect ramped up the FEC by 41% (767 
Mtoe) to 2 383 Mtoe in 2016 compared with 2005 (1 859 Mtoe). The structural effect 
although insignificant, contributed a 4% (72 Mtoe) increase in FEC while the intensity effect 
was the strongest factor, offsetting increases in FEC by 17% (-315 Mtoe). If energy 
intensity reduction did not come into play, FEC would have increased by 839 Mtoe in 2016 
from the 2005 level because of economic growth during this period. Meanwhile, Figure 2 
shows the yearly results of decomposition: total change in FEC relative to 2005 and the 
effects shown in percentages in terms of decomposed indicators in 2005. For example, the 
total effect value of 128% means a 28% increase in FEC compared with the 2005 
consumption level. The activity effect of 141% and structural effect of 104%, represented 
41% and 4% increases, respectively in FEC compared with 2005 that would have been 
observed had there been no intensity reduction. It is fairly obvious that since 2005, 
reduction in energy intensity has led to offsetting the increase in FEC brought about by 
activity and structural effects. 

 
Figure 1 ● Decomposition of changes in 
APEC final 
energy consumption change (Mtoe) by 
LMDI, 2005-16 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sources, FEC (EGEDA) 
and GVA (WB and 
DGBAS) 

Figure 2 ● Yearly Additive Decomposition 
results, 2005-16 (% in terms of 2005 
consumption levels) 

 
 

Sources, FEC (EGEDA) and 
GVA (WB and DGBAS) 



 

 

 
Conclusions 

By decomposition, it can be said that the intensity effect played a significant role in 
offsetting the increases in final energy consumption brought about by the rapid growth 
(activity) of APEC region. While the structural effect is positive, it reflected minimal 
year-on-year increases in APEC final energy consumption. To better understand the 
other factors affecting energy consumption trends in APEC, decomposition of a more 
detailed disaggregation of energy consumption  and related indicators should be further 
analysed. 
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Overview 

The National Electricity Market (NEM) is the largest energy wholesale market worldwide 
concerning its aligned grid length combing five out of six individual states (New South 
Wales, Victoria, Queensland, South Australia and Tas- mania) in Australia. Due to the 
country size, the power exchange provides one market (Ramiah/Thomas/Hea- 
ney/Mitchell, 2015) place per state. Within the whole market area of the NEM, each state 
provides grid connections to its surrounding states, but not to all of them. In case of an 
energy excess demand caused by technical incidents, the additional demand has to be 
balanced promptly by e.g. intraday transactions pursued by the NEM in order to maintain 
grid stability, leading to irregular price volatility or price levels at the associated market 
places. Nevertheless, market participants from regions originally not exposed to 
aforementioned incidents may be also affected by unforeseeable price spikes 
(Tulloch/Diaz-Rainey/Premachandra, 2017). In general, because of the stylized facts of 
energy spot prices, forecasting represents a particularly tough challenge for market 
participants on power exchanges. Next to (reg- ular) volatility, mean reversion and 
seasonality, suddenly upcoming events impact price accuracy negatively (Ey- deland & 
Wolyniec, 2003 and Ignatieva & Trück, 2016) increasing the probability that the 
associated market partici- pants are exposed to additional market risks. 

 

Methods 

As energy price and volatility extrema are hardly predictable 
(Keles/Genoese/Möst/Fichtner, 2012), their single im- pact on all five market prices 
within the NEM bidding zone will be analyzed by a VAR (vector autoregression) model 
(Diebold & Yilmaz, 2014). Although the market places of each state operate 
independently, the connectedness across the regional markets may lead to volatility 
spillover effects (Apergis/Barunik/Keung Lau, 2017). Considering the intraday market 
design of the NEM in terms of their 5 minute price frequency, a customized VAR model 
should be eligible for investigating market connectedness and volatility spikes 
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initiated by technical incidents. Abnormal vola- tility is expected even for market places 
physically unconnected to the regions where the incidents event occurred. In order to 
compile a sound sample, NEM spot market prices from all five regions covering a period 
from 2013 until 2018 are taken into account, the data is retrieved from the AEMO 
(Australian Energy Market Operator) platform. On top of that, incident reports considering 
technical outage events published 2014 until 2018 by AEMO will complete the database. 
Based hereupon, the regulatory framework is to be  evaluated deriving recommendations 
for rulemakers and policymakers. 

 

Results 

Overall, a time-varying, but strong connectedness around technical incident events 
between the five bidding zones can be tracked leading to high price volatility and price 
spikes on the NEM in recent years, with emphasis on 2016. Therefore, market actors 
should pay attention to announcements of outages in order to avoid (further) market risk 
in short-term transactions. Furthermore, the results change over the investigation period 
and depend on the event initiat- ing bidding zone in which the strongest effects on 
volatility were detected when technical incidents arose in New South Wales. Certain stress 
scenario tests will be pursued prospectively. 

 

Conclusions 

The connectedness between the five Australian bidding zones of the NEM lead to price 
effects when unforeseen events occur in single market regions, especially technical 
incidents. Price spikes are not only a consequence in the bidding zone(s) where the 
incidents appeared, but also in not primarily affected bidding zones. So far, market actors 
in not 
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primarily affected bidding zones would not be protected against spikes by the 
institutional framework. Nevertheless, upcoming price spikes lead to both risk and 
chances for market actors. 
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Overview 
Despite its importance for policy purposes, evidence about the price elasticity of natural gas 
demand in the residential sector is very limited and based on inference from situations with 
modest variation in prices. We focus on a locale and time when price changes were extreme and 
presumably salient to consumers, namely Ukraine between 2013 and 2017. We exploit the tariff 
reforms and detailed micro-level household consumption records to estimate the price elasticity of 
the demand for natural gas. To isolate behavior, attention is restricted to those households that 
made no structural energy-efficiency upgrades to their homes, and thus kept the stock of gas-
using capital fixed. We further examine the short-run elasticity by restricting the sample to a few 
months before and after the tariff changes. Our results suggest that under extreme price changes, 
households are capable of reducing consumption, even without installing insulation or making any 
other structural modifications to their homes. The price elasticity is about -0.16. Wealthier 
households, people living in multifamily buildings, and heavy users have more inelastic demands. 
Households reduced consumption even when they received “subsidies,” namely lump-sum 
government assistance. We also find some evidence that the stronger the salience, the stronger 
the responsiveness to price, although this effect is modest and may partly overlap with that of 
income or baseline consumption. We conjecture that the consumers with the lowest uptake of 
energy efficiency improvements might be those who—by necessity or through skills—are the most 
productive at reducing energy use through behaviors. 

 
Methods 

In this paper, we focus on a locale and time when price changes were extreme and salient to 
consumers, namely  Ukraine between 2013 and 2017. From one month to the next (March 2015 
to April 2015), the tariffs tripled, and by the subsequent month (May 2015), they were seven 
times as high as in March. The tariff hikes were accompanied by a restructuring of the tier system, 
and later (April 2016) by the complete removal of the block system. Since 2016, the rate has 
increased several times during the heating season. 

 
We assembled a panel dataset documenting monthly consumption from January 2013 to April 

2017 for a sample of households in the Uzhhorod metropolitan area, and use it to examine the 
price elasticity. We wish to isolate changes in consumption due to behaviors, holding the structural 
characteristics of the dwelling and gas-using capital stock fixed, and, based on this notion, in our 
empirical work we restrict attention to those households that did not do any energy efficiency 
upgrades to their homes during our study period. These households did not install insulation, or 
changed windows, put in a new boiler, or switched to a different heating fuel, for last six years. To 
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identify cleanly the short-run elasticity, we further limit the analyses to a few months before and 
after the tariff changes. 

 
Unlike in Auffhammer and Rubin (2018), in Ukraine tariffs are not adjusted monthly to reflect 

the higher or low cost of acquiring natural gas for the utility: They are simply set exogenously by 
the regulator for a period of about one year at a time. Because for part of our study period there 
was an increasing block tariff scheme, we are concerned with endogeneity of prices and quantity 
consumed at the consumer level, which we address with instrumental variable estimation. During 
our study period a number of households received “subsidies,” namely lump-sum government 
assistance to help pay the gas bills. We wish to see whether the subsidies offset the incentive to 
reduce consumption. 

 
We estimate panel model with household-specific effects and time fixed effects. The former 
account for unobserved heterogeneity among households, capture the effect of any pre-existing 
insulation measures, and are the appropriate way to handle our sampling frame, since the analysis 
is conditional on the fixed effects. The latter control for economy-wide events that could have 
affected consumption or seasonal effects that might explain natural gas consumption in any given 
month. Our time fixed effects are month dummies plus “tariff regime” dummies. We estimate the 
model in the first differences and the standard errors are clustered at the household level. 
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In the presence of (increasing) block pricing the marginal price is endogenous with consumption. 
Unless properly addressed, the positive correlation may result in the appearance of a positively 
sloped demand function. To circumvent this problem, we instrument for log price. Our excluded 
instruments are the log tariffs in each block (Nieswiadomy and Molina, 1989; Mansur and 
Olmstead, 2012), changed at a different rate over time, plus the log allowance and log discount 
off the regular tariff if the household receives benefits. The latter two are exogenous, alter the 
rates and hence the marginal price faced by that household, and should not directly influence 
consumption. 

 
Results 
We find that the demand is not completely inelastic: Even without structural modifications to their 
homes, consumers were able to reduce usage meaningfully as tariffs were raised. When price 
doubles, consumption is cut, all else the same, by 7- 22%. The reduction is however 
disproportionately small compared with the extent of the price hike, and implies a short-run price 
elasticity of -0.16, which falls in the low end of the range from earlier studies. Wealthier 
households and people living in multifamily buildings have less elastic demand functions. 

 
Households with income below the sample median tend to exhibit more pronounced price elasticity 
(-0.20), as do households who live in single-family homes (-0.22). By contrast, households living 
in units in multi-family buildings are less sensitive to price. The subsidies—an income transfer—
have a negligible effect on consumption. The elasticity of demand with respect to the subsidy is 
positive, as expected, and around 0.02 but statistically insignificant. 

 
Those who had not done some energy efficiency improvements 1-7 years before the study period 
exhibit a stronger elasticity (-0.23) than those who had done some improvements (-0.15); 
although these coefficients are not significantly different from one another.People seem to respond 
to current prices and not to future prices. We find modest evidence that households likely to hold 
different levels of “salience” have different price elasticities, about -0.21, but this effect may partly 
overlap with that of income and/or baseline consumption. 

 
Conclusions 
All in all, our results suggest that in the face of extreme tariff changes, households were able to 
reduce their natural gas consumption, even without installing (new) insulation or making any 
other energy efficiency investment. All else the same, a price change of the magnitude that was 
observed between March and April 2015 (230% for a 200 m3 customer), would have resulted, all 
else the same, in a reduction in consumption by 18-37% 

 
Taken together, these findings suggest that in this and similar settings (cold winters, no viable 
alternative to gas heat, a compliant population, price salience, relatively low effort required to 
monitor consumption), increases in natural gas prices would have limited effects on residential 
consumption and CO2 emissions, raising the question whether measures aimed at improving 
efficiency might be more (cost-) effective. The offsetting effect of the subsidies is very modest. If 
both prices and subsidies were to double, consumption would still be reduced by about 10%, and 
consumption would still be reduced even if the proportional increase in the subsidies was greater, 
as long as it does not exceed a five-fold hike. This has important implications for the design of 
schemes that help low-income families. In our sample, the tax revenue from the gas sales to the 
wealthiest households in the sample would be sufficient to cover the subsidies to the poorest 
households in the sample. 
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Overview 
We present a novel methodology to integrate heterogeneous micro-founded preferences into a 

computable general equilibrium (CGE) model with high technological detail to quantify the social 
costs of an endogenous, demand-driven abatement technology (electric vehicles). A hybrid model 
is developed that directly integrates consumers' decisions on conventional and emission-reducing 
technologies derived from a discrete choice (DC) model into a fully dynamic CGE model. Demand 
for vehicles determines the vehicle fleet through an embedded stock-flow vehicle accounting 
model, affecting the use of fuel and electricity, service and maintenance. Endogenously 
determined demand for electricity is satisfied by production optimised in a bottom-up electricity 
model to supply it by least-cost combination of fuels and power technologies. Emissions stemming 
from vehicle use, electricity generation, and economic production provide an input to quantify 
external environmental effects associated with the technological change. Impacts on the economy, 
power sector, and external costs are quantified. 

 
Methods 

The model is a fully dynamic CGE model implemented in MCP/GAMS, see Rutherford (1995), 
and based on the structure of Böhringer and Rutherford (2008). On the production side, we 
distinguish 21 different cost-competitive sectors with three inputs: labor, capital and intermediate 
goods. While our model is intentionally kept as simple as possible on the production side, we 
elaborateon consumption to focus on the endogenous, demand driven nature of electric vehicles 
as a newtechnology increasingly penetrating the vehicle market starting from low initial levels. In 
particular, to accountfor the different preference structures constituting vehicle demand, we 
distinguish nine types ofconsumer households by three  levels of education (low, medium, high) 
and three degrees of urbanisation (rural, suburban, urban). Household consumption decisions are 
modelled through a standard nested CES function. In the modal split decision branch, each 
consumer has the possibility to substitute between public (PT) and individual transport (IT). The 
expenditures on IT include purchases of new vehicles, and expenditures connected to the use of 
the vehicle stock (fuels incl. taxes, service and maintenance). Consumer choose among four 
vehicle technologies – conventional (CV), hybrid (HEV), plug-in hybrid (PHEV) and battery electric 
(BEV) vehicles. 
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Vehicle purchases by consumers are determined in the integrated dicrete choice model by their 
preferences, as well as by the purchase price of vehicletechnologies and their technological 
characteristics (for instance driving range or engine power). Any rise in vehicle purchases that 
exceeds the number of depreciating vehicles will lead to an increase in the  vehicle stock. In this 
way, the purchase decisions also determine the development of the vehicle stock, with some 
inertia. In order to depict these developments correctly, we include a detailed vehicle fleet 
accounting module. 

 
The electricity sector is represented by a bottom-up cost optimisation energy model directly 

integrated into the CGE model. It is divided into multiple technologies generating electricity, 
including coal, gas, oil, nuclear power, hydro, wind, biomass, solar photovoltaic, and other (mostly 
from processed gas such as LPG). All technologies produce electricity subject to different input 
structures, production costs, and resource constraints. The aggregate supply of electricity 
delivered by the bottom-up electricity model meets the aggregated demand for electricity in the 
CGE model. Similarly, demand for energy goods, which is derived from the CGE model equals to 
their use by electricity generating technologies. 

 
Quantification of externalities covering the impacts on premature mortality, morbidity, building 

materials, crops, and ecosystems (Ščasný et al., 2015) attributable to both direct and indirect 
emissions stemming from domestic economic production, imports, fuel use, and electricity 
production, based on the ExternE’s Impact Pathway Analysis (Bickel and Rainer, 2005), completes 
our impact assessment to achieve a measure of the total social costs of electromobility as an 
abatement technology. 
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Results 
Results fo two policy scenarios (MODEST and EM+) are compared to the business-as-usual 

(BAU) scenario, which is based on a benchmark scenario where the economy follows a steady-
state growth path. Scenarios include investments into the charging station infrastructure, shift of 
household preferences towards greener technologies and tax policy measures incentivizing 
electromobility (new registration tax and mineral oil tax). The model covers the period 2008 to 
2030. 

 
Even though the infrastructure investments have some positive effects on domestic GDP, 

overall, both scenarios lead to small GDP loss. Since PHEVs and BEVs have a higher average 
purchase price, the price for the IT bundle rises in the model shifting part of household demand for 
transport services to PT and reducing household transport demand by a small amount. 

 
In MODEST, the mild invest-ments in charging infrastructure together with the shift in consumer 
preferences influence thepenetration of EVs (PHEVs and BEVs) only after 2025 when their share in 
vehicle stock increases steadily to 16 % in 2030, reducing the share of CVs to less than 74 %. The 
overall change of the vehicle fleet size fluctuates around 1 % over the model horizon. In EM+, The 
share of EVs on the vehicle fleet increases swiftly after 2020 due to tax rises and more prominent 
charging infrastructure investments reaching almost 28 % in 2030. In 2030, CVs account for lesst 
han 60 %. The share of EVs on new registrations reaches almost 50 % in MODEST and even 68 % 
of all new registrations in EM+. Thenumber of newly registered cars declines over time with 
respect to BAU due to a shift in consumer preferences away from IT to PT. 
The benchmark output growth induces an increase in the vehicle stock and consequently a ris ein 
fuel use by 16 % in MODEST, and by 9 % in EM+ from 2008 to 2030. For the same reason, 
aggregate electricity demand grows by 27 % and 29 % over the model horizon in MODEST and 
EM+, respectively. Despite the fuel used by the rising fleet of HEVs and PHEVs in both 
scenarios,the diminishing share of CVs in new registrations results in lowering fuel used by CVs by 
26 %  by 2030 even in MODEST and by 41 % in 2030 in EM+ with respect to BAU. On the other 
hand, due to increase in demand for electricity to charge batteries in EVs, the electricity supply 
increases by 2 TWh in EM+ in 2030. 
Considering all abatement channels activated in our hybrid model, EM+ reduces total air quality 
pollutant emissions (abatement in Austria as well as abroad). In each year in the model, the 
positive effect of fuel use reduction exceeds the negative effect of increased electricity demand on 
the total net environmental benefits. 

 
Conclusions 

 
The core aim of this paper was to develop a novel simulation tool to estimate the total social 
costsand benefits of the introduction of electric vehicles as an endogenous, demand-driven 
abatementtechnology. Extending previous literature, the costing methodology relies on an 
integrated hybridCGE-DC framework and on an established impact pathway analysis to quantify 
environmentaland health externalities. We demonstrate that the social costs and benefits of using 
EVs tomitigate emissions are related to consumer preferences that determine the change in 
demand forEVs as a reaction to a given policy incentive or preference shifts. At the same time, we 
considervehicle technology developments and associated purchase price and fuel efficiency 
changes, aswell as the energy system with a bottom-up focus on the electricity sector, which 
altogetherdetermine the amount of emissions by individual transportation. Our modelling 
approach was able to capture even small external effects due to the increased uptake of 
alternative fuel vehicles, and as such, it can be applied to other national economies with different 
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energy systems relying more on non-renewable resources. Extending our frame-work could 
provide insight on the extent to which the net social costs of a policy-guided uptakeof electric 
vehicles differ between countries, different energy systems and sets of policy measures. 
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Overview 
Calcualtions of the levelized cost of electricity (LCOE) are used as a method for making quick 

comparisons between technologies to understand where they rank in cost competitiveness of 
electricity supply. LCOE is an imperfect measure for many reasons. It often excludes costs that are 
out of the ordinary or outside of the project gates such as grid connection, transmission 
augmentation, waste and rehabilitation. It may also fail to take into account the different risks 
faced by projects, often applying a single discount rate across all projects. High emission 
electricity generation technologies face a greater risk of adverse economic outcomes from the 
implementation of future climate policies. As a result they may have to pay a premium to access 
finance relative to low emission technologies. 

 
The specific concern of this paper is in relation to balancing costs of variable renewables. The 

standard LCOE calculations for variable renewable technologies does not take into account the cost 
of the additional balancing technologies required to ensure reliable and stable electricity supply. 
Every technology requires some level of support from other technologies. Electricity systems are 
reliable and stable due to their use of a combination of technologies, rather than a single 
technology. However, variable renewables increase this challenge for the system because their 
generation is governed by the weather. 

 
Graham (2018) conducted a review of alternative methods for calculating the balancing costs 

of variable renewables. Methods for addressing this question are becoming more common as 
renewables increase their share in electricity systems and various stakeholders are seeking to 
understand the whole of system costs of renewable electricity generation. While lacking the 
transparency of simpler methods, system modelling methods are the most accurate at estimating 
balancing costs. Simpler methods often fail to optimise the capacity and operation of balancing 
technologies, leading to over- or under- estimation of costs. 

 
Methods 

It is a significant challenge to select the right model to estimate variable renewable balancing 
costs as the more commonly applied modelling frameworks are not well-suited. Applied electricity 
system models tend to be focussed on projecting the least cost amount of new capacity over a 
given investment horizon or optimally dispatching (operating) a known stock of electricity 
generation plant to meet demand in a single instant (e.g simulating the 5 minute dispatch market 
that exists in Australia). In more recent years, a third type of model has emerged which 
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represents a hybrid of these two which we will call an intermediate horizon model (IHM). IHMs 
decrease the investment horizon to as short as one year to free up model space to include 
sequential intertemporal optimisation over all hours of the year (or half-hours in our 
implementation). In contrast, dispatch models are myopic in that they do not optimise plant 
operation based on future considerations. However, some dispatch models may include responses 
to information from day-ahead markets or other forecast information. 

 
The motivation for working with IHMs is two fold. The first is that long horizon investment 

models are typically structured as annual models but with a limited number of aggregate time 
slices to represent the main features of demand such as seasons, weekend-weekday differences 
and peak, shoulder and off-peak periods of the day. This use of time slices is not sufficient to 
adequately capture the impacts and optimal capacity building of variable renewables. For example, 
a typical outcome is that wind generation is under-valued relative to solar photovoltaics because 
both appear to have a similar amout of variability. However, at a more detailed temporal scale 
wind resources are more diverse and therefore more valuable than they appear when represented 
through aggregate time slices. 

 
The second and related reasons for using IHMs is that long horizon investment models and 

dispatch models are both poor at estimating optimal storage operation. Storage charge and 
discharge decisions are inherently a sequential intertemporal short time duration question which 
suits neither model framwork. If operation of storage technologies is not optimal, then this places 
some doubt over whether models are optimising the capacity of storage. That is, they could be 
over or underestimating the amount of storage needed. Graham (2018) found several methods in 
the literature simply assumed an amount of storage without any reference to whether it was the 
right amount required by the system. The Australian Energy 
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Market Operator has been using an IHM called DLT in its Integrated System Plan process (AEMO, 
2019) together with a long horizon investment model and a dispatch model. 

 
It is important to note that, by shortening the investment horizon, on its own, an IHM will not 

make optimised long  term investment decisions. An IHM will not be aware of future end of life 
asset retirements, changes in policy or other factors like changes in fuel prices and technology 
costs. As such, there is a risk that technology choices will not be optimal. However, the full costs 
of any generation and transmission investments are captured by annualising capital costs. 

 
Results 

We conclude IHMs are the best solution for calculating the costs of including balancing 
technologies to support  variable renewables. They are the only modelling framework that 
optimises storage technology operation. The fine temporal scale of IHMs also means that the 
diversity of variable renewables is adequately captured. This is particularly important because 
previous analysis has indicated that adding more diverse renewables is one of the lower cost ways 
of balancing variable renewables (Campey et al., 2017). 

 
The Dispatch and Investment Evaluation Tool with Endogenous Renewables (DIETER) is an 

open source IHM (Zerrahn and Schill, 2015). As an efficienct approach to model development, we 
have adapted DIETER since it already contains many of the desirable structural features. There 
were three main adaptations. The first is the inclusion of 5 state demand regions (consistent with 
NEM demand nodes) and 16 generation and transmission zones and their correspondence to each 
regional node. Secondly, all technology cost, resource and performance data for generation, 
transmission and renewable resources was included from Australian sources. Thirdly, we added an 
additional constraint that the system must maintain a minimum amount of inertia for stability 
purposes which can be provided by existing non-inverter based plant or deployment of 
synchronous condensers. We have renamed our adapted model Spatial Temporal Analysis of 
Balancing Levelised-cost of Energy (STABLE). 

 
STABLE does not produce a single estimate for the costs of balancing variable renewables. It 

estimates a range for a given future year, demand region and renewable energy share. A large 
number of scenarios need to be run to have confidence that we have been able to calculate the full 
potential range of cost outcomes. The parameters we vary for any given estimate are historical 
weather years (with matched half-hourly demand and variable renewable production), random 
outages and retirement rates of existing plant. 

 
Results so far indicate that there are no additional costs of balancing renewables below 

renewable energy shares of 40  to 50% (depending on the demand region). Existing plant provide 
the required flexibility and inertia. However, above 50%, balancing costs increase non-linearly but 
remain modest relative to other alternative generation sources This reflects that the underlying 
costs of renewable generation (i.e. without balancing costs) is still falling over time while balancing 
costs increase. 

 
Conclusions 

Many electricity stakeholders would like to understand more about the additional costs of 
balancing variable renewables. System modelling approaches have been found to be the most 
accurate methods but the most common types of electricity system models are not suitable. IHMs, 
which have become more common, are the best candidate approach. We have constructed a 
model called STABLE (adapted from the open source DIETER model) which has provided some 
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results for variable renewables balancing costs in the NEM in Australia. 
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Overview 
The scale of power grid and installed power generation in China both rank first of the world. 
However, the phenomenon of abandoning solar and power become serious in recent years. In 
order to improve the energy useage efficiency, achieve energy conservation and alleviate the 
environmental pollution caused by China’s electricity sector, the government proposes to 
implement energy saving power generation dispatching policy. 
This paper investigates whether the policy which is initiated in Jiangsu, Guangdong, Henan, 
Sichuan and Guizhou from 2008 really works in China. We prove that for the power plants in the 
five provinces, if the coal consumption when generating one unit of electricity is increased by one 
percent compared to the level before the policy intervention, the electricity generation hours will 
be reduced by 0.03 percent. If the SO2, NOx and dust emissions per unit of electricity generation 
reduce by one percent, the electricity generation hours will be assigned more by 0.103, 0.085 and 
0.069 percent, respectively. We further do a battery of robustness checks to prove that the results 
we obtain previously are crediable. Finally, we calculate the saved coal and reduced pollutant 
emissions in two situations. We find that the amounts of saved coal and reduced pollutant 
emissions of this policy are considerable. 

 
Methods 
Triple difference method is employed as the method and identification strategy. The specific formula 
is as follows: 

ln Hoursipt    1 ln Keyipt * Postt * Policyp  X ipt 
i  t  I p  ipt 

 
(1) 

Where, the Hoursipt indictes the electricity generation hours for power plant i in province p at year 
t. Keyipt represent the emission intensities of SO2, NOx or dust as well as the coal consumption 
intensity for power plant i in province p at year t. Postt is the dummy variable for time of policy 
implementation. It is equal to 1 when the policy has been implemented and zero otherwise. Policyp 
is the dummy variable for whether the policy is implemented in province p. Xipt are other control 

variables.
i , t , I p indicate the fixed effects of power plant, year and province respectively. 

Results 
1. Whether more electricity generation hours are assigned to the power plants with lower 

intensities of pollutant emissions and coal consumption 

mailto:rptan@nju.edu.cn
mailto:University%2Czhangb@nju.edu.cn


Page 17 

 

 

  Table1 The triple difference results  
 

  (1) (2) (3) (4) (5) (6) (7) (8) 

DisPostSo2 -
0.0422* 

-
0.103*** 

            

 (-1.71) (-3.07)       
DisPostNox   -

0.0409** 
-0.0849***    

   (-1.96) (-3.22)     
DisPostDust     -

0.0304* 
-0.0691***  

     (-1.85) (-3.19)   
DisPostEne       -0.0136 -

0.0303*** 
              (-1.34) (-2.88) 
Powerplant Y Y Y Y Y Y Y Y 
Provincial Y Y Y Y Y Y Y Y 
Year Y Y Y Y Y Y Y Y 
ln_openness N Y N Y N Y N Y 
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ln_industrial 
structure 

N Y N Y N Y N Y 

ln_urban rate N Y N Y N Y N Y 
ln_GDP per 
capita 

N Y N Y N Y N Y 

ln_fuel N Y N Y N Y N Y 
ln_gasn N Y N Y N Y N Y 
ln_gasc N Y N Y N Y N Y 
N 4231 4231 4231 4231 4231 4231 4231 4231 
R2_a 0.290 0.295 0.290 0.295 0.290 0.295 0.290 0.295 

Note: The dependent variable in all the eight columns are the log value of the power generation 
hours. The standard errors are calculated when clustering at the power plant level. The 
“Powerplant”, “Provincial” and “Year” mean individual fixed effect, provincial fixed effect and year 
fixed effect, respectively. ln_openness, ln_industrial structure, ln_urban rate and ln_GDP per 
capita means the log value of openness, industrial structure, urban rate and GDP per capita 
respectively. These four variables are at the provincial level. ln_fuel, ln_gasn, ln_gasc means the 
log value of the average sulfur content of fuel coal, number of exhaust gas treatment facilities and 
capacity of exhaust gas treatment facilities. “DisPostSO2”, “DisPostNox”, “DisPostDust”, 
“DisPostEne” mean the crossing multiply terms of treatment dummy variable, after policy 
implementation dummy variable and SO2 intensity, NOx intensity, Dust intensity and energy 
intensity respectively. 
From Table 1, it can be seen that when controlling the fixed effects of individual, provincial and year, 
four other control 
variables at provincial level as well as the control variables at the power plant level, the signs of 
the crossing terms are all negative and significant. This signifies that the higher the pollution 
intensities or the energy consumption intensity are, the less power generation hours will be 
assigned to the power plant. In this way, it proves the effectiveness of the energy-saving 
electricity generation dispatch policy. Because the theme of the policy is to establish the electricity 
generation dispatching mode based on the energy consumption and emissions, the results in Table 
1 show that compared with those power plants where the new dispatching policy is not 
implemented and the time before the policy implementation, if the levels of energy consumption 
and emissions are higher than those before, the electricity generation hours will be assigned less 
by the dispatching center. 
Regarding the specific sizes of the influences, when maintaining other variables unchanged, one 
percent increase in SO2 emission intensity compared with the level before the treatment will result 
in 0.103 percent decrease in electricity generation hours averagely for the power plants. For NOx 
emission and dust emission intensity, one percent increase in them will make the power 
generation hours decrease by 0.08 percent and 0.07 percent respectively. One percent increase in 
energy consumption intensity will drop the power generation hour by 0.03 percent. We can further 
calculate the decreased emissions of the pollutants and the saved coal when comparing the actual 
emissions and the consumption and the counterfactual ones when assuming there is no policy 
implementation. This will be discussed in great detail in the following parts. 
2. The reduced pollutant emissions and saved coal 
We will analyze the impacts on the pollutant emissions and coal consumptions after the policy in 
two situations in this section. In situation 1, because more electricity generation hours are 
assigned to the power plants with lower pollutant emissions and coal consumption intensities and 
in this way, more electricity will be produced compared to the situation if the policy were not 
implemented. We thus assume that the amount of more produced electricity is generated by those 
power plants with higher pollutant emissions and coal consumption intensities. Then the gap of the 
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amount of pollutant emissions and coal consumptions between the two kinds of power plants are 
the reduced pollutant emissions and saved coal consumption. 
Similarly, the cases are on the contrary in situation 2. Because less electricity generation hours 
are assigned to the power plants with higher pollutant emissions and coal consumption intensities, 
less electricity is produced compared to the situation in which there were no policy intervention. If 
the amount of less produced electricity is generated by the power plants with lower pollutant 
emissions and coal consumption intensities, and then the gap of the amount of pollutant emissions 
and coal consumptions between the two kinds of power plants are the reduced pollutant emissions 
and save coal consumption. The results are shown in Table 6. 

  Table 6. The saved coal consumption and reduced pollutant emissions (thousand tons)  
 

Situation 1 coal so2 nox dust 

Guangdong 1855.32 1080.84 423.50 1021.84 
Guizhou 427.10 1352.69 191.97 1501.39 
Henan 31912.48 6577.95 4003.78 6030.38 
Jiangsu 2481.75 6134.26 2944.89 3960.46 
Sichuan 2227.27 1292.10 313.93 1212.25 
Total 38903.92 16437.84 7878.08 13726.33 
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Situation 2 coal so2 nox dust 

Guangdong 152.67 26.90 22.62 1.90 
Guizhou 7.18 51.69 0.71 0.57 
Henan 161.35 38.32 6.27 4.93 
Jiangsu 173.00 385.68 505.78 116.58 
Sichuan 46.80 49.44 14.96 2.59 
Total 541.00 552.03 550.35 126.57 
From Table 6, the saved coal consumption and reduced pollutant emissions are all greater in 
situation 1 than situation 2. Because the amount of more produced electricity is larger than the 
amount of less produced electricity if there were no policy implementation, and in situation 1, the 
hypothetical power plants are characterized by lower emission and coal consumption intensities, 
the results are reasonable. 
To be more specific, the total amount of saved coal is nearly 40 million tons in situation 1, which is 
approaching the total coal consumption in manufacture of textile of China in 2016. The reduced 
SO2 and dust emissions reach 16 and 14 million tons respectively, which are 2.14 and1.38 million 
tons less than the total SO2 and dust emissions in whole China in 2015. For the reduced NOx, it is 
about half of the total emissions in whole China in 2015. 
In situation 2, although the saved coal and reduced pollutant emissions are less than those in 
situation 1, they are still 
considerable when compared with other sectors. The saved coal is about 5.4 million tons, which is 
more than half of the  total residential coal consumption in 2016. The reduced emissions of SO2, 
NOx and dust are 5.5, 5.5 and 1.3 million tons respectively, which account for about one third, one 
third and one twelfth of the total emission amounts in whole China in 2015. 

 
Conclusions 
This paper proves the effectiveness of China’s energy saving electricity dispatching policy for 
power plants. We find that when the coal consumption generating one unit of electricity increases 
by one percent, the electricity generation hours assigned to the power plant will be reduced by 
0.03 percent. If concerning the pollutant emissions, when the intensities of SO2, NOx or dust 
increase by one percent, the electricity generation hours will be decreased by 0.103, 0.085 and 
0.069 percent respectively. After considering the influences of global economic crisis and other 
policies such as electricity generation rights trade, the previous results still stand. Further, a 
battery of robustness checks are done to ensure that the results we get are credible. At last, we 
calculate the effect of this policy on the coal consumption and pollutant emissions. When 
comparing the real coal consumption and pollutant emissions with the counterfactural ones, the 
results show that the amounts of saved coal consumption and reduced pollutant emissions are 
substantial. They can even reach the total amounts of the coal consumption or emissions in some 
industries respectively in whole China for several years. 
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Overview 
The buildings and building construction sectors are responsible for 36% of final energy 
consumption and nearly 40% of  total direct and indirect CO2 emissions, globally. It is therefore 
clear that increases in efficiency and reductions in energy demand in the built environment will 
play a major role in the transition to a cleaner, more efficient and sustainable world economy. 
However, in order for energy efficiency (EE) to deliver its estimated 44% share of CO2 emissions 
reduction required in the Paris Agreement, “global investment rates need to double from now to 
2025, and then double again from 2025 to 2040 (to USD 1.3 trillion).” And yet, global investment 
in energy efficient buildings dropped by 2% in 2018 despite the implementation of efficiency-
focused policies in many countries. 

 
Limited access to low-cost financing and a lack of appropriate financial products are often cited 
barriers to EE investment with a clear link to the recent deceleration in global investment. 
Moreover, efficient access to secondary market capital, by means of securitization of energy-
related assets, has been proposed as a practical avenue toward achieving energy transition goals. 
The concept has been developed and discussed for the residential solar PV market, but largely 
neglected concerning energy savings. Only a few studies have discussed securitization and the 
role of secondary capital markets in relation to EE investment, and none – to the best of our 
knowledge – have proposed a valuation model of the securitization process. This article attempts 
to fill this gap by assessing the valuation of EE asset-backed securities (ABS) as a lower cost 
financing mechanism and proposes a model that enables the identification of several junctures at 
which risk and uncertainty influence investment costs. The model considers all cost factors of the 
entities involved in securitization, such as credit enhancement, servicing agents, and investor 
returns. The model is then parameterized and a sensitivity analysis is conducted. 

 
Methods 
Based on a model proposed by Alafita and Pearce (2014), originally designed to measure the costs 
of securitization of solar PV purchasing power agreements, this paper employs a traditional cash 
flow analysis based on energy performance contracting (EPC) agreements of an energy service 
company (ESCO). The cash flows of the EPCs depend on the energy cost savings achieved in a 
shared savings business model. The ESCO (originator) can hold these contracts for their duration, 
ensuring a long-term annual income stream, or it can sell a pool of these contracts to an issuer, 
via a special purpose vehicle (SPV), which allows it to immediately raise new capital. The resulting 
ABS forms a tradable, interest-bearing security that  is sold to capital market investors, who in 
turn receive floating rate payments from the cash flows generated. For the valuation of this, we 
distinguish three stages: 
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• The total real value of the pooled EPCs to the originator is modelled, based on the present 

value of annual cash flows generated by the contracts (i.e. the energy cost savings of the EPC 
project); here, we consider the  volatility of the energy savings (in kWh) and energy price 
fluctuations. We further model contractual conditions of a shared savings model, including 
operation and maintenance costs and contract failure (default) rates. 

1) The present value of the income stream generated by the ABS is modelled; here, we take into 
account costs for credit enhancement, servicing fees, and investor returns. This gives the value 
of the securitization process and intuitively implies that the costs for such a process have been 
considered. Two forms of credit enhancement are considered: overcollateralization (OC) and 
tranching. 

2) Cost of capital is considered based on internal rate of return (IRR). 
Finally, the model is parameterized based on values presented in existing literature and a 
sensitivity analysis is conducted in order to test empirically the validity of the model. Four points 
are of particular interest in this investigation, namely 1) the formation of the asset pool; 2) the 
process of asset evaluation; 3) the purchase of the asset by uncertain investors; and 4) the 
formation of tranches vs. overcollateralization. 
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Results 
Based on sensitivity analysis, EPC contract conditions have a significant influence on the formation 
of the asset pool. Here, contract conditions considered were the level of guaranteed energy cost 
savings and the share of those savings owed to the ESCO, as well as the share of excess cost 
savings achieved in the EPC project. Moreover, the default rate of the pooled contracts influenced 
asset pool formation success rate, although literature on EE investment default rates is scant. 
Higher credit enhancement costs relating to OC, however, lower the amount of capital that can be 
raised from the pool EPCs. We find further that lower levels of OC improve the price of the 
security. As expected, when investors require higher rates of return, the amount of capital that 
can be raised is reduced, but the size of this effect is influenced by credit enhancement levels. 
Structuring the security in tranches, then, is a possible solution to this effect, reducing the amount 
of credit enhancement required to maintain the same level of investor return. Overall, the analysis 
demonstrates that for many reasonable combinations of cost factors, securitization will reduce 
financing costs for EE projects. 

 
Conclusions 
With this paper, we show that a simple securitization model can lower the cost of financing EE 
projects, contributing to national and global energy transition targets. It clearly leads to a “triple 
win” situation, in which the energy consumer (client), investors, as well as national authorities can 
gain from such a financial product. The positive effect for clients (i.e. energy cost savings), by 
shifting most of the risk to a third party, only marginally increases the payback period before the 
monetary value of the energy savings can be consumed. For the investors, the originator has 
immediate access to new  capital and third-party investors have access to sustainable and green 
financial products. Moreover, with tranching and the possibility of forming a bottom tranche that is 
secured by an insurer, bank or government improves the remaining portfolio rating, such that 
financing costs can be significantly reduced. The only shortcoming of the model lies in the current 
situation of low interest rates, which may reduce the overall positive effects. 

 
The results of the analysis also provide potential targets for future policies to facilitate the 
development of market for securitized EE assets. These may include policies to improve 
standardization of EE investment projects; develop specialized credit enhancement services (such 
as insurance policies); encourage or discourage geographical diversification of pooled projects 
(e.g. community projects vs. singular projects over a wide geographical area); and address 
liquidity issues. Future research should focus on expanding this model to other EPC business 
models and investigations in to sectoral applicability (e.g. residential, commercial, or public 
buildings). 
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Overview 

Recently not a few countries regard nuclear energy as an important option for their 
decarbonization. However, profitability of nuclear power plants (NPPs) under liberalized 
electricity markets in some developed economies is affected by the extremely low marginal 
price of rapidly expanding renewable electricity (wind and solar PV). Firstly, this research 
conducts case studies to show current situation and profitability of NPPs in the developed 
economies. Secondly, quantitative analysis is conducted to understand the profitability of 
NPPs in the economies where wholesale electricity market is liberalized and simulates the 
effect of increased renewable electricity to the market price. And finally, other case studies 
show unique methods of the developed economies to ensure necessary investment to 
sustain their electricity system. Implications drawn from the study would provide meaningful 
lessons toward the future market design in many countries in Asia and Oceania that aim 
ambitious climate policy targets and that is considering whether they should begin using 
nuclear energy to achieve the targets. 

 
Methods 

This study conducts case studies through literature survey, as well as the analysis on 
disclosed data and documents in each economy. The economies treated here include the 
U.S. (PJM area), the U.K. and Canada (Ontario). The analysed cases include (1) the 
advanced electricity market liberalization, in the world and (2) the those governments that 
clearly states that nuclear energy is their important clean energy source for 
decarbonization. 

This research also conducts quantitative analysis on the effect of massive deployment of 
variable renewable electricity (VRE) on wholesale electricity price. Simulation analysis is 
conducted to divide the U.S. electricity markets divided into eight areas. The simulation is 
based on the linear programming method, and calculates market values regarding the 
shadow prices of demand constraints as proxy for wholesale electricity prices. 
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Results  
Profitability of NPPs affected by the current market design of the developed 

economies. Fig.1 shows the profitability of NPPs located in PJM area of the U.S. All of the 
existing plants become (and are expected to become) less economically profitable, and 
some of them even cause a deficit for the operator. Actually, Davis Besse and Perry NPPs 
are announced to be closed respectively by 2020 and 2021 unless they couldn’t receive any 
financial support, and Three Mile Island NPP is decided to be closed in 2019. 
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The situation is similar in the U.K. Fig.2 is the result of calculation of profitability being 
based on the Consolidated Segmental Statement (CSS) of each NPP operator. It is clearly 
decreasing year by year. Compared with the profitability of renewable power generation 
(According to the CSS of 5 large operators, it was 37-54% in 2017.), the serious situation of 
NPPs becomes clearer. 

 
50% 

40% 

30% 

20% 

10% 
0% 

2010 2011 2012 2013 2014 2015 2016 2017 
Fig.2 Annual Profitability of Nuclear Power Segment of the Plant 
Operators in the U.K. Note: Calcuration is based on Earning before 
Interest and Taxes (EBIT) 

Source: CSS of each operator in each year 
 

In addition to the results from case studies, quantitative analysis results show that 
profitability of NPPs is quite low in the electricity systems where massive VRE is deployed, 
even though flexible operation of NPPs would increase the value of their electricity. 

Despite the serious situation, in those countries that promote nuclear energy as an 
important clean energy option for the future, they are making policy efforts to keep its 
profitability and to ensure the profitability of NPP operators. In some state governments of 
the U.S. grant Zero-Emission Credits (ZEC) to maintain their NPPs. Production Tax Credit 
(PTC) of the U.S. federal government and Contract for Difference (CfD) scheme of the U.K. 
has proven their effectiveness in deployment of renewable energy and are currently applied 
to nuclear energy. CfD is criticized for the high “strike price” for Hinkley Point C project, and 
the U.K. government is currently considering Regulated Asset Base (RAB) model for the 
following projects. If RAB model would be applied, the investors can correct their 
investment via electricity bill even before the operation [2]. Construction period is recently 
becoming longer, and CfD doesn’t cover this period. RAB model is expected to reduce such 
uncertainty. Reduced uncertainty means the necessary support level that should be 
guaranteed for the NPP operators 
will be lowered  and the economic 
burden on the people will be 
reduced. Another interesting case 
is Ontario. Like other cases, 
wholesale price is becoming lower 
in Ontario. But the Independent 
Electricity System Operator (IESO) 
of Ontario adds Global Adjustment 
(GA) on the electricity bill to 
secure enough funding for new 
construction of the generation 
facilities, maintenance of existing 
ones, Feed-in Tariff (FIT) payment 
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for renewable energy, 



Page 20 

 

 

and so on. As Fig.3 shows, the 
amount of GA is increasing as 
the wholesale price is 
decreasing. 

 

Conclusions 

 
 
Fig.3 Average Ontario Energy Price (HOEP) 

plus Average GA Source: IESO 
website [3] 
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The case studies shows that profitability of NPPs is weakened in a liberarized 
wholesale market with the massive deployment of VRE, and the quantitative 
analysis confirms the case studies’ results. Nevertheless, the developed 
economies are taking policy measures to maintain their clean power sources for 
the future. Certainly, market liberalization is a recent global trend, but energy 
policy requires long-term perspective and decarbonization requires strategic 
plans. If any country is considering nuclear energy utilization, policy needs to be 
carefully crafted to balance between short-term as well as long-term energy policy 
objectives, and consider to what extent market mechanism is utilized and how 
such market is regulated. 
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Overview 
 

Large scale hydro power has several technical benefits in an electricity system; it can provide low-
cost baseload power, it can ramp up quickly to respond to variable renewables on the grid, such 
as solar and wind, and it can be used to store energy for later use [1]. However, climate change is 
likely to have an impact on the annual and seasonal availability of hydro, which poses challenges 
for system planners relying on hydro as part of their decarbonisation plan [2]. New Zealand’s 
electricity system has typically a 55% to 60% contribution from hydro, varying according to 
annual rainfall and snowmelt patterns [3]. These patterns are susceptible to climate change, 
which in turn will impact the annual and seasonal availability of hydro power. In this paper we 
investigate the impact of changes in hydro availability factors through sensitivity analysis using an 
integrated energy systems assessment tool. 

 
This model, TIMES-NZ, has been developed in a collaboration between the Energy Centre of the 
University of Auckland, the Paul Scherrer Institute (PSI) and BusinessNZ Energy Council (BEC)[4]. 
It is based on the TIMES (The Integrated Markal-EFOM System) platform: a technology rich, 
bottom-up model generator, which uses linear-programming to produce a least-cost energy 
system, optimized according to a number of user constraints, over medium to long-term time 
horizons[5]. The TIMES-NZ model is developed in modules to include a detailed characterisation of 
the main energy demand sectors of the economy: residential, services, industry, agriculture and 
transport. The supply side is characterised in terms of energy resources, transformation and fuel 
refining, including techno-economic data for all processes involved. 

 
This tool goes beyond existing energy and climate change tools used in New Zealand as it 
includes all supply-side energy sources and all forms of end-use energy, rather than just 
focusing on, for example, the electricity sector [6]. This is crucial for modelling decarbonisation 
of the New Zealand energy sector, as transitions are bound to occur across sectors, with indirect 
impacts within the energy sector as a whole. This paper gives a brief background to the 
development and techno- economic scope of TIMES-NZ and shares insights on decarbonisation 
pathways for New Zealand’s energy sector under uncertain hydro availability. We focus on 
carbon emissions through sensitivity analysis and investigate how hydro uncertainty impacts 
reaching New Zealand’s current low-emissions targets. 
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Methods 
In this paper we investigate the impact of uncertainty in future hydro availability in the New 
Zealand power system on decarbonisation investment planning. Our approach contains the 
following steps: 

1. We use assumptions from NIWA [7] on future hydro availability on the two main islands. 
2. We run sensitivity scenarios for long-term hydro availability changes under different 

representative pathway scenarios and present a the range of investment pathways. 
3. We investigate decarbonisation under two policy scenarios: 

a. an emissions cap on the energy system and 
b. a renewable energy target in the power sector. 

This provides us a range of investment pathways which will give insights on where the 
system is most constrained and what the related costs of decarbonisation might be. 

 
 

Results 
Preliminary results show a range of solutions entering the investment portfolio depending on the 

severity of climate change impact on the hydro system, and on the degree of emissions reductions 
as depicted by policy targets. These solutions 
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include increased geothermal, wind and solar penetration in the power sector, domestic natural 
gas, with or without CCS or imported LNG as a back-up solution, and wide electrification of the 
transport sector with hydrogen as a fuel option in extreme cases. We also see a more substantial 
decarbonisation potential when an emissions cap is applied to the energy system as a whole, over 
a renewable energy target applied only on the electricity system. Also, we note that renewable 
energy does not necessarily mean no-carbon energy, particularly in a system with significant 
amount of geothermal power. However, the emissions from geothermal vary between plants and 
over time, which suggests the need to further investigate how to account for them in TIMES-NZ, 
something we suggest for future work. 

 
Conclusions 

Preliminary results indicate that in a low-carbon energy system with a very high penetration of 
renewable energy it is important to maintain mix of energy resources and technologies in order to 
hedge against uncertainty. In the case of New Zealand a range of solutions can be applied to 
secure supply under dry years. This will be particularly importnant when seasonal variability in 
hydro availability increases. While there is no one technology to solve the problem, it will be 
crucial to plan in advance for incremental change, to ensure the system can react and invest 
accordingly as the future unfolds. 
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Overview 
CO2-free Hydrogen is expected as one of the promising technologies toward mitigating 

climate change impacts. Some countries have delineated their policy roadmaps for hydrogen 
energy deployment in this regard. Especially, Asia and the Pacific region is expected to be 
the biggest hydrogen economy in the world involving production and consumption countries. 
Therefore, this study estimates the future demand potential of hydrogen energy in Asia- 
Pacific Economic Cooperation (APEC) economies being based on some deployment scenarios 
and evaluate the impact of such scenarios to the economies from viewpoints of CO2 
emission reduction and of energy security. This study contributes as a part of Asia-Pacific 
Energy Research Centre (APERC, 2018) [1]. 

 
Methods 

This research estimates the hydrogen energy demand in the industry, transport, and 
electricity sectors in 2040 and in 2050. Basically, the estimation is based on the future 
energy demand outlook (BAU case) of APEC member economies conducted by APERC [2]. 
And the study calculates how much fossil energy demand in the each sector could be 
replaced by hydrogen energy being based on some scenarios. The scenario and method 
applied to each sector is as follows: 

Industry : The study estimates the energy demand by sub-sector, and type of  energy, in 
the assumption that 15% of the “theoretically replaceable” demand will be 
replaced by hydrogen in 2040 and 30% in 2050. 

Transport : Considering the technological feasibility, light vehicles fueled by gasoline and 
heavy  vehicles fyeled by gasoline or diesel can be replaced by fuel  cell 
vehicles (FCVs). And the assumes that 15% of the annual new sales of those 
vehicles would be replaced by FCVs in 2040 and 30% in 2050. 

Electricity : In the power generation sector, a portion of new coal and gas thermal power 
generation will be replaced by hydrogen-fired power generation to reduce CO2 
emissions. Although hydrogen production from renewable electricity (PV, wind, 
etc.) is important, large amount of stable supply is required to fuel baseload 
power plants. Therefore, the study assumes that the hydrogen would be 
produced by fossil fuels and the CO2 emission from 
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the hydrogen production is captured and stored (CCS). This means that the 
economies which have enough CCS potential (CCS economies) would produce 
hydrogen and export it to the economies which don’t have CCS potential (non-
CCS economies). Therefore, the hydrogen is not consumed by CCS economies 
but consumed only in non-CCS economies. The percentage of thermal power 
plants replaced by hydrogen power plant in non-CCS economies is basically set 
to 50% of newly installed capacity after 2035, but the percentage is adjusted in 
some economies according to their energy security situations. 

 
After estimating the future hydrogen energy demand, the study estimates the amount 

CO2 emission that could be avoided by substituting fossil fuel by hydrogen and evaluate the 
improvement of energy self-sufficiency rate of APEC as a whole. 

 

Results 
 
 
Based on scenario analysis, the demand for hydrogen in the entire APEC region is 

estimated to reach 116 Mtoe in 2040 and 352 Mtoe in 2050. Especially, the potential 
demand in China would reach 40 Mtoe in 2040 and 118 Mtoe in 2050 representing about 
33% of APEC total. The detailed results of calculation is shown in Table 1. 
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Table 1 Estimated hydrogen energy demand in 
APEC economies (ktoe) 

 Hydrogen Demand in 2040 Hydrogen Demand in 2050 
Indust
ry 

Transpo
rt 

Electrici
ty 

Total Indust
ry 

Transpo
rt 

Electrici
ty 

Total 

Australia 1,343 608 0 1,951 2,769 2,664 0 5,433 
Brunei 3 16 0 20 8 67 0 74 
Canada 1,130 1,199 0 2,329 2,376 4,762 0 7,138 
Chile 263 291 909 1,462 600 1,151 3,153 4,904 
China 15,925 8,229 15,730 39,883 33,958 30,973 53,435 118,36

6 
Hong Kong 14 119 1,444 1,577 28 481 2,837 3,346 
Indonesia 1,468 1,933 0 3,401 4,028 7,987 0 12,015 
Japan 1,571 1,486 4,561 7,617 3,035 5,255 12,098 20,389 
Korea 691 421 1,099 2,212 1,384 1,466 8,071 10,921 
Malaysia 326 745 1,931 3,002 728 2,841 5,873 9,442 
Mexico 2,206 1,971 117 4,294 5,276 7,935 357 13,569 
New 
Zealand 

71 55 0 126 162 227 0 389 

PNG 47 26 0 74 154 164 0 318 
Peru 198 400 0 598 498 1,976 0 2,474 
Philippines 182 625 2,101 2,908 539 3,665 5,592 9,796 
Russia 3,492 1,805 0 5,296 7,046 7,483 0 14,529 
Singapore 123 59 378 560 255 166 956 1,377 
Chinese 
Taipei 

322 76 125 522 616 283 482 1,381 

Thailand 1,024 587 5,160 6,771 2,585 2,446 13,935 18,966 
United 
States 

7,934 11,131 0 19,065 16,777 42,904 0 59,681 

Vietnam 716 908 10,817 12,441 2,170 5,384 29,504 37,058 
APEC Total 39,047 32,691 44,371 116,10

9 
84,994 130,27

7 
136,29
3 

351,56
3 

 

By replacing this amount of fossil fuel 
energy with hydrogen, it is estimated that 
0.4 Gt-CO2 emission can be avoided in 2040, 
and this number expands to 1.2 Gt- CO2 in 
2050. Given that emission in 2013 was 20 Gt-
CO2, hydrogen energy under the scenarios of 
this research can play an important role in 
decarbonizing APEC energy sector. 

From the perspective of energy security, 
while hydrogen does not significantly improve 
the energy self- sufficiency of the whole APEC 
region, relatively large improvements can be 
expected in some economies such as 
Philippines and Vietnam, as shown in Table 2. 

 
Conclusions 

Recently, more and more economies are 
considering future deployment of CO2-free 
hydrogen energy and some of them have 

already begun various kind of 
demonstration projects of production, 
transport or utilization of hydrogen 
energy. But the forecasts of future 
hydrogen energy consumption 
conducted by APERC or any other 
international organizations are much 
lower than the result of this research. 
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To expand the hydrogen energy market, it is 
crucial to activate the demand by policy measures 
like renewable electricity which was strongly 
supported by Feed-in Tariff 
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Table 2 Energy self-sufficiency in APEC 
economies under the hydrogen scenario 
in 2040 

 Coal Oil Ga
s 

Australia 100.0 
(0.0) 

12.6 
(0.3) 

100.0 
(0.0) 

Brunei n.a
. 

100.0 
(0.0) 

100.0 
(0.0) 

Canada 100.0 
(0.0) 

100.0 
(0.0) 

100.0 
(0.0) 

Chile 1.6 (0.1) 2.7 (0.1) 16.9 
(0.1) 

China 86.4 
(0.7) 

35.4 
(0.5) 

58.0 
(1.2) 

Hong Kong n.a
. 

n.
a. 

n.a
. 

Indonesia 100.0 
(0.0) 

21.2 
(0.3) 

53.3 
(0.4) 

Japan n.a
. 

0.5 (0.0) 3.2 (0.1) 

Korea 1.2 (0.0) 0.9 (0.0) 0.4 (0.0) 
Malaysia 5.5 (0.4) 47.2 

(0.5) 
89.3 
(0.9) 

Mexico 78.7 
(0.0) 

100.0 
(0.0) 

99.0 
(1.2) 

New 
Zealand 

100.0 
(0.0) 

32.0 
(0.5) 

100.0 
(0.0) 

PNG n.a
. 

0.0 (0.0) 100.0 
(0.0) 

Peru 11.1 
(0.1) 

40.1 
(0.9) 

100.0 
(0.0) 

Philippines 23.6 
(1.6) 

1.5 (0.0) 52.3 
(2.9) 

Russia 100.0 
(0.0) 

100.0 
(0.0) 

100.0 
(0.0) 

Singapore n.a
. 

n.
a. 

n.a
. 

Chinese 
Taipei 

n.a
. 

0.0 (0.0) 1.2 (0.0) 

Thailand 17.3 
(1.2) 

10.4 
(0.1) 

17.5 
(1.0) 

United 
States 

100.0 
(0.0) 

79.0 
(1.6) 

100.0 
(0.0) 

Vietnam 36.4 
(5.4) 

0.2 (0.0) 51.4 
(0.1) 

APEC Total 100.0 
(0.0) 

76.5 
(1.3) 

93.1 
(1.3) 

Note: The numbers in brackets shows the 
difference between the BAU case of 
theAPERC Outlook. 
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(FIT) or Renewable Portfolio Standard (RPS) scheme. Expansion of demand would 
attract investment and lead cost reduction of both hydrogen supply chain and 
appliances (FCVs, power plants, etc.). Cost reduction would further expand the 
demand and a virtuous cycle would be created. 
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Overview 
China’s debt and energy consumption have been important issues in recent years. IMF reported in 
2019 that China has become the second largest borrower in the world and lead the rise in private 
debt of emerging markets. Meanwhile, China has become the largest energy consumer since 
2009. Debt can change the energy demand of private sectors and public sectors by influencing the 
budget constraints. But how much does the debt contribute to China’s energy consumption 
growth? This question has not yet been investigated deeply. This paper aims to fill this research 
gap by studying the impact of private debt, government debt, and debt structure together with 
other traditional driving forces on China’s energy consumption through an decomposition model 
for the period of 1996-2016. 

 
Methods 
Similar to the Kaya identity form (Kaya, 1989), the energy consumption (E) in China can be 
decomposed as Eq. (1) that includes six effects. 

where Ei denotes the energy consumption of sector i, POP, Dpri, Dgov, GDP, GDPi denotes 
population, total private debt, general government debt, gross domestic product, and GDP of 
sector i, respectively. PDPC=Dpri/POP denotes the private debt per capita, DSTR = Dgov/Dpri is 
the debt structure, DE = GDP/Dgov denotes the output efficiency of government debt, STRi = 
GDPi/GDP represents the industrial structure, and INTi=Ei/GDPi is the energy intensity. 
The total energy consumption change (∆Etot) between the reference year (o) and the target year 
(t) is expressed as a difference (see Eq. (2)), 

 
 

Results 
Table 1 reports in detail the total change of energy consumption at different periods driven by six 
driving forces. The overall trend of China’s energy consumption is growing during the period in 
question. From 1997 to 2000, the energy consumption grew negatively, followed by a rapid 
growth lasting thirteen years with annual growth rate of 9.51% on average. Due to the fact that 
China’s economy entering new normal stage, its energy consumption has seen a low positive 
growth rate since 2014. 
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Figure 1 illustrates the contributions of population, energy intensity, industrial structure, debt 
structure, the output efficiency of government debt, and private debt per capita to the total 
change of energy consumption from a macro perspective. Population and private debt per capita 
especially push the growth of energy consumption, while energy intensity, industrial structure, 
debt structure, the output efficiency of government debt mitigate the growth of 
energyconsumption. Among the mitigating factors, energy intensity and the debt structure have 
stronger impacts than the other two factors. 
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Table 1 Contributions of various factors to energy change (Unit: 104 Tce) 
 

Figure 1: Energy change between 1996 and 2016 and its driving forces 
 

Conclusions 
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This study investigates the driving forces of China’s energy consumption during the period 1996-
2016 through an extended LMDI model that emphasizes the effects of debt-related factors, which 
provide a new and holistic perspective to the connections between energy consumption and debt 
and is the main contribution to the literature. Among the conventional factors, population has a 
positive impact on energy consumption, while industrial structure and energy intensity exert 
negative impacts on energy consumption. Private debt per capita has a positive impact and is the 
primary driving force of China’s energy consumption during the period of 1996-2016. Secondly, 
the debt structure and the output efficiency of government debt are the mitigating forces of 
energy consumption from a long-term perspective. The debt structure effect is stronger than the 
effect of output efficiency of government debt in reducing the energy consumption 
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Overview 
Geothermal power generation is seen as a renewable, sustainable solution in a low-carbon 

future for New Zealand (and global) electricity generation. NZ has 60+ years of experience in 
geothermal generation and significant, strategically located resources. Hence, new geothermal 
generation is expected to be a significant part of future, low-carbon electricity generation in NZ, 
and its future deployment and impact on total emission can be studied in energy systems models 
such as the TIMES- NZ model. 

 
However, geothermal is not free from GHG-emissions (although generally significantly lower 

than ~1,000 g/kWh for coal or ~500 g/kWh for gas-fired generation). Geothermal power plants 
typically emit both CO2 and CH4 when they extract hot steam/fluid from the ground and before the 
cold waste fluids get reinjected. Actually, geothermal fields emit theses  GHG naturally and there 
can be large differences between geothermal fields, power plants, and over time. Power plant 
technology and reinjection management can also make substantial difference, and even carbon 
sequestration could be included in the future. Hence GHG emissions from geothermal power plants 
are riddled with uncertainties and little, consistent data is available worldwide. NZ has had an 
Emissions Trading Scheme (ETS) since 2008, under which all, large GHG emitting installations 
(including geothermal) had to submit annual emissions data, following strict guidelines. This 
research uses such 2008-2019 emissions data to analyse trends, patterns and differences. 

 
TIMES-NZ is an integrated energy systems assessment model recently developed for New 

Zealand using the TIMES modelling framework. It is a bottom-up techno-economic tool, which 
characterises the energy resources and transformation technologies in detail, and optimises 
investment to meet energy service demands across the economy, including residential, 
commercial, transport, industrial and agricultural sectors. Initial TIMES-NZ scenarios have used a 
standard emission rate/intensity of 91 gr CO2/kWh (net) based on emissions from geothermal 
reported to the UNFCCC and geothermal energy supply as reported by MBIE. However, recent 
review of NZ ETS data shows GHG emissions intensities varying between 21 and 341 gr 
CO2eq/kWh (net), with a general downward trend over time. The present paper explores scenarios 
for different assumptions on emissions intensities for geothermal generation, and their effect on 
geothermal deployment under a decarbonisation target. 

 
Methods 

- Brief literature review of geothermal GHG emissions and driving factors 
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- Review of historic/international emission rates vs fossil and non-NZ geothermal power plants 

 
- Review and analysis of 2008-2019 GHG emission data for NZ geothermal plants to establish 

average, trends, etc 
 

- Inclusion of a range of emission profile scenarios for geothermal generation in TIMES-NZ 
modelling, and 

 
- Investigating the effects of the above on both geothermal deployment and total emissions 

under energy system decarbonisation. 
 

Results 
- Preliminary results show emissions from NZ geothermal power plants vary from 21 – 341 

gr CO2eq/kWh(net) with a MW-capacity-weighted average of 76 gr CO2eq/kWh (vs ~950 
g/kWh from NZ-coal, and ~400 g/kWh for NZ- CCGT); 
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- Some of the highest emitting plants (Ohaaki – 341 g/kWh; Ngawha – 304 g/kWh) are small 
and unlikely to be expanded much in the future, while some of the fields with considerable 
additional resource potential have low emissions (e.g. Wairakei-Tauhara @21-45 g/kWh), 
others have higher emissions (e.g. Kawerau @ 104 g/kWh); 

 
- The overall trend is for emission intensity (in g CO2eq/kWh) to lower over time, although 

initial figures from the period 2008-2012 are likely to have been influenced by 
changes/improvements in emission measurement (initially default factors were used). The 
lowering trend is due to degassing of geothermal fields and can be further influenced by 
reinjection management and even carbon sequestration. Considerable debate exists 
whether ‘produced emissions’ actually simply replace ‘natural emissions’ that reduce as the 
carbon content of the fields’ fluids diminishes over time; 

 
- CH4 makes up around 1/6th of the CO2eq emissions for NZ geothermal fields. This has 

changed slightly over time as the Greenhouse Warming Potential (GWP) of CH4 was 
increased by IPCC from 21 to 25 (2014/15) to 28 (2018/19?). This has put upward 
pressure on emissions intensity and CH4’s share. 

 
- Using different geothermal emissions scenarios), we investigate the impact of the assumed 

CO2 emissions on optimal investment pathways to a low-carbon energy system. Our 
preliminary results indicate that the emissions factor assigned for geothermal has a direct 
impact on the investment in future geothermal development under high decarbonisation 
targets; for example, a doubling of the initial emissions target leads to a 30% decrease in 
new geothermal capacity, whereas halving the emission intensity increases deployment by 
10%. This paper investigates this sensitivity around emissions assumptions in further 
detail. 

 
 
 

Conclusions 
Geothermal energy is seen as a renewable, sustainable source of power generation, especially 

for future low-carbon electricity generation in NZ. However, geothermal energy is not free from 
GHG-emissions, and considerable variation exists between fields and over time. Hence, under 
different future (carbon price) scenarios, different geothermal fields/power plants might be 
developed. Emissions can also be further managed by reinjection management, carbon 
sequestration and closed-loop, binary cycles. 

 
Simulating such variation under different TIMES-NZ scenarios shows a direct impact of 

geothermal emissions assumptions on the deployment of geothermal in a low-carbon future. Such 
variation in geothermal emissions and management is also likely for other geothermal-rich (Asian) 
countries (e.g. Indonesia, Philippines, Japan). This indicates that particular care must be taken 
when assuming emissions factors for geothermal generation, and separating new developments in 
detail according to their specific emissions profiles will be necessary for planning effective 
decarbonisation pathways in energy systems with significant amounts of geothermal potential.
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Overview 

The steel industry is a major emitter of CO2 emissions with about 3,165 billion tonnes of CO2 
(7-9 % of total global CO2 emissions) [1,2]. Steel is produced using primary and secondary 
routes. The secondary route recycles steel scrap in an electric arc furnace with relatively low 
energy demand and emissions. However, the amount of crude steel produced using the 
secondary route is limited by the availability of steel scrap. The primary route is, therefore, 
needed as well to meet the global demand for crude steel. This energy-intensive route 
reduces iron ore in a blast furnace using mainly coke and converts it into crude steel in the 
downstream basic oxygen furnace. This route is already close to its theoretical minimum for 
emissions. A promising alternative to primary steel production in terms of greenhouse gas 
emissions is the direct reduction process. This yields direct reduced iron (DRI) that can then 
be processed into crude steel in an electric arc furnace. By using natural gas as a reducing 
agent, considerable greenhouse gas emissions can already be saved compared to the 
traditional primary production route. Hydrogen from renewable electricity can also be used 
as a reducing agent to avoid emissions almost completely and meet climate protection 
targets. However, direct reduction has only been used to a limited extent to date (5.8 % of 
world production) [2,3], primarily in regions with low natural gas prices. Direct reduction 
combined with electrolysis offers the option to run production flexibly and to store 
intermediate products temporarily, as well. Given volatile energy carrier prices, this option 
makes it conceivable to run production when electricity and natural gas are cheap. The 
corresponding cost savings could contribute to improving the economic efficiency of this 
production route. The aim of this paper is to examine the economic potential of a flexibly-
operated direct reduction plant combined with storage facilities for hydrogen and DRI. 
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Methods 
The study starts by defining the system boundaries for the analysis. The cost-relevant 
process steps are identified and relevant technical parameters are determined. In particular, 
the factors of influence are identified that distinguish DRI production with natural gas from 
DRI production with hydrogen. Based on this, a linear optimization model is formulated. The 
model aims to determine the economically optimal operating and plant configuration 
considering variable energy prices. The operating and plant configuration contains, in 
particular, the operating mode of the intermediate product storages as well as the plant 
capacities. The optimization model covers the most important process steps of DRI 
production up to the transfer of the DRI to the electric arc furnace. The model considers the 
technical restrictions of individual plants, the most important energy and material flows and 
integrates major factors for assessing the plant’s economic efficiency. 

To demonstrate the model, a case study is carried out, which uses the optimization model 
with different parameter settings to draw conclusions for a flexibly operated steelworks and 
its storages. The case study, which assumes perfect foresight, examines steel production 
with the reducing agents natural gas and hydrogen for the status quo and the years 2030 
and 2050. It compares a reference scenario without storage utilization and overcapacities 
with alternatives that allow more flexible operation. To analyze the transformation process 
to a low-carbon iron and steel industry, which is probably inevitable in the long term, the 
scenarios also take into account minimum quotas of DRI production quantities with 
hydrogen as well as different fees and levies on energy carrier prices. For the case study, 
both historical and forecast price time series are used for the different energy sources. 
Future electricity price time series are determined, for example, using a simple merit order 
model considering the future power plant portfolio. The analysis is carried out for one year 
in an hourly resolution and supplemented by a brief examination of the flexibility utilization 
in a minutely resolution. 
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Results 
The preliminary results show that optimized operational management under 
perfect foresight can decrease production costs, especially through savings in 
energy source procurement costs. The use of storage facilities seems to bring 
economic benefits only in the long term. The storage capacities for DRI are in the 
range of the usual production compensation of a few weeks. Hydrogen storage 
facilities have a substantially smaller capacity, which is suitable for balancing 
production in the order of days, but also have larger economic potential. 

Given the current regulatory framework, natural gas is used almost exclusively as 
a reduction agent for DRI. The use of green hydrogen does not seem to be 
economically competitive at present, but will improve in the long term. If adjusted 
fees and levies on natural gas and CO2 emissions are considered, however, 
production can be shifted to the lower-emission hydrogen-based production route 
completely. With a minimum quota for a proportion of DRI that is produced with 
green hydrogen, the production transformation can be carried out step by step 
with slightly increased production costs for DRI. In the long term, it may even 
make sense for steel manufacturers to develop overcapacities at low minimum 
quotas when setting up electrolyzers for the first time, as these can bring 
economic advantages through flexible operation. 

 
 
 
 
Conclusions 

The presented linear optimization model can depict the flexible operation of a 
direct reduction plant with natural gas and with green hydrogen as the reducing 
agent from technical and economic perspectives for different boundary conditions. 
By using the model, it is possible to gain a better understanding of the economic 
challenges and regulatory implications associated with the transition to a low-
carbon iron and steel industry. Initial results indicate a cost-saving potential due 
to flexible operation using storage facilities. In reality, however, various 
uncertainties, such as the development  of energy carrier prices, are likely to 
reduce the cost-saving potential, which means that production can only be 
adjusted to fluctuations in energy carrier prices to a limited extent. In order to 
make electricity cheaper to use than natural gas, intervention in the regulatory 
framework seems unavoidable to enable the transition to hydrogen-based steel 
production with as few emissions as possible in the long term. A gradual switch to 
green hydrogen seems to be feasible with minimum quotas and allows costs to be 
controlled to a certain extent. Given the different conditions, especially for 
brownfield plants, it is important to examine to what extent the model can be 
tansferred to installations other than the example considered here. Because of the 
typically long plant lifetimes and limited capacities of the plant constructors, a 
transformation path for steel production should be defined at an early stage to 
achieve the climate protection targets and should not neglect countries with large 
iron and steel industries like China. 
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Overview 
A well-functioning and interconnected Internal Energy Market is of utmost importance 

for maintaining security of energy supply, enhancing, and guaranteeing that all consumers 
can purchase energy at affordable prices. At this stage, a single price coupling algorithm 
under the title EUPHEMIA is applied in the energy markets of the countries participating in 
the Price Coupling of Regions (PCR) project. This algorithm calculates the day-ahead 
electricity prices across Europe, and allocates cross border transmission capacity on a day-
ahead basis. This work proposes a methodological framework for the optimal economic 
dispatch problem in power exchanges, further enhancing the block order options of the Pan-
European Hybrid Electricity Market Integration Algorithm (EUPHEMIA) algorithm. More 
specifically, through the development of a mixed integer linear programming (MILP) model 
and utilizing an iterative process, it quantifies the impacts of the proposed new options on 
the optimal unit-based energy generation scheduling, and the power system’s marginal 
prices, determining the economic performance of both sellers and buyers of electricity. In 
additional to the currently available market products of the EUPHEMIA algorithm, the 
proposed work introduces new market products such as the flexibility provision of the main 
aspects of block orders, the modification of existing block orders, the development of new 
linkage structure, as well as the activation of mixed schemes combining existing types of 
block orders into new integrated forms. The objective of this work is the development of a 
structured decision-making tool which can be utilized for the investigation of detailed power 
markets’ clearing case studies, enriching the ongoing debate regarding the shaping of more 
efficient market designs, being a necessary condition to address the new market operating 
challenges of low-carbon flexible power systems. 

 
 
Methods  

This work presents a new methodological approach that builds upon the EUPHEMIA 
algorithm by enhancing the block orders options, providing the market participants with 
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additional products for the efficient and effective management of their portfolios. The 
optimization model developed is formulated as an MILP model and used for the solution of 
the economic dispatch problem, considering all the current hourly, block and complex orders 
being available in the European Power Exchanges, which have adopted the EUPHEMIA 
algorithm (Figure 1), and additionally, incorporates new proposed market block order-based 
products. The objective of the proposed optimization approach concerns the minimization of 
the power system’s total daily net cost and subject to several constraints incorporating 
those of energy demand balance and all the ones arising from the hourly offers, block and 
complex orders, including also the new ones accounting for the new types of blocks orders. 
All the currently available block orders types in the European Power Exchanges are 
identified by uniform and fixed minimum acceptance ratio and price offer for the whole 
duration of the submitted block order. In other words, the minimum acceptance ratio 
comprises a decision variable, between 0 or a value defined by the market participant and 
1, to be determined by the optimization process, and its determined value is applied for all 
the time periods of each block order type, namely it is not time-dynamic. Apart from this, 
the block time limits are pre-defined by the market participant, and they do not constitute 
decision variables. In our proposed approach, all these aspects can be converted into 
dynamic ones, i.e., the minimum acceptance ratio can be time-variable, the submitted price 
values can be different in each time period, and the block time limits can be converted into 
decision variables, while the market participant can activate a condition imposing that the 
duration of the determined block time limits to equal or exceed the unit’s minimum 
operational/up time. The problem is to be solved to global optimality making use of the 
CPLEX solver incorporated in the General Algebraic Modeling System (GAMS) tool. 

 
 
Results  

The applicability of the proposed methodological framework is to be tested on an 
illustrative case study, highlighting both its spatial and climatic characteristics. Eight 
representative day types (DT1-DT8) have been selected (24-h profile), including a weekday 
(a typical Wednesday) and a weekend day (a typical Sunday) for each of the four seasons 
(Winter, Spring, Summer, Autumn). The main decisions to be determined by the proposed 
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optimization framework include: (i) the power system’s marginal price, (ii) the 
electricity trading (electricity imports and exports) with interconnected power 
systems as well as the internal power flows of the studied power system, and 
(iii) the thermal units’ operational and economic performance. The results are 
expected to show that block orders, constructed in a way to provide a realistic 
operation of thermal units that are unable to start-up and shut- down in short 
time periods, lead to lower daily average prices, with significant variations 
according to the products utilized and the strategy adopted. The shrinking power 
prices can create significant problems in the operation of thermal units, which 
have to recover both variable costs, as well as potential shut-down costs. On the 
other hand, the results can highlight that the existence of flexibility options in the 
main aspects of block orders structure create more favorable conditions for 
increased utilization of thermal units. In addition, the existence of flexibility 
options in the main aspects of block orders structure create more favorable 
conditions for increased utilization of thermal units. All these have to be 
considered and investigated in a detailed way from policy makers, market 
operators and regulators in the development of market  design, and in the 
incentives provided for new investments in the power sector, both in the supply 
and the demand side, as well as in the transmission system, internal and cross-
border. 

 

Conclusions 
The first stable version of EUPHEMIA meeting the requirements of all markets 

taking part in PCR initiative was delivered in July 2012. Since then the work on 
continuous improvement and development of the algorithm is made to deal with 
the increasing market requirements, to facilitate the market coupling process and 
the creation of the internal European market, as well as for the further 
improvement of the available market products. In this work, a new optimization 
approach has been developed that builds upon the EUPHEMIA algorithm by 
proposing additional block orders options, enhancing in this way the flexibility of 
market participants towards a robust and efficient management of their 
resources. The optimization framework developed is formulated as an MILP model 
and applied for the solution of the economic dispatch problem in power 
exchanges. The methodological framework can provide useful insights on the 
operational strategy of power utilities. Apart from the tower-based relationship in 
linked block orders, the incorporation of parallel relationships can result in 
noticeable daily average price reductions, especially during days with low demand, 
on the grounds that they provide a more flexible structure in which each child 
block is only connected with the parent block and there are no linkage 
successions. The relaxed version of exclusive groups can be utilized in many 
alternative portfolio formations, while the mixed scheme of exclusive groups 
including linked block orders  can create specific portfolio schemes with certain 
internal structure. Moreover, the option of mixed schemes of simple hourly 
orders, including minimum condition orders, with block orders can be combined in 
cases when the market participants are interested in a fixed operation for a period 
of time, increasing block order’s probability for acceptance during these hours, 
while the remaining period of time is desirable for operation only under full 
recovery of their cost components. Finally, from an algorithmic point of view, 
the 
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computational cost can decrease by providing additional flexibility in the block orders 
handling. 

 
Figure 1: Order types utilized in the current operation of European power exchanges 
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Overview 
Australia has one of the highest uptake rates of distributed solar Photo Voltaic (PV) in the 

world with around one in four detached houses having installed the technology. However, the vast 
majority of solar PV is installed on owner-occupied dwellings because improvements are most 
readily made by changes to property that generally require approval and considerable capital 
outlay from the owner, rather than fittings or small-scale investments by the tenant. 

 
Numerous studies have shown that split incentives cause lower uptake of energy efficiency 

improvements in the rental sector (see Schleich and Gruber, 2008 and Gillingham et al., 2009 
among others). But there are few studies that discuss the barriers and potential solutions for 
installing distributed generation in low-income and rental housing. 

 
There are two key barriers to the adoption of solar PV by low-income households: the split 

incentive whereby the landlord incurs the capital cost of installation while the tenant receives 
lower electricity bills; and the relatively short tenures of rental agreements that create 
disincentives for tenants from purchasing panels themselves. In markets with restructured 
electricity retailing (as is the case in Australia’s National Electricity Market), there is the further 
complication of ‘customer churn’ between retailers. In this article, we contrast the economics of 
solar PV for ‘hardship’ customers, used as a proxy for low-income rental customers, with the 
economics for ‘average’ customers. 

 
Methods 

Our hypothesis is that the economic return from deploying embedded solar PV for low-income 
rental households is higher than that of an ‘average’ customer. To determine this we obtained two 
sets of consumption data from AGL Energy Ltd, one of Australia’s largest electricity retailers: 

 
• Half-hourly load profiles of 1,000 customers on AGL Energy’s hardship program, Staying 

Connected, for the 2017 calendar year. Hardship program customers were used as a proxy 
for low-income tenant consumption, consistent with the findings of Nelson et al (2018). 

 
• Half-hourly load profiles of 1,000 ‘average’ AGL Energy customers. 

These consumption data sets were then used to model the economic impacts of installing a 3 
kW solar PV system using a innovative business model designed to overcome the split incentive 
problem (see below). The half-hourly annual output profile for solar PV was derived from Clean 
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Energy Regulator data. 
 

We found that low-income households had higher electricity consumption on average, meaning 
the economic returns for deployment of the technology were superior for low-income rental 
households. We then sought to explore how a new approach to the business model may overcome 
the split incentive problem. Specifically, we modelled the impact of paying an upfront ‘leasing’ 
stipend to the owner of the property with a view to renting the roofspace. In this business model, 
the renter benefits from accessing low-cost solar energy behind the meter with any excess sold 
back to the grid. Neither the principal or the tenant would own the solar system but both would 
benefit from additional rental income (for the roofspace) and lower electricity bills respectively. 
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Results 
Our preliminary results are presented below. 

 
Scenario (1) 

$1000 
payment to 
landlord 
No subsidy 

(2) 
No payment 
to landlord 
No subsidy 

(3) 
$1000 
payment to 
landlord 
Subsidy 
included 

Internal rate of 
return (IRR) 7% 11% 14% 

Net present 
value 
(NPV) 

$634.03 $1,586.41 $2,119.75 

Simple payback 
period (years) 8.8 7.1 6.1 

 
The payback period for a new business installing and operating solar PV was found to be 6.1 years 
if subsidies for the solar system are assumed to be available (as they currently are). Assuming no 
subsidies and an upfront payment to the property owner of $1,000, the payback period is still 
relatively low at 8.8 years. 

 
Conclusions 

 
Our results show that solar PV could significantly reduce tenant-occupied household electricity 
bills and associated greenhouse gas emissions due to relative high average levels of energy 
consumption for low-income households. Our policy recommendation relates to a new 
organisational and financial structure for overcoming the split-incentive problem to ensure low-
income tenant-occupied households are able to deploy solar PV to maximise societal welfare. If 
deployed at scale, the cost of capital could be significantly lowered, thereby maximising societal 
welfare from installing lower-cost distributed generation to households that currently face split 
incentive barriers to uptake. 
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Overview 

 
The Government of Vanuatu (GoV) has identified addressing the cost of energy and security of 
supply as two of Vanuatu's development priorities. In an effort to improve both security and the 
cost of petroleum supply, the GoV together with the World Bank (WB), launched the Energy Road 
Map 2012-20221 to lay the foundation for future energy sector policy and investment. The 
Roadmap aims to identify the energy needs of the sector over the next 10 years, and the policy 
direction needed to support the required investment plan. Petroleum is a significant part of 
Vanuatu's energy needs and therefore an important input into the Road Map. 
The Road Map Inception Report identified a number of priorities for petroleum including: 

• Reduced reliance on imported petroleum 
• Strengthening of the legislative and regulatory framework 
• Risk management (including physical storage and financial hedging) to reduce 

exposure to high and volatile petroleum prices 

This study assesses Vanuatu's petroleum dependency over the next 10 years, examines the 
efficiency of the supply chain, identifies areas for improvement and consider options for reducing 
Vanuatu's vulnerability to high and volatile petroleum prices, including examining the regulatory 
arrangements required to do so. 

 

Methods 
 
An initial visit was undertaken to Vanuatu to meet with stakeholders, outline data requirements 
and develop plans for site visits. A visit by our engineering and environment experts enabled us 
to review all facilities from an engineering, environment and safety perspective. 
Our analysis and recommendations have been guided by the following framework, namely that our 
recommendations to address development priorities should: 

• Be driven by economic efficiency; 
• Identify the current level of energy security and recommend areas for improvement; 
• Identify an appropriate framework for providing environment, health and safety 

requirements; 
• Identify a transparent, workable and effective regulatory regime; 
• Be based on robust risk assessment and mitigation; and 
• Be guided by implementation ease and time horizon. 
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In considering options, this study has aimed to strike an appropriate balance between the needs 
of the market participants as investors for certainty, appropriate returns and financially 
sustainable businesses. The customers' needs for efficient, safe, reliable supplies of fuel and the 
energy security interests of the country. 

 

Results 
 
From a number of perspectives Vanuatu's dependence on petroleum is high and this looks set to 
continue. By 2022 our analysis indicates that demand will be nearly double what it is today. High 
and volatile energy prices are therefore likely to have an on-going and significant influence on the 
Vanuatu economy. 

It is notable that in every category, Vanuatu exhibited the lowest vulnerability to petroleum price 
shocks. Our conclusion is that this is due to Vanuatu’s extensive use of biomass for cooking and 
other household tasks, rather than diesel powered electricity. We cannot identify other significant 
elements of the supply chain that render Vanuatu less vulnerable than other neighbouring 
countries. 

 
 

1 The Vanautu Energy Roadmap has been updated for 2016-2030 and endorsed by the council of 
Ministers in August2017. 
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Market Size, structure demand and regulatory framework 
 

The Vanuatu market for petroleum and liquified petroleum gas (LPG) is small by 
regional standards, with annual domestic demand of around 56 million litres (including 
3 million litres of LPG) or about 10% of the size of Fiji's market. Assuming sufficient 
storage was available in Vanuatu, its annual petroleum demand could be met by slightly 
more than one delivery from the 40,000 tonne Medium Range (MR) ocean tanker 
currently used to deliver fuel to Vanuatu. 

 
Diesel is the largest volume imported (63% or 33 million litres) as it is also used in 
electricity generation (18 million litres including use for outer islands generation). Land 
transport fuels make up the biggest demand segment (50%), followed by electricity 
demand. 

 
The market is a monopoly with only one supplier for each of petroleum and LPG. This is a 
concern as most nations in the region have some form of competition. However this 
needs to be balanced by the consideration that having more competitors in a small 
market risks duplication of facilities, leading to higher costs because of the lack of scale. 

 
The regulatory framework specific to the petroleum and LPG sector is poor and the sector 
appears to be largely self- regulating in terms of environment, health and safety 
standards including for fuels quality, infrastructure and facilities. Matters such as pricing, 
risk management, and energy security are also determined by the market participants. 

 
Vanuatu's energy supply comes principally from biomass and petroleum. Our analysis 
suggests that petroleum's share continues to grow but it is difficult to be precise, 
because there is little empirical analysis around biomass use (a large rural population 
using wood for cooking and crop drying). A 2004 SPREP analysis estimated the biomass 
proportion to be around 50% of energy supply. Petroleum demand trends where growth 
has been well above population growth would suggest that the biomass share has 
reduced - our estimate is that biomass now makes up around 40% of gross energy 
production. 

 
This study has identified that there is a very high cost of fuel in the outer islands 
where prices can vary by 15-30 Vatu/litre higher than in Vila and Santo; this 
appears to be due to the high cost and irregular shipping within Vanuatu which 
results in much higher cost and periodic shortages of fuel. 

Stock levels are determined by oil and gas suppliers on a commercial basis, where 
levels are sufficient to be able to meet typical disruptions in the supply chain, taking 
into account alternative supply options (such as New Caledonia/Fiji) and the cost of 
holding stock. 

 

Conclusions 

There is a lack of transparency means assurance of fair market pricing is poor. 
Therefore, the recommendation is to reinstate fuel price monitoring with capability to be 
undertaken at regular intervals. For the petroleum sector it is recommended to 
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reinstate fuel price monitoring with capability to be undertaken at regular intervals. As 
there is no evidence of undue margins at present, monitoring (as opposed to price 
regulation. However, in the LPG sector it is the appropriate measure to increase 
transparency as a basis for future decision making through an introduction of price 
regulation. Evidence indicates that margins are high and higher than required to provide 
the market participant with an appropriate return when balanced against consumer 
needs for efficient, safe and reliable supplies of fuel. 

In August 2017, following adoption of the NERM, the Council of Ministers (COM) adopted 
and endorsed the recommendations of this report that new law was needed to introduce 
price monitoring of petroleum (liquid fuels) and price regulation of Liquified Petroleum 
Gas (LPG). The Government is now implementing that decision and assigned this 
responsibility to the Utilities Regulatory Authority of Vanuatu (the “Authority”). 

Distribution inefficiency to outer islands within Vanuatu increases costs for 
consumers. It is recommended to undertake scheduling optimization with supplier on 
barge proposal to ensure relevant components of supply chain optimised (balancing 
storage with vessel schedule). 

High stock holding policies are leading to storage investment earlier than necessary to 
meet demand growth, causing prices higher than might be the case if the timing of new 
investment was better aligned to demand expansion. High stock holding policies are 
leading to storage investment earlier than necessary to meet demand growth 

It is recommended to examine with the current suppliers scope for deferring storage 
investment (including constraints driven by electricity supplier UNELCO’s requirements. 
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Overview 
The inequality of the economy and heterogeneity in the environment require different climate 
polices for regions across China. Most studies focus on the climate polices at the national level, 
ignoring regional disparities in China. Moreover, the potential air quality and public health impacts 
of carbon policies across China are seldom explored. In order to fill these gaps, this study builds a 
multi-regional dynamic computable general equilibrium (CGE) model to explore air quality and 
health co-benefits of differentiated subnational carbon policies from 2020 to 2050. We develop 
four scenarios, including one national carbon policy and three differentiated subnational carbon 
policies, which macroscopically aim at achieving China’s 2030 national CO2 abatement targets. In 
the national policy scenario, carbon policy is implemented in 30 provinces of China mainland at a 
uniform tax rate (NP). In the subnational carbon policy scenarios, we divide the whole economy 
into two specific areas where are levied at high and low carbon tax rates, based on responsibility 
of regions across China which is measured by regional PM2.5 concentration (S1), capacity of 
regions across China which is measured by regional per capita GDP (S2), and potential of regions 
across China which is measured by regional energy consumption per unit of industrial added value 
(S3). 

 
Methods 
The economic model describes the relationship between the supply and demand achieving a 
balance by the price mechanism among 30 provinces of China. The basic structure and 
consumptions of the national dynamic CGE model, i.e., production, international trade, 
consumption behaviors, investment and savings, can be found in Xu et al. (2017). We extend the 
national model to a multi-regional one by specifically describing the interregional commodity flows 
across China. Inputs to the model are composed of production from local  region, other regions of 
China, and other countries. Interprovincial trade, as well as international trade for each province, 
is described by a constant elasticity of substitution (CES) function. The model also describes the 
consumption of products from different regions by households and government. Investment 
among regions follows the principle of maximizing revenue, that is, capital will flow from low-
income regions to high-revenue regions. Labor movement among regions depends on the 
differences in wages which are described by the distortion coefficient. The CGE model and policy 
simulation are run by GAMS (General Algebraic Modeling System) software. The economy is 
divided into 13 sectors. Among them, we pay special attention to heavy pollutant sectors i.e. 
Chemical Industry, Manufacture of Nonmetallic, Smelting and Pressing of Metals, and Thermal 
Power. Much of the data for this model is from Multi-Regional Input-Output Table for 2012 (Liu et 
al., 2018). Exogenous parameters used in this study are mainly obtianded from current literature. 
In contrast to Li et al., (2018), air pollutant emissions from Manufacture of Nonmetallic and 
Smelting and Pressing of Metals can be broken down into two parts which are process emissions 
and fuel combustion emissions. The first part would be calculated by the quantity of sectoral 
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output, and the second by fuel input with various production technologies. 
 

Based on the co-emitted pollutants (SO2 – sulfur dioxide, NOx – nitrogen oxides, VOC – volatile 
organic compounds, PM2.5 – fine particulate matter), we use the Extended Response Surface Model 
(ERSM) coupled with a widely used chemical transport model, the Community Multiscale Air 
Quality (CMAQ) model, to  calculate the air quality impact of carbon policy. Finally, the health co-
benefit is estimated using the Environmental Benefits Mapping and Analysis Program (BenMAP). 
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Overview 
 

Hydrogen is gaining momentum in New Zealand. With potential applications including energy 
storage, industrial heating, chemical feedstock and green fuel, hydrogen holds a vast potential as 
an alternative energy vector. The New Zealand Government recognizes the need to explore 
hydrogen in order to meet climate change commitments such as the 2015 Paris agreement and 
net-zero carbon emissions by 2050 (MBIE, 2019). A high share of renewables in the electricity mix 
(International Energy Agency, 2017) places New Zealand in a position to produce green hydrogen 
energy from renewable sources through electrolysis. 

 
One of the sectors where hydrogen can play a role as a clean energy vector is transport. In 2017, 
transport accounted for  total greenhouse gas emissions of about 16 million tonnes of CO2 
equivalent. Emissions growth in the road transport sector is responsible for an overall increase of 
New Zealand’s greenhouse gas emissions (Ministry for the Environment, 2019). In particular, the 
heavy vehicle fleet is considered “hard to decarbonize”, where penetration of battery technology is 
difficult (Energy Transitions Commission, 2018). 

 
This paper examines the feasibility of green hydrogen as a transport fuel for Very Heavy Vehicles 
(VHVs) in New Zealand. VHVs are defined as those vehicles whose mass exceeds 30 tonnes 
(Concept Consultancy, 2019). Green hydrogen fuel is attractive for VHVs for several reasons: 
First, VHVs tend to have definite travel patterns with routine back-to-base trips, suitable to be 
serviced by a centralized hydrogen refuelling facility. Second, growth of heavy traffic follows with 
GDP. Economic growth necessitates road freight activities (ANZ, 2019). Third, heavy vehicles 
consume diesel, a non-renewable fuel. Diesel is a depleting resource and its local prices are 
greatly influenced by international price volatility. Therefore, green hydrogen fuel holds a promise 
of decarbonizing VHVs without compromising road freight activities. 

 
 
 

Methods 
The methodology is summed up as follows: (1) establishing the hydrogen demand, (2) sizing the 
renewable energy source available, and (3) determining the price of hydrogen. 
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Hydrogen demand for VHVs was calculated by displacing diesel fuel consumption. In 2017, 
transport diesel accounted for 99.65 PJs in the total diesel consumption (MBIE, 2017). VHVs 
consumed 14.7% (or 14.8 PJs) of the transport diesel (Concept Consultancy, 2019). This figure 
was further refined per region using the diesel port offtake data from MBIE. From this, travel 
kilometres were obtained from a conversion of 43 L/100 km  (Collier et al., 2019). Hydrogen 
demand volumes were calculated using the indicative hydrogen consumption of 
13.6 kg/100 km from a Toyota semi-truck [REF]. 

Green hydrogen needs to be produced from purely renewable sources. Renewable energy projects 
with consented status were evaluated to determine whether there is sufficient capacity to supply 
the hydrogen fuel requirement. Proposed renewable generating plants are arranged per region 
(Electricity Market Information, 2018). In order to get GWh estimates from the indicative MW 
values, capacity factors of each renewable 
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resource per region are used. GWh estimates from the proposed renewable generating plants are 
used to determine its sufficiency to power regional hydrogen production. 

Lastly, the corresponding price of hydrogen is calculated based on the concept of levelized cost. 
Parameters such as electrolyser capital costs and electricity costs were calibrated based on a 
range of values. A sensitivity analysis was conducted to determine the factors that will greatly 
influence hydrogen prices. 

 
 
 
 

Results 
The results shown in this abstract are the initial outcomes of the research. Regional green 
hydrogen demand and additional renewable generating plant projects have been estimated. The 
overall hydrogen demand is 1,339 Million Nm3, equivalent to 
14.5 PJ (LHV7) to 17.1 PJ (HHV8) of electrolytic energy. This figure is close to the 14.7 PJ of 
equivalent diesel consumption in VHVs. This illustrates that green hydrogen is a viable fuel 
replacement for diesel in terms of overall energy content for VHVs. 

The electrical energy equivalent of overall green hydrogen demand ranges from 4,009 GWh 
(LHV1) to 4,743 GWh (HHV2). The indicative additional consented renewable generating plants at 
9,824 GWh is sufficient to meet the additional deman. Most of the hydrogen demand and 
renewable generating plants are located in the North Island. This makes sense as most of New 
Zealand’s road freight activities occur where production and industrial activities, as well as the 
concentration of population, are located (ANZ, 2019). 

 
The calculation of hydrogen levelized cost and sensitivity analyses will be included in the submission 
of the final paper. 

 
 

 
 

• (b) 



Page 52 

 

 

Figure 1. Regional approximation of green hydrogen fuel demand (a) and additional renewable 
generating facility (b). 

 
Conclusions 
This paper establishes the green hydrogen fuel demand for VHSs and sizes the required renewable 
energy resource to meet the demand. Based on the initial results, electrolytic energy equivalent of 
overall green hydrogen demand is close to the equivalent diesel fuel consumption in VHVs. Also, 
additional consented renewable generating plants alone can drive the production of green 
hydrogen fuel at a national level. These are good indications that a green hydrogen fuel scenario 
for the VHV fleet is possible in New Zealand. The next step for this work in progress paper is to 
complete the calculation of hydrogen levelized cost and sensitivity analysis of the important 
factors that affect the prices of hydrogen. 

 
7 Low heating value or net calorific value of hydrogen, 33.3 kWh/kg 
8 High heating value or gross calorific value of hydrogen, 39.4 kWh/kg 
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Overview 
The Global warming caused by climate change and the resulting series of ecological and 
environmental problems has been seriously affecting human health, social and economic 
development, and gradually becomes one of the most serious and complex challenges facing the 
international society. 

 
In order to counteract CO2 emissions that contribute to climate change, emissions trading 
schemes (ETS) have been implemented in many countries. It is a policy tool based on market 
mechanisms to achieve greenhouse gas emission reduction, and to stimulate greenhouse gas 
emission reduction by providing prices for negative externality (Diaz-Rainey & Tulloch, 2018). 
ETS is considered to reach a specific CO2-e emissions target at least cost(Sorrell & Sijm, 2003). 

 
NZ’s ETS commenced operation in January 2008 and it has been the most critical tool for 
addressing climate change. Initially, the Climate Change Response (Emission Trading) 
Amendment Act 2008 came into force with the forestry sector included only. Later Amendment 
Act 2009 set a conditional cap of 10-20% abatement of greenhouse gas (GHGs) emissions 
compared to 1900 levels by 2020. The government, yet again, revised Amendment Act 2009 and 
limited the cap to 5% reduction of GHGs emissions unconditionally below 1990 levels. According 
to the latest “New Zealand climate change work program – mitigation” announced by Ministry of 
the environment of New Zealand, the goal of the most recent initiatives to reduce greenhouse gas 
emissions by 30 percent below 2005 levels in 2030, which equals to 11 percent below 1990 
levels. In the long run, the Government aims to reduce emissions to net zero by 2050 (MfE, 
2017). In Sep 2018-mid 2019, New Zealand has stressed different emission reduction targets for 
different stages and placed a cap on emissions covered by ETS. 

 
Methods 
The innovation of the article is to model timber growth and the forestry carbon sequestration in 
the recursive dynamic CGE, where the forest carbon sinks react dynamically in the model to 
capture the effects of forest growth on carbon offsets and carbon prices under NZ ETS. In addition 
to the same parts of the traditional CGE, this model requires additional variables such as carbon 
emissions, carbon price and woody biomass etc. 

 
The structure of the article is as follows: Section 2 explains methodology and data input. In Section 
3 we simulate different scenarios. Section 4 shows the simulation results and discussion. The final 
conclusions are obtained in Section 5. 
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Overview 
Exhaust gases emitted from vehicles, like carbon monoxide (CO), nitrogen oxides (NOx), and 
particulate matter (PM), harm human health as well as the environment. To alleviate the 
undesirable side effects of automobile utilization, every APEC economy has adopted fuel quality 
standards, which set emission limits for car  pollutants. However, it is unavoidable that in different 
APEC economies, a vast variety of specifications have been adopted and utilized. At the same 
time, the APEC oil market, and particularly oil trade, finds itself in a state of uncertainty and flux 
because it is hampered by the differences in quality specifications. Among several key factors 
sustaining the APEC trade flows, the harmonization of APEC fuel quality standards stands out as 
one of the possible transitions to support the APEC oil trade market, minimize environmental 
emissions, and reduce unnecessary oil movement and its excessive logistics costs in the long term. 

 
This paper seeks to highlight the emerging threat of vast differences of qualities among the 
petroleum products especially diesel and gasoline in APEC Asia and Oceania which have 
considerably limited trade among APEC economies and analyses the transition opportunities to 
harmonize the fuel quality standards in its oil market. This research also aims to help policymakers 
across APEC in improving the sustainability and security of their energy systems and to integrate 
these indications into policy strategies. This paper also compares the economic benefits of 
improving or harmonizing the quality standards with the investment cost to upgrade the quality 
standards to meet the specifications required by the government and industry. 

Methods 
The approach used in this research is Gap Analysis, SWOT Analysis (Strengths, S; Weaknesses, 
W;  Opportunities, O; and Threats, T), and the Asia Pacific Energy Research Centre (APERC) 
Financial and Economic Model. 

 
The data on transportation fuel standards of APEC Asia and Oceania is from the Expert Group on 
Energy Data and Analysis (EGEDA) and the inputs from economy representatives at APERC. The 
gap analysis is used  to assess the differences of diesel and gasoline quality standards among 
APEC Asia and Oceania economies. The SWOT analysis identifies the key factors (both internal and 
external) associated with the harmonization and improvement of the product quality standards 
within APEC Asia and Oceania. Based on the results from the SWOT analysis, the APERC Financial 
and Economic Model is used to evaluate the economic costs and benefits for APEC Asia and 
Oceania in upgrading and harmonizing the product quality standards. Using Thailand as a case 
study, the APERC Financial and Economic Model calculates the economic costs and benefits of 
Thailand in changing the diesel and gasoline specifications from Euro 3 to Euro 4. The results 
obtained from the model are then evaluated to investigate whether Thailand’s drive to Euro 4 
quality is justifiable and beneficial to its economy. 
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Results 
The gap analysis for fuel quality standards in APEC Asia and Oceania (Figure 1) summarizes the 
differences of fuel quality standards of the diesel and gasoline which are adopted and applied as 
transportation fuels in APEC Asia and Oceania region. The fuel quality standards adopted in some 
APEC economies are generally behind those in Europe and widely vary among economies. While 
passenger cars in Australia, China, Hong Kong, Japan, Korea, and Singapore are already subject 
to the Euro 5 standard, other southeast Asian economies have adopted only Euro 2, Euro 3, and 
Euro 4; for example, Indonesia progressed two levels from Euro 2 to Euro 4 for gasoline vehicles 
in October 2018 and plans for Euro 4 diesel in 2021 while Thailand shifted from Euro 3 to Euro 4 
for both diesel and gasoline in early 2016 and plans to upgrade to Euro 5 in the 2021-2023 
timeframe. 
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Utilizing fuels with common standards in APEC will contribute to more flexible product trades since 
the differences in their qualities may have hindered their active trades which can be translated 
into the extra costs incurred when developing the trade in the region. Should this barrier be 
resolved, more dynamic trades of fuels will strengthen APEC energy security. This is particularly 
true to southeast Asia, with significant intra-product trade and yet different quality standards in 
the region. 

 
 

Figure 1: Gap analysis of fuel quality standards in APEC Asia and Oceania 
 
 
 
 
 
 
 
 
 
 

Note: (g) represents gasoline, (d) refers to diesel. China imposes stricter regulations to 
cities such as Beijing, Shanghai, and Guangzhou. Sources: PTIT (2016), European 
Environment Agency (2015), APERC Oil Report 2019 (2019) 
The SWOT analysis on APEC Asia and Oceania economies shows that the market expansion (S), 
energy transition and security (S), and petroleum product trading (O) are advantages but the 
refinery investment (W), differences in car service life (T), and differences in environmental 
policies (T) are barriers to the attempt to harmonize the quality standards in APEC Asia and 
Oceania. The identified factors from the strengths and opportunity categories are used to evaluate 
the economic benefits while the factors from the weakness and threats categories are used to 
calculate the economic costs associated with the upgrading process of the fuel specifications. 
Using the APERC Financial and Economic Model to calculate Thailand’s economic costs and benefits 
in the transportation fuel transition from Euro 3 to Euro 4 as a case study, the benefit to Thailand 
in implementing Euro 4 diesel oil was calculated to be US$756 million based on cleaner air with 
sulphur limits reduced from 350 ppm to 50 ppm. Besides, less CO, NOx, and PM emission have 
been realized in addition to the saving from health care cost reduction due to less respiratory 
health patients. On the other hand, the economic cost was derived from the refinery investment in 
its de-sulfurization units to remove sulphur in the diesel and was equivalent to US$74 million. The 
model was also applied to estimate the economic costs and benefits to upgrade the gasoline from 
Euro 3 (150 ppm sulphur) to Euro 4 (50 ppm sulphur). In this case, the economic benefit in 
implementing Euro 4 gasoline was calculated to be US$84 million and the cost in adopting the 
Euro 4 gasoline standard was equivalent to US$8 million. When comparing the costs (US$74 
million for diesel and US$8 million for gasoline) to the benefits (US$756 million for diesel and 
US$84 million for gasoline), it was, therefore, justifiable for Thailand to advance to Euro 4. 

 
This systematic economic costs and benefits evaluation technique can also be applied to the case 
of any economy that is preparing to upgrade its transportation fuel to a better quality standard 
such as in many APEC Asia and Oceania economies or any economy that prepares to upgrade its 
bunker oil quality to comply with the new tanker regulations to limit sulphur content (from 3.5% 
to 0.5%) on marine fuels to be enforced in 2020 by the International Maritime Organization (IMO) 
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based on its recognition that tightening the emission standard is necessary to mitigate the 
environmental impact stemming from bunker fuel. 

Conclusions 
The evaluation of Thailand to upgrade its diesel quality standard from Euro 3 to Euro 4 shows that 
the economic benefit is worth US$756 million versus economic costs of US$74 million while the 
economic benefit of gasoline Euro 4 is US$84 million versus economic costs of US$8 million for 
gasoline. Following this systematic approach, the APERC Financial and Economic Model can be 
further applied to evaluate whether it is economical 
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to harmonize the quality standards of APEC Asia and Oceania economies. The model can also be 
used to evaluate Thailand transition to Euro 5 during 2021-2023 timeframe. Besides, it is possible 
for any economies to apply this technique in evaluating its bunker oil quality to comply with the 
IMO regulation to be in effect on January 2020 by comparing the upgrading costs to produce 0.5% 
S versus 3.5% S bunker oil with the benefits of the improving environment and a more flexible 
trade flow of bunker oil. Last but not least, the technique can be applied to evaluate the economic 
costs and benefits of oil market transition, oil trading, transportation pipelines installation 
opportunity, and evaluate the supply security in crisis when supply disruption takes place. 
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Overview 
The Indonesian geothermal energy business goal is considered infeasible due to its high 

exploration risk and non- bankable PPA (Power Purchase Agreement). The fact is that the GPP 
(Geothermal Project Plant) realization is out of target. Then, it is essential to assess how can GPP 
company work on the PPA project with high exploration risk, even set up high target achievement 
for the sustainability of geothermal energy business. The rising drilling price and electricity 
generation cost worsen this situation. SWOT Analysis and Policy Gap analysis are employed to 
assess the conditions, identify the challenges and suggest necessary requirements such as 
effective incentives to have a successful GPP. Microeconomic model is also provided to support 
effective incentives for the theoretical framework, especially to deal with rising exploration and 
electricity generation cost. Therefore, the paper aims to propose solutions and recommendations 
mirroring Indonesia’s current condition. 

 
 
 

Methods 
1. SWOT Analysis to assess Indonesia’s geothermal energy business. 
2. Policy Gap Analysis to identify lack of regulation to be improved. 
3. Microeconomic Model for effective incentives by applying production theory in the models of: 

a. Cost Function of Geothermal Developer, mainly drilling cost, 
b. Incentives theory to avoid Bankruptcy for Perfect Competition Market, and 
c. Effectives Incentives and Cost Model for Business Sustainability 

 
 
 

Results 
Effective Incentives only works on decreasing or constant production cost 

 
 
 

Conclusions 
1. Sustainable Incentives only works for constant or decreasing production cost (excluding 

inflation cost). 
2. Incentives for Research on drilling especially for cost reduction and expert development 

should be strengthened and accelerated 
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Overview 
Renewable energy sources (RES) in the electricity system increase the need for flexible 
balancing of supply- dependent infeed – storage is thereby one important option. We formulate 
the long-term partial equilibrium model for competitive electricity markets with conventional 
generation, storage and stochastic infeed represented by a stationary Markov process. We 
explore the role of precautionary storage both using a stochastic program and using a mixed 
complimentarity problem formulation. It turns out that storage profitability is enhanced both by 
deterministic variations of net demand and mean reverting stochastic variations of net demand. 
Precautionary storage gets particularly relevant with low deterministic and high stochastic 
fluctuations. 

 
Methods 

Optimal storage operation and investment have been addressed in literature using multiple 
methods. Thereby the perspective of a single operator may be distinguished from an system-
oriented analysis. A further distinction is between short-term models with fixed capacities and 
long-term models with endogenous investment decisions. Methods like stochastic dynamic 
programming (SDP), stochastic dual dynamic programming (SDDP) and approximate stochastic 
programming (ASDP) have been successfully implemented to derive optimal storage operation 
under uncertainy at given capacities – both for single operators and in a system perspective. Yet 
for long-term modelling with capacity so far deterministic approaches based on linear or mixed 
integer programs dominate. 

 
The present paper contributes therefore a novel approach that formulates the optimal 

operation and  investment decisions in a partial equilibrium framework (system perspective) 
including uncertainty notably regarding renewable infeed. It thus avoids the pitfalls of 
deterministic approaches that provide optimal solutions under an unrealistic assumption of perfect 
foresight of renewable infeed. 

 
The approach includes modelling the renewable infeed as a stationary Markov process and 

formulating the optimal operation decisions under uncertainties using the Bellmann principle. In 
the equilibrium formulation, optimal operation and investment decisions are determined 
simultaneously with the dual variables that represent the prices and scarcity rents in all system 
states. Thereby an approach analogous to the Benders decomposition is applied to describe the 
value function for the storage filling level. This yields a mixed-complimentarity problem. 

 
For the solution of the problem, three methods are explored: a first version simplifies the 

problem in order to obtain a stochastic linear optimization problem. In the second approach, a 
problem specific iterative solution approach is implemented including a grid-search approach for 
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determining optimal storage capacities. The third approach finally makes use of standard MCP 
solvers like PATH to solve the problem in an integral way. 

 
Results 

Preliminary results have been obtained sofar for the first two methods with a stylized case 
study based on German data. They indicate that storage is an important complement to variable 
renewable energy sources albeit it is competing with other flexibility sources such as conventional 
peaking units or demand curtailment. Thereby, storage is particularly advantageous if there are 
predictable fluctuations in the renewable infeed. 
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The results will be expanded to highlight the role of different infeed patterns and different 
availability of storage technologies – as both generation of variable renewables like solar and wind 
and storage potentials for hydro are highly location-dependent. 

 
Conclusions 

As it stands, the novel approach allows general insights into the role of storage in the 
transition to sustainable energy systems. By providing a comprehensive yet reduced problem 
formulation, the impact of locally varying factors (weather, topography) may be investigated in a 
coherent framework. The approach may be further extended to include further details like grid 
restrictions or multiple sources of uncertainty. 
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Overview 
Against the Government’s policy to achieve 80% reduction of GHG in 2050 by utilizing new 

technologies including CCUS, we analyze the energy demand and supply balance to achieve 80% 
reduction of CO2 emission in 2050 with existing zero emission technologies including renewables 
and nuclear power. Also, we clarify the options which achieve 80% reduction of CO2 emission if 
nuclear power generation capacity is constrained in Japan. 

 
Methods 
We estimate the energy demand by use of the econometric model which includes the structure to 

calculate the real GDP and industrial outputs. As for the energy supply, we estimate the electricity 
generation and capacity in 2050 with optimization model in which power generation cost is 
minimized under CO2 restriction. Electricity demand and some variables are mutually used in 
these models. That’s why we get consistent results with macroeconomic situation, industrial 
structure, and energy demand and supply. 

 
Results 
We assume the rate of economic growth and the change in the final energy consumption intensity 

until 2030 are the same as those in Long-term energy supply and demand outlook of Japan. After 
2030, GDP growth rate and the change in the final energy consumption intensity are assumed to 
fall down. The entire potentials of the renewables will be exploited in 2050 (Solar PV: 360GW, 
Wind: 75GW). Moreover, assuming output of renewables never curtailed by installing batteries on 
a massive scale, generation capacity of nuclear power plants has to reach 29GW to achieve 80% 
reduction of CO2 emission while maintaining network stability. The ratio of zero emission power 
supply reaches 84% in 2050, while capacity of LNG power plants remains 67GW. 

 
29GW of the nuclear generation capacity means some new nuclear power units should be 

constructed by 2050 even if capacity factor is assumed to be as high as 86.7%. Japan does not 
have much time left to decide on the use of nuclear power. 

 
Another two options to achieve 80% reduction of CO2 emission in case of the restriction of 

nuclear power capacity are taken into account in this analysis. One is the CCUS, the other is the 
economic stagnation. When capacity of nuclear power remains 16.8GW in 2050, CCUS of 30Mt-
CO2 in 2050 is required in the first case. In the second case, economic growth rate has to fall to 
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zero to reach 80% reduction of CO2. Accomplishment of these conditions seems not to be easy. 
 

Conclusions 
Since power generated by renewables are already fully exploited, if ‘methanation’, which is one of 

the methods to use CO2, is to be used on a large scale, import of hydrogen or additional zero-
emission power supply is indispensable in Japan. Furthermore, if CCUS costs put additional burden 
on Japanese manufacturing industries, it may impair their international competitiveness. 

 
With the service life of nuclear power plants at 60 years, the fleet will start to shrink drastically 

beyond 2050. Thus, further measures should be taken to limit
 CO2 emission onward. 
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Overview 
The two most important climate policy events of the second half of this decade are the signing of 
the Paris Agreement and the election of Donald Trump. The former being particularly important 
globally, as 174 nations laid out their efforts to combat climate change through their Intended 
Nationally Determined Contributions (INDC) commitment. Critically, the U.S. was part of the Paris 
Agreement. This was particularly important since the U.S. had not been part of the Kyoto Protocol 
and, as such, its involvement represented a clear signal that it was moving towards an 
accelerated energy transition with concomitant implications for listed U.S. oil and gas firm 
valuation. However, the election of Donald Trump appeared to reverse this. President Trump has 
been a staunch supporter of the U.S. oil and gas industry during and after his presidential 
campaign. President Trump’s supportive policy towards the oil and gas sector (which includes his 
announced withdrawal from the Paris Agreement in June 2017) coupled with technological 
advances in fracking have seen a remarkable 
expansion in U.S. oil and gas production that is set to make the U.S. a net energy exporter by 2020. 
This noted, 
a counter reaction to President Trump’s climate unfriendly policies has spread across the U.S. 
through 
movements such as “We are still in” and United States Climate Alliance. These groups represent 
about half the 
U.S. population and GDP and commit a range of states, companies and cities within the U.S. 
to emissions reductions targets that are consistent with the Paris Agreement. 

The above discussion posits the question; which has been more value relevant to the oil 
and gas sector, the Paris Agreement or the election of Donald Trump? Therefore, this paper 
investigates how policy induced transition risk is affecting the value of U.S. listed oil and gas firms 
in recent years. More specifically, our analysis explores the stock market and option implied 
volatility impact of the following four events 

• the Paris Agreement (12 December, 2015) 
• the ratification of the Paris Agreement by China and the U.S. (3 September, 2016) 
• the election of Donald Trump (8 November 2016) 
• the announced withdrawal of the U.S. from the Paris Agreement. (1 June 2017) 

 
In doing so, we contribute to the literature on the valuation of oil and gas firms generally (Badia et 
al., 2019; Ewing and Thompson, 2016; Misund et al., 2014; Kaiser, 2010; Howard and Harp, 
2009; Osmundsen et al., 2006). More specifically, we contribute to the emerging literature on how 
climate risk might affect these oil and gas firms (Mukanjari & Sterner, 2018; Griffin et al., 2015; 
Heede et al., 2016; Meinshausen et al., 2009). Of these only Mukanjari & Sterner (2018) look at 
more recent years and include an examination of both the Paris Agreement and the Trump 
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election. In this sense, their study is very close to ours but our conclusion differs markedly since 
they concentrate their analysis on ETFs and conclude that the Paris and Trump election had only 
moderate effects. We confirm their result using ETFs; however, when we construct equally 
weighted portfolios of the whole sector, subsectors and splitting by nationality (U.S. and non-U.S.) 
we find that the results are markedly different. 
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Methods 
 

Event Study of Potfolio Stock Returns 
To examine the price impact of the four events we follow a portfolio event study approach with 
an estimation period of 200 trading days (Chou, Tian, & Yin, 2015; DellaVigna & Pollet, 2009; 
O'hara & Shaw, 1990). The estimation window is t=-225 to t=-26. We allow a gap of 20 trading 
days between the end of the estimation period and the beginning of the event window, to avoid 
the problem of including information that is leaked long before the events in our estimation 
window. We adopt a relatively long [-5,+5] event window, to account for the uncertainty of the 
actual timing of news leakage, and the possibility of market under-reaction. 

 
Implied Volatility Event Study 
We are also interested in testing how traders of options on integrated oil and gas companies as 
well as the XLE ETF reacted to the events. Options traders are often more sophisticated than 
equity traders and information from option markets provides a different perspective to that of 
equity markets. From option prices we can extract the implied volatility. This metric can be 
thought of as the option markets expectation of volatility over the life of the option contract. 
Therefore, it is of interest to investigate if option traders’ expectations about future volatility are 
affected by and/or react to each of the four events. To examine the effect of the events on the 
implied volatility of oil and gas companies we employ the event study framework of Chen & 
Clements (2007), who study the effect of monetary policy announcements on S&P 500 implied 
volatility. 

 
Results & Conclusions 

Our results show that the signing of the Paris Agreement had a large negative impact for 
the whole sector (CAAR -8.4%) with Oil & Gas Exploration and Production (CAAR -12.1%) and 
Oil & Gas Drilling (CAAR - 10.5%) most severely affected. In general, the Paris Agreement had a 
much stronger impact on firms that had 
U.S. focused operations as distinct to U.S. listed firms with international operations. We find that 
the ratification of the Paris Agreement by China and the U.S. had limited impact. Contrary to 
expectations, the election of Donald Trump and the announced withdrawal of the U.S. from the 
Paris Agreement did not have positive effects on the sector, in fact, they negatively affected some 
sub-sectors (transport and integrated). We attribute this to Trump’s policies supporting domestic 
production benefitting domestic unlisted independent producers at the expense of listed 
competitors with import and international assets. Overall, however, the impact of Paris would 
seem to have trumped Trump. 
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Overview 
The PV rooftop user in Indonesia has been emerging since 2017. This phenomenon is triggered 

by the Indonesian government target to reach 23% of the energy mix in 2025, while the price of 
PV rooftop is decreasing year by year which led to disruptive energy resources (DER). To face the 
competitor and to be the market leader of rooftop PV in Indonesia, PLN has to get the data of the 
existing customer to understand the characteristic of them. With this data, PLN hopefully can 
formulate the next business plan in offering the rooftop PV to the potential customer in Indonesia. 

 
Methods 

The methods used in this research is by conducting an offline survey to several customers in 3 
regions in Indonesia: DKI Jakarta, East Java, and Bali. Those regions were chosen due to the 
highest number of customer and the highest  intensity of solar power. Another method is by 
setting up Focus Group Discussion to the existing customer. 

 
Results 

The result shows that 61.05% of customers are male while the average age is 44.36 years. 
The youngest and oldest age are respectively 19 and 72 years. The respondents mostly live within 
5 km from the city center. More than one third have a salary around 700-1000 USD per month. 
Around half of the answerers have the power capacity of 2200 VA, 1300 VA, and 4400 VA. 
Surprisingly, about 48% of them choose PV rooftop because it is more economical than if they 
don’t install it. 

 
Conclusions 

This paper suggests business development in PLN to make a strategic plan in offering rooftop 
PV to Indonesian market, and also for the next research to develop any model related to PV 
rooftop development in Indonesia as well as the world. 
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 Overview 
Hydropower is a cost-effective technology to generate electricity. To date, the hydropower 
installed capacity has reached nearly 1.3 terawatts worldwide (IRENA, 2018). Since 
hydropower is also a clean source of electricity, it plays an important role in mitigating 
climate change. However, climate change is expected to intensify the global hydrological 
cycle, resulting in modifications of river flows' size and seasonality, which may influence the 
water availability for hydropower (Sample et al., 2015). This paper aims to assess the 
impacts of climate change on the water availability for hydropower in Java-Bali islands, 
Indonesia, and successively, on the future electricity supply mix of the Java-Bali power 
system. 

 
1. Methods 
We employ the Water Evaluation And Planning system (WEAP) and the Long-range Energy 
Alternatives Planning system (LEAP) software tools to quantify the impacts of the future 
climate on hydropower availability and subsequently, evaluate the impacts on the electricity 
supply mix in the Java-Bali power system. Both WEAP and LEAP are developed by the 
Stockholm Environment Institute and are sister tools that share many of the same design 
feature and approaches. Moreover, WEAP has a built-in link with LEAP, allowing the 
integration of WEAP outputs into the system-wide LEAP model (Sieber, 2019). 

Firstly, we quantify the impacts of climate change on the availability of water for 
hydropower using WEAP. After which, we input the WEAP modeling results into the LEAP 
model. Secondly, we simulate the expansion of the Java- Bali power system from 2019 
through to 2050, taking into account the objective of meeting Indonesia’s renewable energy 
targets and the impacts of the future climate on hydropower. We develop five scenarios for 
the Java-Bali power system expansion. The first scenario, 
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i.e ., reference scenario, does not consider climate change impacts. Meanwhile, the four 
other scenarios taking into account climate change impacts based on Representative 
Concentration Pathway (RCP) scenarios used in the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change. The low-emission scenario (RCP2.6) assumes 
that the concentration of CO2 reaches approximately 490 CO2eq. by 2100. RCP4.5 is one of 
the medium stabilization scenarios assuming a stable radiation intensity at approximately 
4.5 W/m2 or equivalent to 650 ppm CO2 eq. after 2100. RCP 
6.0 assumes the CO2 concentration keep stable at approximately 850 CO2eq. after 2100. 
RCP8.5 is the one very high baseline emission scenario, which assumes a constant rise 
pathway leading to 8.5 W/m2 of the radiation intensity (more than 1,370 ppm CO2 eq.) in 
2100 (Zhang et al., 2017) 

 
2. Results 
Our results indicate that the annual water availabilities are similar across climate change 
scenarios except those in the RCP4.5 scenario where the water availabilities are higher from 
2040 onwards, as depicted in Fig.1 for Cirata and Saguling HEPPs. These two HEPPs are 
located in the Citarum river basin and are the largest HEPPs in Indonesia. We extrapolate 
these results to the rest of HEPPs throughout the Java-Bali islands when simulating the 
Java-Bali power system expansion. The simulation results show a slight increase in the 
Java-Bali hydropower production from 2020 to 2039 in all climate change scenarios 
compared to the reference scenario (Fig. 2). However, from 2040 onwards, a slight 
decrease in hydropower production is observed under the high- emission scenario (RCP8.5). 
Likewise, the increased percentage of hydropower production is lower under the RCP2.6 and 
RCP6.0 scenarios. Moreover, the electricity production under RCP8.5 scenario decreases 
below the reference scenario. Meanwhile, under the RCP4.5 scenario, hydropower 
production rises even higher. 
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(a) (b) 
Fig. 1 Annual availability of water for Cirata HEPP (a) and Saguling 
HEPP (b) 

 
Fig. 2 The percentage of electricity production 
variations in climate change scenarios compared 
to the reference scenario 

 
Meanwhile, we observe no significant differences in term of the electricity mix 
between the reference and climate change scenarios (Fig. 3). This is partly 
because our simulations consider the target of renewable energy share in the 
national energy mix by 23% and 31% in 2025 and 2050, respectively. Hence, the 
configuration of the electricity mix should comply with these targets. Moreover, 
the hydropower potential is limited compared to other sources such as coal and 
solar. During the time horizon of this study, all hydropower potential in Java-Bali 
is gradually exploited to meet the renewable energy targets; therefore any 
additional capacity required to meet the electricity demand are added from other 
energy sources, resulting in relatively similar electricity mix across all scenarios. 
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(a) (b) 
Fig. 3 Electricity supply mix of the Java-Bali power system in 2025 (a) 
and 2050 (b) 

 
3. Conclusions 
As far as gradual changes in temperature and precipitation are concerned, climate 
change has no significant impacts on the water availability for hydropower in the 
Java-Bali islands. Likewise, the impacts on the electricity supply mix in the Java-
Bali power system as a whole is minor. However, hydropower contributes to the 
achievement of Indonesia’s renewable energy targets and plays an essential role 
as peaker power plants in the Java-Bali power system. Extreme weather events, 
such as droughts may have implications on its role to serve the peak electricity 
demand. Meanwhile, days of extreme precipitation may trigger water spill from 
the reservoirs, causing flooding downstream. The consideration of these extreme 
events on power system expansion is an essential topic for future work. 
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Overview 
The 17 Sustainable Development Goals (SDGs), which were put in place by the United 
Nations in 2015, aim to provide governments across the globe a clearly defined list of 
targets that will need to be achieved by 2030 to ensure a sustainable, equal, and safe 
future for all people [1]. Among all SDGs, goal number 7 specifically addresses the 
energy sector, urging major groups and other stakeholders to ensure “access to 
affordable, reliable, sustainable and modern energy”. Despite the substantial progress 
achieved in recent years on energy accessibility and renewable energy promotion [2], 
nearly 840 million people (11% of the human population) remain without access to 
electricity [3] (Figure 1). Several studies have recently reported the implementation of 
innovative off- grid power system as a solution to the ubiquitous problem of access to 
clean energy and electricity for isolated communities. One of such power systems is the 
so-called stand-alone hybrid renewable energy system (HRES). HRESs integrate two or 
more different power generation technologies (e.g., solar, wind, microturbines, micro 
hydro, internal combustion 
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engines), a power control unit, and an energy storage [4]. Figure 2 depicts a general 
HRES configuration. In these types of systems, renewable energy sources (RES) minimize 
the environmental impact associated with burning fossil fuels while being complemented 
by conventional and energy storage units. Furthermore, the integration of energy storage 
technologies balance and stabilize the system during unfavorable meteorological 
conditions and help increase its overall  efficiency. Despite the potential benefits of hybrid 
renewable energy systems, their widespread deployment faces numerous technical and 
economic challenges. In this context, the paper presents a methodological framework for 
the economic optimization of stand- alone hybrid renewable energy systems. 

 
 

Figure 1 – Population without access to 
electricity 

(2017) Source: IEA (2019) 

 
 

Figure 2 - General configuration 
of a hybrid 

renewable energy 
system 

 
 
 
 
 
 
 
 

Methods 
The framework presented in this study is designed to support practitioners and 
researchers on the techno-economic analysis of hybrid renewable energy systems. More 
specifically, it assists in solving the problem of finding the optimal capacity and most 
suitable configuration of power generation technologies in an off-grid HRES while 
considering the local energy demand, capital and operational/maintenance costs, fuel 
prices, energy conversion efficiencies, ramp limits, power  generation limits, and a 
number of technical constraints. The framework is mainly based on a Mixed Integer 
Linear Programming (MILP) model implemented in the General Algebraic Modeling 
System (GAMS) and solved with CPLEX 12.8 solver. The objective function of the model 
concerns the minimization of the total life cycle costs of the system. The proposed 
framework is tested with three case studies evaluating the potential deployment of HRESs 
in rural areas of Ecuador, Colombia and Peru, three emerging and developing economies 
in Latin America. In this study, HRESs provide electricity to isolated rural villages by 
using locally available resources. The hybrid power systems consist of PV arrays, small 
wind turbines, lithium-ion batteries, diesel/biomass generators, among other 
technologies. 
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A sensitivity analysis is conducted to evaluate the model response to variations in fuel 
prices, fluctuations of weather conditions and economic parameters. Moreover, the 
feasibility of each case study is evaluated through a set of economic and technical 
indicators and by comparing their levelized cost of electricity (LCOE), total CO2 emissions 
and share of energy sources. Figure 3 shows an overview of the proposed optimization 
framework. 

 

Figure 3 - Overview of the optimization framework for HRES 
 

Preliminary 
results 
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The preliminary results of this study demonstrate the advantages of the proposed framework 
for the economic optimization of stand-alone hybrid renewable energy systems. The model 
serves as a valuable decision-support tool for the design and operation of HRES investment 
projects. Moreover, the paper contributes to the existing literature on renewable hybrid 
energy systems by describing the results of techno- economic analyses of stand- alone 
power systems located in rural areas of Latin America. Also, the findings of the study are 
useful for developers as it will provide a perspective on the financial viability of projects for 
rural electrification. Preliminary findings show that (i) fuel prices and financial incentives for 
renewable energy play a major role in the optimal technology selection, (ii) local 
meteorological conditions (i.e. wind speed and solar irradiation) have a significant impact on 
the installed capacity of each component, (iii) consumer load profiles of rural households 
have an impact on the capacity of the energy storage system. 

 

Conclusions 
This paper aims to fill the gap in the literature on the application of an optimization 
framework for the economic evaluation of electrification projects in rural areas of Ecuador, 
Colombia, and Peru. The computational results of the MILP model demonstrated that the 
optimal choice of technologies and subsequently the cost of generating energy is dependent 
on the local fuel prices and meteorological conditions. The results highlight the importance of 
appropriate business models for cost recovery, either through tariff collection or fixed 
monthly fee, and the implementation of sound energy policies. 
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Overview 
 

Global renewable energy investment continues to decline in real terms and threatens our capacity 
to achieve energy security and climate change objectives (I.E.A., 2018). While there exists some 
empirical evidence about the drivers of renewable energy supply (see, for instance, Bloch et al., 
2015), inadequate renewable energy investment by the private sector is “a clear indication” that 
we do not fully understand what drives investors towards renewable investment (Masinia and 
Menichetti, 2013). However, the influence of policy uncertainty  on private financial investment 
has been documented more generally (see, for instance, Bernanke, 1983). The aim of this study is 
to shed light on the influence of economic policy uncertainty on renewable energy investment, and 
why this may differ across countries. 

 
In this study, we examine the impact of economic policy uncertainty on solar and wind investment 
across a range of countries, including: USA, UK, China, Canada, Australia, Japan, India, Germany, 
Italy, France, Spain, Mexico, Braxil and Korea. Using monthly data from January 2008 to 
December 2015, we examine the causal, contemporaneous and lag / lead associations between 
economic policy uncertainty and investment in solar and wind energy across these 14 countries. 
We reach the following conclusions. First, economic policy uncertainty generally exhibits an 
inverse and causal lag / lead association with renewable energy investment. Second, well designed 
renewable energy policies can mitigate the influence of economic policy uncertainty on renewable 
energy investment. The results make a valuable contribution to our growing understanding of the 
drivers of renewable energy investment and are particularly relevant for policy-making aimed at 
reducing greenhouse gas emissions, achieving energy supply security, decarbonising the value 
chain and transitioning to a low-carbon economy. 

 
 

Methods 
 

We first extract the monthly Economic Policy Uncertainty (EPU) index developed by Baker et al. 
(2016) for each of the sample countries and rebase each country’s index to January 2009. Monthly 
data on investment in solar and wind are extracted from the Bloomberg New Energy Finance 
(BNEF) database. Nominal amounts (USD) are converted to real values using the U.S. Consumer 
Price Index (sourced from FRED database). As each time  series exhibits a significant amount of 
volatility, we apply the Hodrick-Prescott filter to extract the trend component of each time series. 
Market analysis is used to examine the relationship between trends in economic policy uncertainty 
and solar and wind investment at the country level. We further substantiate these observations by 
examining the correlation in solar and wind investment against contemporaneous and lagged 
levels of economic policy uncertainty. Granger causality tests assess whether there exists causal 
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relations between solar and wind investment and economic policy uncertainty at the country level. 
We fit a polynomial of order 4 to each time series and employ the Bai and Perron (1998) test for 1 
to M multiple structural breaks. Finally, market analysis sheds light on the cause and effect of 
structural breaks in economic policy uncertainty on renewable energy investment, as well as 
differences in the country level results. 
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Results 
 

A visual analysis of trends in economic policy uncertainty and investment in wind and solar 
indicates there is an inverse relationship between solar and wind investment and economic policy 
uncertainty at the country level. Furthermore, many countries exhibit a strong negative correlation 
between economic policy uncertainty and solar and wind investment. Granger causality test 
results also indicate a lag / lead relationship between uncertainty and investment in most 
countries for both wind and solar. We also find multiple breakpoints in each series and for each 
country. Interestingly, there is a striking similarity in structural break dates in economic policy 
uncertainty and wind and solar investment for many countries. This further alludes to the 
presence of a lag / lead relationship between economic policy uncertainty and solar and wind 
investment. 

 
Importantly, there are some notable outliers in the results. We find some countries exhibit a 
positive association between economic policy uncertainty and investment in wind and / or solar. 
That is, some countries continue to promote investment in solar and wind despite increasing 
economic policy uncertainty. This may suggest that well designed energy policy that is 
characterised by certainty and an intention to promote the transition to low carbon economy can 
overshadow the influence  of economic policy uncertainty. The International Energy Agency’s 
policy and measures database helps shed light on why renewable energy investment in some 
countries remains strong despite the influence of economic policy uncertainty. 

 
Conclusions 

 
The results generated by this study demonstrate there is an inverse association and causal lag / 
lead relationship between economic policy uncertainty and investment in wind and solar energy in 
many countries. However, for some countries we observe that investment in wind and solar 
energy is resilient to economic policy uncertainty. This suggests that the influence of sound and 
certain renewable energy policies designed to promote transition to a low-carbon economy can 
outstrip the influence of economic policy uncertainty. The findings shed light on how country level 
differences in energy policy design, implementation and certainty can mitigate the impact of 
economic policy uncertainty in some instances. These findings  offer valuable lessons for policy 
makers attempting to promote the transition to a low carbon economy irrespective of economic 
policy conditions. 
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Overview 
Since many decades hydrogen has been considered as a universal environmentally benign energy 
carrier. So far, high production costs stated a major barrier for a broader market penetration. 
However, the European Commission has set the ambitious targets to increase the share of 
renewable energy sources (RES) in electricity generation to 27% by 2030 opening a new 
prospects for hydrogen. The reason is that an increasing share of these new RES comes from 
variable sources like wind and solar. This leads to the need for increased balancing activities 
between supply and demand, see Fig. 1, including the demand for long-term electricity storage 
options. 

 
The core objective of this paper is to investigate the future market prospects of hydrogen as a 
storage for excess electricity and its possible more competitive use in the transport sector as a 
renewable fuel. 

Method 
Our method of approach is on the supply side based on technological learning for the future 
development of investment costs of long-term storage options based on expected future 
quantities for technologies described in various IEA reports. On the electricity market side, we use 
a fundamental approach where the intersection of supply and demand at every point-of- time 
gives the corresponding electricity market price. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 1. Development of electricity generation from variable 
renewables over a week in comparison to demand 

Figure 2. The costs of hydrogen depending on the power of 
electrolyser as of 2016 
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Results 
The major results of our investigations are: 
An important aspect, relevant to the cost of hydrogen production, is the size of the production 
system. It is obvious that small-size electrolysers are rather expensive, leading to higher 
hydrogen costs. Corresponding total costs of hydrogen production are depicted in Fig. 2. Using 
small-size electrolysers (ca. 100–500 kW), hydrogen costs are above 0.23 EUR per kWh. In the 
case of the large-size electrolysers (above 4000 kW) total hydrogen costs are below 0.15 
EUR/kWh. As shown in Fig. 4 hydrogen can be used as storage for electricity from volatile RES but 
the efficiency of the whole energy supply chain including re-electrification of hydrogen is very low. 
However, up to 2050 decreases in the costs of hydrogen production will take place mainly due to 
learning effects. In a dynamic market framework the costs of large centralized and smaller 
decentralized long-term hydrogen storage will finally be too high to become competitive in the 
electricity sector 
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alone. By 2030 under most favorable learning conditions the costs of hydrogen for 2000 full-load-
hours (FLH) per year will be between 0.07 EUR/kWh and 0.11 EUR/kWh, see Fig. 3. An additional 
reason for the unfavorable economic conditions of long-term storage options is the self-
cannibalism of storage in electricity markets. This means that every additional storage reduces the 
price spread and, hence, its own economic performance. Other reasons are competition with 
demand response options, demand –side management, power-to-heat and decentralized storages. 
The costs of the latter will not decline significantly faster but they will compete on end-user price 
level which is (and will remain) remarkably higher. 

 
Next we discuss whether the use of hydrogen in transport could be a solution. An alternative could 
be hydrogen use directly in the transport sector. Since in this sector GHG emissions are 
continuously increasing, one of the major challenges for the EU is to find polices and measures 
with which this trend can be stopped. One important target is to increase use of RES and zero-
emission vehicles (ZEV) (such as battery electric vehicles (BEV) and fuel cell vehicles (FCV)) in car 
passenger transport. 
Although these technologies have already environmental advantages, they are still not 
economically competitive (especially FCV). 

 
To reduce the relatively high costs of hydrogen cheap surplus electricity from variable RES can be 
used for electrolysis. The major problem of the economics of all storage options are their low FLH. 
Currently, a figure of about 2000 hours per year is considered to be the minimum. For example, 
costs are about four times higher if the FLH are reduced to 500 h/yr. Moreover, at current price 
spreads of about 3 to 5 cents/kWh in the Western European market no type of storage is 
economically attractive at FLH below 4000 h/yr. Hence, the number of full-load hours, which are 
dependent on availability of surplus electricity from wind and PV, have a crucial impact on the 
total hydrogen costs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusions 
The major conclusions are: (i) with respect to all centralized long-term storage technologies the 
future perspectives will be much less promising than currently indicated in several papers and 
discussions; (ii) For PtG- technologies it will also become very hard to compete in the electricity 
markets despite a high technological learning potential. Yet, for hydrogen, there are prospects for 

 

 

 

Figure 3. Development of costs of hydrogen from small and 
large electrolysis plants depending on Technological Learning 
up to 2050. 

Figure 4. Energy supply chains with hydrogen as a storage f 
and as a fuel to use RES for mobility 
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use in the transport sector. Fuel prices in transport in recent years have rather increased 
compared to stagnation or decreases in electricity spot markets. Consequently, and given in 
addition the lack of environmentally benign fuels for mobility hydrogen from renewable electricity 
might become in the future an economically alternative for fueling passenger cars. 
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Overview 
The strategic choice of enforcement efforts of environmental regulation by local governments 

is considered an important cause to undesirable results in environmental management. This paper 
focused on this question and studies how provincial governments response to environmental 
regulation 

 
Methods 

Based on China’s institutional background, we combine the city-level and firm-level data in 
china from 2005 to 2013, and apply a spatial panel data model . 

 
Results 

We find that a lack of coordination between local governments does cause a nearby diversion 
of pollution, and the location decision of pollution transfer inside the province or outside the 
province lies heavily on the provincial government’ pressure of environment protection. When the 
provincial government faced higher environment protection pressure, environmental regulation is 
beneficial to a “cleaner” industrial structure in the province, resulting in the effect of pollution 
transfer are “friendly-neighbor” inside the province and “beggar-thy-neighbour” outside the 
province. 

 
Conclusions 

These findings provide the policy implication is that the environmental regulation policy with 
partial improvement and short-term benefit is not conducive to the overall environmental 
management, and it is necessary to achieve collaborative environmental governance and deepen 
the reform of environmental vertical management system. 
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Overview 
In the last 20 years, compared with other Asian countries, more rapid urban development has 
gradually made the rise of the urban population density, which reach 3,887 sq. km per capita, 
nearly six times as much as the overall level in Taiwan. In the meanwhile, over 200% growth rate 
between 1995 and 2017 for dwelling ratio of “6 or more stories” group came to the 20% demand 
market and 30% supply market of residential real estate property. Therefore, this trend could 
confirm multifamily buildings will become the main building form in the near future.(DGBAS, 
Taiwan, 2018) 
In accordance with our previous survey and estimation (Ting-Jui Sun, et al, 2018; Wen-Hua 
Liao,et al , 2018), multifamily buildings in Taiwan spend around 13.53 TWh, contributing to 30% 
electricity consumption of residential sector, 80% electricity consumption of multifamily sector 
comes from the private area; the other 20% is the contribution of common area. However, under 
the democratic society in Taiwan, it’s so hard to regulate how much electricity could consume for 
every household, and electricity price in Taiwan have a ceiling based on governmental policy. In 
addition, 5.8% electricity consumption of residential sector equivalent to 2.74 TWh could be used 
in common area of multifamily buildings in Taiwan, and the large-size multifamily building complex 
(over 100 dwellings) consumed almost 66.1% of total multifamily building common area electricity 
consumption, followed by medium-size (22.1%) and small-size (11.8%) multifamily building 
complex. Furthermore, our earlier study also found the main significant energy uses in the 
common area of multifamily building are Air Conditioners, Lighting, Elevators, and Ventilators in 
parking lots, Water Supply, and Drainage. On the other hand, particular significant energy use are 
determined by site planning and designing by builder, including swimming pool system, 24 hours 
chilled recyclable trash room, mechanical parking system for the apartment with limited site area. 
Identifying the barrier to energy efficiency investment include: (1)too many stakeholders; (2) high 
turnover rates  of building manager; (3)lack of energy management knowledge for building 
owners and managers; (4) outdated and low efficient equipment due to insufficient building 
management fund; (5) unconfirmed savings. The needed assistance to building managers are (1) 
subsidies for energy upgrade; (2) the third parity in-visit energy diagnosis; (3) information related 
to energy efficiency technology. (Ting-Jui Sun, et al, 2018) 
Our prior study indicated most demanded support is the third parity in-visit energy diagnosis that 
could be an appropriate solution to the barrier, including lack of energy management knowledge 
for building owner and manager, and unconfirmed savings. Targeting Large-size multifamily 
buildings without any office or commercial units, our Phase II study already electricity 
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consumption feature and saving potentials as a useful reference makes the stakeholders and 
governments understand the energy efficiency improvement opportunities, fostering energy 
efficiency development in the multifamily sector through integrating on-site energy diagnosis 
service program and building end-use electricity consumption estimation and deemed saving 
method. (Ting-Jui Sun, et al, 2019) 
However, few study discuss the electricity consumption feature of mixed use multifamily building. 
For this reason,expanding our survey target to overall multifamily buildings (including pure 
residential building and mixed-use building), the Phase III of our project is to realize the 
electricity consumption features and saving potentials in common are of the overall large-size 
multifamily buildings (including residential and mixed use buildings) as the reference for the 
stakeholders and governments through integrating on-site energy diagnosis service program and 
building end-use electricity consumption estimation and deemed saving method. On the other 
hand, our study also recognize the difference of electricity feature among the multifamily groups. 
Methods 
This study develops a comprehensive market research framework combining the qualitative 
analysis and quantitative analysis method, including secondary data collection, in-depth 
interviews, and questionnaire surveys. 
Secondary data collection: For the sake of understanding the feature of common area 
significant energy use in multifamily buildings and designing end-use electricity consumption 
estimation and deemed saving method, our study used the government technical document and 
fundamental research as a reference. 
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In-visit survey: Survey Target: the eligible sample should meet the following rules: (1) 
including the previous study survey; (2) large-size (over 100 dwellings) multifamily buildings 
(including pure residential building and mixed-use building) based on the above condition, our 
study completed 60 samples. Survey Content: The questionnaire covers building use, common 
area utility data, and equipment information of six significant energy use. Survey method: Our 
survey comprises three different phases as follows: (1)Step I: Sending the formal notification 
document to the eligible HOA and phoning them are the most important processes to check their 
willingness to join our survey and on-site energy diagnosis program; (2)Step II: After checking 
the interest of program participation, our teammates implemented the first survey by phone, e-
mail and social media (such as Line, what’ APP) and collect the utility bill information in order to 
save time on on-site stay in Step III;(3)Step III: Coordinating the resource of local energy 
diagnosis and organizing the energy survey and diagnosis team will be especially helpful to reach 
more eligible residential buildings completing the data collection. Our survey team gathered the 
survey information through the on-site energy diagnosis service. 
In-depth interview: To verify the survey questionnaire, the estimation method of end-use 
electricity consumption, and the solution of missing value problem, our study adopted a two-
stage in-depth interview with local energy audit teams and the mechanical equipment 
operation and maintenance companies before and after the formal on-site energy diagnosis 
service. 

 
Results 
Considering equipment upgrade may have appropriate and simple reference to multifamily 
buildings, our study assess the technical and economical saving potential by end-use of common 
area based on the definition of the EPA 2007 research paper (U.S. EPA, 2007). According to our 
assessment of saving potential (shown in graph 1), even elevator and water supply and drainage 
have significant saving potentials in technical level, low utilization rate may have the obvious 
impact to cost-effective of equipment energy efficiency upgrade. Regarding the 
cost-effectiveness to saving potential, our study recognized ventilation in parking lot and 
lighting and have untapped economical saving potential. Particularly, Lighting in parking lot 
and outdoor area possess more economical saving potential than other areas due to long 
operation hours and high lumen demand. 

 
Graph 1 Multifamily Building Common Area Saving Potential (by end-
use) 

Conclusions 
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In conclusion, our energy efficiency potential study could be useful to energy program design and 
performance measurement as a reference for the government and utility energy efficiency 
program. Importantly, considering the health and financial saving, program manager should 
highlight the multiple benefits of energy efficiency improvement in the meantime. 
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Overview 
There is evidence that greenhouse gas (GHG) emissions from human activities have accelerated in 
recent years (IEA 2016) implying that significant emissions reduction may be required to limit the 
chances of dangerous climate change. This has significant implications for Australia given its 
emissions intensive economy (Denis et al 2014). In late 2016, Australia ratified the Paris 
Agreement, committing to achieve a 26-28 per cent reduction in GHG emissions below 2005 levels 
by 2030. The Paris Agreement also requires signatories to strengthen their abatement efforts over 
time with the overarching goal of limiting the increase in global average temperature to well below 
2°C above pre-industrial levels, with efforts to limit the temperature increase to 1.5°C. 

 
Australia’s high ranking in GHG emissions per capita reflects its relatively high proportion of fossil 
fuels in energy consumed, high usage of relatively less efficient private transport and relatively 
high production of non- ferrous metals per capita. The energy sector (electricity, transport and 
direct combustion) is the single largest source accounting for around 71 per cent of the total 540 
megatonnes (Mt) of carbon dioxide-equivalent (CO2- e), with electricity generation accounting for 
the majority at 195 Mt CO2-e (Commonwealth of Australia 2016). The high share of GHG 
emissions from the energy sector is mainly due to coal-fired electricity generation which 
accounted for 63% of Australia’s electricity generation in 2015 (OCE 2016). The dominance of 
coal in power generation masks Australia’s rich diversity of renewable energy resources (i.e., 
wind, solar, geothermal, hydro, wave, tidal, bioenergy). Except for hydro and wind energy which 
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currently account for most renewable 
generation, these resources are largely undeveloped and could contribute significantly to 
Australia’s future energy supply (AEMO 2013; Geoscience Australia 2010). 

 
Previous analyses in the Australian context have found that deep decarbonisation of the electricity 
supply enables other sectors (e.g. buildings and transport) to decarbonise their activities through 
fuel switching, (Campey et al 2017). With carbon capture and storage (CCS) technologies yet to 
be commercially deployed, and nuclear power generation currently prohibited by legislation, this 
suggests that significant deployment of renewable electricity generation will be required to achieve 
this goal. 

 
The paper assesses uses scenario modelling to identify the sectors that pose the greatest challenge 
to 
Australia’s emissions reduction efforts. It demonstrates in which sectors the pathways to net 
zero by 2050 are clear, where new innovation and solutions are still needed, and those sectors 
where less work has been done to develop and implement zero emissions technologies and 
processes. 
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Methods 
The TIMES (The Integrated MARKAL-EFOM System) energy system modelling framework is 
developed and maintained by the Energy Technology Systems Analysis Programme (ETSAP) of 
the International Energy Agency (IEA) and has been used extensively in 20 countries. The model 
satisfies energy services demand at the minimum total system cost, subject to physical, 
technological, and policy constraints. Accordingly, the model makes simultaneous decisions 
regarding technology investment, primary energy supply and energy trade. 
Extensive documentation of the TIMES model generator is available in Loulou et al. (2016). 

 
CSIRO in collaboration with Climate Works Australia has developed an Australian version of the 
TIMES model (AusTIMES). Aus-TIMES model has the following structural features: 

• Coverage of all states and territories (ACT, NSW, NT, QLD, SA, TAS, VIC, WA) 

• Time is represented in annual frequency (2015-2020) and then five-year time steps 
(2025, 2030, …, 2050) 

• Demand sectors include agriculture (8 sub-sectors), mining (6 sub-sectors), 
manufacturing (19 sub- sectors), other industry (5 sub-sectors), commercial and 
services (11 building types), residential (3 building types), road transport (10 vehicle 
segments) and non-road transport (aviation, rail, shipping). 

Four scenarios were parameterised in AusTIMES: 
 

Base case: A scenario that projects what Australia’s future emissions could be if current 
policy seetings remain in place. Changes in technology are based on what could be expected to 
occur without any deliberate interventions or action towards meeting Australia’s emissions 
reductions goals. 

 
Balanced: This scenario mimics the mantra of the Deep Decarbonisation Pathways Project in 

2014 “…All countries decarbonise by 2050, consistent with the objective of limiting the increase in 
… temperature to 2°C” brought about through ambitious continuous improvement and there are 
no “major technological breakthroughs, major structural changes in the economy or substantial 
lifestyle changes.” 

 
Innovation: The cost of technologies drops at the upper bounds of current expectations, 

allowing technological-led disruptions to continue apace and deliver significant abatement, and 
still reaching net zero by 2050. There is no delay or hesitation, with action consistent with the 
level of abatement required throughout the time period. Given the significant cheap abatement, 
the uptake of abatement technologies that require very strong policy support (i.e. a very high 
effective carbon price) are limited (e.g. CCS). Action by suppliers (i.e. industry/providers) is 
elevated, driven by the need to minimise social license risks and differentiate themselves to 
consumers that are now paying attention. 

 
Stretch 1.5: The ambition rises to limiting the increase in temperature to 1.5°C by mid 

century. Australia contributes through the combination of society, policy makers and technology 
providers all working in unison towards this shared, universally accepted goal. There is no delay 
or hesitation, with action consistent with the level of abatement required throughout the time 
period. Any and all technological breakthroughs eventuate and are available (to the best of our 
current knowledge) in the magnitude necessary to reach this climate goal. 
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Results 
Each of the scenarios consistent with a net-zero emissions pathway see reductions across all 
sectors of the economy, with some variance in magnitude between scenarios. This contrasts with 
Base Case, which undergoes much lower abatement in the absence of any meaningful technology, 
policy, or society effort to reduce emissions. Here, emissions decline by just over 20% relative by 
2050, despite significant decarbonisation in the electricity sector. These results reinforce the 
importance of concerted action on emissions reduction, with Stretch benefiting from strong 
settings in all drivers. 

 
The transition in the electricity sector is a consistent trend, and is almost fully decarbonised by 
2040 as renewables approach 100% of generation in most scenarios, while Base Case also 
sees significant emissions reductions. This, along with high uptake of electric vehicles and 
other low-carbon fuels, leads to deep reductions in transport emissions. 
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Agriculture and industry are the most difficult sectors to decarbonise completely, with a relatively 
large residual emissions challenge in 2050. The combination of strong technology, policy and 
society drivers in Stretch  unlocks further abatement potential in these sectors. 

 
 

To reach net-zero emissions, action will be required across all sectors of the economy. Emissions 
decline significantly across all scenarios, with a large amount of this occurring by 2030 largely due 
to decarbonisation of electricity generation. This transition is also observed in the Base Case, 
albeit slower relative to other scenarios. By 2040, electricity emissions are near-zero, while 
transport emissions have also declined substantially due largely to the electrification of road 
vehicles. Industry and agriculture have also declined by 2040, with Stretch able to reach net-zero 
emissions with just over 150 MtCO2-e of forestry. The years to 2050 see additional abatement in 
transport, industry and agriculture, although some emissions persist in these sectors, which must 
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be offset with sequestration to reach net-zero emissions. 
 
 

Conclusions 
To meet its Paris Agreement commitments, Australia must achieve significant reductions in GHG 
emissions given its emissions intensive economy. Previous analysis for Australia have found that 
a key element in energy sector abatement is a deep decarbonisation of the electricity supply, as 
it enables other energy sub-sectors to 
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decarbonise their activities as well through fuel switching. The Australian implementation of the 
TIMES model is well suited to extending our understanding of this relationship given its detailed 
representation of the energy sub-sectors. 
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Overview 
This research optimise the mix and structure of Generating Companies in Sumatra power 

system. Market power, indicating the ability to raise prices profitably above the competitive level, 
tends to be a significant problem in the aftermath of electricity market restructuring. In the 
process of regulatory reform and the development of competitive electricity markets, it is desirable 
and practical to establish an efficient number of competitors GenCos. Simulations of a power 
system account for multi-plant mergers of GenCos subject to a regulatory measure of Residual 
Supply Index and the influence of direct current load flow and the topology of the system. 

 
This research will answer the following research question: What is the optimal market structure 
and generation technology mix in the oligopoly electricity market model in objective to minimise 
market power exercise from the potential pivotal player? This research question will be answered 
by implementing perfect competition and Cournot competition and  applying Residual Supply 
Index (RSI) as market power mitigation. This research simulates the effect of electricity market 
restructuring in the Indonesia power generation market. Therefore, this study focusses on 
determining the optimal market structure, efficient generation mix in the GenCos, and an efficient 
number of competitive GenCos by using the Sumatra power system as a case study. The 
Indonesia power system consists of two primary power systems, i.e. Sumatra and Java- Bali 
power system. This research adopts the 10 nodes stylised model for the Sumatra power system, 
by incorporating generation, transmission and power system stability constraint. 

 
This study implements the concept of preventive approach in electricity market restructuring 
which contributes to the current body of literature on electricity market modelling and market 
power studies, which is essential for Indonesia, when the market restructuring occurs. 

 
Methods 
The research methodology in this paper following the cascading optimisation algorithm developed 
by (Hakam 2019) that has an objective to formulate the optimal structure of successor companies 
on the basis of market power index RSI. The market structure optimisation in (Hakam, 2019) 
consist of four steps as follows: Firstly, we modelled the Sumatra power system into perfect and 
imperfect (Cournot) competition models by considering the generation and transmission 
constraints. The perfect competition modeling is based on the studies by (Macatangay, 1998), 
(Berry, Hobbs, Meroney, Neill, & Stewart, 1999), (Green, 2007), (Leuthold, Weigt, & von 
Hirschhausen, 2012) and (Hakam, 2018) while the Cournot competition modelling is based on the 
research by (Borenstein, Bushnell, & Wolak, 2002), (Cunningham, Baldick, & Baughman, 2002), 
and (Willems, Rumiantseva, & Weigt, 2009). The generation constraints including generation 
capacity, energy mix, and reserve margin, while transmission constraints cover DC load flow, 
transmission limit, and line connection. Secondly, we calibrated the stylised modelling according to 
the real condition of Sumatra load flow at non-coincident peak load year 2015, i.e. 3rd September 
2015 19.30 for North Sumatra subsystem and 18th August 2015 19.00 for Mid-South Sumatra 
subsystem (P3BS, 2016). Thirdly, we conducted horizontal addition of marginal cost for combined 
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power plants. We assume company that owned multi power plants behave as multi-plant 
monopolist (Dahl, 2015). Lastly, we screened the optimisation result and determined the optimal 
market structure for each configuration based on RSI threshold 110 % following the empirical 
study by (Sheffrin, 2001) and (Sheffrin, 2002). Please note that each cascading optimisation 
calculates nodal price, nodal demand, nodal supply, nodal consumer surplus, nodal producer 
surplus, and power flow for each configuration. However, we focus on the RSI calculation for each 
market setting by opting for the highest RSI for every possible market setting. 
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Results 
Three case studies were simulated in this chapter. The first case study is the simulations to 
optimise the Sumatra power system considering virtual IPP nodes under perfect competition as in 
normal operation (unconstrained). The second case study performed simulation under under 
perfect competition and contingency N-1 (constrained), and the third case study applied Cournot 
competition in the model (unconstrained). The modelling of large-scale power system under 
constrained transmission is very hard to solve (Hakam, 2019; Leuthold et al., 2012). Therefore, 
the modelling of Indonesia power system under Cournot constrained is left for future separated 
study. However, the three case studies in this paper already reflecting the substantial comparisons 
between perfect and Cournot competition, and between unconstrained and constrained 
transmission. 

 
 
 

Conclusions 
This study provides guidelines for competition policy regulator in electricity market on how to 
configure the mix and structure (portfolio) of successor companies. The portfolio optimisation 
applied in this study is based on preventive law approach using recursive optimisation, power 
system modelling and market power mitigation to create the optimal market structure ex-ante. 
The optimal mix and structure of electricity market was varied according to the characteristic of 
power system. This study extends the application of preventive competition policy in Hakam 
(2019) by applying the cascading optimisation in stylised Sumatra power system. This study also 
extends the study of Sumatra power system modelling in (Hakam 2018b) by applying imperfect 
(Cournot) competition in Sumatra system. Therefore, the contributions of this study are as 
follows: First, this research is the first to analyse the Sumatra power system using imperfect 
(Cournot) competition modelling. Second, this study is the first kind to optimise the mix and 
structure of Sumatra generation power market. 
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Overview 

Japanese government officially announced 80% GHGs resdulction towards 2050, but there 
is no concrete policy and technology measures to meet the target. To meet the national 
mitigation target, renewable energy, especially Variable Renewable Energy (VRE), will be 
major electricity generators. The high shre of VRE increases the instability of energy 
system, to keep the stability of energystme need flexiciblity mechanism. As IEA points out, 
differenc stage of VRE propotion require difference level of flexibility mechanisms (IEA, 
2017). 

To identify the roles of each flexible mechanism at the each level of VRE share, newly built 
TIMES-based model is employed. 

 
Methods 

The TIMES-based JMRT (Japan Multi-regional Transmission) model is a 47 sub- regional 
model which only includes inter-grid connections between 10 grids. As a result, the model 
cannot reflect the weak grid infrastructure within grid regions, although the model uses 
1km2 mesh renewable energy potential data. To reflect grid capacity constraints, we 
disaggregated Japan into 351 nodes, or sub-stations. 

 

Figure 1: Node and Grid Line 

 
The model use GIS-based renewable energy potensital data and renewbale energy potential 
is assumed to connect to the closest node. As a result, the model is able to simulate grid 
capacity constraint and regional specific character of renewbale energy. 
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Figure 2: Offshore Renwable Energy Potential Map 

 

wind speed (m/s) 
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Results 
 

Figure 3 shows relationship between VRE share and each fexible mechanisms in each 
grid region. 

 
Figure 3: Relationship between VRE Share and Each Flexibility Mechanism in Major Grid 

 
Regions 

*Chub (Chubu), Chug (Chugoku), Hokk (Hokkaido), Kans (Kansai), Kyus (Kyushu), Toho 
(Tohoku), Toky (Tokyo) 
** Grid Expansion (Newly Built Grid Capacity), AF_LNG (Availability Factor of 
LNG PowerStation), AF_PumpedStg (Availability of Pumped Storage), Grid 
Storage (Grid Storage Capacity), Waster Electorolysis (Hydrogen Porduced 
by Waster Electorlysis) 

 
 

Conclusions 
All flexibles machnsims are not employed at the same time. In Japan, there is a 
huge regional gap between renewable erny potential and energy consumption. In 
Japan, very first step is to build new grids to connect between energy 
consumption regions and renewable potential-rich regions. 
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LNG PowerStation is used to fill a gap between electricity demand and 
electricity supply by VRE beyond 20% VRE share. Grid storage and water 
electrocysis will be employed beyond 60-80% VRE share. VRE share has a 
significant impacts on the desigh of energy system. 
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Overview 
The manufacturing industry in New Zealand consumes more than a quarter of national energy 
consumption and contributes to about 20 per cent of GDP. We develop the data envelopment 
analysis (DEA) model by introducing emission-adjusted energy inputs rather than using traditional 
energy inputs to measure energy efficiency and investigate the maximum energy saving potential 
in New Zealand’s manufacturing industry. The emission-adjusted energy inputs accommodate 
emissions factor with types of energy use, allowing us to control ‘clean’ or ‘dirty’ energy effectively 
in the DEA model. Energy, as a discretionary input, its efficiency is measured by an extended DEA 
model with non- discretionary inputs. Then, we will use an econometric model to estimate the 
impact of firm’s management practices (management initiatives, energy-saving area, and business 
priority), firm’s characteristics (firm size, new or old firm, skilled firm, innovative firm, export-
oriented firm, R&D  firm etc.) on energy efficiency. The results will be of use to government 
officials projecting likely patterns of future energy demand and emissions, and providing useful 
information involved  with energy policy or climate change policy. The findings could also assist 
business groups to better understand the potential economic gains from adopting energy 
management strategies. 
Methods 

• An extended DEA model with non-discretionary inputs 
• An econometric model 

References 
Coelli, T.J. (1996). A Guide to DEAP Version 2.1: A Data Envelopment Analysis (Computer) 

Program. GEPA Working Paper 96/08, Department of Economics, University of New 
England, 

Armidale. 

Ruggiero, J. (1998). Non-discretionary inputs in data envelopment analysis. European 
Journal of Operational Research, 111(3), 461-469. 

Shi, G. M., Bi, J., & Wang, J. N. (2010). Chinese regional industrial energy efficiency evaluation 
based on a DEA model of fixing non-energy inputs. Energy policy, 38(10), 6172-6179 

Zhang, S., Lundgren, T., & Zhou, W. (2016). Energy Efficiency in Swedish Industry: A Firm-
Level Data Envelopment Analysis. Energy Economics, 55(Supplement C), 42-51. 

Zhou,P., Ang,B., & Zhou,D.(2012). Measuring Economy-Wide Energy Efficiency Performance: 
a Parametric Frontier Approach. Applied Energy, 90, 196-200. 

mailto:l.wen@auckland.ac.nz
mailto:b.sharp@auckland.ac.nz
mailto:p.rouse@auckland.ac.nz


Page 91 

 

 

114 
 
THE DEVELOPMENT AND POTENTIAL OF NATURAL GAS IN CHINA 

Zhu Yimeng, PetroChina RIPED, 86-10-83598604, 
zhuyimeng@petrochina.com.cn 

 
 
 

Overview 
The paper consists of four parts. 

 
First, it introduces the brief history and the current development of natural gas industry in 

China. Natural gas, often hailed as the bridge to an energy future that will include greater demand 
for alternative energy supplies, may be poised to overtake oil as the globe’s primary fuel source in 
the next decade. It offers the only hope as a pollution-acceptable fuel for power generation, and it 
is emerging as the premier fuel of the world economy and will play a pivotal role in China. China, 
the preeminent industrialized nation of the era, needs new and very large energy supplies and 
currently does not even come close to supply adequate indigenous resources in both quantity and 
variety. Coal still overwhelmingly dominates the energy mix, causing both major economic and 
environmental complications. The resource of Natural Gas is China is very limited，the per capita 
quantity of the resource of natural gas is only 1/7 that of the world. Some of the major reservoirs 
in China have reached the production depletion stage, and the capacity of increasing production is 
quite limited. Besides, 80% of the newly incremental natural gas proved reserves comes from low-
permeability and unconventional reservoirs. As a results, it’s becoming more and more difficult to 
develop the natural gas with economies of scale. 

 
Second, it analyzes the present situation of Natural Gas in China on both supply side and 

demand side. On the demand side, China's economy has been steadily improving for last decade, 
driving steady growth in energy consumption, and environmental protection policies have pushed 
the transformation of energy structure into a critical stage, leading to the increasing of proportion 
of natural gas in energy consumption. The government vigorously promote the consumption and 
utilization of natural gas with policy benefits in price and infrastructure construction. Natural gas 
consumption increased from 397×108 cubic meter in 2004 to 2786×108 cubic meter in 2018, with 
an average annual growth rate of 15.0%. On the supply side, With the official commercial 
operation of the "West-East Gas Transmission" project at the end of 2004, China's natural gas has 
achieved leapfrogging development, natural gas production increasing from 415×108 cubic meter 
in 2018 to 1,610×108 cubic meter in 2018, with an average annual growth rate of 10.2%. 
Nowadays, the production of natural gas in northwest China was transported across the country to 
meet the demands. At the early years, the capacity of the early natural gas pipeline was 1 billion 
m3/a, then the Shanxi-Beijing pipeline increased to 3.3 billion m3/a, and now the West-East gas 
transmission line was greatly increased to 30 billion m3/a, which is already the upper limit of the 
world's largest pipeline. The maximum designed gas transmission capacity of the China-Russia 
East Line natural gas pipeline under construction reached 38 billion m3/a. 

 
Nowadays, natural gas accounts for only a small fraction of the Chinese energy mix. With a 

share of 4%, natural gas will have to grow to 10% through a government edict by 2020. The 
volume of gas needed will be staggering. China has been trying to balance the huge gap between 
demands and production by importing for other countries. China's natural gas import resources 
include pipeline gas and liquefied natural gas (LNG). First of all, Since 2010, China has built four 
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strategic channels of oil and gas. Among them, the Central Asian natural gas pipeline and the 
China-Myanmar natural gas pipeline are the main channels to ensure the energy security of 
natural gas in China. The China-Russia East Line gas pipeline under construction is connected to 
the Siberian Power Pipeline, and will transport natural gas from Russia to China for 38 billion 
m3/a. In addition, the import growth rate of pipeline gas is relatively limited, and the import 
resources of LNG have been multi-channel in recent years. In 2018, China's LNG imports exceeded 
54 million tons, accounting for 60% of total natural gas imports, with imports from 18 countries in 
Asia Pacific, the Middle East and North America. 

 
Third, it proposes the problems that may be encountered in the developing of natural gas in 

China. The IEA predicted that China's natural gas demand will grow by nearly 60% to 376 billion 
m3 in 2023, and China would become the world's largest importer of natural gas in 2019. China's 
challenges are formidable and they fall into three categories. The first is to find adequate supply to 
meet the large current and even larger future demand. China does not have sufficient indigenous 
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resources and will have to import and therefore compete with other countries. Secondly, The 
insufficiency of pipeline network infrastructure seriously restricting the growth of China's natural 
gas production. Third, under the background of domestic gas in short supply, the dependence on 
imported gas has grown swiftly to 44% in 2018. Such growth of gas will undoubtedly impose more 
severe challenges to China's energy security. 

 
Fourth, this paper offers several suggestions on the green shift in China: (1) Highlighting 

multiple types of gases to improve the domestic gas supply capacity and ensure the domestic gas 
as a solid "ballast". (2) Improving technology applications to stabilize and enhance domestic 
production, and planning more offshore development—will be key to its continued energy and 
economic growth. (3)Developing renewable energy sources fast to become an effective 
substitution, thereby relieving the stress on gas supply. 

 
 
 
 

Methods 
The paper adopted interdisciplinary research, case study and statistical analysis methods. 

 
 
 

Results 
The paper considers that the development of natural gas in China is prominent, and it will 

become the dominant choice in China’s energy consumption structure in the future. 
 
 
 

Conclusions 
With increasing environmental concerns and energy security considerations, China draw more 

attention to the development of natural gas. The production and consumption of natural gas keep 
increasing world widely. And the s. Nevertheless, by researching on the good foundation in this 
country, the paper considers that natural gas has great potential due to . Of course, China will 
probably face some problems, including insufficient indigenous resources, insufficiency of pipeline 
network infrastructure, Natural gas external dependence is a big risk. Thus, the paper proposes 
three suggestions, which are highlighting multiple types of gases, improving technology, and 
developing renewable energy sources . 
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Overview 
 

Nowadays, emerging economies such as China and India are the driving force leading the world’s 
energy consumption growth,especially the fossil fuel comsumption. The U.S. has achieved “energy 
independence” through the “shale revolution” while the energy supply security has become a 
major challenge in China's energy revolution. At the same time, there is a trend that the 
renewable energy has become a major global measure to deal with climate change. The 
development of energy transformation is the only way for China to realize the goal of energy 
production and consumption revolution. 

 
Methods 

 
By reviewing the transition of energy consumption structure, we did our research mainly 
focus on three aspect: 1) the reasons of every enery transition in human history( from 
Firewood - coal - oil - natural gas – to nuclear and other new energy/renewable energy); 2) 
the relationship between energy consumption and economic development; 3) cases study 
during the three enery transition in the histoy( including the time, social and economic 
development,countries/regions/technologies that promote energy transformation ect.) 

 
Results 

 
Human society is undergoing the third energy transiton. And the history tells us that the 
exhaustion of a certain resource has never been the reason that caused the energy 
transformations. The possible reasons include energy efficiency (calorific  value and utilization 
efficiency), environmental protection factors of energy and price factors of energy. 
Based on a comparative analysis of natural gas and other renewable energy sources in terms of 
resource quantity, sustainability, availability and economy, we believe that natural gas will be 
the main source of energy consumption in the future. 
And the most likely future direction of energy development is energy Internet. It is the integrated 
use of the advanced power electronic technology, information technology and intelligent 
management technology. A large number of energy nodes composed of distributed energy 
collection devices, distributed energy storage devices and various types of load are 
interconnected, such as new power network, oil network and natural gas network, so as to realize 
the energy reciprocal exchange and sharing network of two-way energy flow. 

mailto:hb9134@163.com
mailto:wangzuoqian@petrochina.com
mailto:chyw@petrochina.com


Page 95 

 

 

 
Conclusions 

 
In n recent years, unconventional oil and gas have developed rapidly globally, especially in the 
United States. The United States is leading the unconventional revolution in shale gas and tight 
oil, and China may be leading the revolution in terrestrial shale oil. 
In the future, new energy consumption is an inevitable trend and an inevitable choice. All 
countries are deploying energy strategies in advance, and the speed of the new energy 
revolution may exceed expectations. It is imperative to implement China's energy 
revolution.China must respond to energy challenges with a global mindset and expand and 
deepen international energy cooperation based on the One Belt And One Road initiative. 
Strengthen scientific and technological innovation in the energy sector to lead the global energy 
transformation. 
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Overview 
In order to reduce greenhouse gas emissions countries around the world are implementing 

markets and regulations for the GHG emissions. In New Zealand, the government has announced 
policies for 100% of New Zealand’s electricity to be produced by renewables in a normal 
hydrological year. In this work, we investigate an optimal investment policies for new generation 
in New Zealand, which adapts to observed electricification of various industries, and overall 
population growth. These policies are simulated over both the long- and medium-term to assess 
how much shortage or use of non-renewable generation in dry years. 

 
Methods 
We build a long-term investment planning model for New Zealand using a package called JuDGE, 
written in the programming language Julia. This enables us to describe a scenario tree of future 
demand and technology cost scenarios, and solve for the least-expected-cost investment policy, 
using Dantzig-Wolfe decomposition. 

 
Given this investment policy, we can then simulate the medium-term hydro-management, for 
each of the nodes of the scenario tree using JADE, which is applies stochastic dual dynamic 
programming (using SDDP.jl) to determine optimal water values for the New Zealand electricity 
market. 

 
Results 
We find that reaching 100% renewables in the electricity market is prohibitively expensive, and 
depending on how “dry year” is defined, trying to avoid using thermal plants early in the year, 
may lead to the use of less efficient thermal plants, or even shortage during winter, when 
inflows into reservoirs are limited. 

 
Conclusions 

We find that an objective which minimises the cost of dispatch, with an appropriate price on 
carbon emissions is the best way to minimize emissions in the long-run. In fact, the price of 
emissions can be uncertain in the investment planning model. 
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Overview 
The widespread diffusion of battery-electric vehicles (BEVs) and plug-in hybrid electric vehicles 

(PHEVs) poses potential energy security issues due to the insufficiency of power generation plants 
to cater to simultaneous charging. This study discusses an invidual-based, techno-behavioral-
economic modelling approach to forecast hourly electricity demand from electric vehicle charging. 
This prediction model will play a crucial role in avoiding such issues. First, the model utilizes a 
Monte Carlo approach to generate the characteristics of a population of 1,000 individuals. Second, 
a discrete event simulation is independently ran for each individual to determine charging demand 
per hour. Results of the simulation debunk fears about electric vehicles potentially causing 
massive power outages in the country. In an illustrative case study  in the Philippines, it is shown 
that electric vehicle charging would only occupy at most 5.3% of system reserves during peak 
hours. 

 
Methods 

The study uses actual survey data to generate probability distributions for departure times, 
travel distances, number of trips per day, and number of hours spent in the office of the 
population. As for the type of vehicle used by each individual, the study uses electric vehicle 
demand projections from a previous study. This information is also used to scale the simulation 
results to projected values from 2020 to 2030. A Monte Carlo approach is employed to create a 
randomized population of 1,000 unique individuals. 

 
For each individual, a discrete event simulation (DES) is performed to determine hourly 

electricity demand from electric vehicle charging. The DES particularly uses information on the 
individual’s departure time, travel distance and number of trips per day. The DES creates multiple 
“time pockets” for each individual, and implicitly determines the activity of the individual in each 
time pocket, e.g. will he/she be charging, traveling, at work or at home. The results of the DES for 
each individual is aggregated to get the hourly demand from EV charging, and is scaled to the 
national population. The hourly demand is then integrated into the system demand for analysis. 

 
Results 

Results show that EV charging demand would at most only occupy 5.3% of projected system 
reserves by 2030 in the Philippines. This is already using the best case scenario for electric vehicle 
diffusion. By 2030, assuming 170,000 PHEVs and 52,000 BEVs would drive on Philippine roads, EV 
charging peak would be 245 MW at around 19:00 hrs. To fulfil the mandatory power reserve 
requirement, an additional 25 MW generating capacity is recommended. The results also discuss 
various factors affecting hourly electricity demand from EV charging, such as frequent versus 
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occasional charging behaviors of users, availability of charging facilities outside homes, subsidy of 
charging outside homes, etc. 

 
Conclusions 

The projected hourly demand from EV charging is determined using individual-based modelling 
and discrete event simulation. The model is illustrated via a case study in the Philippines. While 
using the best-case scenario for EV diffusion in the country, the projections debunk expected 
energy security issues arising from widespread electric vehicle adoption. At peak hours, EV 
charging would only occupy at most 5.3% of the system reserves. However, this is largely 
because most EVs are expected to charge at home. Outside charging can significantly increase 
peaks because of the larger power ratings of chargers typically installed in commercial 
establishments. EV charging demand should not be a critical path in the diffusion process of EVs. 
However, electrical safety standards and education of the public have to be intensified to avoid 
charging-related
 acciden
ts. 
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Overview 
This study analyses significant factors contributing to high and low household energy 

consumption in the highly- urbanized city of Metro Manila, Philippines. Understanding these factors 
are important in the narrative of climate change and sustainable consumption. Looking at energy 
consumption data on a household level also assists in understanding the level of energy poverty or 
equity in the city. The findings provide insights for policymakers to improve energy efficiency and 
equity in a highly-urbanized city, from a developing economy context. 

 
Methods 

The study utilizes household survey data from the Philippine Statistics Authority (2015). The 
data pertaining to energy consumption and their potential socio-economic explanatory factors are 
extracted from the survey, and segregated by barangay in Metro Manila. The dataset is fuzzified to 
prepare it for analysis using rough sets. The data is then processed using rough set methodology. 
The significant factors contributing to the household energy consumption are 
established/discussed. 

 
Results 

Results reveal significant socio-economic and demographic factors correlating to high energy 
consuming households. Income, price elasticity and energy demand are among the factors that 
may drive energy consumption. The  results contribute to existing literature on energy economics 
in a highly-urbanized city from the Global South. 

 
Conclusions 

Income, price elasticity and energy demand show the factors that drive the energy 
consumption in Metro Manila. While economic factors have apparent impact on the energy 
consumption; technology, cultural and behavioral factors may also have an effect on the 
consumption pattern in each area. Relevant policy recommendations are provided to improve 
energy efficiency and sustainable consumption in Metro
 Manila. 
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Overview 
With substantial support from subsidies and mandates, the south-west interconnected 
electricity supply system (SWIS) in Western Australia, like many electricity networks around 
the world, has witnessed strong penetration of wind power. The real cost of such power 
depends not only on the construction and operating costs for wind farms and associated 
transmission infrastructure but also the costs or benefits of the impacts that wind generation 
has on the rest of the system. 
The costs of traditional thermal-generation technologies are commonly measured using the 
levelized cost of electricity (LCOE). Two important implicit assumptions underlie such calculations. 
The first is that electricity produced using one technology is a perfect substitute for electricity 
produced using a different technology. The second is that the electricity can be produced 
whenever it is wanted and is not produced when it is not wanted 
– that is, the capacity is “dispatchable.” 
The generation of electricity from renewables technologies violate these assumptions in 
important ways with the result that renewable power imposes costs on the system that are not 
captured in LCOE estimates. We 
extend the framework of Hirth (2013) and rehated papers to develop a concept of the “systemic 
cost” of wind power. Systemic cost adds profile, utilization and variability costs to the traditional 
LCOE measure. We apply this framework to the SWIS in order to better understand the full cost 
of wind and solar PV power within the existing electricity network. 

 
Approach 
Starting with the LCOE for wind power we use market data to calculate possible profile, 
utilization, balancing and grid costs associated with the wind generation. 
Profile costs typically are measured as the difference between the wind-power-weighted average 
electricity price and either the (i) time-weighted average electricity price or (ii) system-load-
weighted average electricity price. Using the former compares the market value of wind power 
with that of a dispatchable generator, such as a baseload plant, that has a flat generation profile, 
whereas the latter compares it with a dispatchable generator that has a generation profile that 
follows system load. To estimate the profile cost we first estimate the generation-weighted 
average system price. We then estimate the wind-weighted average price using 30- minute wind 
generation data. The profile cost is then defined as the difference. 
Wind power generators are non-dispatchable, and output from them fluctuates substantially over 
short periods of time. As a result, they must be fully backed-up by conventional thermal-
generating capacity, which then is idle when wind power is being produced. The lower utilization 
rate for the thermal plants is unlikely to much affect either plant life or required maintenance, and 
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the wind power saves fuel costs (as is reflected in the different LCOE for wind and thermal power). 
However, wind power raises the cost of capital per unit of generated output from the thermal 
power plants. The latter effect is called an under-utilization cost that additional wind imposes on 
the system. To estimate utilization costs for the SWIS, we first calculate the average hourly 
amount of wind generation. Next, we calculate what would happen to dispatchable thermal 
generation if all wind power generation were removed from the network. We then calculate 
adjusted LCOEs based on these new capacity factors. 
The intermittent nature of wind power generation, which is dependent upon stochastic wind 
speeds that are only partly forecastable, increases the need for balancing power. This imposes 
additional costs on the system by lessening the amount of power that can be delivered under 
long-term contract. In contrast to profile costs, which reflect expected variability in wind 
generation, balancing costs reflect unexpected variability in wind generation between the day-
ahead market and the actual real-time system operation. We calculate the 
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balancing costs of wind power in the SWIS by examining to what extent the unexpected 
variability in wind power generation at the 30-minute frequency affects the balancing market 
price. 
Within the SWIS, high frequency stability is achieved through the load-following ancillary 
services (LFAS) market. This runs in parallel with the balancing market. Increased 
unpredictable variability of wind power output also raises the demand for these load-following 
services. We are using data from the LFAS market to calculate these costs. 
The final component, grid costs, arises as wind generation alters the pattern of flow on the 
network and may change transmission losses and required investments in new transmission 
capacity. This can only be adequately estimated using a dispatch model of the network. 

 
Preliminary research 
We currently have estimated the costs apart from the grid costs. We cannot estimate the final 
component without a full dispatcg model of the SWIS. 

 
Potential implications 
Our intention instead was to provide an approximate lower bound on the system-wide costs using 
readily available market data. We believe this is a useful alternative to the commonly used LCOE 
approach to compare generation technologies, but gives a more realistic view of the full costs of 
the non-disptachable generation. At a more practical level, we believe we are the first to attempt 
to calculate the systemic cost of wind generation in the SWIS network in Western Australia. Our 
results should be of relevance to industry players and regulators in the state of Western Australia. 
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Overview 
 

Energy efficiency is a low-cost strategy for mitigating global warming while helping reduce energy 
costs for households and assisting with energy security. The government of Tonga has recently 
developed its 10-year Energy Efficiency Master Plan and policy on minimum energy performance 
standards and labelling, as well as awareness campaigns and financial incentives which have 
succeeded to some degree in promoting energy efficiency. However the residential sector, which is 
the biggest energy consumer nationally, tends to revert to energy inefficient habits, failing to 
adopt energy efficient technologies and practices in the long term, despite the proved 
environmental, social and economic benefits. I hypothesise that this is because policy approaches 
are typically adopted from western nations and not designed around Tongan households’ 
behaviour, attitudes and beliefs. The research draws on the energy cultures framework (ECF) 
which offers a structured way to examine the relationships between cultural characteristics and 
energy-related outcomes. I introduce the ECF and outline the preliminary findings from field 
research with Tongan households undertaken during 2019. The research involved interviews, 
household surveys and time-use diaries which together explored the ECF key variables; (i) 
material culture (e.g. appliances) (ii) energy practices (e.g. cooking routines), (iii) social norms 
(e.g. traditions, beliefs, values) and (iv) external factors (government taxes, policies, fuel prices 
etc.). The research ultimately aims to provide a better understanding of energy behaviour in 
Tongan households in order to reveal barriers to efficiency and help develop culturally relevant 
policies for improving energy efficiency in Tonga. 

 
Methods 

 
The field work in Tonga was conducted in two parts. The first part, undertaken in March 2019 
involved a two-week pilot study to identify the most effective survey and interview approach. A 
total of 39 households were randomly selected to test online surveys, paper based surveys, and 
face-to-face surveys and interviews. It was identified that face-to-face surveys and interviews 
were the most effective methods for the research. 

 
The main fieldwork was conducted in July-Sept, 2019. A total of 150 households were randomly 
selected to represent the population of Tongatapu, the main island of Tonga. A total of 96 
households were surveyed. This involved interviews, household surveys and time-use diaries 
which together explored the ECF key variables; (i) material culture (e.g. appliances) (ii) energy 

mailto:kakau.foliaki@postgrad.otago.ac.nz
mailto:janet.stephenson@otago.ac.nz
mailto:ben.anderson@otago.ac.nz
mailto:patrick.vakaoti@otago.ac.nz


Page 
 

 

 

practices (e.g. cooking routines), (iii) social norms (e.g. traditions, beliefs, values) and (iv) 
external factors (influences of government taxes, policies, fuel prices etc.). The data were 
analysed and compared to the households’ daily electricity bills from the Tonga Power Limited 
smart meter records. National rainfall and temperature data were also collected for the analysis. 
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Results 
 

The preliminary findings indicate that in general the locals’ understanding of energy and energy 
efficiency is limited. Some define energy in relation to their area of expertise, for instance, 
biological energy in a cell, religion (spiritual energy) and health (fitness) but the majority of 
households define energy as electricity alone, and don’t include other sources of energy such as 
fuel. This may relate to the way in which the government and other responsible authorities have 
been communicating about energy efficiency. 

 
Climate change and clean energy initiatives are of high national priority in Tonga. The data 
however shows that the local communitites do not share the same interests as the government. 
While most households understand the importance of the transition to clean energy and using 
energy efficiently, their family values, religion and financial security take precedence. As such, 
energy was the least important factor in their life, despite how reliant they are on energy for their 
daily living. The importance of getting the work done (“koe ngaue ke lava”) is significant even if it 
will cost them. This is why some of the households have debts and seek financial assistance from 
relatives overseas. Hence, the reliance on remittance is high and some households’ energy bills 
are paid directly by family overseas. This contributes to the high number of inefficient and high 
energy consumption households. 

 
Moreover, most households identify energy efficient practices as easy to perfom, but most do not 
follow through. This is based on cultural obligations such as funerals, weddings or religious 
observances that use a lot of energy to cater for families and communities who turn up to show 
their respects. Others feel that convenience and safety is more important to them. For instance, 
with regards walking vs driving within one kilometres, some strongly support driving as other 
residents do not restrain their dogs which becomes a safety issue for them. Most households leave 
their exterior lights and hallway/kitchen lights on throughout the night for their children when they 
use the bathroom and kitchen at night. 

 
Furthermore, households find energy costs expensive but are still willing to pay for it. When the 
cost of fuel and electricity drops, there is an increase in household energy consumption. The 
majority of the households keep track of the national energy price fluctuations. Some believe they 
consume a similar amount of energy despite the fluctuations, but the data shows their electricity 
bill increasing when electricity tariff dropped, a classic rebound effect. Energy literacy is also an 
issue - some households overestimated their daily consumption up to 10-fold yet were confident 
about how accurately they can estimate their energy consumption. 

 
It was also evident that Tongan culture plays a huge role in the locals’ daily energy consumption 
and activities. Firstly, the use of traditional cooking methods are still common in Tonga but there 
is an increasing shift to gas cooking due to convenience and improved air quality. The time use 
diary data shows that households carry out many similar activities to any households in the Pacific 
region. However, there were few cases where Tongan households differ, with energy implications, 
for example attending morning church services that start at around 5am during the week, and 
kava session for men from around 8pm till midnight. There was also a spike in households’ energy 
consumption from cultural obligations such as funerals. The Tongan funeral runs for an entire 
week, where the bereaved families cater for visiting families and community, including conducting 
sermons from 5pm to 7am in the morning. The study also reveals intensive consumption of energy 
without concern for energy efficiency at big cultural events (e.g. Church conferences, King’s 
birthday etc) that take  place annually. Energy efficiency policy needs to address these traditional 
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activities. 
 
 

Conclusions 
 

The lack of success of western-inspired energy policies in achieving a clean energy transition and 
energy efficiency may be at least partly due to the uniqueness of Tongan culture and resulting 
energy behaviours. Tongan households differ markedly from most western households, particularly 
with regards the close unity and collaboration within families and communities, and the strong 
traditional and religious underpinnings of 
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daily life. Understanding how this translates to energy behaviour is crucial as it reveals the 
pragmatic barriers to energy efficiency and may help develop culturally relevant policies for 
improving energy efficiency in Tonga. Preliminary findings indicate a need for improving energy 
literacy (including what energy and efficiency mean), and developing policy that accounts for 
cultural factors such as the strong commitment to family, church and communal activities. While 
policymakers focus on the financial and environmental benefits, it is vital to bring the behavioural 
aspects of energy into policy planning and centre national policy on what people value rather than 
simpy focus on technical outcomes. While this research is not yet complete, it is already evident 
that studying energy cultures can assist governments to develop culturally-appropriate policies to 
improve energy efficiency in Tonga. 
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Abstract 
 

Overview 
 

With the development of financial integration, the relationships between 

financial markets become increasingly closer, and the stability of a financial system 

decreases dramatically. Modern communication technologies also create favorable 

conditions for financial risk contagion. The extreme risks of one financial market or 

institution can spread to other markets or institutions via the open financial market 

system, causing risk spillovers and even financial 
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contagion. The 2008 global financial crisis and the 2010 European debt crisis both 

bear witness to this phenomenon. The crucial commodity of crude oil especially 

plays a pivotal role in economic activities and has a great effect on stock markets 

(Jones and Kaul, 1996; Kilian and Park, 2009; Mensi et al., 2017). Thus, this paper 

tries to model the financial contagion and explore the risk spillovers from oil 

market to the stock market system, which can offer some theoretical and practical 

insights for investors and financial regulators to handle oil shocks, monitor oil risk 

spillovers, and even prevent systemic risks caused by extreme oil risks. 

Adrian and Brunnermeier (2016) proposed conditional Value-at-Risk (CoVaR) 

to measure systemic risk or risk spillovers, and Brownlees and Engle (2012) 

showed how to measure marginal expected shortfall (MES) to further research 

systemic risks via a dynamic conditional correlation model. Further, Liu et al. 

(2017) conducted an CoVaR empirical analysis via a dynamic copulamodel, and 

Eckernkemper (2017) showed how to measure MES via a dynamic copula model, 

since the relationships between financial markets are always nonlinear, even 

more strikingly when extreme risk events occur. 

However, CoVaR and MES may have some defects for describing the 

interactions of risks for every financial institution as well as the complex 

systemic characteristics exhibited during a period of extreme market risk. 

Particularly, Diebold and Yılmaz (2014) proposed to 



 

 

employ the connectedness measure method to construct a financial network and 

explore its systemic risks or risk spillovers. Thus, this paper tries to combine the 

Copula-CoVaR method with the connectedness measure method to explore the 

relationships or network structure among the CoVaR values for all G20 countries 

under the condition that the oil market is in extreme distress. Furthermore, this 

paper tries to explore the effects of extreme oil risks on the network of global 

stock risks, and then analyzes the risk of spillovers from the oil market to the 

global stock market system. In particular, a CoVaR connectedness has the 

following characteristics: 

• It is a VaR network given some extreme conditions. As a VaR network may 

fully describe the interactions among all extreme stock market or all financial 

institution risks, compared with VaR model, a VaR network model is preferred to 

explore the financial contagion inside the whole market system, i.e. financial 

market system extreme risk modelling. 

1) A CoVaR network can be employed to analyze the risk spillovers from the 

conditional variable to the whole system of a financial market or financial 

institutions; that is, a CoVaR network is preferred to explore financial contagion in 

cases where the contagion sources are outside the network. 

The paper described by this abstract will be organized with an introduction, a 

second section on the research methodology, a third section on the empirical 

analysis, and a final conclusion. 

Methodology 
 

1) This paper’s analytical approach combines four generalized autoregressive 

conditional heteroskedasticity (GARCH) models, a standard GARCH, a GJRGARCH, 

an APARCH, and a CSGARCH, all with six distributions, including standard normal, 

skewed normal, standard t, skewed t, generalized error distribution, and skewed 

generalized error distribution, to obtain a total of 24 ARMA-GARCH class models. 

Then, the optimal marginal distribution for G20 stock returns and oil returns are 

selected using the Bayesian information criterion (BIC). 

2) The optimal copula dependence structure for G20 stock and oil 

returns is selected using 10 time-varying copulas, i.e. time-varying normal, 

t, four clayton-class copulas, and four gumbel-class copulas. 
Page 103 

Then, the CoVaR and MES values are computed and compared. 
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3) The connectedness measure method is employed to construct the CoVaR 

network for the empirical analysis. 

Conclusion 
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This paper will propose to employ a CoVaR connectedness method to explore the risk 

spillovers from an exterior source to a financial network and the resulting complex interactions 

among the extreme risks of all components inside the financial network, i.e. modelling of 

financial contagion or a financial crisis phenomenon. The case study results show that extreme 

oil risks can affect the systemic risks of the G20 stock market system, although different 

countries show different reactions to extreme oil risks. The empirical conclusions can offer 

some theoretical and practical insights for investors and financial regulators to handle oil 

shocks, monitor oil risk spillovers, and even prevent systemic risks caused by extreme oil 

risks. 
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Overview 
Thermal power, which provides more than half of the electricity, has long been the leading source 
of power generation in China. However, thermal power is not considered as a clean energy given 
its high-level coal consumption and discharge of air pollutants during production. In the new era, 
with the increasing emphasis on energy saving and emission reduction, the Chinese government 
has introduced more stringent environmental policies on the thermal power industry while strongly 
encouraging the development of renewable power generation, such as wind power, photovoltaic, 
nuclear power, etc. Nevertheless, the current energy supply structure determines that the status 
of thermal power generation cannot be replaced in a short time, though current policies tend to 
suppress thermal power industry. In addition, because of a recent slowdown of China’s economy, 
the demand for electricity is expected to decrease accordingly, thus the entire thermal power 
industry will experience lots of losses. As a result, it is of great necessity for thermal enterprises to 
improve their technical efficiency and thus become more competitive and survive in the market. 

Most of existing studies on thermal power efficiency improvement used provincial level or 
listed thermal power enterprises data before 2012. Their findings and conclusions in early stage 
may not be applicable for more general thermal power enterprises in especially the new era. To fill 
the gap in literature, this paper attempt to analyse the technical efficiency and its influencing 
factors of thermal power industry based on a more comprehensive panel dataset that consists of 
all thermal power enterprises from one of the major power generation groups in China over 2012 
to 2016. Our empirical results are valuable for the industry to better improve efficiency thereby 
bettering the harsh situation, in response to the government’s slogan of promoting economic 
development while saving energy and reducing emissions. 

 
Methods 

This study applies stochastic frontier analysis (SFA) to estimate the technical efficiency of 
thermal power enterprises,  as well as factors that have an effect on inefficiency. SFA is a 
parametric approach, which determines the  production frontier based on specific inputs and 
outputs in the production function. The enterprises on the frontier are considered to be productive. 
The closer the enterprise is to the frontier, the more efficient it is, and vice versa. The basic SFA 
production function is set as follows: 

(1) 

where the subscript  and   index the productive unit and time in years, respectively;  
represents the output of an unit;  is a vector of inputs; is the vector technology parameters to be 
estimated; represents the unit fixed effects; denotes the  technical inefficiency, measuring the gap 
between the actual output of the unit and the technical frontier; is the idiosyncratic error term and 
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assumed to follow a normal distribution with zero mean and variance and be independent of . 

We selected standard coal consumption and capital as input variables, and generated 
electricity as the output. We followed Battese and Coelli (1995)’s SFA specification which allows 
panel estimation of efficiency and identification of sources of technical inefficiency. Meanwhile we 
chose a more flexible trans-log functional form as follows: 

(2) 
(3) 
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where represents generated electricity; and are selected input variables; denotes the time 
fixed effects. Equation (3) is the base form of technical inefficiency, in which is the vector of 
factors that may influence  technical inefficiency and  denote the parameters to be estimated. 

 
Results 
Our empirical analysis reveals that the output elasticity of capital is significantly negative, while 
standard coal consumption appears positive; no enterprise locate at the frontier of efficiency. The 
average efficiency of all sampled enterprises is 0.76, indicating that there is still room for 
improvement. Enterprises in east and north China clearly have higher efficiency than those in 
other regions, and those in northwest region have the lowest efficiency. Unit standard coal, equity 
concentration and shareholder equity ratio have a significantly negative impact on efficiency. 

 
Conclusions 
The total installed capacity is redundant, but the capacity of a single generator set needs to be 
further expanded. The coal resource utilization rate of the thermal power industry has not reached 
the optimal level and there is room for improvement. Thermal power enterprises generally have an 
excessive concentration of equity. If the concentration of equity is properly dispersed, the 
efficiency will be significantly improved. The high ratio of shareholders’ equity indicates that 
thermal power companies have not fully utilized capital and other resources for expansion. 
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Overview 
The National Development and Reform Commission clearly pointed out in the "Key Tasks of 

New Urbanization Construction in 2019" to accelerate the development of urban-rural composition 
and narrow the gap between urban and rural development. At the same time, the rapid 
urbanization process has also led to a series of environmental problems. Population agglomeration 
and economic concentration have caused increasingly serious smog pollution, posing a major 
threat to human health. Analysis of the factors affecting the degree of smog pollution in the 
process of economic development has practical significance for the control of haze. Our paper 
adopts the spatial panel data measurement model. Based on PM2.5 concentration data in 27 
provinces of China from 2007 to 2016, and taking into account direct effect and spatial spillover 
effect of smog pollution. We have innovatively added the Theil index as a measure of economic 
concentration to study the relationship between regional development imbalances and smog 
pollution due to regional economic concentration. 

 
Methods 
Anselin (1988) proposed a spatial econometric model, which was later widely used in the study of 
the relationship between economy and environment (Grossman&Krueger, 1991. Zhang Xiao, 
1999). The dynamic spatial panel data model was used to study the dependencies among 
variables in order to explore the spatial effects of cross-regional smog pollution (Elhorst, 2012. 
Shao Shuai et al., 2016). Building on the concept of dynamic spatial panel data model, this paper 
aims to explore the determinants of smog pollution in China. The measurement model is set as 
follows: 

PM it  Eit  S jt  Sit 
 

Ei is the actual emission of PM2.5 in Region  i ,  
S j   represents the amount of PM2.5 diffused 

from other regions;  S i 
indicates  the  amount  of PM2.5  emitted  locally but  diffused  to other  regions,  which  therefore  
has  no  impact on smog 

pollution 
locally. t 

is the year. In 
[3], 

S jt  
Sit 

indicates the dependence of spatial effect. When static 
panel data is used, 

S jt  
Sit 

 wij PM 

jt 
j 

 

; the spatial error is 
characterized by 

S jt  
Sit 

 
it 

 wij it     it 
j . 
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∑ X 

 
Under the characteristics of spatial dependence and spatial error, the measurement model is as 
follow 

PMit  X it    wij PM jt    ui t 
j 

 

PMit  X it  wi j i t  uit  it 
j 

 
And our paper used the Theil index to measure the income gap between regions. As a measure of 
regional disparity, the Theil index describes the degree of regional disparity by calculating the 
degree of economic aggregation within a region. The Theil index is calculated as follows: 
Y  

X K  
K L 

K 1 K 

YK i  
X K i  
X 

K 
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Where, 
YK 

and 
YKi 

 
respectively represent the total 
economic of Region 

K and the economic share of 
Individual i in 

the region’s 
total; 

X K 
and 

X 
K i represent the total income of Region K and the income of Individual i in 

the region; L 

indicates the number of regions studied. 
 

And then, the spatial spillover effect can be expressed as: 
 

 
 j  
q1 

 q    
 j  

1   

Where, q is the number of regions adjacent to Region i. The total effect is the sum of direct 
effect and spatial spillover effect: 

 j  
 

 
 

j  
q

1 

 q 

 

 j 
  
1  
 

With equations [9] and [10], we can determine the direct effect, spatial spillover effect and 
total effect of different determinants of PM2.5 concentration in different regions. 

 
Results 

Our paper calculates the Theil index of all provinces in China. Then, based on the spatial panel 
data measurement model, the calculations are used to explore the impact of regional economic 
concentration on smog pollution. This paper also calculates the direct effect and spatial spillover 
effect of smog determinants The empirical research results show that (1) The regional 
development imbalance has a significant negative effect on PM2.5 emissions. So we believe that 
accelerating urbanization and increasing regional economic concentration are conducive to the 
improvement of environment. (2)In addition, the inverted “U” relationship between smog pollution 
and economic development has not been confirmed in our paper. There is no environmental 
Kuznets curve inflection point in China.(3)But economic development is negatively correlated with 
PM2.5 concentration, as per capita GDP increases, the level of smog pollution continues to decline. 
(4)The higher the proportion of secondary industry output to regional GDP, the more serious smog 
pollution in the region. 

 
Conclusions 
So,promoting industrial upgrading and optimizing industrial structure are important measures to 
control smog pollution. At the same time, reducing the consumption of coal and increasing the 
proportion of R&D personnel in the region can effectively reduce the concentration of PM2.5. As the 
culprit of smog pollution degree, PM2.5 presents significant spatial positive correlation in China at 
present. Highly polluted areas are mainly concentrated in the central and eastern parts of the 
north. Spatial spillover effects account for a higher proportion of total effects, so if we want to 
reduce the level of regional smog pollution, we need joint management in the surrounding areas. 
And considering that smog has a significant spatial spillover effect, air quality can be improved 

∞ 

∞ 
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only when coordinated cross-regional measures for smog control are adopted. Different regions 
should speed up efforts to reach a consensus on smog control and jointly formulate environmental 
control programs to address air pollution. Only with coordinated programs and concerted efforts to 
promote ecological civilization can China make sound progress in smog control. 
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Overview 
 

In this paper, we construct a simulation model based on the real data of the regional network 
consisting of Beijing, Tianjin, and Tangshan, China, and using this model, we investigate the 
impact of market structures on wind power. Three typical market structures—monopoly, perfect 
competition, and Cournot–Nash competition, which represent the process of China’s electric power 
market structure revolution—are analyzed in this paper. We also consider the influence of 
government subsidies on wind power. Numerical simulations are utilized to examine the 
performance of wind power in a simulated network under different market structures considering 
government subsidy schemes. The simulation results demonstrate that distinct market structures 
have different implications on wind power. In the scenario of monopoly, wind power output is the 
least, whereas in the scenario of perfect competition and Cournot–Nash competition, wind power 
output can reach the maximum. Subsidies promote wind power development by affecting its 
shadow prices and competitive advantage. 

 
Methods 

 
In this paper, we present a model of an electricity network based on the regional network 
consisting of Beijing, Tianjin, and Tangshan (hereafter, abbreviated as BTT Net). Under the given 
generation technologies, the different structures of an electricity utility market are the different 
electricity dispatching systems that connect the firms (generators) and consumers. The utility 
market of China has experienced centralized planning, granting firms with managerial power but 
with no right on pricing and introducing market-style competition and limited power on pricing. 
These dispatching systems are similar (but not necessarily identical) to the following market 
structure, respectively: (A) monopoly, (B) perfect competition, and (C) Cournot–Nash 
competition. Scenario A reflects the institution in which the whole network is under the control of 
a single authority. It is a mix of a market economy (monopolistic pricing) and state ownership of 
the electricity industry. Scenario B reflects the early reform measures of the electricity industry in 
China. The government sets the price of electricity but allows firms to compete with one another 
to improve internal efficiency. From firms’ perspective, this resembles some features of perfect 
competition. Scenario C reflects the most recent structure of the electricity industry in China. 
Firms are given the right to decide their electricity output and compete with one another for 
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market share. In sum, the three dispatching mechanisms represent the phases of the electricity 
industry structure of China at different times in the past three decades. 
We consider them as three distinct scenarios and assess wind power in these scenarios.The 
objective functions of the firms or the Net managers for 24-hour day supply of electricity in 
Scenarios A, B, and C are as follows: 

 
A. Monopoly (maximum profit of all power generation plants): T 5 
Max[mcp 
P 

− (a P2  
b P 

 c )], (1) 

 
t 1 i1 

t   i,t i   i,t i   i,t i 

 
B. Perfect competition (minimum power generation cost and minimum power price): T 5 
Min
 

(a P2  b P   c ), (2) 

t 1 i1 i,t i   i,t i   i,t i 

C. Cournot–Nash competition (electricity generators decide their output to realize the maximum 
profit and have power to affect electricity price): 

T 
Max  mcp P     (a P2   b P   c ), i  1, 2, 3, 4, 5. (3) 

i,t t   i,t i,t i   i,t i   i,t i 
t 1 
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where index i are firms, and i = 5 is the windmill. T=24 with a time step of 1 hour. In these 
market structures, the industry’s or firms’ decision variables are Pi,t or effective electricity power 
output; δi,t is a unitary variable. mcpt is the market clearing price of electricity at time t. Other 
symbols in the objective functions are parameters related to firms’ cost functions. 

 
Results 

 
On windy days, when wind power can generate more electricity, wind power generation may not 
occur at full capacity. In some cases, wind power is curtailed at a portion of electricity generated, 
for example, in monopoly (Scenario A) with 23% capacity factor cases; however, electricity 
curtailment does not occur in perfect competition (Scenario B) and Cournot–Nash competition 
(Scenario C). This is because monopoly suppresses the output of the whole net and marks up the 
price to maximize industry profit. Wind power, despite its near-zero marginal cost, may not be 
dispatched because fossil-fuel power firms hit lower bounds of generation. The simulations show 
that the institutional setting has a direct effect on wind power generation. An interesting finding is 
that wind power impacts BTT Net differently under different market structures. In monopoly 
(Scenario A), wind power crowds out high-cost gas power; thus, it is placed at the lower bound in 
the entire 24- hour period. If decision-makers intend to maximize the network’s profits, they 
promote wind power for its low marginal cost, thereby suppressing fossil fuel generators with 
higher marginal costs. By contrast, in the Cournot–Nash equilibrium (Scenario C), wind power still 
supplies electricity at full capacity, but fossil fuel firms generate more electricity despite their 
high-cost structure. The perfect competition (Scenario B) is similar to the Cournot–Nash 
competition in this aspect. 

 
The aforementioned results imply that various degrees of competition affect wind power mainly 
by influencing power demand; in case power demand is sufficient, this type of market structure 
may not adversely affect wind power but will definitely benefit fossil fuel power. Competition 
lowers the price, increasing the demand for electricity. The limited supply of wind power cannot 
meet such an increased demand in a short time; consequently, other large-capacity generators 
must run sometimes at their full capacity. In the scenario of monopoly, the profits of power 
generators are much more than those in other market structures. By contrast, in the scenario of 
competition, the firms’ profits are the least. 

 
In the scenario of monopoly with wind power generation enjoy subsidy, the profits of gas power 
generators and 300-MW coal-fired power generators are slightly more than those of the 
generators in the case without the subsidy. This is because the subsidy increases the marginal 
clearing price of the power system, which decreases the power demand and thus decreases total 
power supply. However, in the scenario of Cournot–Nash competition, the subsidy does not 
change total power generation; hence, the profits are the same whether there is subsidy or there 
is no subsidy for coal-fired and gas-fired power firms. The aforementioned results imply that in 
the context of monopoly, the subsidy for renewable energy cause welfare loss because it 
increases the equilibrium price. 

 
Conclusions 

 
Among three power market structure scenarios (A: monopoly; B: perfect competition; C: 
Cournot–Nash competition), wind power output is the least in Scenario A with peak wind capacity 
(70% capacity factor), because power demand in this scenario is the least because of high power 
price; thus, wind power curtailment occurs. In Scenarios B and C, lower power price leads to 
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higher power demand higher wind power output, and no curtailment of wind power occurs in 
these scenarios. 

 
Different power market structures have different effects on the profit of power generators. In 
Scenario A (monopoly), the profits for all types of power generators are the maximum among 
the three scenarios; in Scenario B (perfect competition), the profits for all types of power 
generators are the least; in Scenario C (Cournot–Nash competition), the profit is between those 
of Scenarios A and B. It is a concern that in all of these scenarios, irrespective of whether 
subsidies are present, the profit per unit investment of wind power is considerably lower than 
that of coal-fired power plants. 

 
Finally, we found that subsidies play two important roles in promoting renewable energy: First, 
they can increase the profit of wind power farms; second, subsidies can crowd out fuel fossil 
power in some scenarios (for example in Scenario A) when power demand is relatively limited. 
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Overview 
Excessive CO2 emissions from manufacturing has become a major factor that constrains 

China's sustainable economic development and the problem of high CO2 emissions is far from 
being fundamentally solved. Therefore, in order to achieve sustainable economic growth, it is 
necessary to undertake a thorough analysis of the dynamic changes in CO2 emissions efficiency, 
understand the current levels of CO2 emissions inefficiency, and reduction potential in China’s 
manufacturing industry. This can not only help both scholars and policy makers to find out the 
CO2 emissions performance and the driving forces of CO2 emissions reduction in manufacturing, 
but also provides specific policy.measures to improve carbon efficiency and reduce CO2 emissions. 

 
Methods 

Considering the regional and industrial heterogeneities, this paper introduces a global multi-
hierarchy meta-frontier Data Envelopment Analysis approach to analyze the dynamic performance 
of CO2 emissions and to estimate the current CO2 emissions inefficiency and reduction potential in 
the manufacturing industry of China's 30 provinces, which are separated into three components, 
viz., structural characteristics, technology gaps, and resource allocation levels. 

 
Results 

The results show that: (1) From 2003 to 2015, the CO2 emissions efficiency of China's 
manufacturing industry increased by a factor of 4.7, of which technological progress and 
optimization of industrial structure were the main driving forces. (2) At present, the CO2 
emissions inefficiency of the manufacturing industry in mainland China is 0.7804, reflecting that 
78.04% of its total CO2 emissions is excessive emissions, which is mainly caused by the low 
allocation efficiency. (3) The heavy sub-industry and the east region have the greatest potential 
for CO2 emissions reduction in the manufacturing  and in the three regions of the country, 
respectively. In addition, by promoting the industrial restructuring, regional coordinated 
development, and strengthening the environmental regulations and promoting  market-oriented  
reforms, China's manufacturing industry could reduce 29.65%, 11.55% and 36.84%, respectively, 
of its current CO2 emissions. Based on the estimation results, this paper also points out the short-
term and long-term directions for industrial structure adjustment and develops the specific paths 
for China's 30 provinces to achieve CO2 emissions reduction in manufacturing industry. 
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Conclusions 

(1) From 2003 to 2015, the overall CO2 emissions efficiency of China’s manufacturing industry 
has increased by 4.7 times and technological progress and industrial restructuring are the primary 
factors to promote CO2 emissions efficiency improvement, indicating that the technological 
innovation and optimization of industrial structure both have a positive impact. Moreover, because 
of locational and policy advantages, the east and central regions enjoy a fast growth in CO2 
emissions efficiency between 2003 to 2015, by 5.23 times and 4.12 times, respectively. In case of 
the west region, due to lack of sufficient human capital, technology, research and development, its 
accumulated GM is the lowest (2.46 times) among the three regions. In contrast, during the 11th 
FP and 12th FP, the AE continues to decline in Mainland China. 

(2) Currently, CO2 emissions inefficiency (CEI) of the China’s manufacturing industry is 
0.7804, indicating that 78.04% of the manufacturing industry’s total CO2 emissions is excessive 
emission. Allocation inefficiency is an excellent source of CO2 emissions inefficiency, which is 
0.3684, followed by structural inefficiency and technical inefficiency. Meanwhile,  both CO2 
emissions inefficiency and its decomposition of manufacturing industry in mainland China reflect 
the obvious 
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regional and industrial heterogeneities. For three sub-industries of China’s manufacturing industry, 
CO2 emissions inefficiency in light manufacturing, heavy manufacturing and equipment and high-
tech manufacturing are 0.6984, 0.8321, and 0.3801, respectively, and the structural inefficiency 
of the equipment and high-tech manufacturing is the least (0.0199), which indicates that the 
equipment and high-tech manufacturing sub-industry has the development advantages in CO2 
emissions reduction. Moreover, CEIs of manufacturing in the east, central, and west regions are 
0.6643, 0.8709, and 0.9378, respectively, and technical inefficiency is the least in the east region, 
while the manufacturing industry in the west region  has performed poorly in terms of technology 
efficiency. 

(3) Current CO2 reduction potential (CRP) of the manufacturing industry in mainland China is 
about 4227.84 MT, accounting for approximately 78% of the current CO2 emissions of the 
manufacturing. Due to the large industrial scale, the east region has the highest CRP (1835.44 
MT) among the three regions, and allocation reduction potential as the major source (969.75 MT), 
followed by the central region and west region. On the other hand, due to the highest CO2 
emissions and CEI, the CRP of the heavy manufacturing is the highest among the three sub-
industries of manufacturing industry, with 3675.74 MT. Furthermore, by promoting the industrial 
restructuring, regional coordinated development, and resource allocation efficiency improvement, 
China's manufacturing industry could reduce 29.65%, 11.55% and 36.84%, respectively, of its 
current CO2 emissions. Additionally, this paper also points out the short-term and long-term 
directions for industrial structure adjustment and develops the specific paths for China's 30 
provinces to achieve CO2 emissions reduction in manufacturing industry. 

Due to China’s various regions have uneven economic development levels, resources 
endowment and economic structure, and there are obvious diverse industry characteristics among 
the manufacturing industry, the regional heterogeneity and industrial heterogeneity should fully be 
considered while formulating the emissions reduction strategies for the manufacturing industry. 
Facing with the problem of excessive CO2 emissions from manufacturing, in the future, the 
Chinese government should encourage the development of Equipment and High-tech 
manufacturing industry, specify the direction of industrial restructuring and optimize industrial 
structural layout. At the region level, the local governments should fully focus on the advantages 
and disadvantages of local industrial development while implementing industrial restructuring in 
manufacturing. In addition, the interregional technical development gap is the main reason for 
CO2 excessive emissions. Hence, it is necessary to strengthen technical cooperation and exchange 
between the provinces to improve the CO2 emissions efficiency. Since the China’s energy market 
is far from being mature, the energy price is still regulated by the Chinese government, and has 
no market mechanism in the energy sector. Therefore, the Chinese government should step up its 
efforts in market-oriented reforms in the energy sector and improve the resources allocation 
efficiency. On the other hand, to mitigate the problem of excessive CO2 emissions due to lacking 
of consideration for environmental protection costs, strengthening environmental regulations is 
also an effective means, therefore provinces should accelerate the development of relevant 
environmental protection regulations for manufacturing to control CO2 emissions.Besides, China 
should continue to increase investments in education and technology research and development, 
and through improving the level of human capital accumulation and promoting biased 
environmental technological advancement to realize sustainable development of manufacturing. 
Lastly, it should be emphasized that in order to achieve the CO2 emission reduction target of 
manufacturing industry, it is indispensable to clearly identify the sources of CO2 emissions 
inefficiency from the structural characteristics, technology gaps, and resource allocation at the 
regional and industrial levels, and to formulate corresponding emission reduction strategies. 
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Overview 
Refined oil prices in China are not market-based, but have been always regulated by the 
government. Before 1998, refined oil prices are fully controlled by the central government, who 
sets domestic refined oil prices much lower than comparable international refined oil prices. In 
June 1998, the refined oil pricing mechanism was established by the National Development and 
Reform Commission (NDRC), which determined the timing and magnitude of adjustments to 
refined oil prices by referring to crude oil prices in Singapore. After that, this regulation rules has 
been gradually amended several times. Two major revisions occurred in 2009 and 2013, 
respectively, which can be seen as deregulations on refined oil prices. In May 2009, the NDRC 
declared that refined oil prices should be adjusted when the average variation of international 
crude oil prices exceeds 4% during the period of the past 22 days. Before 2009, the period 
referred was not clarified and always exceeded 22 days. Besides, the basic retail prices with 
fluctuations are changed to be maximum retail price. In March 2013, the NDRC announced that 
the adjustment period was changed to 10 days instead of 22 days, and the lowest bound of 4% 
was also removed. Besides, it is declared that the West Texas Intermediate (WTI) spot crude oil 
prices are also be referred when measuring the average variation of international oil prices. 
Refined oil pricing reform is supposed to be a deregulation, which would strengthen the linkage 
between domestic oil prices and global oil prices. Therefore, these deregulations are expected to 
improve the efficiency of oil products by reducing price distortion. 

 
Research on efficiency gains from refined oil pricing deregulations is still not enough, especially 
the efficiency gains from those deregulations introduced in 2013. Furthermore, lots of studies 
show that energy efficiency is also affected by productivity, economic structure and energy 
consumption structure. Therefore, are there any interaction effects between these factors and 
deregulations on energy efficiency？ This paper contributes to the existing literature in the 
following two aspects. First, there are a lot of literature focusing on the relationship between 
efficiency and deregulations in power  industry in China, but little literature on the efficiency 
improvement brought by refined oil pricing deregulation. We examine the impacts of deregulations 
from both empirical and theoretical perspectives, and inspect the transmission mechanism 
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comprehensively. Second, by comparing empirical and theoretical analysis, we examine the 
existence of rebound effects associated with the improvement of energy efficiency, and show that 
deregulations and higher productivity can eliminate rebound effects significantly. 

 
 
 

Methods 
We use two kinds of models. One is a panel data model based on China’s provincial data. The 

sample spans from 1996 to 2016, and includes 31 provinces. The other one is a New Keynesian 
dynamic stochastic general equilibrium model with Chinese characteristics. 
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Results 
Results show that deregulations of refined oil prices have significant positive effects on China’s 

domestic oil products consumption while their effects on crude oil consumption are insignificant. 
Meanwhile, three important macroeconomic factors which affect the magnitude of energy 
efficiency gains from these deregulations are identified by the two models. Strong scientific 
evidences from both empirical and theoretical approaches show that the efficiency gains are 
increased with the growth of labor productivity, while reduced with a greater share of 
transportation sector in economy and deficits in domestic crude oil consumption. 

 
 
 

Conclusions 
Both the empirical and theoretical analysis show that efficiency gains do exist from 

deregulations on refined oil prices. Empirical analysis indicates that, during the period from 2009 
to 2013, efficiency gains mainly depend on the proportion of transportation sector in total output, 
and they become smaller with higher proportion of transportation sector. Since 2013, the 
efficiency gains lie on productivity and deficit in crude oil consumption. They become bigger with 
higher productivity, while become smaller with higher deficit in crude oil consumption. Theoretical 
conclusions are consistent with empirical findings, and further reveal that there exist rebound 
effects in efficiency gains from deregulations. The feasible way to eliminate the rebound effects is 
the combination of deregulations on refined oil prices and persistent improvement of productivity. 
As for the proportion of transportation sector in oil products consumption, it does harm to 
efficiency, but has little impacts on rebound effect. 
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Overview 
Realizing the Sustainable Development Goals (SDGs) critically depends on sustainable, 
reliable, and affordable consumption (particularly the consumption of durable goods). There 
have been a number of indicators commonly used to assess the sustainability of consumer  
durables,  for  example,  'COR2R               emissions  per  distance  traveled  (g/km)'  for 
vehicles and 'electricity consumed per annum (kWh/annum)' for refrigerators and washing 
machines. However, these indicators are simply partial ones that consider only the ratio of 
COR2R    emissions (fuel consumption) to the distance or time of usage. In other words, the 
indicators reflect the SDG 13 (i.e., "take urgent action to combat climate change and its 
impacts") but ignore some other goals (e.g., SDGs 3, 7, and 8) that aim to enhance human 
well-being. Therefore, it is crucial to take into account the trade-offs between sustainability 
and amenity of consumption in the assessment of SDGs. This study set out to develop an 
SDG indicator in consumption by drawing insights from total- factor efficiency and 
productivity analysis. An empirical application to register data of motor vehicles in Finland 
demonstrates how the proposed indicator can be used to support evidence-based 
policymaking in energy transitions in transport and sustainable consumption. 

 
The paper is organized as follows: After the introduction the second section proposes a 
conceptual framework that defines the sustainability and amenity of consumption. The third 
section presents a convex nonparametric least squares (CNLS) approach to assess the 
trade-offs between sustainability and amenity. In section four we describe the register data 
of motor vehicles in Finland. In Section five we report the empirical results for the years 
2009-2018 and derive several policy implications. The final section concludes the paper. 

 
Methods 
Convex nonparametric least squares; Principal component analysis. 

 
Results 
First, a conceptual framework is proposed to quantitatively measure the trade-offs between the 
sustainability and amenity of consumption. 
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Second, we estimate the total-factor efficiency across brands and green productivity growth in 
motor vehicles registered in Finland. 

 
Third, the empirical results suggest that there were significant variations across car brands 
and consumer behavior played a pivotal role in transitions to low-carbon transport and 
sustainable consumption. 

 

Conclusions 
In this study, we have quantitatively defined the sustainability and amenity of consumption 
using reasonable proxy variables and assess the trade-offs between the two features by 
convex nonparametric least squares. We apply the proposed approach to the Finnish 
register data of motor vehicles. The empirical results reveal that passenger cars produced 
by different brands exhibited large differences in total-factor eco-efficiency. More 
importantly, consumer behavior has led to significant rebound effects that countered the 
technological progress in motor vehicles. The study provides important policy implications 
for energy transitions in transport and sustainable consumption. 
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Overview 
In this paper, we propose that data-driven bottom-up modelling has become essential to 

understand at customer- level the interaction between energy usage, dwelling characteristics and 
socio-economics. Various energy usage models are employed in the energy industries across the 
developed world but often these tend to be top-down models with low granularity and driven  mainly 
by generalised macro-economic assumptions [1]. Customer behaviour and requirements are 
increasingly varied, individualistic, and do not adhere to one-size-fits-all assumptions [2]. Also, 
customer deprivation [3] and pre-existing dwelling charecteristics impact customer decisions to adopt 
certain technologies, which can only be captured bottom-up by fusing energy usage data with physical 
dwelling and socio- economic information. 

 

Methods 
The approach used involved building a ‘Granular Auckland Customer Model’ for the Auckland region, 

which includes roughly 1,5 million people or 600 000 residential electricity connections (referred to 
here as customers) in urban, suburban and rural areas. The model fuses different datasets at individual 
customer level bottom-up, including customer’s spatial location, historically billed monthly energy 
usage (including gas and electricity), national census information (e.g. income, family makeup, 
employment, tenure), dwelling characteristics (e.g. type, dwelling material, age, size) and half-hourly 
load profiles for peak days. The resulting ‘Granular Auckland Customer Model’ provides a convenient 
and efficient platform for analysis using statistical and data science techniques. 

 

Results 
Some key results from the ‘Granular Auckland Customer Model’ include: 

Energy usage by deprivation. One of the main drivers for residential energy usage is dwelling 
size. The heat maps in Figure 1 show individual customer energy usage by dwelling floor area for high 
and low socio-economic geographical areas. The colour range of the heat maps indicate the number of 
dwellings as a percentage of the total number of dwellings in each dataset i.e. red means a high 
percentage of properties and green means a low percentage of dwellings. While total energy usage 
increases with floor area for low and high socio-economics, the distributions are 
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quite different. High socio-economic areas tend to use more energy per dwelling due to to the fact that 
dwellings in high socio-economic areas are larger than dwellings in low socio-economic areas. 
Interestingly the heat maps also show that for the same floor area, lower socio-economic dwellings 
tend to use more energy than high socio- economic dwellings. Further prelimarinay analysis indicates 
that important drivers of this phenomenon could be higher occupancy rates and lower energy efficiency 
levels. 

Figure 1. Residential energy usage and dwelling floor areas for high and low socio-economic 
households 

 
 

Energy usage by deprivation over time. Our analysis finds that the decline in energy usage per 
customer (observed in Auckland as well as in many other parts of the developed world) has not been 
uniform across all 
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customers groups. Average kWh decline rates over the last 10 years range from 0 to 200 
kWh pa. As a percentage of total usage, it is very similar across the total usage range – in 
the order of 1% pa. However, the decline in energy usage decreases with increasing 
deprivation (Figure 2) (i.e. reduction of social wealth). Energy usage for residential 
customers in low deprivation areas (correlated with high-socio-economic areas) have 
declined at about 3 times the rate of customers in high deprivation areas (correlated with 
low-socio-economic areas). 

Figure 2. Declining trend in residential energy usage per customer over the last 10 

years by deprivation 
index. 

 
Peak demand assessments. Figure 3 shows four common residential load profiles 

for residential customers on the Auckland electricity network during network peak times 
developed using data mining clustering algorithms. Network peaks usually occur on a 
limited number of days and half-hours during the coldest winter days. The profiles 
demonstrate the significant variation in residential customers behaviour. Most importantly, 
the analysis found that the four key load profiles exist across all levels of deprivation. 
From a network investment perspective and cost allocation perspective, this is an 
important finding. 

Figure 3. Typical residential half-hourly load profiles during network peak 
times and distribution of typical residential half-hourly load profiles across 
areas with different deprivation indices 
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Conclusions 

This paper demonstrated the capability of bottom-up modelling and analysis informed 
by rich granular data to provide customer-usage trends. For our 600 000 
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customers, we have discovered considerable differences in how residential customers use 
energy based on dwelling characteristics and socio-economic indicators. 
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Overview 

 
This cross-country empirical study focuses on the role of formal and informal institutions 
and governance in managing the environment, mainly by looking at the quality of political 
systems (e.g. democracy, constraints, etc.) and social capital (e.g. interpersonal trust, 
religious tensions). To that end, we use Elinor Ostrom’s inclusive framework named “Social-
Ecological Systems (SESs) Framework” as the theoretical basis for identifying influential 
variables, constructing models and analysing the results. A Fixed- Effect Panel IV regression 
is used for studying the degree to which individuals, at multiple scales, are self-organised 
for reducing their pollutions. The results indicate that those socio-cultural norms are as 
crucial as the written rules in this process. 

 
 
Methods 

 
The implications of institutions on environment have not been addressed very clearly in the 
literature, as there is an ambiguity in the relationship between institutions and 
environmental conservation. While some authors found that democratic institutions (as an 
example of good formal institution) are in favour of environmental public goods and policies, 
some research states the opposite. They emphasised on the fact that democracy is a factor 
of economic prosperity, which hurts the quality of environment (Romouald, 2011; Acheson, 
2006). Also, there is a lack of sound institutional foundation in empirical studies about 
environmental development. Previous empirical studies focused mainly on formal political 
institutions (democracy, political and civil liberties, etc), while the inclusion of socio- cultural 
norms is as crucial as external powers (public institutions) in maintaining the environment. 
Thus, for clarifying the correlation, further investigation is still needed. 

 
Therefore, this study takes a step further and examines the impacts of both formal and 
informal institutions on the environmental quality of countries. However, we need an 
inclusive framework that takes into account the (i) governance systems, (ii) socio- cultural 
aspect of communities, and (iii) biophysical attributes of the resource systems (that are not 
in the hands of people but affects their behaviours). Therefore, I draw on the Social-
Ecological Systems (SESs) framework, which is first introduced by the Noble 
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prize winner, Elinor Ostrom (2007; 2009), as the conceptual framework for this study. It is 
employed for selecting influential variables, building my quantitative models and analysing 
the results. 

 
Consequently, the current paper tries to examine the effects of the quality of political 
systems (measured by political constraints) and the level of trust (captured by religious 
tensions) in the society on the carbon footprints of 140 countries across 26 years between 
1990-2015. We use fixed-effect IV regressions to estimate the relationship and also to 
remove the endogeneity problem lies in our findings. Since the current institutional quality 
of countries are greatly affected by their colonial and legal origins, traditions and culture 
(AJR, 2001). We also use their interaction to check how ecological outcomes are affected in 
different institutional settings. 

 
 
Results 

 
The results of my baseline model estimated with FE and IV Fixed Effects indicate that the 
variable representing political constraints is negatively correlated to carbon footprints across 
all FE regressions meaning that countries with higher pollution are the ones with lower 
quality of formal institutions, which is consistent with the literature. Here, we account for 
endogeneity problem as well as country-specific unobserved factors that are time-invariant 
and only uses variation within each country to relate institutions to the environment. 
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The findings on religious tensions shows that it is negatively associated with 
carbon footprints, meaning that higher level of interpersonal trust in a society 
leads to releasing lower level of air pollutants. Furthermore, the interactions’ 
effects are significant and positively correlated with carbon footprints, which 
highlights the complimentary effects of institutions. It means that both types of 
institutions are interdependent on each other. The positive impact of formal 
institutions on environmental degradation should be complemented by proper 
informal institutional quality. 

 
We also control for economic development and demographic trend by including 
GDP per capita and population growth. The results confirm that increase in each 
variable will substantially increase footprints — the same findings for the 
variable “energy use” that is employed for showing fossil fuels consumption. 
Also, to roughly internalise the global negative externality of CO2 pollution, we 
take into account of forests bio capacity. It shows a country’s capacity in 
absorbing air pollutants. As we expected, it is established a negative correlation 
with the dependent variable, similar to human capital index (for proxying 
education). Finally, negative results for political stability and freedom of media 
are obtained, which is consistent with literature, though they are not significant. 

 
The results are robust to different institutional variables including political 
(democracy vs autocracy), judicial (rule of law and corruption), and economic 
ones (investment profile). 

 

Conclusions 
 

This study tries to estimates the impacts of the quality of political systems such 
as constraints on executives as formal and religious tensions as informal 
institutions on the environmental quality of all countries during 26 years from 
1990 to 2015. For this purpose, we tried to quantify this relationship by using 
the complex SESs framework. Overall, the findings seem to confirm that 
countries with higher quality of formal and informal institutions are performing 
better in terms of reducing carbon emissions. The results are consistent across 
different IV models. Interactions also matter. The positive effects of having high 
quality of formal institutions will improve if it is complemented by higher level of 
informal institutions. 
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Overview 
China's local government environmental regulation is an important force in pollution control 

and emission reduction, and plays an important role in environmental governance. Moreover, local 
governments compete for economic growth and form strategic actions in the formulation or 
implementation of environmental policies. Based on the spatial weight matrix of geographical 
proximity, economic proximity and distance proximity and the data of 284 cities, this paper 
studies the interactive effect of China's environmental regulation and its impact on environmental 
pollution. Through the study, it is found that there is only a race to the top, not a race to the 
bottom, and the main path is economic neighborhood. In addition, environmental regulation 
restrains environmental pollution, and the influence intensity of environmental regulation on 
environmental pollution increases with the improvement of environmental regulation in 
surrounding areas. The enforcement degree of environmental regulations increases with the 
enforcement degree of environmental regulations in the surrounding areas, and the interaction of 
environmental regulations among cities shows a competitive upward characteristic, which 
eventually leads to the environmental pollution in the central areas gradually strengthened under 
the influence of environmental regulations. At the same time, the environmental pollution transfer 
effect has the characteristics of geographical proximity, and environmental regulation promotes 
the spatial transfer of environmental pollution. The more adjacent the geographical area is, the 
more seriously affected by the environmental pollution in the surrounding areas, and the 
manifestation form of pollution refuge presents the optimal geographical proximity path. Finally, 
the impact of environmental regulation on environmental pollution varies with the degree of 
environmental pollution and the degree of environmental enforcement. 

 
Methods 

Firstly, this paper refers to the research results of Jin and Shen [39] and constructs the spatial 
Durbin fixed effect model to test the interactive form of urban environmental regulation 
implementation. The structure of the interactive model of environmental regulation 
implementation is shown in equation (1). 

ERit  1Dit *W *ERjt  2 1 Dit *W *ERjt   X it  i t  it 
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 ER jt  i   jER 
 ， is  adjacent region, and ，i  
represents the  ith city,  t represents the year, it 

represents the implementation degree of environmental regulation of city i in the year t, W is 
the spatial weight matrix, 

X it 

represents the control variables at the city level, while i andt respectively represent the fixed 
effect of the city and the fixed effect of the year. When the implementation degree of 

environmental regulation in any neighboring city is less than that of the city itself, then Dit  XD 

 1 , and the response coefficient of the implementation degree of local environmental regulation 

is 1 . Otherwise, the response coefficient of the implementation degree of local environmental 

regulation is 2 . When the enforcement degree of environmental regulation in any neighboring 

city is greater than that of the city itself, then Dit  LD  1 , and the response coefficient of the 

implementation degree of local environmental regulation is 1 . Otherwise, the response 

coefficient of the implementation degree of local environmental regulation is 2 . When the 
implementation degree of environmental regulations in the city is less than the maximum and 

greater than the minimum of environmental regulations in the neighboring city, then Dit  MD  

1 , and the response coefficient of the implementation degree of local 
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environmental regulation is 1 . Otherwise, the response coefficient of the implementation degree 

of local environmental regulation is 2 . 
Then, this paper constructs a spatial lag model (SLX) by referring to the study of Vega and 

Elhorst[41], which can test the impact of local government's environmental regulation 
implementation interaction on environmental pollution. The impact model structure of 
environmental regulation implementation interaction on environmental pollution by local 
governments is shown in equation (2). 

EPit   1Iit ERit   2 1 Iit  ERit +3 Iit *W*ERjt   4 1 Iit *W*ERjt 
 
 

Conclusion
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Based on the spatial weight matrix of geographical proximity, economic proximity and distance 
proximity, this paper analyzes in detail the interactive effect of the implementation of 
environmental regulations in China and its impact on environmental pollution. The following 
conclusions are found through the study: 

 
First, there is only a race to the top rather than a race to the bottom in the implementation of 

environmental regulations between cities in China. 
 

Secondly, environmental regulation restrains environmental pollution, and the influence 
intensity of environmental regulation on environmental pollution increases with the improvement of 
environmental regulation in surrounding areas. 

 
Third, the environmental pollution transfer effect has the geographical proximity characteristics. 

 
Fourthly, the influence of environmental regulation on environmental pollution varies with the 

degree of environmental pollution and the degree of environmental enforcement. 
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Overview 
This research project explores Renewable Energy Investment (REI) decision-making within an 

Impact Investing (II) narrative, aiming to achieve an enhanced understanding of the complex REI 
decision-making process drawing on behaviour reasoning theory. Addressing the ethical tensions 
with conflicting objectives faced by impact investors, this paper investigates how decision makers 
use reasons to justify and shape the REI decision-making process. This study represents  an initial 
attempt to make sense of the novel field of II decision-making based on behavioural reasoning 
theory with a multi- stakeholder approach. This paper contributes to the key scholarly 
conversation of behavioural finance, while bringing insights from both the energy economics and 
the II literature. The context is set in China to shed light on the issues concerning II decision-
makers in face of complex situations and uncertainties within one relatively identical social- 
economic environment, where the dataset is valuable in its own sense. This paper utilises an 
abdutive research approach with thematic analysis of secondary literature, in-depth interviews 
with REI decision-makers, official government documents, and media reports to support the key 
findings. Drawing on a wide range of primary and secondary literature, this paper aims to extend 
behavioural reasoning theory embedded in the empirical data to understand REI decision-making. 
This paper contributes to the academic discourse on impact investment in sustainable energy 
development, as well as drawing implications for practitioners and policy makers in this field. 

 
Methods 

This paper pursued an exploratory interview study in order to gain insights into these REI 
investors’ decision-making process. The lead author conducted 25 semi-structured interviews in 
Mainland China. Interview languages include both Mandarin and English. To understand the REI 
eco-system in China, the 25 research participants are leaders (CEOs, directors, and senior 
managers) in REI as individual stakeholders who possess a very high level of relevant knowledge 
and experience in the REI field from different sectors. The interview questions are organised 
around the participants’ background, their a priori beliefs, perceptions of REI in China 
(knowledge), decision-making process (reasons and objectives), perceptions of institutional 
influences, stakeholder interaction, and investment portfolio. All interviews were audio-recorded 
and fully transcribed in verbatim style to provide a more complete and precise rendering of the 
interview data. Thematic analysis was used as the method to look for themes of meaning in the 
data. Techniques of axial coding was used to construct emergent themes from interview data 
using NVivo 12 software to support the coding process. 
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Results 
This is still a working paper. I will add the Results and Conclusions sections closer to the 
conference date. 

 
 
 

Conclusions 
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Overview 
Polynesian island states are among the most vulnerable in a changing climate, experiencing more 
frequent and more powerful storms than before. This demands new ways of thinking about both 
safe-guarding existing grid infrastructure and developing new systems in remote areas. Using 
renewable resources to expand access to affordable, reliable, and clean energy is a priority for 
governments in the region and a common focus for aid programmes. However, too rapid 
deployment of decentralized solutions may lead to an economically suboptimal transition, through 
underutilisation of the existing infrastructure – which often is still being paid for 
– and investment in new off-grid solutions. 

 
Existing research has concentrated on the economics of meeting renewable energy targets, with 
a focus on generation, while the electricity transmission technology has generally been omitted. 
Our contribution comes from investigating optimal pathways to a renewables-based electricity 
system taking a whole system’s perspective which includes grid transmission costs. With this 
consideration, we explore what the optimal transition pathway to a more resilient, distributed 
system looks like under demand uncertainty. 

 
Methods 
In this work we apply a stochastic dynamic programming framework and rolling horizon 
implementation of the model to explore the optimal economic transition pathways under 
uncertainty. Applying a stochastic modelling approach to optimising solar uptake and long-term 
grid divestment decisions, and characterising demand uncertainty in terms of representative 
scenarios, we analyse the effect of parameter variation on decision making. Through 
experimentation, general optimal trends in energy planning are identified, and an optimised 
divestment procedure is simulated over many demand realisations to validate our approach. 

 
Electricity demand at the current time-step is correlated with the previous time-step of demand, 
and the interaction of GDP and population. Both population growth and GDP are conceptualised a 
stochastic processes, contingent on birth and death rates, tourism influxes and internal migration 
within the locale. Each of these determining factors are modelled as random walks with drift, and 
future values of electricity demand are solved for numerically. We generate 100 demand scenarios 
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for the next time period with the procedure above, given the current demand level. The 5th, 50th, 
and 95th percentile cases are chosen as representative cases, and assigned probabilities based on 
the number of scenarios within the 100 generated which are closer to them than either of the 
other representative candidates. These representative cases and their probabilities are used as 
the possible outcomes of the stochastic grid expansion model. 
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In this paper, we solve the model for two distinct grid configuration: a spur line and a radial 
grid. Parameter variation is presented for incrementing diesel price, varying the level of line 
losses and the penalty for unmet demand. We also simulate decision making over a `rolling 
horizon', solving a five stage model to within a 1% optimality gap to produce investment 
decisions, then stepping forward five years, under the decisions made, and running the model 
again, to generate the next set of decisions. 

 
Results 

 
Our results and key insights are the following. 

(i) Incrementing diesel prices: We increment diesel costs, starting from 0, and observe 
how initial spur line and radial network configurations adapt differently over different 
time horizons. In all cases we observe the following shifts in the energy system 
investment plan as diesel prices are increased: 

1. Supplementary arcs, which facilitate efficient distribution from the diesel hub, are 
instituted. 

2. Supplementary arcs are instituted while suboptimal arcs are divested from. 
3. Solar is introduced at all nodes except the current hub of diesel generation. 
4. Solar is introduced everywhere, with some capacity left to be 

supplemented by diesel generation. 
5. Diesel generation is virtually discarded, and we get divestment of existing 

transmission lines, but no new line investments. 
(ii) Line losses: In the two-stage case, the spur line network fully divests from transmission 

arcs as soon as any line loss occurs, whereas for the radial layout, no divestment occurs 
and solar investment very much mirrors the base case demand distribution until a line 
loss increases to 40%. At this point solar investment is scaled up noticeably at the 
central generation node, presumably because supplementing demand shortfall with 
excess generation from any of the other four nodes has become uneconomic. Line loss 
must be incremented to as high as 80% before any arc divestment in the radial case 
though, underlining again that the compounding effect of multiple inefficient 
transmissions in series is the key issue here. When the model extends to three stages, 
divestment occurs at trivial line loss for both networks, as the extra cost of 
maintenance, and the extra time in which to recoup solar investment, become the 
defining considerations. 

(iii) Undersupply penalty: While paying the penalty is cheaper than producing 
electricity, as an economic optimisation model, it will do just that. 

(iv) Rolling horizon decision making: The networks, although starting from very different 
transmission configurations, end up converging to an almost identical template of 
structure and capacity, namely a decentralised grid with solar generation in each 
node, and diesel generation remaining only in its original node, and decreased in 
quantity. 

 
Conclusions 

 
The following insights were gained from this study: 

• Where a central generation hub exists, which produces electricity at competitive price, 
radial networks are preferable to spur line layouts to ensure efficiency and flexibility of 
supply. 

• Internal valuation of energy supply is as important to a network's performance as 
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exogenous factors. If central authorities responsible for energy planning do not set 
`penalty costs' for under-supply at sufficiently high levels, whatever these may represent 
in reality, grid reliability will always suffer. 

• As the planning horizon is extended, initial grid layout is immaterial, and divestment in 
favour of localised solar generation is prioritised, provided, again, that generation is 
economically competitive. 

• Subsidiary generation capacity is always preferred, especially at nodes which face 
higher scales of demand. 

• As the planning horizon extends, and decisions take on time lags, the apt provision of 
energy resources becomes significantly more difficult, due to impaired foresight and 
limited reactive capability. 
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Ultimately, we conclude that solar uptake and grid divestment are promising strategies for energy 
transition to sustainable and economic generation, but lack robustness in the face of uncertainty. 
We recommend careful systems planning when transitioning to more resilient, climate adapted 
energy systems in climate vulnerable island states. 

 
Future work will focus on improving the demand forecasting approach and further developing 
our energy system optimisation model. 
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Overview 

The development of renewable energy is an important measure to solve energy and 
environmental problems, and solving the problem of grid-connected operation of wind power is the 
basis for large-scale development of RE generation. For an intermittent energy product such as wind 
and solar, the difference from other products is that the production, transportation and consumption 
of its products occur simultaneously, and there is a lack of storage in a warehouse. Under the 
requirements of transforming the advance mode and developing a low- carbon economy, renewable 
energy has broad prospects. When energy storage technology begins to be an emerging industry 
and can effectively solve the intermittent and variability of the renewable resource, the advantages 
of energy storage are showing. 

In order to improve the development level of renewable energy generation in the Korea, the 
renewable energy certificates (RECs) for supporting energy storage systems of wind-solar power 
stations were carried out. Since 2012, Korea has implemented a large-scale renewable energy quota 
system (RPS), the biggest feature of RPS is the establishment of trading mechanisms for RECs. 
Since 2015, the Korean government has implemented an energy storage incentive policy to provide 
RECs for wind-solar stations that responds to grid load fluctuations and discharges during peak load 
periods. The REC has been awarded based on the amount of discharge, and the weight of the award 
is as high as 5.5 in 2015 and is decreasing year by year. In September 2016, Korean government 
has already announced that given additional RECs to photovoltaic power plants with installed energy 
storage systems since 2017. The implementation of the Renewable Energy Certificate (RECs) 
incentive policy for the energy storage system of the wind-solar power stations will bring about 
800MWh of new energy storage demand for Korea in 2020 and create a value of 440 billion 
KRW/won. Under the current subsidy system, considering that the energy storage system is still a 
project with huge capital demand and faces many uncertainties, how to better determine the 
investment value becomes the focus point of this paper. 

With the increasing proportion of renewable energy in the power generation process, due to the 
volatility and randomness of renewable energy generation, the management of excess electricity is 
a major issue of renewable energy generation. Installation of energy storage system is the core 
technical requirement of energy structure adjustment in the future.  Therefore, investment in 
energy storage system can greatly improve the reliability and economy 

mailto:qujingyude@163.com
mailto:wyjeon@jnu.ac.kr


Page 134 

 

 

of electricity usage. At the same time, the cost of energy storage is gradually decreasing, and 
relevant supporting policies are also promoting development in energy storage industry. Therefore, 
this paper builds an investment decision model based on real option theory, considering the impact 
of renewable energy certificate prices and on-grid price on the investment value under the influence 
of stochastic fluctuations. The model redefines project value and option value by using dynamic 
programming methodology combined with current uncertainty and risk, which is distinct from 
general investment analysis methods. Through research and comparison, it is found that when the 
price of renewable energy certificates fluctuates violently, it will have an important influence on 
investment decision-making. 

 

Methods 
As a new type of investment project with huge capital requirements and a certain recovery cost 

period, the key is how to make profits under the fluctuation of market prices. Under the influence of 
uncertainty and risk in energy storage market, NPV ignores the choice of risk to forecast, especially 
the irreversibility and delay in investment. So we turn to future investment opportunities in energy 
storage systems as an option. 

Real option theory reflects the risk, uncertainty and continuity of project investment, so the 
evaluation of project value of energy storage system investment is closer to the actual situation. In 
the power market environment, market participants and investors are faced with many 
uncertainties, which makes the value of real options inherently random. Therefore, it is necessary to 
use appropriate tools to evaluate the option value of investment. 

The development of real option analysis is very fast. This paper analysis the two stochastic 
variables using Geometric Brownian Motion as a benchmark for variability. In reality, in addition to 
Geometric Brownian Motion, there are random conditions such as fractional Brownian motion, Mean 
reverting process and Poisson distribution, and with more random variables. This paper is based on 
the study of real option theory and its application, combined 
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with the characteristics of project investment, under the guidance of real option theory. The real 
option method is used to calculate the investment value and threshold under the influence of two 
stochastic volatility factors, which provides a valuable reference for large-scale investment. 

A company's investment opportunity is equivalent to a permanent call option, which is the right to 
buy shares at a pre-specified price. In this way, the investment decision is equivalent to when the 
option is executed. Therefore, investment decisions can be seen as an option pricing issue. Due to 
the irreversibility of investment and uncertainty of price in our decision-making, we use the dynamic 
programming method to modify the NPV method into financial call options, which divides the whole 
decision process into two parts: the current decision and evaluation function (Dixit and Pindyck). 
The evaluation function is the result of evaluating the subsequent decision from the condition of the 
immediate decision. This method makes numerical calculation easer, and sometimes it is possible to 
obtain an 
analytical solution. Next, using the dynamic programming method we can get the Bellman equation of this 
project： 
B" = V" + F"'(. This formula can be a fundamental equation of optimality. The state variables and 
control variables at time t affect the investor's immediate profit flow, denoted as V", in the next 
stage, the state is P#$%, and the result of the optimal decision is F"#$. But for convenience, we 
consider the construction of the project no time to build problem, and the investment can be 
completed in one time. Since the result is a random variable, we must take the expected value E", 
which is the continuous value, that is, the discount to the time t, the sum of current cash flow and 
continuous value is our target equation. The optimal decision at this stage is the decision to 
maximize the sum of 

these two terms, namely: rB P$%&, P()* = Max {π + 3 E7 dF P$%&, P()* } , The left side of the above 
45 

formula shows our normal income per unit time, and r is the discount factor. On the right side of the 
equation, the first item is the current return of the asset, and the second item represents the 
expected rate of return on capital. The right side therefore represents the expected total return on 
the holding of this asset. The equation is based on no- arbitrage conditions and focus on the future 
value. 

Once we have simplified the problem first, the price determines that the asset is considered P, and 
all cost items are treated as C. Our project is a derivative asset which return depends on the value 
of the more basic asset. For example, energy storage systems are based on the storage of excess 
power generation or even for the large-scale use of solar power. The uncertainty of all our revenues 
depends on price fluctuations. So we need to consider the relationship between these two cash flow 
areas: the cost of the assets and the cost of the project C. So the profit flow from the project at any 
one time is π P = max [P − C, 0]. In the area P<C, the operation is postponed, the project does not 
generate the current profit flow, and the value V(P) is exactly the expected present value of this 
future profit. In the P>C region, the expected revenue stream increases in proportion and is 
discounted at the appropriate 
interest rate r, then the expected value is ! . The determined constant cost stream ! is discounted at a risk-free rate r, "#$ " ! 

yielding a present value is ("#$ - &), which constitutes the general form of the solution of the non- 
homogeneous 

equation. Since the solution does not impose any requirements on the continuous operation of the 
project except for losses, the homogeneous portion must be the additional value of future deferred 
operating options when P falls to C. 

According to the general form of our hypothesis, the profit flow generated by REC and the cost 
flow consisting of cost from Gap price and fixed operating cost, we extend the general form of the 
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solution to the formula that fits our model, that is V P#$%, P'() , we initially assumed V(P) expression. 
Then we finitely time it, the solution process is as follows: A 
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This can be called the basic component of the project value, which consists of three parts: the first 
one is the subsidy of the government's renewable energy certificate price, which gives a specific 
price per megawatt hour. On this basis, four such prices are multiplied by the profit flow of the 
energy storage system after a part of the loss of efficiency; the second one is the need to operate 
the energy storage system that purchase of electricity available from the market, because we 
ultimately have to sell the electricity saved in the market, so this part of cash flow from the 
difference between the purchase and sale prices needs to be considered as cost under the current 
conditions; the third is the annual basic operating cost of running the energy storage system; and 
the last is the amount of our investment, which can be regarded as a one-off fixed cost. This 
constitutes the basic project value of the investment energy storage system. The change of 
denominator affects the expected price growth rate and the change of project value. 

Now that we know the project value V(P), we can find the value of the project investment option 
F(P) and the optimal investment rules. Since the prices are subject to Geometric Brownian motion, 
we can solve the option value as a homogeneous part as follows: 
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P"#$ = 0.3522 · P'() + 70.861 

We consider the project's output price rather than the value of the project as an exogenous 
stochastic process. Because the advantage of starting prices as a random variable is that we can 
infer how the value of the project depends on the price and how the investment decision is affected 
by price uncertainty. So the above formula is the optimal investment price level that can be 
determined under our assumptions based on random variation. 

We first assume the optimal threshold of REC price under constraint of random Gap price 
conditions. Similarly, we can also use the same calculation process to calculate the optimal value of 
the Gap price under the constraint of REC price. 

 
Results 

Based on our stochastic assumptions, it is very easy to determine under certain conditions, but 
under random conditions, we must take into account the  impact  of  three  important  factors of 
µ,σ,r and the restrictions on investment projects under limited conditions. 

We have always assumed that once invested, it will last forever. In reality, physical decay or 
technical reasons limits the life of the project. If the life of the project is unlimited, the price of the 
REC is higher, and the condition of price is 124,000won/KRW needs to be reached, and at the same 
time, the Gap price must be completed as part of the cost component to be converted into a part of 
the profit. The efficient conversion of energy storage systems also has greater technical 
requirements. These are hard to achieve in the current state. 
Table 1. Parameter values of the model.  

 
Model symbol Description Value unit Remar

k 

Q Quantity of electricity 1022 
purchased from the 

 
MWh/ye
ar 

 
Derive
d 

market 
P"#$ Annual average Renewable
 126 

 
KRW/K
Wh 

KPX1 

P"#$ 
EAnnneuragl yavCereagretifbiucyaintge 

price frompmraicrkeet at 
10am 

94.38 KRW/K
Wh 

KPX 

 to 4pm    
 Annual average 

selling price    

P"#$$ from market at 5pm 
to 

94.88 KRW/K
Wh 

KPX 

 24pm    

P"#$ = P&'(-E · 
Regional price gap 

between buying 9.03 KRW/M Derive
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P,-.. price and selling Wh d2 

 price    
E Energy storage 

conver
sion 
efficien
cy 

80-863 %
 E
xtern
al 
sourc
e4 

 
 
 

C"&$ Operating and 
maintaining 
cost 

257 million/KRW External 
sour 
ce 
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I Investment cost 1.16 billion/KRW 
 
 

T Runnable time 15 years 

 
Exter nal sourc e 

 
Exter nal sourc e 

 
1 Data from Korea Power Exchange (2019/3) 
2 The number calculated using Excel based on the underlying data. 
3 The conversion efficiency used in this paper is 90% due to the advance in battery manufacturing 
technology. 
4 Data from LG U+ Guideline for ESS Business (2018/6/25). 
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n Number of certificate 4 
 

KPX 

r Discount rate 4.5 % Marke
t 

µ"#$ 
 

Drift rate of REC 
 

-5.67 
 
% 

 
Deriv
ed 

σ"#$ Volatility rate of REC 11.75 % Deriv
ed 

µ"#$ Drift rate of Gap 
price 

-3.35 % Deriv
ed 

σ"#$ Volatility rate of Gap 
price 

32.12 % Deriv
ed 

ρ 
 

Correlation 
coefficient 

 
-30.9 

 
% 

 
Deriv
ed 

 
The relevant data source is the investment plan of LG U+ Guideline for ESS Business and KPX up 

to this year. Q stands for the basic energy storage capacity of one ESS in one year. The economic 
benefit will be maximum when the capacity of the energy storage system is the 2-2.8 times that of 
the solar station, so the numerical value here represents a 1MW power station with a 2.8MW/h 
energy storage system. For one ESS needs 1.16 billion/KRW one- off investment cost. REC is a 
subsidy given by the government for promote the development of energy storage systems that 
increase the load capacity of the power grid under the trend of renewable energy generation. We 
still can get five price quantities of number of RECs this year, but as the market is saturated, the 
number of REC will decrease by one from next year. Gap price is the difference between the buying 
price and the selling price of stored electricity in the electricity market, which is equivalent to the 
buying price minus the selling price after calculating the loss of efficiency. We use the data of the 
REC price for nearly 8 years and the data of the SMP of the past 10 years to predict the drift rate 
and volatility rate. 
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Fig. 8 Optimal value of investment price 
Based on the 15-year maturity period and basic depreciation analysis method, we consider the 

drift rate of  stochastic  variables at the  same  time. In  the  exponential decay  form  of e(#$%), the  
cumulative  probability  density function of the term T is defined as 1 − e(%&')). There  is an 
exogenously specified discount rate r under dynamic programming perspective. 

As a basic parabolic form, the image of option value can be considered to intersect the project 
value at a lower position than the current price. The intersection point is the optimal solution. The 
value showed in table 2, we can see that the demand for the price is relatively low without 
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uncertainty, 66.41 KRW/KWh. We must consider the optimal price under the influence of uncertainty 
and risk, so the overall NPV optimal solution indicates that we need to continue to delay the exercise 
of options. However, under uncertain conditions, when the price is 74.13 KRW/KWh, the option get 
to the optimal level. The current price is 76.76 KRW/KWh, so from now, until 74.13 KRW/KWh, it is 
better to exercise options to invest in this period. 
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Table 2. Parameter Simulation Value. 
P* P* P% F V"-I 

"#$ "#$(&'() "#$ " 
 
 
 
 
 

Nthoeteo:pPti*miaslthe optimal investment level based on the model with consider uncertainty; P* is 
"#$ "#$(&'() 

price level without consider uncertainty, and the difference between the two prices is whether the 
uncertainties "a#$ffect them. P% represents the current price level. F" and V"-I represent option value 
and project value at current level 
price. 

 
Fig. 9 Threshold value for investment 

We can draw the above figure by the linear equation between the REC price and the Gap price. 
Therefore, when the form obtained by the closed solution in our model comes into the numerical 
value we can get the limit boundary line. This kind of definite solution problem is called free 
boundary problem, and its undetermined boundary is called free boundary. Since the affect of the 
Gap price on the entire value is very small, we can get the optimal REC investment price by fixing 
the Gap price at the current level. The equation containing the following two price relationships 
divides the investment area into two parts. At the bottom right of the optimal price is the waiting 
area, which means that the Gap price is too high as the investment cost level and the REC price is 
too low at the profit level, so we should wait instead of investing. The upper left area of the optimal 
price is the investment area, which does not only stand for the cost is relatively low, but also mean 
the REC price is very high. This line is referred to as the optimal stopping boundary, shows an 
upward trend, indicating that higher Gap price should correspond to higher REC price. 

 
Conclusions 

Renewable energy generation is characterized by variability and uncertainty while power 
generation and power consumption are completed so that large-scale storage cannot be performed 
during the operation of the power grid. The demand for power consumption changes in real time 
and the significant peak-to-valley differences cause the overburdened load , so we can find the 
effect of energy storage can be realized in all aspects of the power system to solve these problems. 

74.13 66.41 76.75 304,985,000 292,619,000 

KRW/KWh KRW/KWh KRW/KWh KRW KRW 
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The installation of energy storage system can ensure the quality and efficiency of power generation 
in renewable energy power plants, and increase the proportion of renewable energy in power grid. 
Peak shaving and valley filling are the most important 
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application of energy storage. Therefore, under the current subsidy policy, energy storage is still 
very promising. 

Based on the development of renewable energy for power generation and the potential of energy 
storage system, this paper considers the investment problem under the uncertainties of random 
fluctuation of REC price and Gap price. These two prices are processed by Geometric Brownian 
Motion. When enterprises invest in energy storage system project, they need to consider many 
uncertain factors, such as electricity prices, investment costs, and renewable energy incentive 
policies, which will affect their investment decisions. This paper establishes a model that considers 
both project value and option value by real option method under the influence of uncertain factors. 
The critical threshold and investment opportunity are analyzed by numerical examples. 

The model constructed in this paper can consider the impact of both policy uncertainty and market 
volatility on investment decision-making. As constraints, the expected option holding value and the 
cost of energy storage system can not only consider the impact of existing value on investment of 
the whole project, but also compare and analyze the project holding value with real option. ESS can 
still be a valuable investment project this year, but as the number 
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of subsidized certificates decreases, we need to excavate the economic value of energy 
storage itself to ensure that the basic profit can be guaranteed when the level of subsidies 
is not up to expectations. In terms of policy application, it is necessary for the government 
to ensure the balance of REC supply and demand in the electricity market, reducing the 
installation cost of energy storage and price fluctuations caused by risks. In short, 
although energy storage as a new industry still needs policy support, as an effective 
measure to ease the load of power grid, energy storage has good prospects for 
development and investment. 

Energy storage can be invoked as the measure to improve the system stability, 
regulate the frequency and compensate the load fluctuation. The application of energy 
storage technology will bring out the significant change in the design, planning, dispatch 
and control of traditional power system. Energy storage system can effectively stabilize 
the intermittent and cyclical problems of RE generation, greatly improve the safety of the 
power grid, thereby accelerating the development of the renewable energy industry and 
promoting energy transformation. Energy storage plays a significant role in off-grid solar 
energy, wind energy, electric vehicles and other RE generation applications. Moreover, it 
becoming a new central issue for capital investment in renewable energy project. For the 
forthcoming era of electric vehicles and smart grid construction, energy storage system 
will be important element of them. 
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Overview 
 

There is no doubting that China’s past energy choices had a significant impact on global markets 
for coal and oil, and now it plans to increase the role of natural gas in its energy mix. The share of 
gas has increased from 2.4% in 2005 to 5.9% in 2015, with aims of reaching 8.3-10% by 2020 
and 15% by 2030. This paper analyses the prospects for demand growth and then assesses the 
various ways in which that demand can be met. The critical problem of urban air pollution is the 
primary motivation for China’s current ‘dash for gas’, but decarbonisation is a significant co-
benefit. The analysis reveals considerable uncertainty surrounding future demand growth, with 
cost competitiveness being the determining factor. 
Equally, although China has significant natural gas reserves, they are largely unconventional and 
present significant geological and technical challenges; with domestic production growth failing to 
keep pace as demand import dependence increases. China’s gas imports are met by pipeline gas 
from Central Asia and Myanmar and Liquified Natural Gas (LNG) from a variety of countries, most 
prominently Australia and Qatar. A new Russian pipeline, the Power of Siberia, will start to 
deliver in 2019. However, plans to expand Central Asian imports have disappointed and China is 
likely to agree to develop a second pipeline from Russia or increase its reliance on LNG imports. 
A simple ‘gas balance model’ is used to organise the final discussion and conclusions, which 
explore possible future developments and their implications for global gas demand. 

 
Methods 

 
It is in this global context that this paper focuses on two key questions: first, what will happen to 
gas consumption in China, and second, how will a future increase in gas demand be met? Then, 
by way of a concluding discussion, it considers the global impacts of this ‘dash for gas.’ The paper 
draws upon an in-depth sectoral analysis based on a combination of desk research—of the 
academic and industry literatures—as a source of statistical materials and secondary analysis, and 
interviews conducted in Beijing and Shanghai in June and July 2017. Interviews were held with 
representatives from a national oil company (NOC), two academic experts, and managers at two 
international oil companies (IOCs) operating in China. 

 
Results 
Uncertainties within the key consumption sectors illustrate several inhibitors to gas demand 
growth. First and foremost, price: industrial and residential/commercial consumers in particular 
have demonstrated a high level of price sensitivity. Whilst pricing reforms have been positive in 
bolstering demand, price competitiveness against alternatives remains an area of concern; more 
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so in industry (which has seen a worrying trend of ‘reverse replacement’), although recent price 
increases for residential consumers also challenge the price competitiveness of gas. The power 
and transport sectors illustrate a  further constraint: the perception of gas as ‘transitional’. In 
power, investment in infrastructure is constrained by the notion that low carbon alternatives are a 
longer-term solution and therefore less likely to result in stranded assets. Similarly, the impressive 
increase in the uptake of NGVs in the transport sector is rivalled by that of NEVs; the two 
technologies also compete for government support. In the long-term, natural gas uptake will 
increasingly be challenged in these sectors by  low carbon alternatives, as technologies continue to 
mature, price per unit comes down, and political priorities shift. Thus, there is still uncertainty 
over the pace of future demand growth in China, which is determined by the success or failure of 
state interventions that impact on the price competitiveness of natural gas. 
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On the supply side, a consensus has formed amongst industry commentators that Chinese natural 
gas demand will increasingly outstrip domestic production in the coming decades, with production 
likely to fall significantly short of the targets outlined in the 13th FYP. Nevertheless, the potential 
for the development of the country’s unconventional resources is clear. Given the scale of the 
resources, the decision of the government to open the market is likely to result in both increased 
private investment and increased infrastructure utilisation in the coming years. At present, 
investment in the country’s unconventional resources is constrained by concerns over cost and 
productivity. The involvement of IOCs in Chinese natural gas (along with the participation of 
Chinese oil companies in joint ventures in foreign plays) might see improvements to both cost and 
productivity over time. Nevertheless, two further constraints currently hamper investment. First, 
whilst market liberalisation is certainly regarded as a positive by the IOCs, they also require clear 
fiscal, regulatory and pricing frameworks to guide long-term investment decisions: China does not 
currently have this in place for unconventional plays. Secondly, oil price volatility and the prospect 
of oil potentially returning to ‘lower for longer’ in in the face of climate change policy, will see IOCs 
continue to operate under capital constraints. This will both challenge the economic viability of 
developing high-cost unconventional plays and enhance the competition for investment  between 
China and other global gas prospects. However, domestic industry is ramping up drilling activity 
and the development of a supply chain and we cannot rule out significant growth in domestic shale 
gas production but is likely to be a medium- to long-term prospect. 

 
With regards to China’s growing import dependence, there is significant uncertainty around the 
extent to which this will rely on pipeline gas or LNG. As China awaits the Power of Siberia pipeline 
coming online, significant year-on-year increases in LNG volumes might be expected in the coming 
years. However, recent problems with Central Asia pipeline and the postponement of Line-D, plus 
the trade dispute with the US, appear to have rejuvenated Chinese enthusiasm for the Altai 
pipeline from Russia or a pipeline from Sakhalin. Thus, the quantities of LNG required will be 
determined by the development of domestic production, the price competitiveness of pipeline gas, 
the political will to limit seaborne trading (and reliance on US LNG), and the progress made in 
bringing additional pipelines online, from either Central Asia or Russia. However, the spectre of 
this expansion, and the strategic relationships that underpin it, serve another purpose: 
strengthening China’s bargaining power on both pipeline and seaborne trade in the 2020s and 
beyond as the country pursues an increasingly-diversified supply mix. The state of China gas 
infrastructure is a final critical consideration. The expansion of inter-seasonal storage and a better-
connected pipeline system could dramatically improve the flexibility of China’s gas market, 
enabling it to store significant amounts of gas to meet peak demand in winter and also to move 
gas around to promote competition between pipeline and LNG imports. 

 
Conclusions 
The country is currently strategically repositioning its energy mix so as to focus on cleaner sources 
of energy, including natural gas but also non-fossil fuels. Western analyses of this political agenda 
can often focus on CO2 emissions - particularly following the Paris Agreement - as the leading 
driver of this shift. In truth, a desire to improve domestic air quality is the primary driver, with the 
contribution to global CO2 abatement a co-benefit. The transition marries easily with the 
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repositioning of China to a more service-based economy in a move away from heavy industry and 
manufacturing that  are dominated by coal. 

 
The issue of Chinese gas demand is one of global significance. First, should a high dependence on 
gas imports, and particularly LNG, be established, the volumes involved would have a significant 
impact on global gas trade. In 2017, China’s imports did move the LNG market, but there are 
concerns about the longevity of this demand growth. However, the LNG market’s transition to 
greater flexibility and increased short-term trading favours China in this regard, and the country’s 
continued investment in infrastructure could put it in a strong place to adapt to domestic demand 
fluctuations. A high LNG demand scenario for China could absorb a large part of the current LNG 
glut, impacting on price and availability for other global buyers. Secondly, China’s push for gas, 
and broader clean energy transition, will generate momentum globally - particularly with regards 
to technology development and political priorities - that will accelerate the progress made in the 
same transition globally. In this regard, China has the resources to lead by example. Finally, and 
related to this, China can be expected to continue to invest outwardly in new energy ventures and 
export technologies in a manner that benefits many host countries around the world making the 
role of natural gas as a transition fuel a reality. 
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Overview 

High penetration of EVs could a substantial increase in total electricity load in car-dominated 
transport systems countries such as New Zealand (Transpower 2018) and it has been predicted that 
if all current light private vehicles were electric, annual New Zealand residential electricity 
consumption would increase by ~30% (Concept Consulting 2018). In part this assumes concurrent 
charging, especially in the early evening when many motorists return home (Speidel and Bräunl 
2014; Langbroek, Franklin, and Susilo 2017). This in turn could negatively impact the operation of a 
low-carbon renewables-based grid by increasing peak loads (Azadfar, Sreeram, and Harries 2015) at 
a time when they are usually met through hydro generation running at close to full capacity (Khan, 
Jack, and Stephenson 2018). On the other hand, recent analysis of has suggested that comuting 
patterns may be more temporally heterogensous than usually assumed (Mattioli, Anable, and 
Goodwin 2019) and in addition, EVs could also be used to feed electricity into the grid at times of 
peak demand. This could offer a form of demand response (Kempton and Tomić 2005) that may 
even reduce the need for expensive peaking generation and local network capacity investment 
(Strbac et al. 2016). Unfortunately modelling of the potential impact of future EV uptake is 
hampered by a lack of real world data on EV users’ charging behaviour (Rezvani, Jansson, and Bodin 
2015). 

In response, this paper utilises EV charging data collected from a sample of ~ 50 electric vehicles 
over an extended period of time to provide further insight into the potential effects of a dramatic 
increase in domestic EVs on the New Zealand electricity grid. In doing so we focus on two key 
research questions: 1) how much EV charging tends to occur in (evening) peak demand periods and 
2) to what extent could pre-charged EVs be used to feed electricity into the system during peak 
demand periods? 

 
 
Methods 

Anonymous data on the battery health, power demand, charging rate, speed and other performance 
information was collected from 19 24kWh Nissan Leafs, 21 30kWh Leafs and 7 eNV200 vans 
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monitored from 2018-04-05 to 2019- 03-01 by Flip The Fleet, a New Zealand based EV community 
project. The data reported here consisted of 1,882,040 1 minute interval 
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observations of timestamped measurements of charging power (kW) and battery charge state (% 
charged). The data received contained all available observations but charging was set to 0 kW if the 
vehicle was non-stationary (speed > 0 km/h) prior to analysis. This enabled the exclusion of 
charging through regenerative braking from the analysis. Further we defined standard charging as a 
charing rate of < 7kW and ‘rapid charging’ as a charging rate of > 7kW based on current New 
Zealand domestic electricity installation capacity. 

 
 
Results 

Our results show that rapid charging events were comparatively rare in this sample and tended to 
occur durng the day begining at 08:30 on weekdays and peaking around 11:30 before declining 
towards early evening. Standard charging events dominated and occurred with the greatest 
frequency between 20:00 and 08:00, with much lower occurrences of charging during the 
morning peak demand period (07:00 – 09:00). Standard charging steadily increased from this 
morning low through the afternoon but did not to substantially increase until 21:00. Standard 
charging sequences were longer with a median duration of 210 minutes compared to rapid 
charging events (14 minutes). As a consequence, 54% of the total energy drawn during charging 
was overnight off-peak standard charging. Day time standard charging was 19% of the total and 
day-time rapid only 8%, while evening peak standard charging was 12% of total energy while 
evening peak rapid charging was only 2%. 

Analysis of the vehicles’ state of battery charge confirmed other research (Speidel and Bräunl 2014) 
suggesting that half of standard charge sequences begin with battery state of charge (SoC) at 
~50% and this is roughly constant across time periods. In contrast, half of rapid charging sequences 
started with SoC of 43% and a higher proportion of rapid charging events start with relatively low 
SoC, presumably reflecting use of rapid chargers on longer distance travel. SoC of 5% or less was 
observed in just 1 rapid charging event out of 455, presumably when a traveller only just made it to 
the next rapid charger during a long-distance journey. 
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Conclusions 

Overall, these patterns suggest that whilst this sample added some additional 
consumption to the evening peak period, their energy draw tends to be concentrated in 
the off-peak over-night and day-time periods. It seems that many drivers appear to 
already minimise charging during peak electricity demand periods, presumably through 
the use timers to take advantage of off-peak electricity. In future larger batteries may 
lead to prolonged charging events and less ‘range anxiety’ so that even gresater 
flexibility of home charging may be possible. Rapid charging is currently much less 
frequent than standard charging but could have significant future network effects during 
the day and in the late evening and overnight if residential systems are upgraded as 
expected (KPMG 2019). However, if the reported temporal patterns of charging at home 
are maintained, even where larger batteries are available, this may not significantly 
impact existing periods of peak demand. 

The state of charge analysis demonstrate the potential for Vehicle-to-Grid’ (V2G) and 
‘Vehicle-to-House’ (V2H) power flows during peak demand periods, as many vehicles are 
beginning to charge with substantial available stored energy on most days. If V2G and 
V2H technology can be established, and larger batteries become more prevalent, there is 
ample scope for EVs to contribute their stored energy to other uses and release pressure 
on the local electricity network in particular. 

In summary, if these patterns of behaviour are maintained the results suggest that 
there appears to be a relatively low risk that EVs will substantially increase evening 
peak electricity demand with it’s pontential to disrupt a future renewables-based 
electricity system. In contrast, vehicle to grid energy flows could make substantial 
contributions to actively reducing peak demand and enabling more efficient 
incorporation of non-dispatchable renewables into a low-carbon electricity system. 
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Overview 

In recent years, the commodity market has attracted increasing capital and institutional 
investors, which is the financialization of commodity markets. This financialization of commodity 
markets has lead market factors, especially speculative factors, extremely important in determining 
the price of crude oil. Therefore, it is of great significance to analyze how market factors and oil 
price interact with each other. WTI price and 8 important market factors are included in this study, 
which are WTI trading volumes(WVM), WTI open interest long and short positions of non-
commercial traders(NCL & NCS), CBOE Volatility Index(VIX), MSCI World Index(MSW), St. Louis Fed 
Financial Stress Index(FSI), US Dollar Index (UDX) and Economic Policy Uncertainty Index(EPU). 
These market factors stand respectively for the heat of market, long and short speculations, 
investors’ fear index, world stock market index, financial stress, monetary factor, and indicator of 
policy. By using generalized variance decomposition and complex network model, we can analyze 
the quantity, direction, and time-varying characteristics of mutual influence of oil price and market 
factors. 

 

Methods 
We use connectedness network(Diebold & Yilmaz, 2014) approach in this study. This method 

has multiple advantages in analyzing the time-varying relationship between multiple data, as well 
as data visualization. 

We use the VAR model to incorporate all the data.  are vectors including oil price and market 
factors. VAR can be written as 

 
Where   is  parameter  matrix can  be  estimated.  And  assume  that  the  error  terms  is 

independently  and  identically  distributed  with   zero  mean,     covariance matrix. Variance 
decomposition calculation is usually done using orthogonal VAR impulse response function. The 
Cholesky recognition scheme achieves orthogonality, but the calculated variance decomposition will 
be unstable and depends on the ordering of the data. Therefore, the Cholesky decomposition is not 
appropriate. The framework that produces invariant decomposition is a generalized variance 
decomposition proposed by Koop et al. (1996) and Pesaran and Shin (1998), called GVD. In the GVD 
framework,  are assumed to be multinormal distribution. If we set the shock , then the 
expectation of the rest shock could be calculated as 
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By standardized the shock to standard deviation, the n-step-ahead forecast error variance 

decompositions  are computed as 

To get a unit sum of each row of the variance decomposition, we following Diebold and Yilmaz 
to normalize each entry of the matrix by the row sum as: 

 
In this way, we can calculate the connectedness matrix and analyze the result by various complex network 
methods. 

 
Results 

The static results are in table 1. The total connectedness is 33.02%, which is relatively high 
compared with existing research. This indicates that crude oil price indeed interacts with market 
factors. The first row of the table shows how other factors influence WTI, namely the from- degree 
of WTI. And it`s about 26%. The biggest impact is from MSW, 11.03%, which means the global 
stock market has a strong effect on WTI. The second and third big factors are UDX and VIX, which 
indicate that monetary factor and financial market sentiment also play important roles. The first 
column reveals how WTI affects other factors, namely the to-degree of the WTI, which is about 
22%. The biggest is also the MSW. The net to-degree of WTI is -4%, which means the WTI is a net-
information receiving node in this network. The biggest net to degree node is MSW and the smallest 
is WVM. 
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From a dynamic perspective, Fig. 1 plots the total  connectedness  using  150- weeks 
rolling sample windows. the total connectedness presents significant  time- varying features. 
The total connectedness increased dramatically during  the  2007- 2009 financial crisis. After 
that, it fluctuated up for 4 years, reached the top around    51% at the end of 2012, then fell 
sharply in 2013-2016.  

 WTI WVM NCL NCS VIX MSW FSI UD
X 

EPU From 

WTI 0.00 0.67 1.3
0 

1.00 4.60 11.0
3 

1.44 5.94 0.01 26.0
0 

WVM 0.86 0.00 11.2
7 

15.6
0 

1.77 0.56 0.53 0.08 0.38 31.0
5 

NCL 3.20 4.11 0.0
0 

28.5
6 

0.60 1.07 1.25 0.86 0.34 40.0
0 

NCS 0.70 6.27 29.3
0 

0.00 0.77 0.49 0.56 0.02 0.20 38.3
2 

VIX 3.26 0.25 0.2
8 

0.53 0.00 27.2
4 

12.17 0.92 0.34 44.9
9 

MSW 6.94 0.31 0.2
6 

0.30 23.48 0.00 12.47 8.79 0.28 52.8
4 

FSI 1.03 0.07 0.1
2 

0.29 14.06 17.8
1 

0.00 2.22 0.58 36.1
9 

UDX 5.93 0.05 1.1
3 

0.02 1.55 14.3
3 

1.31 0.00 0.09 24.4
3 

EPU 0.08 0.43 0.4
8 

0.28 0.71 0.58 0.66 0.16 0.00 3.39 

To 22.0
0 

12.17 44.1
5 

46.5
9 

47.56 73.1
1 

30.39 19.0
1 

2.23 Tot
al 
33.
02 

    Net  -
4.00 

-18.88 4.1
5 

8.27 2.57 20.2
7 

-5.80 -
5.42 

-1.16 

Table 1: Full-Sample Connectedness Table. 
The sample is Jan 14, 2004 through Dec 26, 2018, and the predictive 
horizon is 12 weeks. The ij-th entry of the upper-left 9 × 9 submatrix gives 
the ij-th pairwise directional connectedness; i.e., the percent of 12-week-
ahead forecast error variance of factor i due to shocks from factor j. The 
rightmost (FROM) column gives total directional connectedness (from); 
i.e., row sums (from all others to i). The bottom (TO) row gives total 
directional connectedness (to); i.e., column sums (to all others from j). 
The bottommost (NET) row gives the difference in total directional 
connectedness (to–from). The bottom-right element (in boldface) is total 
connectedness. 

 
To focus on the connectedness between WTI and other market factors, Fig. 2  plots 

dynamic From-degree of WTI. Before the end of 2007, other nodes have a small impact on 
WTI. After the 2008 financial crisis, the impact began to rise rapidly, and mainly brought 
by UDX and MSW, and then the impact of VIX gradually increased. This may be due to the 
exchange rate changes brought by the economic crisis, the risk spillover effect caused by 
the violent fluctuations of the world stock market, and the strong emotional effects of VIX 
affecting the oil price. Since 2009, the impact of MSW on oil prices has been large, with a 
short-term decline during 2015-2016, but it has not dropped to pre-crisis levels. After 
2016, the impact of the financial stress index on oil prices rose rapidly, becoming an 
important factor affecting oil prices after 2016. 

In order to measure the Connectedness matrix under extreme risk situation, we 

Fig. 1 Dynamic total volatility connectedness with 

a 150-week rolling-sample window. The predictive 

      

Fig. 2 Dynamic connectedness of WTI from other 

factors with a 150-week rolling-sample window. The 
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calculated the down tail value at risk(VaR) of the WTI, MSW, and UDX series and got some 
other results as well. 

 
 
 
 
 
 
 

Conclusions 
This paper examines the interaction between crude oil prices and other financial 

market factors from the perspective of financial marketization of crude oil, under both 
normal and VaR circumstance. The study found that there is indeed a high degree of 
connectedness between the crude oil market and other financial factors. The biggest 
influence to WTI is from the global stock market(MSW). The total connectedness between 
crude oil price and other market factors presents a time-varying feature. As 
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the economy recovers and oil prices rise, total connectedness and the impact of market 
factors to oil price are also rising. This study contributes to the literature by showing the 
complex interaction effect among oil price and market factors. 
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Overview 

Regulators have increasingly become concerned about end-of-pipe abatement 
technologies because they not only play a crucial role in air pollution control but also ensure 
the achievement of the deep carbon emissions reduction target. However, the effect of the 
environmental policy instruments on the adoption of this technology has been almost 
entirely ignored. This paper investigates the effect of emission taxes and standards on the 
adoption of end-of- pipe abatement technology when the arrival time and degree of 
improvement of the new emissions abatement technology are uncertain. The main 
contributions of this article are as follows. 

First, this study contributes to the literature by investigating the effect of policy stringency 
on the adoption of end- of-pipe abatement technology under uncertainty. Many existing 
studies ignore the fact that firms will face technological uncertainties in deciding when to 
adopt a new technology in reality. For example, Requate and Unold (2001, 2003) argued 
that greater policy stringency induces faster technology adoption without the technological 
uncertainty, and Perino and Requate (2012), Bréchet and Meunier (2014) showed that the 
relationship between policy stringency and the rate of technology adoption is an inverted U-
shaped. Although Van Soest (2005) found that a more stringent environmental policy tends 
to postpone the adoption of energy-saving technologies under technological uncertainty, no 
studies have investigated the adoption of end-of-pipe abatement technology under 
uncertainty. 

Second, the effects of environmental policies on energy-saving and end-of-pipe 
abatement technologies are clearly distinct, and a firm's investment behaviours for two 
technologies are also distinct. To our knowledge, however, this paper is the first to address 
the effect of environmental policy instruments on investments in end-of-pipe abatement 
technology when the technological uncertainties are taken into account. Furthermore, the 
influence of the regulator's expected behaviour on technological adoption is also taken into 
consideration. Our work can provide policymakers with greater understanding and insight 
for the choice of environmental policy. 

mailto:bingxinzeng@buaa.edu.cn
mailto:leizhu@buaa.edu.cn
mailto:yaoxing2016@foxmail.com
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Methods 
At any instant, the firm can either adopt the best technology available at that moment or 

postpone the adoption decision. Therefore, the firm needs to compare the net present value 
of adopting the technology with the discounted value of postponing the decision. 
Undoubtedly, this is an optimal stopping problem, and there must be a critical technology 
level,   , such that it is optimal for the firm to invest in the new end-of-pipe abatement 
technology if     and to delay investment if     . On the one hand, when the 
firm 
decides to invest in the new end-of-pipe abatement technology, the expected pay-off is 
given by: 

V ( )     ( )e rtdt  I   ( )  e rtdt  I   ( )  
I , 

t 0 t 0 r 
where  ( ) is the firm's profit flow, r is the discount rate, and I is the investment cost. 

On the other hand, the value of postponing the adoption decision, F ( ) , must satisfy 
the following Bellman equation: 

F ( )   (δ0 )dt  
1 

E F (  d ) , 

    1 
rdt 1 

 1  

where  E F (  d )  1 dt  F ( )  dt  0   F (  )  du     V 

(  )  du . 
   ( )        1  1  

Hence, F ( )  0     F (  )   du             V (  ) du .  
  r   r   0      

For     , the firm is indifferent with regard to adopting now or waiting for a better 
end- of-pipe abatement technology to arrive. Hence, the following equation can be derived: 
V ( ) 
 F ( ) , 
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technology level     
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Under emission standards regulation, the critical technology level satisfy the following 
equation: 
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To compare the effects of emission taxes and standards on the end-of-pipe abatement 

technology, we assume that the purpose of the regulators is to have an equivalent effect on 
the reduction of aggregate emissions under different environmental policies. 

Then, a case of an iron and steel plant in China to illustrate several key analytical results. 
The greater stringency of the environmental policies is measured by higher taxes or lower 
emission standards. Fig.1 shows the expected value of the adoption time under the two 
environmental policies, and the following conclusions can be drawn. First, a more stringent 
environmental policy induces an earlier adoption considering the technological uncertainty. 
Second, the ranking of emission taxes and standards in terms of motivating an early 
adoption depends on the policy stringency. More specifically, for high levels of 
environmental stringency, emission standards induce an earlier technology adoption than 
emission taxes, while the opposite conclusion holds for low levels of environmental 
stringency. The sensitivity analysis shows that these findings are robust to various relevant 
crucial parameters. Finally, the implications for the choice of environmental policy have 
been provided. 
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Fig. 1. The optimal time of end-of-pipe abatement technology adoption under taxes and 
standards 

 

Conclusions 
This paper contributes to the literature by investigating the effect of emission taxes 

and standards on the adoption of end-of-pipe abatement technology when the arrival 
time and degree of improvement of the new emissions abatement technology are both 
uncertain. Our results can provide implications for the choice of the environmental 
policy. For air pollution control (e.g., SO2, NOx), end-of-pipe abatement technologies 
might be the main option for emissions reduction. Hence, an emission tax regulation is 
preferred when the regulator sets a lower emissions reduction target initially. 
However, an emission standard regulation is preferred when a stringent emissions 
reduction target is implemented. For the control of greenhouse gas (GHGs) emissions 
(e.g., CO2), the choice of policy is more sophisticated. It is acknowledged that energy-
saving technologies play a major role for a relatively low emissions reduction target at 
an early stage and the end- of-pipe abatement technology (i.e., CCS technology) 
ensures the attainment of the deep carbon emissions reduction target. Therefore, to 
promote the adoption of energy-saving technologies, an emission standard regulation 
is preferred when  the regulator sets a lower emissions reduction target, while an 
emission tax regulation is preferred when a higher emissions reduction target is 
implemented. This point is in line with Van Soest (2005). However, with the need for  
deep carbon emissions reductions in the future, to promote the adoption of CCS 
technology, the regulator would prefer standards to taxes. In conclusion, with the 
increase in the emissions reduction targets, the policy switches from taxes to 
standards if end-of-pipe abatement technologies are domain, while the policy may 
switch from standards to taxes, and then switches from taxes to standards if both the 
energy-saving and end-of-pipe technologies coexist. 
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Overview 
This paper “Long term hydrogen storage to mitigate seasonal renewable variation” will analyse the 
cost 
competitiveness of underground hydrogen storage as a winter peaker in New Zealand’s dry years. 
This study re- evaluates the recent unfavourable, yet near-term focussed modelling by John Culy 
Consulting for the ICCC by extending the time frame and observing hydrogen storage under a 
range of more favourable conditions Since greater economies of scale may be required to lower 
the price and increase the efficiency of hydrogen electrolysis, different cost projections provided 
by Hiringa New Zealand will be used to identify the level of short-term hydrogen market required 
to add value to long term hydrogen storage infrastructure. This may be limited to storage only and 
CCGT hydrogen peakers only, all the way up to grid scale fuel cells, powered by off- grid straight 
to DC electrolysis alongside the international export of surplus. Very few studies have been 
undertaken to examine the competitiveness of hydrogen to electricity systems, and none have yet 
shown its efficacy in markets where rents may be extracted due to shortages from irregular 
seasonal generation. 

 
Methods 

 
SWEM -- an agent-based model by David Young is employed to combine market power elements 
of game theoretic models whilst accounting for line losses and technological elements typical to 
competitive models. The model shows great promise for the scenario at hand, as past evaluation 
has shown prominence in accurately predicting prices in supply shocks and non- standard market 
conditions. 

 
Conclusions 
Observation of hydrogen storage’s cost competitiveness could spark further research and 
investment into hydrogen tech in New Zealand, especially as political commitments make 
emissions abatement imminent. Observation of different cost structures corresponding to various 
levels of hydrogen infrastructure investment will help identify policy targets required for a New 
Zealand hydrogen economy large enough to make hydrogen storage cost effective. 

mailto:isaacgumbrell@gmail.com
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Overview 

Nigeria is the largest economy and the most populous country in Africa. Road is the major 
mode of motorised transport in the country. It accounts for over 90% of both passenger and 
freight movements in terms of km travelled [1]. The energy demand of Nigerian transport 
has been varying over the years and has increased at a compound annual growth rate 
(CAGR) of 3.68%, from 166 PJ in 1990 to around 368 PJ in 20121. The Nigerian transport 
sector is dominated by gasoline and diesel [2]. Nigeria is also not exempt from the negative 
impacts of fossil fuel-based transport that the world is facing. Many Nigerians, especially 
those living in traffic congested cities like Lagos and Port Harcourt are exposed to air 
pollution which contributes to cardiovascular and respiratory diseases and this exacerbates 
poverty in the country. Despite the challenges facing Nigerian transport, the sector is not 
without ambition. In recent years, the FGN has shown its commitment to implement policies 
and strategies to develop a safe, secure, affordable, and sustainable transport system in the 
country. It developed the National Energy Masterplan (NEMP) which outlined many 
programmes for the transport sector. However, the design of any transport policy needs to 
be informed by quantitative assessments which takes into account the impacts of low 
carbon pathways on the energy system. The primary aim of this study is to investigate the 
energy system implications of different low carbon development strategies for the Nigerian 
transport sector. Specifically, this research paper seeks to: 

• construct a bottom-up energy system model for the Nigerian transport sector 
• examine the future trend of transport energy demand for alternative policy pathways 
• examine the implications of alternative transport scenarios on environmental emissions 

 
 

Methods 

Energy modelling and scenario analysis are the commonest methods for energy policy 
analysis. In this paper, we calibrate a new transport energy model for Nigeria based on the 
TIMES (The Integrate Markal-EFOM System) modelling framework. TIMES was developed in 
a collaborative program under the guidance of the International Energy Agency’s (IEA) 
Technology Systems Analysis Program (ETSAP). TIMES is multi-period bottom-up partial 
equilibrium model generator for sectoral, local, national, multi-regional, 

mailto:%2Amichael.dioha@terisas.ac.in
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or global energy system. It uses an optimisation algorithm and assumes a perfect foresight 
to provide a least-cost energy system based on several user- defined constraints (e.g. 
resource availability, technology penetrations, emissions cap etc). TIMES is a data- intensive 
model and the user is required to provide data on the energy supply resources and 
technologies as well as on the available and future stock of energy demand technologies. To 
successfully calibrate a model based on TIMES modelling framework, the user is required to 
provide the following category of data: global assumptions, energy service demands, energy 
carriers, energy demand and supply technologies, and environmental emission factors. A 
more elaborate description and documentation of the TIMES model is given in Ref [3]. We 
took data from secondary literature and experts’ opinion to calinbrate the TIMES-Nigeria-
Transport (TINITRANS) model. Our model accounts for both passenger and freight 
movements in Nigeria. We then use the model to explore different low carbon pathways for 
the transport sector based on the NEMP. Our scenarios are named: Reference (REF); 
Fuel/technology switching (FTS); Improved fuel economy (IFE); Modal shift (MDS); Logistics 
improvement (LDT), and Carbon tax (CTX) scenarios. 

 
Results 

In the REF scenario where there is no significant technological changes, final energy 
demand is expected to increase at a CAGR of 5% from 346 PJ in 2010 to around 1270 PJ 
and 2439 PJ in 2030 and 2050 respectively; i.e. 2.7 and 6 times increases in 20 and 40 
years respectively. Comparing results of the low carbon scenarios to the REF case, our 
analysis indicates that final energy demand of the FTS scenario will decrease by 138 PJ in 
2050, which is equivalent to 5.7% reduction in comparison with the REF case. Analysis of 
the IFE scenario results show that final energy 

 
1https://www.iea.org/statistics/index.html?country=NIGERIA&year=2016&category=Energy% 
20supply&indicator 
=TPESbySource&mode=table&dataTable=BALANCES 

http://www.iea.org/statistics/index.html?country=NIGERIA&amp;amp%3Byear=2016&amp;amp%3Bcategory=Energy%20supply&amp;amp%3Bindicator
http://www.iea.org/statistics/index.html?country=NIGERIA&amp;amp%3Byear=2016&amp;amp%3Bcategory=Energy%20supply&amp;amp%3Bindicator
http://www.iea.org/statistics/index.html?country=NIGERIA&amp;amp%3Byear=2016&amp;amp%3Bcategory=Energy%20supply&amp;amp%3Bindicator


Page 16 

 

 

demand is projected to fall by 168 PJ in 2030 and 1044 PJ in 2050; these values 
correspond to 13.2% and 42.8% reductions respectively, compared to the REF scenario. 
The results of the MDS scenario analysis indicate that the final energy demand is 
projected to decrease by 193 PJ in 2030 and 657 PJ in 2050; representing 15.2% and 
26.9% reductions respectively when compared with the REF case. With better logistics 
and adequate transport management in Nigeria as per the LDT scenario, our analysis of 
model results shows that final energy demand, in comparison to the REF scenario, is 
projected to drop by around 175 PJ and 290 PJ in 2030 and 2050 respectively. These 
values also represent 13.8% and 11.9% energy savings relative to the REF case. Finally, 
our analysis of the CTX scenario where the impact of introducing a carbon tax was 
considered shows that final energy demand is expected to fall by 141 PJ in 2030 and 331 
PJ in 2050—11.1% and  13.6% reductions respectively, compared to the REF scenario. 
To advance our understanding of the scenarios, the combined (CMB) scenario was 
constructed to study the energy system impacts of implementing all the policies 
considered here (i.e. REF scenario minus the total energy savings in the low carbon 
scenarios). In doing this, carbon tax was excluded as it’s not part of the policies 
enshrined in the NEMP. Analysis of the results suggest that the final energy demand of 
the CMB scenario is projected to decrease by 534 PJ in 2030 and 2129 PJ in 2050 
compared to the REF case; these values also represent 42.1% and 87.3% reductions 
respectively, compared to the REF scenario. With respect to CO2 emissions, for the REF 
scenario, the model results indicate that CO2 emissions are expected to grow at a CAGR 
of 5% from 24.1 MtCO2 in 2010 to around 88.8 MtCO2 in 2030 and 170 
MtCO2 in 2050 which is about 2.7 and 6 times increases in 20 and 40 years respectively. 
In the alternative scenarios, similar pattern of emission reductions were observed as in 
the case of final energy demand. The co-benefits due to the sustainable energy transition 
scenarios in the Nigerian transport sector are also analysed. The modelling results 
indicate that the low carbon pathways will enhance air quality, energy security, and 
productivity of energy use within the country. While the modelling results indicate 
significant energy savings and CO2 mitigation potentials due to low carbon strategies, we 
argue that a coordinated, sound, clear, and coherent policy framework, coupled with 
strong political commitments are needed for sustainable energy transition of the Nigerian 
transport sector. 

 
 

Conclusions 
In view of our objectives, the following conclusions may be drawn. Realising 
sustainability goals in Nigeria transport will involve structural and demand-side policies 
that can support technological innovations for improved fuel economy and alternative 
fuel development. It will also require strong political will and serious transformative 
actions from the local communities to the federal government levels. These 
transformative actions will require massive investments in public transportation and non-
motorised means such as walking and cycling in order to reduce private car use. It will 
also require Nigerians to move away from the car- centric mentality attitude to people- 
centric mentality. Dedicated efforts will also be required over the upcoming years as 
there will be societal barriers and limited institutional capacities in the low carbon 
transition agenda. Additionally, we can infer that sustainable development of Nigerian 
transport will require the implementation of aggregated or portfolio of policies as well as 
regulations that enhance efficient movement of people and goods without a 
corresponding impact on the environment. 
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Given the multiplicities of actions required, a successful transition needs to be 
communicated effectively in policy discourse if meaningful progress is to be made in the 
transport sector. 
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Overview 
Despite the progressive investments on low carbon power generation, there remain a sizeable 
shortfall of investment flows into this sector due to barriers that exist within countries. Our study 
seeks to measure the perceptions of barriers that influence low carbon investment (LCI). In doing 
so, we compare how decision makers in different types of organisation and geographic regions 
perceive the relative importance of potential barriers and enablers for LCI projects. Our study 
adopts the Multilevel Perspective approach from sociotechnical framework to group the elicited 
measures of perceived barriers and desired policy changes. These measures are grouped into: (i) 
policy-level factors, (ii) market-level factors, and (iii) firm-specific factors. Data collected from the 
organisations in our sample reveal marked heterogeneity in perceived LCI barriers and enablers, 
even among those organisations already committed to increasing LCI. In order to empirically 
investigate how these investment barriers and enablers are being played out in a greater detail, 
we concuted semi-structured ethnographic interviews to gain more information than that provided 
by the quantitative data. It is crucial to better understand the perceived LCI barriers in a 
differentiated context given its implication in influencing actors’ decision to undertake LCI, which 
accumulatively will shape LCI trajectories. 

 
Methods 
First, we describe the data with summary statistics. The primary components of these summary 
statistics are arithmetic means, empirical ranges (i.e., maximum versus minimum response), and 
standard errors of arithmetic means that help to measure how likely a contrast between two or 
more arithmetic means was to arise by random chance (or sampling error) rather than 
systematically different perceptions in different subpopulations. Second, we move to fully 
conditional statistical modelling to measure the systematic effects of organisation type, 
organisation’s size, geopolitical blocs, and region-specific institutions on organisations’ view of LCI 
barriers and enablers. The empirical models are estimated first by Ordinary Least Squares (OLS); 
augmented by Fixed Effects (FE) that provides some additional control for otherwise unmeasured 
institutional differences across 12 multi-country regions; and finally Data Envelopment Analysis 
(DEA) that provides a country rank by efficiency in generating absence of LCI barriers and LCI 
commitment. We also include an additional country-level analysis of LCI efficiency (computed in 
the DEA model) relating countries’ population and GDP per capita to the achievement of best-
practices institutional change for encouraging and nurturing LCI. We also conducted one-on-one 
semi structured ethnographic interviews that are focused on: (i) the decision making processes 
undertaken by project developers and financiers that guides LCI; and (ii) identify how LCI risks are 
determined, evaluated, and managed. In order to ground the discussions, geothermal power 
development in Indonesia and New Zealand are employed to exemplify the points being raised in 
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each interview. 
 

Results 
Based on a survey of stakeholders engaged in LCI, our analysis suggests that perceived barriers 
are more uniform at the firm level, and are more divergent at the broader sociotechnical 
landscape  level (e.g., policy- and market-level barriers). The estimation results show that ASEAN 
respondents have generally positive coefficients on the LCI barriers survey items, which suggests 
that ASEAN respondents perceive more barriers in 
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general, compared to OECD respondents. ASEAN-country respondents viewed under develop low  
carbon supply chain as the most important market-level LCI barriers, whereas respondents from 
OECD viewed volatile energy prices as most important. Simultaneously adding more control 
variables for otherwise unmeasured institutional differences, our data reveals the problem of high-
perceived risk was significantly more important for low carbon project developer and policy 
uncertainty-related barriers consistently appear across the three major group of barriers. 
Subsidised credit, loan guarantees and harmonisation of existing policies were listed roughly twice 
as frequently as other policy enablers that could meaningfully induce the respondent’s 
organisation to realise new LCI projects. Observation from the interviews reveal similar findings to 
the empirical modelling and estimation results from our quantitative data. Among other barriers, 
unfavourable energy prices and policy uncertainty-related barriers are prevalent among 
geothermal for project developers. Given the high risk nature of geothermal investment (i.e., 
financial-, resource-, and technological-risks), government play a significant role as a prime mover 
to accelerate geothermal progress. 

 
Conclusions 
Heterogeneity in perceived LCI barriers and enablers—across geopolitical blocs (10 OECD 
countries; 10 ASEAN countries; and countries that belong to neither block, which include China, 
India, and South Korea)—reflects distinct needs and preferences for policy changes that could 
enable transition to low carbon economies by following different transition trajectories in different 
places. Counter intuitively, regions with less developed energy infrastructure may face lower 
opportunity costs of low carbon transition, suggesting that gains toward achieving sustainability 
goals may be surprisingly more achievable in less developed countries than previously thought. 
There has been a wide concesus among project developers and financiers that strong energy or 
climate targets will be ineffective to encourage LCI if the investment climate is not favourable for 
market players (e.g., unattractive energy prices, uncertain policies). According to our analysis, 
success would seem to depend on finding policy and regulatory approaches that are well matched 
to the particulars of different respondents’ institutional and market characteristics. 
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Overview: China is implementing both market (carbon pricing) and non-market (i.e., regulatory or 
administrative) policy instruments to achieve its Nationally Determined Contributions (NDCs) 
under the Paris Climate Agreement. For the market instruments, China introduced a national 
emission trading scheme (NETS) in 2017. Before launching the NETS, China experimented with 
domestic emission trading through seven pilot projects in Beijing, Shanghai, Tianjin, Chongqing, 
Guangdong, Hubei and Shenzhen (Zhang, 2015). Under the NETS, some provinces would be the 
buyer of the emission allowances and some would be the seller, thereby causing some 
redistribution of wealth. Also, for some sectors, specifically the emission-intensive ones, the 
relative competitiveness in various provinces would change, which may lead to the relocation of 
capital and investment among different regions (Zhu et al. 2017). The study estimates how much 
GHG emissions each of the 31 provinces and 16 sectors in each province will reduce by 2030 to 
meet the NDC; and how the provinces and sectors would trade their emission allowances under 
alternative schemes of emission allowances. It assesses the economic costs (impacts on GDP), 
household consumption, investment, commodity prices and interprovincial and international trade 
of goods and services. 

 
Methodology: We developed a multi-regional multi-sector dynamic computable general equilibrium 
(CGE) model for the analysis. It explicitly represents the behavior of four economic agents: 
households, governments (provincial and national), enterprises and the rest of the world (ROW) in 
all 31 provinces in China. Production sectors in each region are classified into 16 sectors, of which 
five are energy supply sectors (coal mining, oil and gas extraction, petroleum refinery, gas 
processing, and electric power generation). We considered two approaches for the allocation of 
allowances: free allocation (or grandfathering) and auction. Under the free allocation, we 
considered two criteria (i) baseline emissions of the emitters (sectors), (ii) baseline sectoral 
outputs. Under auctioning, we considered two schemes to recycle auction revenues to the 
economy: (i) provincial government consumption and investment, and (ii) recycling to households 
as a lump-sum rebate. One of the key strengths of the model is that it captures inter-provincial 
trade of goods and services among the 31 provinces. The study contributes to the literature on 
three fronts. First, to our knowledge, this is the first study to analyze the provincial level economic 
impacts of meeting China’s NDC in 2030 through an emission trading scheme. Second, it uses a 
dynamic regional CGE calibrated with latest available data (2012 provincial SAM). Third, we utilize 
estimated values for an important model parameter known as automatic energy efficiency index 
(AEEI), whereas existing studies use arbitrary values for this parameter. 

 
Results: In order to meet the NDCs that corresponds national CO2 intensity 65% below 2005 
level, China emit 8,502 million tons of CO2 in 2030, which is13.3% below the baseline emissions in 
that year. There is a huge difference in the volume of emission traded and prices of emission 
permits between the allowance allocation rules. The size of the emission market is much larger 
under the output-based grandfathering rule as compared to the emission-based allocation rule. 
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The market-clearing permit price under the former case would be ¥164/tCO2 as compared to 
¥263/tCO2 under the latter case. Allowance prices would be smallest, ¥149/tCO2, under the 
auctioning indicating its efficiency over the free allocation through grandfathering. At the national 
level, the total value of emission trade in 2030 ranges from 51 billion yuan under the emission-
based allowance allocation case to 3,155 billion yuan under the output-based allowance allocation. 
The NETS would cause 0.3% to 0.5% reduction of GDP in 2030 depending on allowances allocation 
rules. Provincial GDP impacts widely vary (Figure 1a). While the ETS provides opportunities to 
some provinces to increase their economic outputs, it causes economic losses in the remaining 
provinces. Neimenggu, Ningxia, Shanxi and Shaanxi that highly rely on the coal mining sector and 
coal-intensive manufacturing sectors (electricity, non-metallic minerals, metals) would face 
relatively higher economic loss under all schemes of allowances allocation considered. Detailed 
results show that fossil fuel sectors of some provinces would face a deep decline in their outputs 
(Figure 1b). Coal sector outputs, for example, drop more than 20% in several provinces under all 
allowances distribution rules. The ETS also significantly affects the interprovincial and international 
trade of goods and services in China. In our study we also corrected the baseline through the 
adjustment of AEEI parameters based on information from Timilsina et al. (2019), which used a 
bottom-up energy sector optimization model, TIMES, to estimate the impacts of existing policies 
and measures, such as energy efficiency improvements in energy supply and utilization systems; 
fuel switching in the energy supply system, in the baseline. If we assume that these policies and 
measures are not implemented, China would require to reduce 30% of its 2030 emissions to meet 
its NDC target, which is 16.7 percentage point higher than what we have in this analysis 
(13.3%). Although it would increase market-size of the 



Page 23 

 

 

ETS, the permit prices and economic impacts would increase substantially. The permit prices 
would be 2.7, 2.5 and 2.4 times higher than what we got under, respectively, the emission-based 
grandfathering, output-based grandfathering and auctioning rules for allocating allowances. 
Similarly, GDP loss would be about three times higher than that we got. 

 
 

• Percentage change of GDP by province (b) Percentage change 
of sectoral outputs Figure 1. Economic impacts in 
2030 (% change from the baseline) 

 
Conclusions: We investigate the distribution of economic impacts across 31provinces and 496 
economic sectors in China of a national carbon dioxide emission trading scheme that aims to 
accomplish China’s emission reduction pledges under the Paris Climate Agreement. We find that 
meeting China’s pledges through the emission trading scheme would reduce 13% of national CO2 
emissions from the baseline scenario in 2030. It would cause up to 0.5% reduction of the 
country’s GDP in 2030. While a few provinces would realize economic gain others would 
experience economic loss. The impacts on provincial economies and CO2 emissions are sensitive to 
initial emission allocation rules. The provincial economies that rely on coal mining and coal-
intensive manufacturing industries are the hardest hit by the emission trading scheme irrespective  
of the allowance allocation rules. 
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Overview 
The European Union emission trading scheme (EU ETS) is by far the largest emission trading 

scheme in the world. Under the scheme, the carbon market was built to facilitate the emission 
trading. The only commodities in the carbon  market is emission allowances, so its economic 
characteristics influence the preference of market players, furthermore, influence the supply and 
demand of the carbon market. This research focus on the attributes of the emission allowances, 
and its supply curve under the background of the first two phases. The emission allowance is a 
special factor of production to the emitting companies, and can be “consumed” by them to 
produce energies, goods, and services. Beyond their consumption, the emitting companies should 
make a trade-off that whether to sell the surplus allowance or reserve them. Both selling and 
reserving will bring utility to the emitting companies, and the optimum allowance supply of the 
emitting companies is to maximize their utility by selling a certain proportion of their surplus 
allowances under a certain price. Given the two endowments of emitting companies – free 
allocation and emission level – and a portfolio of allowance selling and reservation, the supply 
curve of emission allowances can be analyzed under the utility theory, in which the income effect 
and substitution effect are introduced. 

 
Methods 
1. Followed the method of Barzel and McDonald (1973), we have built an economic model to 

analyze the supply curve of the emission allowances, and deduce the shape of the supply 
curve of emission commodities under different preference of emitting companies. 

 
2. Furthermore, by using the micro big data of the European Union Transaction Log (EUTL), we 

draw the supply curves in the Phase I of the EU ETS as well as the Phase II. 
 

3. We have built an online experiment to verify our conclusion on the shape of the supply curves. 
 

Results 
Our results show that the shape of the supply curves were descending in both phase I and II, and 
the supply curve are more steeper in Phase I.The shape of the supply curve implies that the 
emission allowances were the special commodity to the emitting companies. With a certain 
endowment, the supply of an emitting company is determined by the positive income effect and 
the negative substitution effect. Importantly, the income effect is dominating at a lower price 
level, which means the increase of price will bring more profits (utility). Accordingly, the allowance 
supply increase as the price increase. 
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However, when the price comes to a higher level, the consumption of allowances is more 
expensive, so reserving allowances for future consumption is preferable. As a result, the 
substitution effect becomes stronger than the income effect, and the allowance supply descends as 
the price ascend. 

 
Conclusions 

Based on our empirical analysis and the experimental analysis, we can conclude that: the 
shape of the supply curve of emission allowances are decided by the elasticity of substitution 
between allowance selling and reservation, and “Not to trade” is more preferable to emitters. (the 
elasticity of substitution is less than 1). The reason is including but not limited to 
(1) Uncertainties; (2) Prospective; (3) Laziness. Therefore, the supply of allowances has a 
negative relationship with the prices. 
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Overview 
 

Cross-border electricity trade has been shown to have many benefits including, lower prices 
(Chang and Leifei 2013), reduced energy poverty and (depending on the generation type) lower 
emissions. Multilateral public institutions, most notably the Assotiation of South-East Asian 
Nations (ASEAN), have been attempting to increase cross-border electricity trade for over two 
decades with slow progress to date (Halawa et al., 2018). Over two-thirds of forecast global 
electricity growth from 2017-2040 is centred in the Asia-Pacific (IEA, 2018). This projected future 
electricity growth presents a significant opportunity to increase cross-border electricity trade, 
however, little governance exists to facilitate it within the region (Nakhooda, 2011, Van de Graaf 
and Colgan, 2016). There are a range of existing market failures which mean the optimal level of 
cross-border electricity trade is unlikely to be achieved in the absence of governance 
interventions to overcome them (Gillingham and Sweeney, 2010). These include uncompetitive 
markets, environmental and national security externalities, information market failures, credit 
constraints, coordination failures, regulatory failures, policy- induced distortions, and network 
externalities. This paper provides a detailed account of these market failures and how they relate 
to cross-border electricity trade. It will also provide an accessible overview of the function of 
multilateral public institutions in the electricity sector within the region. This includes international 
energy organisations, for example, the International Renewable Energy Agency (IRENA), regional 
intergovernmental organisations, for example ASEAN, and multilateral development banks, for 
example, the Asian Development Bank (ADB). The paper concludes by suggesting which of these 
public multilateral institutions (if any) are best suited to addressing these market failures relating 
to cross- border electricity trade. 

 
Methods 

 
The paper utilises qualitative research methods, primarily literature review and in-depth 

interviews to map current governance of cross-border electricity trade in the Asia-Pacific. Detailed 
analysis of the existing roles of multilateral institutions working to facilitate increased cross-border 
electricity trade will be undertaken. A review of existing literature of market failures in the 
electricity sector will be carried out and extended to consider which failures are most relevant to 
cross- border electricity trade. A series of in-depth interviews with existing and previous staff of 
the multilateral public institutions analysed will be conducted to provide insight into their current 
operational responses to cross-border electricity trade in more detail than is publicly available. 
Interviewees will also be asked to provide their insights regarding opportunities to expand or 
contract the existing engagement of these institutions in this area, and the potential need for new 
multilateral organisations to more effectively govern dimensions of cross-border electricity trade. 
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Results 
The paper provides an overview of market failures impeding cross-border electricity trade in 

the Asia-Pacific and the role public multilateral institutions can play in overcoming these failures. 
It is expected that public multilateral institutions will be found to play some important roles in 
facilitating cross-border electricity trade in the Asia-Pacific, but that some market failures are best 
addressed by national governments. This paper analyses how different public multilateral 
institutions are suited to addressing different aspects of market failures, and in some instances 
may not be effective actors in facilitating cross-border electricity trade. 
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Conclusions 
With improved governance, there is potential for a significant expansion of cross-border 

electricity trade in the Asia- Pacific region over coming decades. ASEAN continues to progress its 
Asian Power Grid and a number of private sector developments have also been proposed (Melta et 
al. 2017). Despite this, there are a number of existing market failures, some of which require 
coordinated intervention by multilateral public institutions working within the electricity sector to 
be overcome. Our analysis identifies these market failures and describes how they are impacting 
cross-border electricity trade in the region. It will also undertake a detailed examination of 
multilateral public institutions working in the electricity sector and explore which of these failures 
(if any) these institutions are equipped to overcome. 
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Overview 
This paper investigates how the flow of information in Australian National Electricity Market (NEM) 
provides an incentive for the electricity generating firms to behave strategically. We examine the 
information disclosed to the generators in real-time at each five-minute auction intervals to see 
the effect on rebidding behaviour of generators. Utilizing a high frequency dataset of three years 
from 2015 to 2017 constructed from the  Australian Electricity Market Operator (AEMO) dataset 
which consists of the intra-day supply bids of each generator, we demonstrate that firms actively 
respond to the market information by shifting/rotating their supply curves within each thirty-
minute trading intervals. 
Studying each generator’s bidding behaviour in the state of New South Wales, we observe that 
generators  react not to the five-minute dispatch prices but to the difference between the five-
minute dispatch prices and the price at which the generator is dispatched. Generators move 
quantities through the rebidding mechanism from the higher part of their supply offer (like the 
following plot) which carries a higher price to the lower parts which has lower prices and vice-
versa depending on what time of the day/dispatch interval generator is operating in. The key 
implications of our results are that firstly, generators have no incentive to reveal their true 
marginal cost and secondly, baseload generators engage more actively in strategic rebidding while 
the intermittent generators like solar and wind engage the least but do so despite of their 
negligible marginal cost and thirdly, the upcoming market redesign in July 2021 which would be a 
move to five-minute settlement from the current thirty-minute settlement may not be as effective 
as it is expected to be since generators will be still gaining the same set of information as before 
to maintain their strategic behaviour. The consequences of such strategic behaviour have been 
recent high price spikes. This result is consistent with the report by Australian Electricity Market 
Commission (AEMC) in 2015 that firms take advantage of the current market design as it provides 
the firms with incentives to generate financial incentives. 
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Methods 
 

To characterise the rebidding behaviour, an empirical framework is established. This framework 
categorises each generators supply offer into three regions. According to the above figure, region 
1 is the dispatched area below the market price. 
Second region covers the area after the first region until the price band adjacent to market price. 
Third region is the remaining part of the supply offer. These regions help us to map the 
movement of quantities along the the supply offers and hence observing the shift/rotation in 
supply offer. To understand what factors lead to the submission of a rebid by an individual 
generator at each region, a panel is constructed containing the characteristics and bidding 
behaviour of all the generators for each 5 minute dispatch interval from 2015 to 2017. This allows 
us to study the impact of the flow of information in each 5 minutes interval has on generators 
decision to submit a rebid. That is, capturing all the equilibrium points within each trading interval 
at which the information is released and observed by the generators in order to see whether the 
occurrence of the rebid in between two 5 minutes equilibrium points is derived by the information 
flow in the latest 5 minute equilibrium point just before the rebid. For instance, a rebid that 
occurred at 4:17am falls in the fourth dispatch interval which is 4:15am to 4:20am where 
4:15am is the equilibrium point at which the information was released. Hence, the rebidding 
behaviour of each generator within each trading interval can be observed through the six 
equilibrium points. To capture how flow of information affects the supply offer of each generator, 
an empirical model is employed for each region. This method allows us to infer how individual 
generator responds to this information. This model is utilised in three different steps. First step is 
when the key variable is just the difference between the observed dispatch price and the price at 
which the generator was dispatched. Second step is when the key variable is interacted with 
another variable which is the type of the generator; this allows to see how each generator rebids 
given their type of generator. Third step is to have the variable in the second step interacted with 
dispatch intervals; this allows us to see how generators behave at each dispatch interval. 

 
Results 

 
The results show that there is a statistically significant link between the changes in supply curves 
and the flow of information observed by the generator before submitting a rebid. This statistically 
significant relationship between the key variable and the left hand side variables demonstrates 
that generators engage in strategic rebidding behavior in different regions (To understand the 
regions, have a look at the attached plot). Generators use the price information as a signal of  
their rivals' bidding behaviour. Therefore, a greater gap between the market dispatch prices and 
the bid prices (prices at which the generator is dispatched) prompts a change in the supply curves 
through a rebid in order to make the gap smaller. In the first step (restricted models), the 
generator's rebidding behaviour in region 1 is more influenced by the total market demand than 
the change in the prices shown by its higher magnitude while the opposite is observed in the other 
two regions. In region 1, the generators respond to fluctuation in the total market demand is more 
than the change in prices and adjust their offer accordingly to assure their quantity is continuously 
dispatched. However, generators' rebidding behaviour is more responsive to the DIP variable 
(difference between the market price and the bid price) in regions 2 and 3 since the total demand 
has a smaller magnitude and bigger significance level in these regions. This demonstrates 
generators' bidding behaviour; moving quantities to higher regions to increase prices. Given such 
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a behaviour occurs throughout all the trading intervals and that it happens more often in higher 
regions; regions 2 and 3, such a behaviour cannot be due to maintenance  or technical reasons. 
This evidence inclusively establishes the presence of strategic rebidding behaviour in the state of 
New South Wales. The results for the other two steps are almost on the similar line but with more 
details regarding rebidding behaviour of each type of generator and the dispatch inetrvals. 

 
Conclusions 

In the past few decades, electricity markets around the globe have undergone market reforms 
to establish a competitive price for this non-storable product. The Australian National Electricity 
market was established in 1990 with the goal of 
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creating a competitive market for electricity. However, since then an upward rise in wholesale 
prices has become a salient feature of this oligopolistic market in the world. The literature has 
investigated the 30 minutes market clearing prices and despite multiple proposals and theoretical 
frameworks designed to alleviate such a high prices, the Australian NEM is still suffering from 
inefficiently high prices. Previous studies have suffered from neglecting the rebidding mechanism 
which allows generators to restate their initial offers after they have been submitted. This 
mechanism has been a part of the market design which allows the generators to adjust their 
position according to the market conditions but has been criticised as a main factor facilitating 
strategic behavior. This paper focuses on this mechanism by inspecting the flow of information 
within each thirty minute trading intervals to observe the determining factors in submitting a rebid 
and the problems emerging from such behavior. Using a rich high frequency data set related to six 
equilibrium points within each trading interval of the Australian NEM, we have for the first time, to 
our knowledge, demonstrated that high wholesale prices in Australia are due to strategic rebidding 
behavior. We observed that each generator type reacts differently to price information disclosed at 
each of the six dispatch equilibrium points throughout the day in order to maximize profits. This 
indicates that generators will engage in rebidding as long as the same set of information is 
available and that they can  change their offer in quite close to dispatch time in real time. 
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Overview 
After decades of rapid economic development, China is quickly becoming the world’s second 

largest transport energy consumer. Recently, China has also surpassed U.S. as the world’s largest 
oil importer, and is further expected to become the largest oil consumer by early 2030s. China’s 
fast rise as one of world’s top transport energy consumers has important implications for the 
international energy market and world environment. Globally, transportation is the largest oil- 
consuming sector. China has contributed the biggest share to global oil consumption growth in 
recent years, and is projected to remain a major pillar of world oil demand growth over the next 
two decades. Along the climate dimension, as the world’s largest CO2 emitter, China has pledged 
to the Paris agreement and taken various measures to implement her commitment. While all other 
sectors are expected to peak energy-related CO2 emission before 2030, emission from China’s 
transportation sector is projected to maintain its growth into the 2040s. 

Despite the growing importance of China as a leading transport energy consumer and carbon 
emitter, freight transport demand, the largest source of transport energy consumption in China 
over the last four decades, remains poor understood. Freight is a derived demand from the 
economy. Over the last few decades, the Chinese economy has not only expanded substantially in 
its magnitude, but also changed dramatically in the structure: while the share of primary and low 
value added secondary sectors decreases over time, the share of high value added secondary 
sector and the teriary sectors are increasing steadily, as reflected in the transport data categorized 
by commodity types. As the Chinese economy is expected to become the world’s largest around 
2030 and its structure continues to evolve, it is important to understand how the inherent 
structural change of the Chinese economy will impact freight transport demand, and thereby its 
implications for China’s transport energy demand and China’s carbon emission mitigation strategy. 
To this end, this paper utilizes an input- output approach and conducts an accounting analysis of 
China’s freight transport demand during its fastest period of growth of 1997-2012, quantifying 
effects of key drivers freight transport demand growth, and exploring room for policy intervention 
to improve energy efficiency of the freight logistics system. Simulations of several future scenarios 
are also conducted, accounting for separate or combined changes in each factor as a result of 
possible policy interventions. 

 
Methods 

The extended input-output approach is utilized to investigate the relationship between 
economic growth and freight transport demand. Two key perspectives of the economic structure, 
the production sectors and the end users, are considered in the analysis. A structure 
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decomposition analysis (SDA) is then conducted to evaluate the role of various determinants of 
freight transport demand, including economic structure, production linkage, freight transport 
modal mix, and freight intensity. Finally, SDA is again used to explore the impact of potential 
future economic structural changes and policy initiatives on freight transport demand in the 
scenario analysis. 

 
To match information on economic production with that on freight transport, detailed economic 

input output data and freight transport data are both collected. High resolution input-output data 
published by the Chinese statistical authorities for 1997, 2002, 2007 and 2012 are used. Freight 
transport data on following five transport modes are also collected or imputed if missing: road, 
railway, domestic inland shipping, domestic coastal shipping, and international shipping. The IO 
data and the freight transport data are then aggregated and homogenized into desired categories. 

 
Results 
Economic structural changes are first reflected by changes in output shares of the production 
sectors. Through input-output analysis, observed freight activities in the commodity generating 
sectors are allocated to all production sectors (both commodity generating and non-commodity 
generating service sectors) that are the ultimate demand source of the 
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transported goods. The result of the transformation suggests that while transport of bulk 
commodites have seen the largest growth over time, the rising demand is largely derived from the 
fastly growing “construction” and the “machinery, electronics and transportation equipment” 
sector during the period of 1997-2012. 

 
What’s further driving the demand changes in the production sectors is the structural evolvement 
of the end use demands, namely export, capital formation, and rural, urban and government 
consumptions. The changing distribution of these end  use demands within the economy, as well 
as the shifting expenditure pattern on commodities by each of the end users, ultimately 
determines the economy’s production structure. In this respect, the result shows that capital 
formation and export are the two largest demand drivers of freight transport activities from 1997-
2012, whereas the role of the private household consumptions (urban and rural) decreased during 
this period. 

 
The period-to-period SDA exercise suggests that both economic structural change and production 
linkages have positively affected freight transport demand, while the reduction of freight intensity 
has a negative impact. The effect of modal structural change is mixed, as it substituted away 
some transport modes (e.g. railway) with others (e.g. road). 

 
Lastly, the scenario analysis shows that economic structural change, which entails the slowdown 
of the economic growth rate and the shifting of the economy’s focus towards the service sectors, 
will be the largest contributor to the slowdown of freight transport demand growth in China. 
Additionaly, the increasing share of the high value added secondary and tertiary sectors also 
implies that transport modal mix will move towards a more road-based structure and away from 
other modes such as railway and waterway. 

 
Conclusions 

The analysis in this paper highlights the importance of the economic structural change on 
freight transport demand and consequently the transport energy demand. In the past, China’s 
transport energy demand has grown the fastest as the Chinese economy witnessed rapid growth 
in its domestic investment and the export sectors. Looking ahead, with the economy increasingly 
focusing on the less freight intensive tertiary sector, the “dematerialization” trend is likely to slow 
down China’s freight transport demand growth. Policymakers should be aware of this inherent 
change of the economy and its impact on carbon emission mitigation strategies, while developing 
policy measures such as improving energy efficiency and optimizing transport modal structure to 
fight climate change. For example, as the Chinese economy moves away from the freight intensive 
bulk commodity sectors and shift towards the higher value added secondary and tertiary sectors, 
road shipping may be preferred to railway and waterway shipping, which are commonly used for 
moving low value and large quantity bulk goods. This may partially offset policymakers existing 
efforts to shift freight movement from trucking to railway and waterway. 
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Overview 

 
Over a decade ago the NZ Commerce Commission engaged Frank Wolak to investigate 
market power in the New Zealand wholesale electricity market. Professor Wolak (2009) 
found evidence of substantial market power with market power rents of $4.3 billion over the 
seven-year period (2001-2007) covered by the report. There were a number of criticisms of 
the report, the most substantial of which was the assumptions made around the value of 
water, which was capped at the marginal cost of thermal plants. Browne et al (2012) using 
a different methodology argued that water values during dry years would at times be higher 
than this. Using a computer agent based approach to model market power and a calibrated 
water value curve they found similar market power rents to those calculated by Wolak. 
Philpott and Guan (2013) using stochastic dynamic programing to calculate water values 
also found high market rents. 

 
Since the Wolak report, Browne et. al. (2012) and Philpott and Guan (2013) there has been 
no quantitative investigation into market power in the NZ wholesale market, even though 
there have been considerable changes in market conditions. Despite little demand growth 
over the last decade there has been a significant increase in new wind and geothermal 
generation. More recently, a number of thermal plants have exited the market and there 
have also been line upgrades. Furthermore there has been a number of market design 
changes aimed at alleviating market power and managing risk better in years of low inflows 
into the hydro dams. Thus it is timely to investigate whether there are still market power 
issues in the wholesale market. 

 
Methods 

 
The approach used in this report to model market power is to construct the competitive 
benchmark, where all plants bid into the market at their marginal cost. There is one 
exception - hydro bids into the market using the water value. The water value curve is 
computed as a function of the actual lake level, compared to the mean, for any given 
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day. We compare the competitive benchmark to the prices simulated by the computer 
agent-based firms trying to maximise profits and attribute the difference as market power 
rents. We also compare the competitive benchmark to actual prices and compute rents 
using this approach. It turns out both approaches give similar results. 

 
We start off using the approach advocated by Browne et. al (2012), to investigate market 
rents over a seven year period from 2010-2016 using computer agents. This approach gives 
substantial market rents. However we argue that there is a dynamic inconsistency in this 
approach, as the competitive benchmark consistently dispatches more water than the 
strategic simulations, which cannot continue for any length of time as the lakes would 
eventually become empty. We constructed a model that is dynamically consistent by 
keeping track of dispatch and inflows for each time period and updating the lake level to find 
new water-values in the following period. This is our preferred approach as it is dynamically 
consistent and has simulated prices close to actual. 

 
 
 
Results 

 
The computed markets power rents over the period 2010-2016 are substantial. They are 
similar or even higher, as a fraction of revenue, to those found by Wolak (2009). Table 
(i) below shows computed market power rents for each 
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year using our dynamic competitive benchmark and market power simulations. 
Over the 7-year period of the study total simulated market revenue was $14.9 
billion. Total market rents are $5.4 billion, which is 36% of revenue 

 
 

Table i: Simulated 
market power rents. 

 
 

 
Year 

Simulat
ed 
Competit
ive 
Benchma
rk 
Revenue 
($million
) 

Simula
ted 
Mark
et 

rents
 (
$ 
milli
on) 

 

% of 
total 
reven
ue 

Simula
ted 
Wholes
ale 
Reven
ue 
($milli
on) 

2010 186
1 

588 24% 2449 

2011 166
8 

678 29% 2346 

2012 156
9 

1305 45% 2874 

2013 114
6 

554 33% 1700 

2014 129
0 

831 39% 2121 

2015 114
2 

759 40% 1901 

2016 856 688 45% 1544 

SUM 953
2 

5403 36% 14935 

 
 
 
 
 
 
 
 

Conclusions 
 

Market power rents in the New Zealand electricity market are substantial. 
Furthermore there is some evidence that market power rents have increased over 
the last few years.There is a strong case for policy intervention by the regulator to 
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mitigate market power. 
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Abstract 

Does institutional change in the petroleum sector lead to more oil and gas 
ex- ploration and discoveries? Foreign ownership and investment in the 
sector has tra- ditionally been unrestricted. We document that this is no 
longer the case; foreign- domestic partnerships are the norm today. Tracking 
changes in legislation between 1867 and 2008 for a panel of countries, we 
show that switching to foreign ownership results in more drilling and more 
discoveries of petroleum than domestic ownership. Switching to partnership 
yields even more drilling, but fewer discoveries. Discov- eries, and the 
intensity and quality of exploration drilling, are thus endogenous to industry-
specific institutional change. 
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• Introduction 
 
Proven World oil reserves have increased from 680 billion barrels in 1980 to 1,700 billion 

barrels in 2017. Despite oil being an exhaustible resource in principle, we appear to be 

finding ever more of it.1 Although the existence of natural resource endowments is 

determined by local geology and is therefore exogenous, finding these resources often 

relies on foreign firms to provide capital and expertise, because many countries do not 

have the capital or technology available to engage in exploration themselves.2 Yet, it is 

often argued that known resource endowments are exogenous; that they are due to 

chance rather than to the political and economic environment of the host country; and 

that they therefore provide good measures of exogenous variation in resource wealth in 

the analysis of economic development (see e.g., Brunnschweiler and Bulte 2008; Van der 

Ploeg and Poelhekke, 2010; Cotet and Tsui, 2013). An alternative view instead proposes 

that sound institutions and a good investment climate – including political stability, 

secure property rights, and strong market orientation – determine resource discoveries 

and endowments (see e.g., Bohn and Deacon, 2000; Arezki et al., 2019; Cust and 

Harding, forthcoming). Moreover, ‘good’ institutions are found to be important for overall 

economic development, further complicating the empirical relationships.3 

In this paper, we focus on the institutions that govern the natural resource sector and 

use a new dataset on petroleum ownership regimes that spans over a century of data for 

up to 68 oil-producing countries, and uncover its impact on exploration intensity and dis- 

coveries. Hydrocarbons continue to be a vital resource as a fuel, a source of electricity, 

or a source of foreign exchange, so understanding whether and how the institutional 

frame- work influences oil and gas discoveries is an important issue. Our dataset 

captures who has control rights over petroleum exploration and production decisions, 

distinguishing 

1See the BP Statistical Review of World Energy of June
 2018, https://www.bp.com/en/global/corporate/energy-economics/statistical-
review-of-world-energy.html Natural gas reserves have also soared from 72 trillion cubic 
metres to almost 200 trillion over the same period. 

2New extraction technologies – and high oil prices that make them competitive – also play a 
large 

role, as exemplified by the recent shale boom. See, for example, Allcott and Keniston (2018). 
3The empirical literature on institutions and economic performance builds on the 

seminal contribution by North (1990), and includes for example Hall and Jones (1999), 
and Acemoglu et al. (2002). It is less clear what the relative importance is of specific 
institutions. Some authors emphasize democracy (Acemoglu et al., 2019), or corruption 

http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
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(Ades and Di Tella, 1999), or an unweighed average of rule of law, bureaucratic quality, 
corruption, risk of expropriation, and government repudiation of 
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contracts (Mehlum et al., 2006). We focus on the specific institutions governing one sector 
of the economy. 
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between Domestic, Foreign, and mixed, or ‘Partnership’ regimes.4 While host countries 

have long been recognized as the legal owners of their subsoil wealth,5 we document 

that foreign ownership (typically in the form of concessions with long maturities in 

exchange for a royalty) has gradually been replaced by a bigger role for domestic firms 

as host countries’ nationalism and own-industry know-how have increased, to the point 

where partnerships are the norm today. 

We describe the evolution of ownership regimes over time, and make use of the his- 

torical sequence of events in our empirical design. In a first step, we employ ordinary 

least squares (OLS) estimations to show a strong positive relationship between switching 

to Foreign and Partnership ownership regimes (where Domestic ownership is our base 

regime) and various measures of petroleum exploration activity and discoveries. Con- 

versely, the implication is that nationalizations are followed by a drop in exploration and 

discoveries.6 In a second step, we propose a series of instruments based on oil sector 

institutional change in a reference group of other countries including those open to trade, 

OPEC member countries, and countries in the same geographical region. We empirically 

model the spread of different ownership regimes as a function of (political) events in 

these reference countries, in the spirit of the most recent literature on the gradual 

diffusion of institutions and democracy described by Buera et al. (2011) and Acemoglu et 

al. (2019), respectively. However, we argue based on historical events that there was  

an inverse diffusion of institutions governing the oil-sector. 

In fixed-effects two-stage least squares (2SLS) estimations, we confirm that switch- 

ing to substantial foreign involvement in the petroleum sector leads to more exploration 

activity and more discoveries of new petroleum deposits with respect to Domestic owner- 

4The conventional distinction has been between public and private ownership (e.g., 
Bohn and Deacon 2000). However, in recent decades the petroleum industry has seen 
the rise of a number of internationally competitive, national oil companies, making a shift 
of the focus towards domestic versus foreign ownership appropriate. In practice, 
Domestic ownership almost always equates to Public ownership. There have been a few 
exceptions with private domestic ownership for some years: Guatemala until 1983; Brazil 
until 1938; (Imperial) Russia until 1918; and Venezuela until 1907. 

5The United Nations General Assembly resolution 1803 (XVII) of 14 December, 1962 (on 
“Permanent 

sovereignty over natural resources”) grants “The right of peoples and nations to permanent 
sovereignty over their natural wealth and resources”. 

6A related literature models cyclical changes in taxation of the resource sector 
(Jaakkola et al., 2019), while we focus  on more discrete changes in who controls 
exploration and extraction. The prevalence    of a mixture of ownership restrictions, 
corporate taxes, oil revenue taxes, bonuses, royalty rates, and production sharing 
arrangements that frequently change, make it difficult to precisely track taxation  for our 
broad group of countries, although Stroebel and Van Benthem (2013) make progress on 
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topic for 38 non-OPEC countries. Such arrangements are not typically public knowledge, 
see also the Extractive Industries Transparency Initiative, https://eiti.org/. 
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ship. In particular, adopting majority Foreign ownership brings about more discoveries. 

Adopting a Partnership regime, on the other hand, results in much more drilling, but not 

more discoveries than under Domestic ownership. Moreover, we show that the effects 

are persistent within the first few years after a regime switch, and that the results are 

robust to controlling for other (national) institutional factors; using different proxies for 

petroleum discoveries and exploration effort (including cost); and altering our estimation 

specifications. These findings suggest that foreign petroleum firms are better able than 

domestic firms to gauge the risks involved in oil and gas exploration, and likely invest 

more in new technology, and in geological and seismic knowledge. This gives them an 

edge over domestic firms that often operate in a protected home market.7 

Our contribution is to uncover the oil-sector-specific institutions that drive exploration 

and discovery, and show that these have more explanatory power than changing broader 

national-level institutions. We thereby contribute to our understanding of the effects of 

specific institutions that may be adopted by countries, although we do not claim that the 

institutions that raise the probability of finding natural resources also lead to long- term 

economic development.8 We also extend the recent literature on the endogeneity of 

natural resource endowments. For example, Cust and Harding (forthcoming) focus on 

general institutional quality and rely on differences in petroleum exploration across 

national borders for causal identification in a regression discontinuity design. Looking at 

wells drilled close to national borders, they find that exploration takes place more 

frequently in the country with stronger institutions. We identify the specific institutional 

changes that drive this difference. Arezki et al. (2019) adopt a similar 2SLS approach to 

ours, but focus on the role of market orientation, measured by overall trade openness. 

They find that exploration and discovery of petroleum and other minerals are more likely 

in more market-oriented countries. In the present paper, we show that trade openness 

does not affect petroleum discoveries or drilling activity when we include our ownership 

measures. This suggests that the industry-specific institutions, rather than the more 

general institutional framework, play the biggest role in influencing oil and gas 

exploration and discoveries. 

We also add to the literature that uses discoveries as exogenous variation for a range 
7See Nolan and Thurber (2012) for similar arguments. 
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8See Brunnschweiler and Valente (2013) for the link between petroleum ownership 
regimes and income levels. A related literature explores the effect of general institutional 
quality on capital flows, e.g., Alfaro et al. (2008). 
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of outcomes. These include Harding et al. (2016) on real exchange rate appreciation; 

Smith (2015) on the positive effects of discoveries on GDP per capita; Arezki et al. 

(2017) on identifying macroeconomic news shocks; Perez-Sebastian and Raveh (2016) 

on fiscal decentralization; and Lei and Michaels (2014) on conflict. Our results suggest 

that the literature that uses (the timing of) oil and gas discoveries as exogenous 

variation should control for the specific ownership regime under which those discoveries 

were made. More promising is therefore the use of geographic variation in exploration 

and discoveries on outcomes within a country (such as in Caselli and Michaels, 2013; and 

Cavalcanti et al., 2019), because it is less likely that institutions vary systematically at 

the local level as well. 

Our findings on the benefits of allowing foreign ownership in the oil sector also relate 

to the literature on the benefits of foreign direct investment more broadly, which have 

documented increased productivity of foreign affiliates, such as in Arnold and Javorcik 

(2009) for Indonesia, and Guadalupe et al. (2012) for Spain; and that these benefits rely 

on the continued presence of foreign parent companies (Javorcik and Poelhekke, 2017). 

The superior performance of foreign affiliates is closely related to the fact that only the 

most productive firms are able to incur the fixed cost of undertaking foreign investment 

(see Helpman et al. 2004). In our context, multinational oil firms are thus likely to be 

more productive than purely domestic oil firms.9 

The rest of the paper is organized as follows: Section 2 presents the petroleum data, 

including the novel dataset on oil and gas sector institutions, and traces the evolution of 

petroleum ownership structures since the beginnings of the industry; Section 3 de- 

scribes the empirical approach; Section 4 discusses the main results, robustness tests 

and extensions; and Section 5 concludes. 

 

1 The petroleum data 
 
1.1 Discoveries and exploration 

Our main information on oil and gas discoveries stems from Horn (2014), who times 

the earliest discovery in 1868. This dataset records the discoveries of giant oil 

(including 
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9Others stress a positive-spillovers channel from openness to foreign competition, 
such as in import- competing sectors, causing growth of domestic firms (Pavcnik, 2002). 
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condensate) and gas fields, defined as a discovery of an oil and/or gas field that contains 

at least 500 million barrels of ultimately recoverable oil equivalent (i.e., the amount that 

is technically recoverable given existing technology). We also use an alternative dataset 

on total barrels of oil equivalent discovered, which uses only 5,000 barrels as a minimum 

cut off, and is collected by the Association for the Study of Peak Oil (ASPO) and taken 

from the dataset of Cotet and Tsui (2013). We prefer the Horn (2014) database, because 

it is readily available online, more regularly maintained, and because of the large cut-off 

size less prone to measurement error. 

In addition to discoveries data, we use four different measures of oil exploration 

efforts. The first gives the number of exploratory boreholes, known as ‘wildcats’ in the oil 

industry. This data was collected by the Association for the Study of Peak Oil (ASPO) and 

is taken from the dataset of Cotet and Tsui (2013); it is available for the period between 

1930- 2003. The other measures are based on proprietary data compiled by Rystad 

Energy, a petroleum industry consulting and data company. Rystad Energy offers data 

on the number of wells drilled since the 19th century (with gaps) until 2017, and the 

total exploration cost per year and country, in nominal USD, which is split into expensed 

and capitalized costs. The former cost includes the initial exploration contract fees or 

‘signature bonuses’, as well as the actual costs for the physical exploration for new 

reserves (i.e. geological surveys, drilling, wages, renting drilling rigs, etc.), while the 

latter is capital expenditure such as equipment. 

At the median, a country’s first discovery follows one year after start of  the first  oil 

& gas-specific ownership regime. However, the standard deviation of the number of 

years between these events is 36 years for giant discoveries (according to Horn, 2014) 

and 28 years for minor discoveries (according to ASPO, in Cotet and Tsui, 2013). The 

main reason for this is that several countries discovered oil before they became 

independent and passed their own legislation. Also, there may be measurement error in 

the discoveries data. We do not model the timing of the first adoption of legislation. 

Instead, we focus on changes in ownership regimes within the group of independent 

countries with petroleum-specific legislation. We perform a robustness test in Section 4.4 

where we exclude countries in which discoveries precede legislation, and show that our 

main results are unaltered. 
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1.2 A new database on petroleum ownership regimes 

We introduce a unique new yearly dataset on petroleum ownership structures spanning 

more than a century, from 1867 to 2008. Our dataset includes information on 68 oil- 

producing countries from all regions of the world.10 The main criteria for inclusion in the 

dataset are that the country had a minimum of 0.2 billion barrels in (proved) oil reserves 

between 1980-2008, and that it produced an average of at least 20,000 barrels of crude 

oil per day during at least one year over the same period. The principal source for this 

information was the U.S. Energy Information Administration (EIA). We cross-checked the 

entries from the EIA with the BP Statistical Review of World Energy, which covers fewer 

countries in detail, but over a longer time period. Our sample includes 96.6 percent of 

known worldwide proved crude oil reserves in 1980, while in 2008 the share goes up to 

99.9 percent. In practice, we include all but the very smallest and most recent oil 

producers of the past century. 

We distinguish between Domestic, Foreign, and mixed domestic-foreign (i.e., Partner- 

ship) ownership regimes. Specifically, we code each (independent) country according to 

the following criteria: 

 
Domestic Control : The state, state firm(s), or private domestic firm(s) hold(s) the 

rights to develop the majority of petroleum deposits and owns the majority of 

shares (over 50%) in the oil and gas sector. The managerial power lies mainly in 

domestic hands, with foreign (private or state-owned) involvement – if present – 

being limited to roles with little or no operational and managerial control (e.g., 

service contracts). 

Partnership: The state, state firm(s), or private domestic firm(s) hold(s) the rights to 

develop the majority of petroleum deposits and owns the majority of shares (over 

50%) in the oil and gas sector. However, unlike under Domestic Control, there is 

substantial involvement by foreign firms such that both domestic and foreign 

(private or state-owned) oil firms have operational and managerial competencies, 

e.g., through joint ventures or Production Sharing Agreements (PSAs). 
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Foreign Control : Foreign (private or state-owned) firms hold the rights to develop the 

majority of petroleum deposits and own the majority of shares (over 50%) in the 

10A list of countries and years of coverage is shown in the Appendix. 
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domestic oil sector. The operational and managerial power lies mainly in foreign 

hands, e.g., via concessions. 

 
As these criteria imply, host country legislation often does not assign domestic or 

foreign firms the exclusive right to all exploration and extraction of petroleum. For 

practical purposes, the important point for us is who is allowed to hold – and who 

actually holds – the majority rights to exploit petroleum deposits according to domestic, 

host- country legislation.11 To define Partnerships, we further track the degree of 

operational and managerial roles that domestic and foreign firms have. If foreign firms 

have little or no operational and managerial influence (and thus hold at best service 

contracts), we code the country’s ownership regime as Domestic Control. In typical 

service contracts, foreign firms develop a field in exchange for a fixed fee but do not 

control the extracted oil. If foreign firms have substantial operational and managerial 

influence (such as through PSAs), we code the country’s ownership regime as 

Partnership. In PSAs, foreign firms do not process or sell all extracted oil, but a share of 

oil extracted is processed and sold by the domestic firm.12 

For the coding, we rely primarily on countries’ constitutions, and official laws and 

regulations governing the petroleum sector; sample petroleum contracts and many sec- 

ondary sources were also consulted.13 The initial (post-independence) year of inclusion 

of each country is based on the date of the first national law, rule or regulation 

pertaining explicitly to the petroleum sector.14 This approach allowed us to gather 

information on 

11The available information does not allow construction of a more fine-grained, 
continuous variable of (foreign or domestic) ownership degree. 

12See Ghandi and Lin (2014) for more details on the distinctions between common contracts 
between 

foreign and domestic oil companies. 
13In practice, the distinction between de jure and de facto ownership rarely becomes 

salient: na- tionalized petroleum sectors and sectors with concession systems are 
classified as Domestic and  Foreign ownership, respectively, both de jure and de facto. 
Similarly for a sector with PSAs, which typically has a Partnership regime. As a final 
check, the coding based on laws and regulations was compared with available 
information on actual shares in the sector. A small number of cases required further 
distinction at this point: in the United States and in the United Kingdom, foreign oil 
companies have been granted legal access to the respective oil sectors since the 
countries first enter our dataset, but domestic com- panies have dominated the sector in 
terms of ownership shares,  resulting in a continuous classification of Partnership (rather 
than Foreign) for both countries. Reclassifying these cases to Foreign does not affect our 
results, because our identification strategy relies on changes over time. 

14The only exception is Canada, where petroleum-specific legislation is passed by provincial 
govern- 
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ments. The national government instead sets out laws for the mining sector in general. The first 
mining sector law was passed in 1867, the year of Canada’s independence from Great Britain. 
Given 
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that oil refining (for kerosene production) was originally invented in Canada in the 
1840s, and that the Cana- dian petroleum industry developed in parallel with that of the 
United States in the second half of the nineteenth century, we argue that the 1867 law 
fully applies to the petroleum sector. Canada therefore enters our dataset in 1867. 
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control regimes for a total of 68 countries and 3,874 country-year observations, 

giving an average time coverage of nearly 57 years for each country.15 

In total, we have 65 switches in regime types, making a change in control rights over 

petroleum a rare event. However, more than half of our countries (35 out of 68) switch 

regimes at least once, meaning we have a good amount of within-country variation.16 

The most common regime in our dataset is Foreign (1,597 out of 3,874 country-years, or 

41.2%), followed by Partnership (1,227 or 31.7% of country-years), and finally Domes- 

tic (1,050 or 27.1% of country-years). Although Foreign is the most frequently found 

regime among the countries that never change ownership structure (17 out of the 33 

‘never-changers’), it is also the one most frequently abandoned: 27 countries change 

from Foreign to another regime, followed by Domestic (23 changes away), and 

Partnership (14 changes to another regime). Finally, the most common switch from 

Foreign is towards Domestic ownership (15 out of 27 switches); for Domestic, the most 

common switch is to Partnership (18 out of 23 switches); and for Partnership it is 

Domestic ownership (8 out of 14 switches). 

Although we have data for potentially 68 countries, we will include a maximum of 63 

countries in the regressions, because some countries no longer exist and/or have poor 

coverage on other variables. 

We next describe the history of the choice of ownership regime and the reasons for 

switching, which will inform our identification strategy in Section 3. 

 
1.3 A short history of petroleum ownership regimes 

As described above, countries can adopt one of three possible oil sector ownership 

regimes in our dataset. Figure 1 shows the evolution of the frequency of each ownership 

regime, tracking the switches between the three regimes, as well as the entry of new 

countries over time. The number of countries with any such legislation has steadily 

increased. 

 

[Figure 1 about here] 
15This ranges from a maximum of 141 years of ownership information for Canada, to a 

minimum of 6 years for East Timor. 
16Few countries change more than twice; Bolivia is the outlier with 6 regime switches from the 
time it 
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enters the dataset in 1906. 
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Along this trend, we can determine four broad ownership ‘waves’ or periods since the 

beginning of our dataset in the late 19th century, which we argue are driven by key 

(political) events in the oil industry (for simplicity, we henceforth concentrate on the 

period since 1900). The first wave occurs between 1900 and 1951; the second from 

1951 to 1960; the third from 1960 until 1980; and the fourth and (so far) final one from 

1980 until the end of our period of observation in 2008. We can describe each wave as 

encompassing (roughly) opposing movements in the prevalence of Foreign and Domestic 

ownership: while the number of countries under a Foreign ownership regime generally 

waxes and wanes over the period, i.e. increases at the start and then decreases towards 

the end, the number of countries under Domestic ownership follows the opposite pattern. 

As for our third ownership regime, Partnership, we see from Figure 1 that the number of 

countries adopting Partnership steadily increases throughout our long observation period, 

with minor dips and peaks along the way which do not influence the overall upward trend 

that begins even before 1900, and gains momentum after WWII. 

The big picture that emerges is one of a (sometimes literal) battle between the  ex- 

tremes - Foreign and Domestic ownership - as evidence of the shifting balances of power 

between foreign oil companies and the host country governments. This struggle over the 

control of oil mirrors the political struggles going on as, over the period, oil producers 

seek to affirm their independence and put national development before the business 

interests of foreign companies. 

At the same time, the major and smaller independent oil companies seek to counter 

the seizure of control over oil deposits by the producing country governments and their 

national oil companies by exploring for and developing new reserves elsewhere (Skeet, 

1988). These efforts are dictated by a fundamental characteristic of the petroleum indus- 

try, as explained by Wright (2017: 77): 

“Successful discovery, development, and production of oil and gas reserves is 

fundamental to the survival of any [exploration and production] company. Oil 

and gas reserves represent the main source of future cash flow for an 

[exploration and production] company and affect virtually every aspect of 

financial accounting and reporting.” 
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In particular, petroleum companies try to maintain their reserve replacement ratio, a 

key performance indicator which reflects their ability to operate in the future. A 

company 
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can add or ‘book’ proved reserves by new discoveries or extensions; by purchasing 

existing reserves – usually more expensive than new discoveries; or by revising previous 

estimates 

– often treated with suspicion in the industry (Wright, 2017). Crucially, ‘bookable re- 

serves’ are largest under majority Foreign ownership – traditionally awarded through a 

concessionary contract – while they are lower under a Partnership contract such as a 

production-sharing agreement, and very low or even zero under a service contract such 

as the ones typically offered under majority Domestic ownership.17 

The underlying positive trend in Partnership regimes suggests that the union between 

foreign expertise and domestic (often national) oil companies has emerged as the best 

compromise to achieve both good profits for the oil companies and economic 

development for the host countries. 

We describe below in more detail the key occurrences in the global oil industry that 

delimit each wave, as well as the driving forces behind the intervening shifts in 

ownership regime frequencies. 

 
1900-1951: The era of concessions and the domination of major oil companies 

 
This is the big era of concessions18 and the heyday of the ‘majors’, the small number of 

large oil companies that together dominate world oil production and marketing in this 

period. They drive a strong increase in the incidence of Foreign ownership until the 

second half of the 1930s, cementing their power in host countries, mainly in the Middle 

East and Latin America.19 We then see a slow but steady decline in the prevalence of 

this regime around the time of rising nationalism in Latin America and the 

nationalizations of the Bolivian and Mexican oil industries (1937 and 1938, respectively). 

These nationalizations 

– and particularly the Mexican one – sent a shockwave through the industry (Yergin, 

2008) and mark the beginning of the first rise in Domestic ownership, which culminates 

17See Wright (2017) for more details on the reporting of reserves under different 
types of contracts and the history of accounting practices in the sector. 

18Concessions were granted for petroleum exploration and production in large areas for very 
long 

periods, usually to one company or a consortium of companies. The host country 
received a share of any oil revenues, mainly in the form of royalties based on fixed oil 
prices. See Dam (1976), Klapp (1987) and Philip (1994) for a history of oil contracts. 

19The situation was quite different in Europe, where the Russian Empire, followed by its 
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successor 
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the Soviet Union, was established as the big counterweight to the major oil companies. 
Though the Russian/Soviet petroleum sector was under Domestic control throughout the 
period, foreign companies’ investment was sought to develop the large oil deposits, 
particularly during the 1920s. Once Soviet industrialization took off, however, 
opportunities for foreign involvement seeped away. See Yergin (2008) for an interesting 
description of Russian oil during this early period. 
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in the 1951 expropriation of Anglo-Iranian in Iran. 

Although there is a very small uptick in Foreign ownership after WWII, overall the 

trends in Foreign and Domestic ownership are going in opposite directions during this 

first period, as petroleum discoveries in new countries are limited (recall that our dataset 

includes only independent countries). Partnership is still an unusual choice during this 

time: only four out of the 25 countries in our dataset have adopted a mixed ownership 

regime by 1951. 

 
1951 to 1960: Trying to stem the rising tide of oil nationalism 

 
This short, interim period of adjustment follows the Iranian nationalization and subse- 

quent oil embargo, events which trigger a brief but sharp decline in the expansion of 

Domestic ownership. This was very likely due to a negative demonstration effect: for 

example, Myers Jaffe (2007) argues that the failed oil sector nationalization in Iran be- 

tween 1951-54 affected policy in neighboring Iraq, discouraging the Iraqi government 

from pursuing a similar nationalist approach in its oil sector.20 

The milestone agreement of 1954 between the Iranian government and a newly 

formed foreign oil producers’ consortium (including small, independent companies) 

marks the definite end of the ‘concession era’ and the beginning of a new era of 

negotiated agreements in markets outside North America and Europe (Yergin, 2008). It 

also demonstrates the increasing importance of small, independent oil companies across 

the globe. Foreign oil companies, especially independents, seek - and find - new 

producing countries in this period of uncertainty, primarily in Northern Africa (e.g., 

Algeria, Libya); and they are able to agree favorable terms (i.e. Foreign ownership), at 

least for a while. 

Overall, Foreign and Domestic ownership trends are again going in opposite 

directions during this second period, while Partnership slowly gains ground, having been 

chosen in 8 out of 33 countries by 1960 (against 10 countries under Domestic ownership 

regimes). 

20On international diffusion as a possible exogenous explanation for nationalization, 
see also Kobrin (1985). 
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1960 to 1980: The formation of OPEC and the widening search for new oil 

deposits 

The formation of the Organization of Petroleum Exporting Countries (OPEC) marks a 

major change, though one that is slow to show its full effect. Once again, the majors and 

independent oil companies adapt to the new challenge: they seek different forms of 

cooperation with OPEC countries, e.g. through technical service or long-term supply 

contracts. Most importantly, “they sought new areas for oil exploration”; and areas that 

were previously not economic became viable thanks to higher oil prices, especially during 

the 1970s (Skeet, 1988, p.235). This wave of new exploration by foreign oil companies 

in Asia and Africa soon sees sizable deposits being discovered in Indonesia and Nigeria, 

among others. This period also sees the start of offshore North Sea oil production in 

Europe. 

The efforts at finding new petroleum reserves come with an accompanying increase 

early in the period in the number of countries with Foreign ownership in  their petroleum 

sectors. In contrast to the first two waves, Domestic ownership at first follows a similar 

upward trend, but then loses momentum during the late 1960s, when Arab nationalism 

stalls. During this third period, national oil companies emerge as ever more impor- tant 

players (Yergin, 2008). Another significant development is the introduction of the 

production-sharing agreement (PSA) in 1967  in Indonesia. The PSA becomes the own- 

ership division of choice under mixed-control-rights regimes. This signals the start of 

another waning in the popularity of Foreign ownership. By the end of this period, Part- 

nership for the first time surpasses the other two regimes as the number one choice for 

oil-producing countries, and it will not relinquish its leadership position for the rest of the 

analysis period. The oil  sectors in 20 out of our 54 countries are under joint control by 

1980, against 19  under Domestic ownership – though the latter now include the biggest 

oil-producer of all, Saudi Arabia. 

In Figure 2 we zoom in on the period since 1960 and split countries into OPEC mem- 

bers, and non-OPEC members that are open or relatively closed to trade.21 The 

aggregate drop in the countries that allowed foreign ownership is clearly seen to be 

concentrated among OPEC members, but is also visible in the group of non- OPEC 

countries that are 
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21Open versus closed to trade follows the institutional definition of Wacziarg and 
Welch (2008), which we update to include all OPEC member countries. 
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closed to trade. 
 
 

[Figure 2 about here] 
 
1980-2008: The end of the last great concession and the beginning of a new era 

of resource sovereignty 

Another new wave of exploration follows the oil crises of the 1970s and the 

nationalization of Aramco (now Saudi Aramco) in 1980 - when the incidence of Domestic 

ownership reaches its apex - and provokes an increase in Foreign ownership numbers 

among countries that are open to trade. This is shown most clearly in the middle graph 

of Figure 2. 

At the end of the period, around the same time as Foreign ownership falls out of 

favor again, we see the opposite trend in Domestic ownership due to a renewed 

nationalism in Latin America and - in different guise - in Russia. This latest increase in 

the popu- larity of Domestic ownership now comes at the expense of both Foreign 

ownership and Partnership. However, Partnership remains firmly in place as the regime 

of choice for 28 out of the 63 oil producing countries in our dataset in 2008. Jones Luong 

and Weinthal (2010, pp.14-15) characterize the final years of this period as a time of 

“proliferation of both new international norms concerning the obligations of foreign oil 

companies to host countries and [international non- governmental and financial 

institutions] seeking to impose these norms.” In addition, ‘foreign’ oil companies include 

not only private, but also an increasing number of state-owned firms, as several oil 

producers that emerged in the second wave become mature economies and begin 

exporting their expertise.22 

The broad pattern that emerges over the entire period is that when setting petroleum 

legislation, countries respond to events in other countries and to the incentives of inter- 

national oil companies searching for new reserves. This resembles the gradual spread of 

institutions and democracy described by Buera et al. (2011) and Acemoglu et al. (2019), 

respectively, where countries learn from neighboring countries or other countries in their 

geographical region, albeit at a more global level in the case of oil sector-specific 

institutions – and with a twist further described below. 

22Previously, the number of national oil companies seeking opportunities abroad was 
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circumscribed: 
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British Anglo-Iranian/British Petroleum was the first, followed by Elf Aquitaine of France 
and ENI of Italy (Yergin, 2008). These are now joined by the likes of Norway’s Statoil 
(now Equinor), Brazil’s Petrobras, and Malaysia’s Petronas. 
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2 Methodology 
 
The historical overview suggests that the choice of petroleum ownership regime affected 

discovery rates around the world: when foreign firms lost influence through nationaliza- 

tion in one country, they sought favorable terms in another and made new discoveries 

there. Often, the cycle was repeated, and yet new reserves were discovered elsewhere. 

We formally test the basic hypothesis that oil and gas exploration and discovery are 

affected by petroleum-sector ownership legislation in two ways. First, we uncover the 

basic links in OLS regressions of: 

Yct = f (Ownershipct, Opennessct, Xct) + αc + δt  + Eit

 (1

) where Ownershipct is a categorical variable taking the values 0, 1, and 2, such that 

(1) 

is a multinomial treatment model. We assume that discoveries are a linear function of 

the ownership regime, and, following Deb and Trivedi (2006), we operationalize 

estimation of equation 1 by specifying a dummy for each category and excluding 

Domestic ownership as the base category: 

 

Yct = β1Partnershipct + β2Foreignct + β3Opennessct + β4Xct + αc  + δt + Eit,

 (2

) where Yct is our outcome variable of interest and includes giant oil and gas 

discoveries 

or the sum of barrels of oil discovered; or wildcat drilling activity or exploration costs, for 

each country c and year t. These capture success of exploration (for discoveries) and 

exploration effort (for wildcat drilling and costs).23 β1 captures the effect of switching 



65 

 

 

from the base legislation of domestic ownership to a Partnership, and β2 captures the 

effect of switching from the base to Foreign ownership.24 Openness to trade proxies for 

23We also experimented with defining a measure of exploration efficiency directly, 
such as the ratio of discoveries to wildcat drilling. However, this is very sensitive to 
which cumulative period of drilling up to the next discovery is included in the ratio. 
Moreover, it is not clear how to treat drilling that occurs during periods of successive 
discoveries. For these reasons, we model success (discoveries) and effort (drilling) 
separately. 

24We experimented with specifying a non-linear negative binomial count model. Deb 
and Trivedi (2006) extended this estimator to allow for multinomial endogenous 
treatment such as our ownership dummies. However, the estimator does not allow us to 
instrument additional variables, such as  openness, and is not designed for fixed effects. 
The large number of instruments, year and country fixed effects in our model lead to 
convergence issues, which are compounded by the reliance on simulation-based 
estimation in each iteration. We thus adopt a linear model. 
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general change in economic institutions.25 We extend the dataset by Wacziarg and 

Welch (2008) and use the same criteria to include Middle Eastern countries and recent 

years up to 2008. A country is defined as being closed in a given year if at least one of 

the five following criteria hold: (1) the simple average of ad valorem rates across tariff 

lines is 40% or more; (2) non-tariff barriers cover 40% or more of trade; (3) there is a 

black market exchange rate that is depreciated by 20% or more relative to the official 

exchange rate, on average, during the 1990s; (4) there is any form of state monopoly on 

major exports; and (5) there is a socialist economic system (as defined by Kornai, 

1992). Xct includes other control variables such as OPEC membership, cumulative 

discoveries made in the past (the sum of ultimate recovery equivalent, from Horn, 

2014), and in robustness tests other measures of democratization and institutional 

change. We exploit the within- country variation of our long time period and always 

include country fixed effects (αc) and cluster standard errors at the country level.26 

Finally, year-effects (δt) absorb global shocks that may trigger both exploration and the 

adoption of specific legislation, such as world demand for oil and the oil price. 

In this preliminary specification we cannot rule out that the choice of oil sector 

leg- islation is endogenous to discoveries made. First, a discovery may increase 

expectations of future discoveries, increasing incentives to attract foreign investors. 

Second, there may be unobserved trends of institutional change such as improved 

investor protection or improved political stability that both increase exploration efforts 

and make oil sector legislation possible and credible. Third, it may be that partnerships 

and foreign own- ership are adopted in regions where finding oil is harder and in which 

countries rely more on foreign expertise and technology. Although the country fixed 

effects absorb the time-invariant effects of geology, unobserved technological progress 

changes which types of geology are technically and economically feasible to extract oil 

from. For this reason, the error term and legislation may be negatively correlated, 

resulting in a downward bias of the OLS estimates of β1 and β2. 

25We include openness in our main estimations to make our results directly 
comparable to those of Arezki et al. (2019). However, our main findings are robust to 
dropping openness, as discussed below. 

26Results are robust to two-way clustering by country and year. 
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2.1 Identification strategy 

To identify the effect of changes in legislation on discoveries, we lag and instrument the 

main explanatory variables and construct four sets of instrumental variables. Our 

second-stage estimation equation becomes: 

 
 

Yc,t+1 = θ1Part nershipct + θ2Fo reignct + θ3Ope nnessct + θ4Xct + αc + δt + µit (3) 
 

Our IV approach is based on predicting changes in petroleum ownership regimes 

using institutional changes that happen in other countries. We take inspiration from 

Buera et al. (2011) on the spread of institutions, Acemoglu et al. (2019) on 

democratization, and, in our context, Arezki et al. (2019) on the spread of trade 

openness and resource discoveries, who all argue that policymakers update their beliefs 

on ‘good’ policy based (at least in part) on the experience of neighboring countries, 

resulting in the slow spread of institutional change across regions. However, we add our 

own twist to the idea of the spread of institutions: unlike previous literature, we argue 

for an inverse diffusion of petroleum ownership regimes, i.e. governments tend to adopt 

a regime that is different from the one seen in neighboring countries, as detailed below. 

The common underlying assumption is that policy change in neighboring countries does 

not affect the outcome variable of interest in a country directly. In our setting, it is very 

unlikely that a change in oil sector legislation in one country changes the probability of 

discovering oil in another country directly, through other channels than institutional 

change, ceteris paribus. 

In addition, we believe that in the case of petroleum sector regulation,  neighboring 

countries are not the main source of influence on policymakers, because the oil industry 

is globally integrated rather than regionally focused. Oil ownership regime changes have 

happened in waves and trends that transcend regional borders, as described in the his- 

torical overview above. One example is the fact that OPEC draws members from four 

continents.27 We have shown in the discussion above that host country governments 

look at what is happening in other oil countries when deciding on oil sector ownership 

legis- lation, and that broad institutional characteristics play a greater role than 

geographical 
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27We do not attempt to model OPEC membership itself. While membership may be 
endogenous to cumulative past discoveries (which add to market share), we believe that 
this is not the case for future new discoveries nor for exploration intensity and thus treat 
membership as predetermined. 
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proximity (though we do not exclude regional diffusion of legislation). In practice, we 

believe that petroleum ownership regime choice is influenced mainly by changes in own- 

ership legislation in OPEC countries, and by the ownership legislation in countries that 

are integrated into world markets – as measured by the trade openness dummy – and 

ex- ploit these factors, along with geographical distance, to construct four sets of 

exogenous instruments. 

We thus specify a first stage regression for each of the endogenous regressors 
Ownershipct and Opennessct, where as before we split the categorical variable Ownership 

into three ownership regime dummies such that Zct = {Partnershipct, Foreignct, 

Opennessct} (with Domestic the excluded category of Ownership). We then instrument these 
with their av- 

erage value in other countries, where other countries are defined within the geographical 

region, those open to trade, and those that are members of OPEC : 
 
 

Zct = γ1E(Partnershipj,t−1|Regioncj = 1) + γ2E(Foreignj,t−1|Regioncj = 1) 

+ γ3E(Partnershipj,t−1|Opennessj,t−1 = 1) + γ4E(Foreignj,t−1|Opennessj,t−1 = 1) 

+ γ5E(Partnershipj,t−1|OPECj,t−1 = 1) + γ6E(Foreignj,t−1|OPECj,t−1 = 1) 

+ γ7Ope-nnessj,t−1  + γ8Xct + αc + δt  + νit. (4) 
 

Following the literature and using the World Bank classification of regions, we con- 
struct E(Partnershipj,t−1|Regioncj = 1), which equals for each year the average of Part- 
nership in all countries j other than country c that belong to the same 

geographical region as country c. This should capture waves of institutional change that 

apply to  the oil sector specifically. Similarly,  E(Partnershipj,t−1|Opennessj,t−1  = 
1) is for each year the average of Partnership in all countries j (other than country c) 

that are open to trade. Third, we allow for oil countries to have a global perspective 
when choosing to adopt different policies and define E(Partnershipj,t−1|OPECj,t−1 = 1), 
which equals for each year the average of Partnership in all countries j (other 

than country c) that are members of OPEC. The Foreign variables ar-e defined 

analogously. Finally, Opennessj,t−1 is the inverse distance weighted sum of Openness in 

all countries j other than country c, using the great circle distance between the capital 

cities. 

We expect an inverse relationship between average foreign ownership legislation in a 
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reference group of countries j and the likelihood of having foreign ownership in country 

c. As Figure 1 showed, most countries start out with a majority foreign ownership 

legislation. In fact, 51 out of 63 countries adopt foreign ownership as their first 

petroleum ownership regime, but many of these switch to another regime later on. Over 

the several waves of nationalizations described above, 24 countries switched from an 

initial foreign ownership regime to domestic ownership or partnership (this includes 

countries with multiple regime reversals). A decrease in foreign ownership in the 

reference region, while keeping the prevalence of partnerships constant, implies a switch 

from foreign to more domestic ownership in the region. 

Changes away from foreign ownership often force international oil companies to 

search for reserves in other countries, and petroleum companies can use their access to 

capital, technology and skilled labor as bargaining chips in order to gain attractive 

investment conditions in new host countries. We thus hypothesise that when one country 

restricts foreign ownership legislation, it creates an incentive for oil companies to bargain 

for foreign ownership legislation in other countries, and for these countries to facilitate 

this to attract investment. The reason for this is twofold: first, the sector has historically 

been dominated by vertically integrated international oil companies that explore for, 

extract, trade, process and market their oil products. With such a business model, access 

to own crude oil supplies becomes vital to ensure timely delivery to refineries – which are 

often tailored to the specific sulphur content and viscosity of a company’s crude oil – and 

final outlets (Wilkins, 1976). Any upstream disruption can thus become a major threat to 

the company (Skeet, 1988). To ensure a secure and diverse supply of crude oil and take 

advantage of changing oil prices, companies constantly seek new investments (Wilkins, 

1976; Skeet, 1988). Conversely, countries seeking investment in petroleum exploration 

and extraction  are mindful of the companies’ downstream industry’s ability to market 

and sell crude, and therefore have an incentive to offer favorable terms. 

The second reason is that losing control over petroleum reserves is also a painful bal- 

ance sheet loss, as companies can no longer book the reserves. Petroleum reserve 

reports are used in the valuation of an oil company, its application for loans, long-term 

planning, and a host of other financial decisions (Wright, 2017). Moreover, losing 

reserves hurts a petroleum company’s key performance indicator, namely the 
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ratio at which they replace reserves that are being depleted as oil is extracted, 

refined, and sold. The only way to 



72 

 

 

make up for this loss is to increase reserve holdings elsewhere, through acquisitions, or 

exploration and discovery. Acquisition of known reserves is considered much more ex- 

pensive than undertaking own exploration (Wright, 2017), providing a strong incentive 

for international oil companies to diversify their activities and seek new reserves else- 

where after a nationalization. Crucially, a petroleum company can only book reserves to 

the degree that it has effective control over extraction: access to reserves under service 

contracts – the typical form of foreign involvement under majority domestic ownership 

regimes – cannot usually be booked at all, while concessions or shares in production- 

sharing agreements can be booked (Wright, 2017). 

Similarly, the correlation between the reference region’s average adoption of partner- 

ships correlates negatively with a country’s own choice for partnership legislation. An 

increase in partnerships in the reference region, while keeping the prevalence of foreign 

ownership constant, implies a switch from domestic to partnerships in the region. This 

reduces the incentives for international oil companies to set up partnerships in country c, 

everything else equal. 

Specific events after the inception of OPEC exemplify the proposed mechanism. The 

oil embargo of 16 October 1973 initiated OPEC’s tighter control over its own level of oil 

production, after years or creeping nationalization in the form of higher royalty and tax 

payments, and increasing rates of participation in concession equity negotiated between 

individual companies and countries. More and more host governments ceased granting 

new concessions, instead offering joint ventures (starting with Egypt and Iran in 1957) 

or production sharing agreements (PSAs), starting with Indonesia in 1967 (Terzian, 

1985). Increased producing-country government participation was (sometimes 

grudgingly) ac- cepted by companies because the alternative was feared to be full 

nationalization (Skeet, 1988),28 and there was no immediate access to alternative 

sources of oil (Wilkins, 1976). By 1972, all concessionary companies operating in the 

Gulf region had already accepted a 20% government participation rate. The Iraqi 

nationalization of IPC in 1972 was soon followed by Saudi Arabia’s phased nationalization 

of Aramco, which began in 1974 and was completed in 1980, and later by other OPEC 

members including Iran (Skeet 1988).29 
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28Outright nationalizations were still a rare occurrence in the early 1970s, because 
the producing countries themselves depended on the international oil companies’ 
distribution channels (Yergin, 2008). 29Partial or full nationalizations were not confined 
within OPEC: other oil producing countries also obtained a larger stake in their oil 
sectors, including Argentina in 1907, between 1949-1956, again between 1958-1993, 
and from 2012; Mexico from 1938; Egypt in 1956; Syria in 1963; Algeria between 

1969-1971. 
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By 1982, the average government stake in the Gulf oil countries had reached 51% 

(Terzian, 1985). 

One of the first victims of this process was exploration in the countries where nation- 

alization happened. For example, before the revolution in Libya in 1969, 55 drilling rigs 

were active, while only 7 were active by 1972. The reduction was the result of Colonel 

Qaddafi demanding a higher price for Libyan oil under threat of production cuts and 

outright withdrawal of concessions from the oil companies (Terzian, 1985). Exploration 

efforts instead shifted to ‘non-vulnerable’ regions outside the control of OPEC, includ- ing 

the North Sea (Wilkins, 1976), but also China and Soviet Siberia, and high-cost 

unconventional sources such as tar sands and shales (Smart 1976).30 

Openness to foreign control in the petroleum sector is seldom decoupled from open- 

ness in other sectors of the economy. Our final instrument is therefore inverse- distance 

weighted openness, and we expect broad institutional changes to diffuse across regions 

as in Buera et al. (2011), leading to a positive relationship between openness in nearby 

countries and the likelihood of allowing foreign involvement in the petroleum industry 

(either through majority foreign or partnership arrangements). 

We always test the relevance of our instrumental variables formally, using the 

Sander- son and Windmeijer (2016) first stage conditional F-tests for weak identification 

of indi- vidual endogenous regressors. We also report Hansen overidentification test p-

values for excluded instrument redundancy. 

 

3 Results 
 
3.1 Baseline estimations 

In Table 1 we show the results from estimating equation 2 without openness, exploiting 

the full petroleum ownership dataset to show the correlation between petroleum owner- 

ship regimes and discoveries and exploration drilling. As a first observation, we note that 

across this long time period, allowing a significant degree of involvement of foreign oil 

companies – i.e., with at least some foreign managerial control – is linked to more 

discover- ies and drilling than relying on Domestic ownership (our base ownership 

regime). Foreign 
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30The process is not unique to the petroleum industry: Smart (1976) describes 
similar mechanisms for the global spread of rubber and coffee production. 



 

 

ownership is consistently and significantly related to more giant discoveries, whether we 

measure the extensive margin (column 1), the simple count of the number of discoveries 

made (column 2), or an inverse hyperbolic sine transformation that can accommodate 

both zeros and concaveness of positive values (column 3).31 This finding is robust to 

including the stock of discoveries already made (column 3). We also find in columns 5 to 

8 that both foreign and partnership, or mixed Domestic- Foreign ownership, regimes are 

associated with more drilling than the baseline domestic regime. Partnership is linked to 

significantly more wildcat drilling, but not to more giant discoveries or total barrels 

discovered. 

In columns 4 and 8 of Table 1, we additionally control for trade openness, which 

reduces the sample size by around 1,300 country-years because openness is available 

only from 1960. Nevertheless, the preliminary findings from the full sample period hold, 

and the size of the coefficients for the ownership dummies is comparable. For example, 

switching to Foreign ownership is related to around 10- 12% more giant discoveries than 

Domestic ownership (Table 1, columns 2 and 4), and around 54% more wildcats drilled 

(columns 6 and 8). We find a similarly large link between Partnership and wildcats. 

Finally, it appears that oil sector-specific institutional change has more explanatory 

power than broad-based trade reform, as openness is never significant at conventional 

levels. 

 
3.2 Short-run effects of ownership regime switches 

So far, we have compared the probability of discovery during periods of different 

ownership regimes. This approach compares the average of the immediate, medium, and 

long-run effects after a switch in ownership regime, with the periods before the switch. 

We found that the probability of discovery in a country is higher during the years under 

foreign ownership than under a domestic ownership regime. 

By focusing on specific events, such as the year in which a switch from foreign to 

domestic ownership takes place, we can gauge the short-run effects of regime switches. 

The two most common events are switches from foreign to domestic (15 events) and 

from domestic to partnership (18 events). Note however that countries can switch 

between 

31Takingj  logs would drop the many zeros, while the inverse hyperbolic sine (or arcsinh(y),  
equal  to 

ln(y + y2 + 1)) transformation is defined at zero and approximates the natural logarithm of that 
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variable.   For dummy explanatory variables, the elasticity approximates exp(βˆ) 1 as 
y increases. See Bellemare and Wichman (2019). 
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three ownership categories resulting in six possible directions of change (i.e. foreign to 

domestic, foreign to partnership, domestic to partnership, etc.). We thus observe six 

distinct types of events, which may happen sequentially within a short period of time, 

complicating a simple before-after comparison with a baseline. Moreover, there is of 

course a degree of luck in finding oil within a given ownership regime (despite the 

probability of discovery being different under different regimes) such that discoveries 

need not follow immediately after a change in regime. 

First, we examine foreign to domestic switches. Ideally, we would compare countries 

that always remained foreign with those that switched to domestic once and remained 

domestic. However, countries may switch multiple times making it hard to single out one 

out of six possible events. For example, only Kuwait and Mexico switched to domestic 

once and remained domestic. We therefore drop seven-year windows around all other 

possible switches that at some point followed the foreign to domestic switch (two years 

before and five years after) and exclude all partnership periods.32 The result is displayed 

in Figure 3, and shows in the top panel the effect  on discoveries and in the bottom panel 

the effect on wildcat drilling, for a parsimonious model with country and year fixed 

effects.33 The dots capture the difference-in-difference estimate of the (change to 

domestic) ownership regime on the (change in) the stock of discovered oil and gas fields, 

controlling for country- specific trends. The probability of discovery drops in the year of 

the switch to domestic ownership and immediately after, while drilling drops with more 

persistence. 

 
[Figure 3 about here] 

 
Second, in Figure 4, we follow a similar procedure for a group of countries that 

switched from domestic to partnership ownership and compare these to countries that 

kept the domestic ownership regime. Within the sample, eleven countries never switched 

to partnership, while 17 countries switched at some point. We again exclude from the 

sample seven-year windows around all other possible switches and exclude periods with 

32In addition to Kuwait and Mexico, the resulting sample has ten more countries that 
switched from foreign to domestic at some point, although these ten countries 
subsequently made a switch back to foreign sometime later. For each of these countries 
we thus drop the two domestic-regime years 
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leading up to the second switch and five foreign-regime years after. Results are robust to 
excluding a window that is one or two years shorter. 

33The underlying regressions for the years t-2 to t+3 around the switch are displayed in 
Appendix 

Table A2. 
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foreign ownership. The results mirror the estimates in Table 1: partnerships do not 

significantly improve the probability of discoveries, but they do increase drilling activity, 

albeit with a lag. 

 

[Figure 4 about here] 
 

3.3 Instrumental variable estimations 

Based on the geopolitical motivations for change described in Section 2.3 we have thus 

far assumed that the choice of ownership regime is exogenous. We now turn to the 

estimation of equation 3 and aim to uncover the causal impact of all three petroleum 

ownership regimes on exploration and discoveries. Table 2 shows 2SLS estimates of 

equations 3 and 4 for our two main dependent variables, the number of giant discoveries 

from the Horn dataset (columns 1-3), and the number of wildcats drilled from the ASPO 

dataset (columns 4-6). We report only second-stage results, along with the main 

statistics for our first stages; detailed first-stage results can be found in Tables A3 and 

A4 for discoveries and wildcats, respectively. 

Columns 1 and 4 show our baseline 2SLS estimations. The first notable difference 

with respect to Table 1 lies in the size and significance of the two ownership dummy 

coefficients: the effect is highly significant in the case of Foreign ownership and 

discoveries, with countries adopting foreign ownership seeing around 43% more giant 

discoveries in the following year than those under Domestic ownership (column 1). The 

increase in the size of the effect is consistent with a negative correlation between the 

adoption of Foreign ownership legislation and the error term of equation 2. One possible 

explanation is that Foreign ownership is adopted by countries where discoveries are 

relatively rare and in which countries stand to benefit more from foreign technology. The 

impact of Partnership on discoveries is no different from that of Domestic ownership 

(column 1). However, Partnership countries drill nearly twice as many wildcat wells as 

countries under Domestic ownership regimes (column 4). Countries under Foreign 

ownership also see substantially more drilling activity, but the effect is only weakly 

significant (column 4). We also see that trade openness is again insignificant. 
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The instrumental variables shown in Tables A3 (for the discovery 2SLS regressions) 

and A4 (for the drilling 2SLS regressions) follow the pattern proposed above: keeping 

the 
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prevalence of Foreign constant, a switch from Partnerships to Domestic in the reference 

region of a country (a negative change in the prevalence of Partnership in the region) 

predicts a higher likelihood of adopting Partnerships locally.34 Analogously, keeping the 

prevalence of Partnerships constant, a switch from Foreign to Domestic in the reference 

region of a country predicts a higher probability of adopting Foreign locally.35 Presum- 

ably, the reason is that in those cases the international oil companies lose access to 

reserves, increasing the incentive to explore in other countries and negotiate favorable 

terms. This holds for the reference group being OPEC countries, countries that are open 

to trade, and to a lesser extent for countries in the same geographical region. We also 

confirm the spread of trade openness across regions and find that both Partnership and 

Foreign legislation in the oil sector in the reference region is positively correlated with 

openness to trade locally. Each of the endogenous variables is identified according to the 

first stage F- tests, and the Hansen overidentification test cannot reject validity. 

 
3.4 Robustness analysis 

In our main 2SLS estimations shown in columns 1 and 4 of Table 2, we instrument not 

only our ownership regime dummies, but also the trade openness dummy for easier 

comparison with existing literature. However, our findings do not depend on this third 

endogenous regressor: instrumenting only our ownership regime dummies and adding 

trade openness as an exogenous control variable instead, we find qualitatively and 

quantitatively very similar results, as seen in columns 2 and 5 of Table 2. 

An important part of our proposed mechanism for changes in and the spread of oil 

sector legislation is a country’s reaction to the decisions originating in OPEC countries. To 

gauge the contribution of the OPEC channel we drop the OPEC instruments in columns 3 

and 6 of Table 2. Our basic result still holds, but we see a drop in the first stage F-tests, 

signifying that OPEC was important in driving legislation change in other countries during 

our sample period. Note also that the OPEC variables were relatively weak in predicting 

trade openness: dropping them increases the F-statistic for openness, 
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34The magnitudes from Table A3, column 1, are -1∗ -0.751 = 0.751 where the 
reference region is the geographic regional average; 2.944 for the average of countries 
open to trade;and 1.675 for OPEC countries. 

35The magnitudes from Table A3, column 2, are -1 ∗ 0.121 = -0.121 (but insignificant) 
where the 

reference region is the geographic regional average; 2.137 for the average of countries open to 
trade; and 
1.396 for OPEC countries. 
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which is however still not a significant predictor of discoveries or drilling. 

Some countries had already seen major petroleum discoveries before passing  the 

first oil-specific law, which usually coincided with independence, raising the question of 

path dependence in ownership regimes. 24 countries saw one or more giant discoveries 

before they passed their first petroleum-specific law; most of these are former colonies. 

Although the median time between the first law and the first giant discovery (of 500 

million bar- rels) is +1 year, the literature suggests that petroleum ownership regimes 

are themselves endogenous to discoveries; where discoveries are made and production 

is underway, host countries are more tempted to take control of the industry (see e.g. 

Victor et al., 2012). Indeed, using the ASPO data from Cotet and Tsui (2013) on the first 

minor discovery (of at least 5,000 barrels), we find that the median time between the 

first law and the first minor discovery is -1 year. Even with a 2SLS approach, this could 

bias our results in countries where discoveries precede petroleum legislation, where 

ownership choice is influenced by what happened ‘outside’ the confines of our dataset. 

We can control for this by dropping the country-years in which discoveries preceded 

initial  legislation. Our results remain very similar both for the number of discoveries and 

of wildcats drilled (see Table OA1). Partnerships now also appear more successful in 

finding oil, similarly to Foreign ownership, but still require much more drilling. 

In Table OA2 we perform further robustness tests. First, in columns (1) and (5), we 

drop openness altogether which was never significant. In columns (2) and (6) we cluster 

standard errors two-way by country and year. In columns (3) and (7), we change the 

construction of the instruments. For example, instead of calculating average foreign 

ownership in a country’s region, we now exclude a country’s neighbour, if in some point 

in time the neighbour discovered oil or gas within 10km the country’s land or maritime 

border.36 In columns (4) and (8) we broaden the cutoff to 50km. This takes into account 

the possibility that discoveries near borders lead to more exploration on the other side of 

the border: If the initial exploration that lead to discovery on one side of the border was 

induced by institutional change then this could have direct effects on discovery on the 

other side of the border, even without institutional change. However, we do not believe 

that this channel is likely, given the findings of Cust and Harding (forthcoming), who 



78 

 

 

36For maritime borders, we use the Exclusive Economic Zone (EEZ) from the Flanders 
Marine In- stitute (2018). For land borders, we use the CountriesWGS84 data set version 
2015 from the UNIGIS International Association. 
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show that institutions (as captured by the Freedom House political rights index) explain 

differences in drilling even within short distances of the border, where geology is more 

similar. Overall, the size of the coefficients is very stable and the level of significance 

changes only marginally, despite the new instruments being somewhat weaker. 

So far, we have always looked at the impact of switching to some form of substantial 

foreign involvement in the petroleum sector, keeping Domestic ownership as the base 

outcome. However, an interesting point worth considering is what impact the national- 

ization of the petroleum sector has on exploration and discoveries, i.e. what is the effect 

of switching to Domestic Ownership? Table OA3 shows that a change to majority Do- 

mestic ownership – away from either Partnership or Foreign ownership – has a negative 

effect on both the number of wildcats drilled and (giant) discoveries, though the impact 

is insignificant in the case of discoveries. This finding is consistent with our story so far, 

and reinforces the result that substantial foreign involvement (in either a majority 

Foreign or Partnership arrangement) leads to more exploration and discovery. 

Finally, in Table OA4 we control for additional measures of institutional change in- 

cluding democracy as captured by the polity2 score (Polity IV dataset, Marshall et al. 

2016) and the regional average polity (own construction); the private civil liberties index 

and the property rights index from the V-Dem dataset (Coppedge et al., 2017; Pemstein 

et al. 2017); financial development (private credit over GDP; World Bank Development 

Indicators); OECD membership; and regional average trade openness instead of a coun- 

try’s own trade openness (own construction). Only the regional average polity score and 

OECD membership are significantly linked to discoveries or wildcat drilling (positively and 

negatively, respectively). More importantly, none of these additional control variables 

change our main result: discoveries and drilling remain endogenous to industry-specific 

institutional change. 

 
4.5 Extensions 

 
Exploration intensity 

 
The results above show that Foreign ownership in the petroleum sector leads to more 

(giant) discoveries, as well as more drilling activity, than Domestic Ownership, 
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and the effect seems to last for several years. While the positive effect of Partnerships 

on drilling is 
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even greater, we do not find that Partnerships are significantly more successful in finding 

new oil and gas fields. These findings suggest that foreign firms make more effective 

exploration decisions, possibly investing more heavily in geological and seismic surveys 

to determine the most likely exploration areas. An alternative explanation could be that 

foreign firms are simply luckier than domestic ones and therefore make more 

discoveries, even without drilling more wells. While discovering petroleum undoubtedly 

involves some degree of chance, good luck seems an unsatisfactory explanation when 

looking at the evidence on the effect of petroleum ownership on discoveries over several 

decades and in over 60 countries. 

In Table 3 we therefore examine multiple measures of exploration intensity, including 

costs. Column 1 repeats the main finding of the number of wildcats drilled estimated 

both with OLS (Panel A) and 2SLS (Panel B). Columns 2 to 4 draw on proprietary data 

from Rystad Energy for a second measure of wells drilled, and two measures of 

exploration costs. Costs are split into expensed and capitalized, where the latter includes 

capital expenditure on durables and the former mostly includes wages and the cost of 

renting drilling rigs. Although Rystad claims to capture the universe of drilling and costs, 

petroleum exploration and production companies are rarely upfront about their 

exploration and production costs, which explains the large number of ‘zeros’ in the data. 

With this in mind, we find some evidence for more wells drilled when a country switches 

to Partnerships in column 2. We also find more robustly that Partnership leads to more 

aggregate capital spending on exploration, while Foreign ownership does not. 

The last two columns use principle component analysis to construct a single princi- 

ple component that captures most of the variation in the variables of columns 

1 to 4 and 2 to 4, respectively.37 The most robust finding is that countries with 

Partnership regimes explore with significantly greater intensity and costs than those 

under Domestic ownership arrangements. Finally, note that OPEC members generally 

have significantly lower exploration intensity, both in terms of the number of wells drilled 

and expenditure incurred. 

We conclude that exploration under Foreign ownership is not particularly more costly, 

but is obviously of higher quality than that performed under Domestic ownership, given 
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37The method is interated principal components and we keep factors with an 
eigenvalue larger than 1, which results in only one factor. In columns 5 and 11 the factor 
has an eigenvalue of 2.9. In  columns 6 and 12 the factor has an eigenvalue of 2.4. 
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that it results in significantly more discoveries. This is in line with the findings of Victor et 

al. (2012), who show that international (mainly private) oil companies rely on gathering 

ever-better geological knowledge in order to compete for petroleum licenses in a global 

market, while most national oil companies are comfortably sheltered from competitive 

pressures in their home markets. 

 
Accumulated experience after foreign ownership 

 
So far we have shown that the foreign ownership regime is generally more successful in 

discovering oil, presumably due to better incentives or better access to the latest 

technology. Since most countries start out with allowing foreign ownership and switch to 

a majority domestic or a partnership regime later, a natural question is whether a 

country’s oil industry under these latter regimes discovers more after accumulating 

experience – with other words, greater domestic involvement may depress the rate of 

drilling and discovery for a few years, but these then pick up again as domestic know-

how improves. Alternatively, lengthening time periods since significant foreign 

involvement may go hand-in-hand with ever-lower investment, depreciation, and 

reduced probability of discovering oil. 

We test this by specifying experience variables equal to a country and period- specific 

linear trend. Partnership experience since foreign equals a linear trend during the part- 

nership period immediately following on foreign ownership. Domestic experience since 

foreign equals a linear trend during the domestic period immediately following on for- 

eign ownership, and Domestic experience since partnership equals a linear trend in the 

domestic period immediately following on partnership. Finally, we also specify Domestic 

experience since foreign or partnership which is the union of the previous two variables. 

The variables are thus interactions between the legal regime dummy and a trend, but 

defined relative to a specific preceding ownership regime. Appendix Table A5 shows that 

when it comes to making major discoveries, experience does not make up for switching 

away from majority foreign ownership. For example, column 3 shows that switching from 

Foreign to Domestic changes the probability of discoveries by -1 ∗ 0.531 (second row). 
Each year that passes after the switch, which we call experience, actually further 

reduces the effect on discoveries by -0.005, but this interaction is not significant. 
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Likewise, a switch from Partnership to Domestic reduces discoveries (-1 ∗ 0.443), but 

not signifi- 
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cantly so. Each year of experience somewhat mitigates the point estimate by 0.022, but 

this is also not significant. Partnership experience since Foreign is also not significant in 

any specification. We thus conclude that experience does not make up for the benefits of 

majority foreign ownership when it comes to making new discoveries. 

 

4 Conclusions 
 
Can countries shape their own luck when it comes to discovering petroleum? We intro- 

duce a new dataset on petroleum ownership regimes for up to 68 countries and spanning 

over a century, from 1867 to 2008. Using this data, we show that the laws governing the 

ownership of key natural resources such as oil and gas influence exploration activ- ity 

and the number of new petroleum discoveries made. Adopting a majority Foreign 

ownership legal regime results in more discoveries of oil and gas than under Domestic 

ownership. Switching to Partnership yields much more drilling and more spending on 

exploration, but exploration under Partnership regimes is of lower quality as it does not 

yield more discoveries. Moreover, accumulating experience after switching away from 

foreign involvement does not make up for the benefits of foreign investment. 

What these results suggest is twofold: first, exploration for and discovery of 

petroleum are endogenous to industry-specific institutional change. This complements 

the recent findings of Arezki et al. (2019) and Cust and Harding (forthcoming), who show 

that exploration and discoveries are endogenous to trade openness and overall 

institutional quality at the national level, respectively. We argue that our findings imply 

that the literature that uses (the timing of) oil and gas discoveries as exogenous 

variation should control for the specific ownership regime under which those discoveries 

were made. Sec- ond, the results show that in order  to increase the chances of making 

a new petroleum discovery, host country governments would do well to allow foreign 

companies a substan- tial level of control over exploration decisions. The more control 

foreign companies have over management and investment decisions, the more efficient 

their investment decisions seem to be in terms of finding new petroleum deposits. 
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Of course, these findings are limited to the exploration and discovery stage; we 

cannot make any predictions regarding production or the contribution to the domestic 

economy under different resource ownership regimes. Our results are also limited to the 

petroleum 
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sector; whether similar outcomes would apply in other sectors is left to future research. 
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Figure 1: Petroleum ownership legislation since 1867 
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introduce the first petroleum-specific legislation as an independent 
nation. 
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Figure 2: Petroleum ownership legislation since the inception of OPEC 
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Figure 3: Short-run OLS effects of switching from Foreign to Domestic (excluding 
periods with Partnerships) 
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Note: Oil and gas discoveries count the number of new discoveries in a 
year and country, which is equal to the first difference of the stock of 
giant oil and gas fields. Wildcats (log) count the log of the number of 
wildcats drilled in a year and country. The graphs shows OLS 
coefficients (dots) and 90% confidence intervals (vertical lines) for the 
marginal effect of changing from foreign to domestic ownership regime 
on discoveries and drilling. Estimations are displayed in Appendix Table 
A2. The sample includes only country-periods with either foreign or 
domestic ownership (partnerships are excluded). Controls: country and 
year fixed effects; standard errors clustered by country and year. 
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Figure 4: Short-run OLS effects of switching from Domestic to Partnership (excluding 
periods with Foreign ownership) 
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coefficients (dots) and 90% confidence intervals (vertical lines) for the 
marginal effect of changing from domestic to partnership ownership 
regime on discoveries and drilling. Estimations are displayed in 
Appendix Table A2. The sample includes only country-periods with 
either domestic or partnership ownership (foreign is excluded). 
Controls: country, OPEC, and year fixed effects; standard errors 
clustered by country and year. 
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Tables 



 

 

 
 

Table 1: Discoveries, drilling, and petroleum ownership 
 
Dependent variable → Oil & gas discoveries Wildcats drilled 
 
 
 
 
 
 
4 

 
 
 
 
 
 
 
 
 

Note: This table shows panel regressions of the effect of petroleum ownership regimes on discoveries and drilling 
activity using OLS. The base petroleum ownership regime is Domestic ownership. 0/1 transforms the number of 
discoveries into a dummy variable equal to 1 for a discovery and zero otherwise. Arcsinh is the inverse hyperbolic sine 
transformation. Barrels discovered is the oil equivalent sum of the size of all discoveries made in a year in billions of 
barrels. Robust standard errors (clustered by country and year) in parenthesis: *** p < 0.01, 
** p < 0.05, * p < 0.10, + p < 0.15. Table A1 contains summary statistics. See Section 2 for variable definitions and sources. 

Transformation → (0/1) (count) (arcsinh) (count) (log) (log +1) (arcsinh) (log) 

(1) (2) (3) (4) (5) (6) (7) (8) 

Ownership category 
Partnership 0.030 

 

0.093 

 

0.051 

 

0.113 

 

0.398*** 

 

0.485*** 

 

0.599*** 

 

0.460*** 

 (0.030) (0.070) (0.040) (0.085) (0.106) (0.107) (0.126) (0.145) 

Foreign 0.057** 0.104** 0.076** 0.120* 0.415** 0.543*** 0.637*** 0.545** 
 (0.027) (0.047) (0.032) (0.061) (0.177) (0.168) (0.193) (0.219) 

OPEC dummy 0.022 0.038 0.017 -0.223 -0.805* -0.683* -0.722+ -0.245+ 
 

Cumulative barrels of oil eq. discovered 
(0.120) (0.202) (0.147) 

0.011** 
(0.167) (0.459) (0.384) (0.441) (0.156) 

(arcsinh, billions), t-1 
Openness dummy 

  (0.005)  

0.087+ 

    

-0.246+ 

    (0.057)    (0.154) 

Country and year FE Yes Yes Yes Yes Yes Yes Yes Yes 

Clusters 63 63 63 62 56 56 56 56 

Non-zero events 466 466 466 332 2,230 2,230 2,230 1,783 

Observations 3,723 3,723 3,722 2,400 2,230 2,602 2,602 1,783 
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Table 2: Instrumenting petroleum ownership regimes 
 

Dependent variable → Discoveries t+1 Wildcats (log) t+1 
 
 (1) (2) (3)  (4) (5) (6) 

Ownership category 
Partnership 

0.292 0.292 0.195*  0.964** 
* 

0.966*** 0.845 
* 

 (0.207 
) 

(0.209) (0.107)  (0.289) (0.289) (0.451 
) 

Foreign 0.428* 
* 

0.434** 0.298* 
* 

 0.628+ 0.626+ 0.181 

 (0.172) (0.180) (0.123)  (0.429) (0.416) (0.636 
) 

Openness dummy -0.006 -0.019 -0.019  -0.279 -0.271 -0.313 
 (0.114) (0.061) (0.112)  (0.324) (0.202) (0.324 

) 
OPEC dummy -0.015 -0.014 -0.038  -0.321 -0.322 - 

0.432 
 (0.086 

) 
(0.085) (0.089 

) 
 (0.270) (0.270) (0.336 

) 
Country and year FE Yes Yes Yes  Yes Yes Yes 

Observations 2,301 2,301 2,301  1,672 1,672 1,672 
Clusters 62 62 62  56 56 56 

Instrumented: 
Partnership, SW F-test 

 
14.15 

 
11.71 

 
8.159 

  
10.18 

 
8.535 

 
4.923 

Foreign, SW F-test 18.74 15.32 11.72  22.22 17.11 7.704 
Openness, SW F-test 10.36 - 16.39  11.21 - 17.40 

Hansen test (p-value) 0.486 0.543 0.964  0.151 0.241 0.202 

Instruments: 
Regional mean ownership 

 
Yes 

 
Yes 

 
Yes 

  
Yes 

 
Yes 

 
Yes 

Open-to-trade mean 
ownership 

Yes Yes Yes  Yes Yes Yes 

OPEC mean ownership Yes Yes No  Yes Yes No 
Openness mean inv. dist. Yes Yes Yes  Yes Yes Yes 

Note: This table shows 2SLS regressions of the effect of petroleum ownership regimes on 
discoveries and drilling activity. See Appendix Table A3 for first stage results for columns (1) to 
(3), and Appendix Table A4 for first stage results for columns (4) to (6). Columns (1), (3), (4), 
and (6) instrument for partnership ownership, foreign ownership, and the openness dummy, 
while columns (2) and (5) assume that the openness dummy is exogenous. Columns (3) and 
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(6) use fewer instruments by disregarding developments in OPEC countries. The base 
petroleum ownership regime is Domestic ownership. SW F is the Sanderson-Windmeijer F-test. 
Robust standard errors (clustered by country) in parenthesis: *** p < 0.01, ** p < 0.05, * p 
< 0.10, + p < 0.15. Table A1 contains summary statistics. See Section 2 for variable 
definitions and sources. 



45 

 

 

 
Table 3: Different proxies of exploration intensity 

 

Dependent variable → Wildcats 

(log) t+1 

Well 
coun 
t 
(log) 
t+1 

Exploration 
cost, log, 
t+1 

Exploration intensity 
(Principal 
component) 
based on: 

 
  expense

d 
capitalized  (1)-(4) (2)-(4) 

Panel A: OLS (1) (2) (3) (4)  (5) (6) 

Ownership 
category 
Partnership 

 
0.491**
* 

 
0.400* 

 
0.399**
* 

 
0.537** 

  
0.346**
* 

 
0.255** 

(0.163) (0.219) (0.152) (0.225)  (0.104) (0.112) 
Foreign 0.552**

* 
0.363 0.225 0.519  0.472**

* 
0.252 

(0.210) (0.341) (0.238) (0.365)  (0.117) (0.177) 
Openness dummy -0.238+ -0.065 -0.046 0.036  -0.088 -0.040 

(0.156) (0.167) (0.170) (0.206)  (0.093) (0.092) 
OPEC dummy -0.313+ -0.411** -0.295 -0.219  - 

0.330**
* 

-0.170* 

(0.198) (0.205) (0.277) (0.174)  (0.086) (0.094) 
Country and year FE Yes Yes Yes Yes  Yes Yes 
Clusters 56 62 62 62  55 62 
Observations 1,740 1,934 2,386 2,067  1,569 1,931 

Panel B: 2SLS (7) (8) (9) (10)  (11) (12) 

Ownership 
category 
Partnership 

 
0.964**
* 

 
0.396 

 
0.442 

 
0.767** 

  
0.492**
* 

 
0.350* 

(0.289) (0.334) (0.342) (0.380)  (0.144) (0.179) 
Foreign 0.628+ 0.404 -0.176 0.256  0.427** 0.184 

(0.429) (0.377) (0.631) (0.525)  (0.183) (0.245) 
Openness dummy -0.279 -0.216 -0.335 -0.004  -0.095 -0.098 

(0.324) (0.246) (0.380) (0.353)  (0.171) (0.162) 
OPEC dummy -0.321 -0.416** -0.293 -0.335*  - 

0.323**
* 

-0.203* 

(0.270) (0.205) (0.367) (0.191)  (0.118) (0.109) 

Country and year FE Yes Yes Yes Yes  Yes Yes 
Clusters 56 62 62 62  55 62 
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Hansen J-stat 0.151 0.517 0.797 0.248  0.472 0.548 
SW F-test (Partnership) 10.18 35.65 14.01 20.95  22.64 35.54 
SW F-test (Foreign) 22.22 43.38 19.18 33.20  34.08 42.99 
SW F-test (Openness) 11.21 13.12 10.72 12.73  10.53 12.97 
Observations 1,672 1,870 2,291 1,996  1,515 1,867 
Note: This table shows 2SLS regressions of the effect of petroleum ownership regimes on 
various proxies of exploration intensity, including wildcats (reproduced from Table 2); well 
count (Rystad Energy); two types of exploration costs (Rystad Energy); and two variations of 
principal component measures. SW F is the Sanderson-Windmeijer F-test. Robust standard 
errors (clustered by country) in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.10, + p < 
0.15. Table A1 contains summary statistics. See Section 2 for variable definitions and sources. 
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Appendix 
 

The petroleum ownership dataset: country list 
 
The following countries are included in the petroleum ownership dataset, listed in alpha- 

betical order with years of coverage in parentheses: Albania (1928-20080), Algeria 

(1963- 2008), Angola (1978-2008), Argentina (1907-2008), Australia (1901- 

2008), Azerbaijan 

(1993-2008), Bahrain (1974-2008), Bolivia (1916-2008), Brazil (1891-2008), Brunei (1984- 

2008), Cameroon (1964-2008), Canada (1867-2008), Chad (1962-2008), Chile (1926- 
2008), 

China (1950-2008), Colombia (1915-2008), Congo Brazzaville (1965-2008), Cuba (1954- 

2008), Denmark (1950-2008), East Timor (2005-2008), Ecuador (1909-2008), Egypt 
(1952- 

2008), Equatorial Guinea (1980-2008), France (1923-2008), Gabon (1962-2008), Germany 

(1990-2008), West Germany (153-1989), Guatemala (1949-2008), India (1953-2008), In- 

donesia (1960-2008), Iran (1901-2008), Iraq (1952-2008), Italy (1927-2008), Kazakhstan 

(1994-2008), Kuwait (1961-2008), Libya (1955-2008), Malaysia (1966-2008), Mexico (1901- 

2008), Netherlands (1965-2008), Nigeria (1962-2008), North Yemen (1974-1990), Nor- 

way (1963-2008), Oman (1974-2008), Pakistan (1948-2008), Papua New Guinea (1976- 

2008), Peru (1922-2008), Philippines (1949-2008), Qatar (1974-2008), Romania (1895- 

2008), Imperial Russia/Russian Federation (1872-1917; 1993-2008), Saudi Arabia (1933- 

2008), South Yemen (1976-1990), Sudan (1975-2008), Syria (1954-2008), Thailand (1972- 

2008), Trinidad and Tobago (1962-2008), Tunisia (1958-2008), Turkey (1926-2008), Turk- 

menistan (1992-2008), United Arab Emirates (1974-2008), Ukraine (2001-2008), United 

Kingdom (1934-2008), United States (1897-2008), USSR (1917-1991), Uzbekistan (1993- 

2008), Venezuela (1904-2008), Vietnam (1981-2008), Yemen (1990-2008). 
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Table A1: Descriptive statistics, 1960-2005 
 

All country-periods N mean s.d. min max 

Oil & gas discoveries 3,087 0.20 0.5
9 

0.00 7.00 

Wildcats (log) 1,787 2.57 1.6
4 

-0.69 9.19 

Barrels of oil equivalent discovered (log, billions) 272 6.94 1.2
9 

-0.69 10.01 

Wildcats (log +1) 2,001 2.44 1.6
4 

0.00 9.19 

Ownership category      
Partnership 2,604 0.39 0.4

9 
0.00 1.00 

Foreign 2,604 0.35 0.4
8 

0.00 1.00 

Domestic 2,604 0.26 0.4
4 

0.00 1.00 

Openness dummy 2,362 0.41 0.4
9 

0.00 1.00 

OPEC dummy 2,604 0.20 0.4
0 

0.00 1.00 

Partnership ownership, regional average 3,071 0.37 0.2
1 

0.00 1.00 

Foreign ownership, regional average 3,071 0.37 0.2
5 

0.00 1.00 

Partnership ownership, other open countries average 2,415 0.53 0.0
8 

0.20 1.00 

Foreign ownership, other open countries average 2,415 0.28 0.1
3 

0.00 0.67 

Partnership, (other) OPEC countries average 2,604 0.35 0.1
3 

0.00 1.00 

Foreign, (other) OPEC countries average 2,604 0.20 0.2
3 

0.00 1.00 

Openness, inverse distance weighted 2,415 0.30 0.1
7 

0.05 0.67 

Wells drilled (log) 2,104 2.03 1.4
4 

-0.00 7.12 

Exploration cost expensed, (log, millions USD) 2,584 2.71 1.8
7 

-3.24 8.81 

Exploration cost capitalized, (log, millions USD) 2,248 3.97 2.0
2 

-13.82 10.13 

Exploration intensity (Principle component) 1,585 0.10 0.9
5 

-1.83 3.39 

Exploration intensity (Principle component, Rystad 
data) 

2,101 0.19 0.9
0 

-1.95 3.40 

Note: This table shows descriptive statistics. See Section 2 for variable definitions and sources. 
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Table A2: Short-run OLS effects of selected ownership-regime switches 
 

Dependent variable → Discoveries 
(1) 

Wildcats (log) 
(2) 

Discoverie
s 
(3) 

Wildcats (log) 
(4) 

Foreign to Domestic (t-2) -0.063 -0.273   
 (0.077) (0.384)   
Foreign to Domestic (t-1) -0.071 -0.374   

 (0.074) (0.314)   
Foreign to Domestic (t) -0.168** -0.588   

 (0.069) (0.468)   
Foreign to Domestic (t+1) -0.128** -0.932**   

 (0.062) (0.474)   
Foreign to Domestic (t+2) -0.072 -0.863**   

 (0.082) (0.365)   
Foreign to Domestic (t+3) -0.074 -0.553+   

 (0.078) (0.380)   

Domestic to Partnership (t-
2) 

  -0.046 -0.096 

   (0.039) (0.264) 
Domestic to Partnership (t-
1) 

  0.051 0.104 

   (0.054) (0.223) 
Domestic to Partnership (t)   0.116+ 0.093 

   (0.074) (0.151) 
Domestic to Partnership 
(t+1) 

  -0.030 0.091 

   (0.055) (0.235) 
Domestic to Partnership 
(t+2) 

  0.041 0.289* 

   (0.090) (0.170) 
Domestic to Partnership 
(t+3) 

  0.098 0.490** 

   (0.086) (0.245) 

Country and year FE Yes Yes Yes Yes 
Clusters 42 36 28 23 
Observations 1,709 1,024 1,224 800 
Note: This table shows short-
run 

effects 
around 

specific 
directions 

of change 
of 

ownership 
regime. 

Columns (1) and (2) exclude country years with partnership ownership and seven-year 
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windows around other directions of regime change. Columns (3) and (4) exclude country 
years with foreign ownership and seven-year windows around other directions of regime 
change and also control for an OPEC dummy. Robust standard errors (clustered by 
country and year) in parenthesis: *** p < 0.01, 
** p < 0.05, * p < 0.10, + p < 0.15. Table A1 contains summary statistics. See Section 
2 for variable definitions and sources. 



 

 

Table A3: First stages to Table 2, Columns (1) to (3), based on inverse institutional diffusion 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 
 
 
 
 
 
 
 
 
 
 
 

Note: This table shows 1st stages of 2SLS regressions of the effect of petroleum ownership regimes on discoveries. The 
corresponding second stage results are displayed in Table 2. The base petroleum ownership regime is Domestic ownership. SW F is 
the Sanderson-Windmeijer F-test. Robust standard errors (clustered by country) in parenthesis: *** p < 0.01, ** p < 0.05, * p < 
0.10, + p < 0.15. Table A1 contains summary statistics. See Section 2 for variable definitions and sources. 

2nd stage → Table 2 Col. (1) 

  1st stage dependent variable → Partnership Foreign Openness 

Table 2 Col. (2) 

Partnership Foreign 

Table 2 Col. (3) 

Partnership Foreign 

 

Openness 

(1) (2) (3) (4) (5) (6) (7) (8) 

Regional mean of ownership (other) countries    
Partnership, t-1 -0.751** 0.125 0.540*** -0.813** 0.032 -0.828** 0.135 0.523** 

(0.327) (0.185) (0.196) (0.327) (0.181) (0.357) (0.189) (0.211) 
Foreign, t-1 -0.193 0.121 0.717*** -0.275 -0.003 -0.168 0.119 0.724*** 

(0.307) (0.199) (0.243) 
Open-to-trade mean ownership (other) countries 

(0.310) (0.186) (0.320) (0.200) (0.245) 

Partnership, t-1 -2.944*** 1.350* 3.646*** -3.360*** 0.724 -3.323*** 1.042+ 3.179** 
(0.870) (0.740) (1.359) (0.921) (0.801) (1.107) (0.723) (1.276) 

Foreign, t-1 0.834 -2.137** 4.135*** 0.362 -2.847*** 0.447 -2.441** 3.671*** 
(1.187) (0.958) (1.233) (1.284) (1.087) (1.340) (0.954) (1.181) 

OPEC mean ownership (other) member countries    
Partnership, t-1 -1.675*** -0.412* -1.054 -1.554*** -0.231   

(0.422) (0.231) (0.750) (0.417) (0.265)   
Foreign, t-1 -0.656 -1.396*** -1.722* -0.459 -1.101***   

(0.500) (0.273) (1.002) (0.464) (0.265)   

Openness, inverse distance weighted, t-1 0.214 1.485** 2.626*** -0.086 1.034* 0.187 1.518** 2.651*** 
(0.559) (0.647) (0.626) (0.580) (0.593) (0.558) (0.646) (0.639) 

OPEC dummy 0.217** -0.342*** -0.157** 0.234** -0.315** 0.235** -0.275+ -0.079 
(0.109) (0.126) (0.069) (0.112) (0.123) (0.112) (0.173) (0.079) 

Openness dummy 0.114 0.172**   
 (0.093) (0.085)   

Country and year FE Yes Yes Yes Yes Yes Yes Yes Yes 
Clusters 62 62 62 62 62 62 62 62 
SW F-test 14.15 18.74 10.36 11.71 15.32 8.16 11.72 16.39 
Observations 2,301 2,301 2,301 2,301 2,301 2,301 2,301 2,301 

 



 

 

Table A4: First stages to Table 2, Columns (4) to (6), based on inverse institutional diffusion 
 

2nd stage → Table 2 Col. (4) 
  1st stage dependent variable → Partnership Foreign
 Openness 

Table 2 Col. (5) 
Partnership Foreign 

Table 2 Col. 
(6) 

Partnership Foreign 

 
Openne
ss 

(1) (2) (3) (4) (5) (6) (7) (8
) 

Regional mean of ownership (other) countries    
Partnership, t-1 -0.769** 0.137 0.380** -0.826** 0.097 -0.815** 0.128 0.351* 
(0.363) (0.192) (0.180) (0.366) (0.183) (0.376) (0.197) (0.210

) 
Foreign, t-1 -0.426 0.237 0.741*** -0.536+ 0.158 -0.444 0.253 0.750*

** 
(0.338) (0.224) (0.286) 

Open-to-trade mean ownership (other) countries 
(0.334) (0.210) (0.340) (0.227) (0.287

) 
Partnership, t-1 -2.785*** 1.234* 3.949*** -3.376*** 0.812 -3.164*** 1.007+ 3.554*

** 
(0.842) (0.663) (1.315) (0.874) (0.716) (1.095) (0.674) (1.252

) 
Foreign, t-1 0.687 -1.959** 4.318*** 0.041 -2.419** 0.311 -2.190** 3.920*

** 
(1.083) (0.910) (1.152) (1.212) (1.032) (1.262) (0.925) (1.113

) 
OPEC mean ownership (other) member countries    

Partnership, t-1 -1.452*** -0.174 -0.791 
4 (0.349) (0.149) (0.814) 

Foreign, t-1 -0.673+ -1.359*** -1.694* 

-1.334*** -0.090 
(0.382) (0.193) 

-0.420 -
1.178*** 

  

(0.452) (0.243) (0.892) (0.456) (0.266)   

Openness, inverse distance weighted, t-1 0.231 0.856 2.734*** -0.178 0.564 0.240 0.940 2.825*
** 



 

 

(0.714) (0.720) (0.656) (0.735) (0.650) (0.726) (0.725) (0.698
) 

OPEC dummy 0.189+ -0.342*** -0.201*** 0.219* -0.320*** 0.201* -0.264+ -0.115 
(0.124) (0.121) (0.064) (0.130) (0.121) (0.120) (0.172) (0.084

) 
Openness dummy 0.150 0.107+   

 (0.104) (0.074)   

Country and year FE Yes Yes Yes Yes Yes Yes Yes Yes 
Clusters 56 56 56 56 56 56 56 56 

SW F-test 10.18 22.22 11.21 8.54 17.11 4.92 7.70 17.40 
Observations 1,672 1,672 1,672 1,672 1,672 1,672 1,672 1,672 

Note: This table shows 1st stages of 2SLS regressions of the effect of petroleum ownership regimes on drilling activity. The 
corresponding second stage results are displayed in Table 2. The base petroleum ownership regime is Domestic ownership. SW F is 
the Sanderson-Windmeijer F-test. Robust standard errors (clustered by country) in parenthesis: *** p < 0.01, ** p < 0.05, * p < 
0.10, + p < 0.15. Table  A1 contains summary statistics. See Section 2 for variable definitions and sources. 
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Table A5: Accumulated experience since previous ownership regime 

Dependent variable → Discoveries t+1 
 (1) (2) (3) (4) 

Ownership category 
Partnership 

 
0.292 

 
0.225 

 
0.443 

 
0.354 

Foreign 
(0.207
) 
0.428*
* 
(0.172
) 

(0.167
) 
0.396*
* 
(0.188
) 

(0.33
4) 
0.531
* 
(0.30
5) 

(0.34
6) 
0.494
* 
(0.27
7) 

Partnership experience since foreign  0.019 0.026 0.016 
  (0.026) (0.025

) 
(0.024
) 

Domestic experience since foreign   -0.005  
   (0.025

) 
 

Domestic experience since partnership   0.022  
   (0.033

) 
 

Domestic experience since foreign or 
partnership 

   0.004 

    (0.009
) 

Openness -0.006 0.102 0.254 0.088 
 (0.114) (0.197) (0.339

) 
(0.197
) 

OPEC -0.015 -0.076 -0.054 -0.039 
 (0.086) (0.171) (0.210

) 
(0.158
) 

Country and year FE Yes Yes Yes Yes 
Clusters 62 62 62 62 
Hansen 0.486 0.881 0.917 0.813 
SW F-test (Partnership) 14.15 3.91 46.59 4.25 
SW F-test (Foreign) 18.74 10.50 24.41 5.95 
SW F-test (Openness) 10.36 3.968 7.77 4.65 
SW F-test (Exp. Part. since For.)  1.487 3.312 1.166 
SW F-test (Exp. Dom. since For.)   3.386  
SW F-test (Exp. Dom. since 
Part.) SW F-test (Exp. Dom. 
since any) 

  7.818  
   6.017 

Observations 2,301 2,301 2,301 2,301 
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Note: This table shows 2SLS regressions of the effect of petroleum ownership 
regimes on discoveries and drilling activity. Only second-stage stage results are 
shown. The base petroleum ownership regime is Domestic ownership. SW F is the 
Sanderson-Windmeijer F-test. Robust standard errors (clustered by country) in 
parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.10, + p < 
0.15. Table A1 contains summary statistics. See Section 2 for variable definitions and 
sources. 
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Online Appendix 
 

Table OA1: 2SLS estimations excluding countries where discoveries precede 
legislation 

Dependent variable → Discoveries t+1 Wildcats (log) 

t+1 Excluding early discoveries Horn ASPO  Horn

 ASPO 
  according to →  

 
 (1) (2) (3) (4) 

Ownership category 
Partnership 

 
0.460** 

 
0.450**
* 

 
1.063**
* 

 
1.332**
* 

Foreign (0.191) 
0.376**
* 
(0.135) 

(0.15
5) 
0.320
* 
(0.15
8) 

(0.34
5) 
0.850
* 
(0.47
2) 

(0.36
7) 
0.856
* 
(0.47
1) 

Openness dummy 0.094 0.127 -0.510 -0.445 
 (0.121) (0.133) (0.385) (0.394) 
OPEC dummy, t-1 0.007 -0.096 -0.302 -0.645* 

 (0.096) (0.181) (0.251) (0.367) 

Country and year FE Yes Yes Yes Yes 
Clusters 35 26 30 21 
Hansen J-test 0.247 0.195 0.533 0.475 
SW F-test (Partnership) 20.05 21.06 21.92 30.75 
SW F-test (Foreign) 33.67 18.27 90.34 46.36 
SW F-test (Openness) 9.22 9.97 21.00 24.58 
Observations 1,466 1,072 1,054 706 
Note: This table shows 2SLS regressions of the effect of petroleum 
ownership regimes on discoveries and drilling activity, dropping 
countries where discoveries were made in a country before it adopts 
oil sector legislation. SW F is the Sanderson-Windmeijer F-test. 
Robust standard errors (clustered by country) in parenthesis: *** p 
< 0.01, ** p < 0.05, * p < 0.10, + p < 0.15. Table A1 contains 
summary statistics. See Section 2 for variable definitions and 
sources. 



 

 

Table OA2: Instrumenting petroleum ownership regimes: further robustness tests 

Dependent variable → Discoveries t+1 Wildcats (log) t+1 

 
 
 
 
 
 
 
5 

 
 
 
 
 
 
 
 
 
 
 
 

Note: This table shows 2SLS regressions of the effect of petroleum ownership regimes on discoveries and drilling activity. 
Instruments include Regional mean ownership, Open-to-trade mean ownership, OPEC mean ownership, Openness mean inverse 
distance weighted, see Section 4.4. Columns (2)-(4) and (6)-(8) cluster standard errors on both countries and years (two-way). In 
columns (3) and (7), when constructing instruments, neighbouring countries are excluded if they have an oil or gas field within 
10km of a country’s land or Exclusive Economic Zone (EEZ) maritime border. In columns 
(4) and (8) the cutoff is set to 50km. The base petroleum ownership regime is Domestic ownership. SW F is the Sanderson-
Windmeijer F-test. Robust standard errors in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.10, + p < 0.15. Table A1 contains 
summary statistics. See Section 2 for variable definitions and sources. 

 (1) (2) (3) (4)  (5) (6) (7) (8) 

Ownership category 
Partnership 

0.303 
+ 

0.303+ 0.108 0.149  0.931** 
* 

0.931*** 0.966** 1.014** 

 (0.203 
) 

(0.194) (0.202) (0.160)  (0.263) (0.269) (0.485) (0.439) 

Foreign 0.448* 
* 

0.448*** 0.508+ 0.501**  0.439+ 0.439+ 0.300 0.603 

 (0.180 
) 

(0.170) (0.325) (0.253)  (0.295) (0.300) (0.539) (0.434) 

OPEC dummy -0.014 -0.014 0.019 0.016  -0.322 -0.322 -0.373 -0.299 
 (0.087 

) 
(0.069) (0.103) (0.092)  (0.268) (0.267) (0.321) (0.269) 

Country and year FE Yes Yes Yes Yes  Yes Yes Yes Yes 
Observations 2,415 2,415 2,402 2,378  1,683 1,683 1,670 1,653 
Clusters 63 63&46 63&46 63&46  56 56&42 56&42 56&42 
Two-way clustering 
Instrument set excludes neigh- 
bours with discoveries within: 

No Yes Yes 
10km EEZ 

Yes 
50km 

EEZ 

 No Yes Yes 
10km EEZ 

Yes 
50km 

EEZ 

Instrumented: 
Partnership, SW F-test 

 

9.156 
 

8.593 
 

4.986 
 

4.146 
  

8.404 
 

7.334 
 

3.323 
 

4.105 

Foreign, SW F-test 7.993 7.259 3.319 3.536  12.82 10.07 2.288 2.608 
Hansen test (p-value) 0.618 - 0.301 -  0.238 0.308 0.100 0.105 
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Table OA3: Switching to Domestic ownership 

(1) (2) 
  Dependent variable → Oil & gas discoveries t+1 Wildcats (log) t+1 

 
Domestic ownership -0.389+ -0.879*** 

 (0.241) (0.285) 
Openness dummy -0.015 -0.310* 

 (0.073) (0.188) 
OPEC dummy -0.040 -0.243 

 (0.103) (0.210) 

Country and year FE Yes Yes 

Hansen J-stat 0.893 0.670 
SW F-test (Domestic) 14.58 12.25 
Observations 2,301 1,672 
Clusters 62 56 
Note: This table shows 2SLS regressions of the effect of domestic 
ownership on dis- coveries and drilling activity, using majority Foreign 
ownership and Partnership as the combined base outcome. SW F is the 
Sanderson-Windmeijer F-test. Robust standard errors (clustered by 
country) in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.10, + p < 
0.15. Table A1 contains summary statistics. See Section 2 for variable 
definitions and sources. 
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Table OA4: Other institutions 

Dependent variable → Oil & gas discoveries t+1 Wildcats (log) t+1 
 (1) (2) (3) (4) (5) (6) 

Ownership category 
Partnership 

 
0.294 

 
0.286 

 
0.303 

 
1.016**
* 

 
0.938**
* 

 
1.085**
* 

 (0.221) (0.223) (0.251) (0.296) (0.261) (0.309) 
Foreign 0.455** 0.408*

* 
0.406** 0.703+ 0.488+ 0.722+ 

 (0.191) (0.206) (0.172) (0.446) (0.337) (0.471) 
Openness dummy -0.025  0.004 -0.286  -0.346* 

 (0.061)  (0.054) (0.207)  (0.198) 
OPEC dummy -0.008 -0.003 -0.020 -0.316 -0.323 -0.286 

 (0.085) (0.087) (0.089) (0.268) (0.278) (0.286) 
PolityIV score -0.002  -0.001 -0.011  -0.017 

 (0.004)  (0.004) (0.010)  (0.012) 
Openness dummy, regional 
average 

 -0.012   -0.187  

PolityIV score, regional 

average Private civil liberties 

index 

 (0.113
) 
0.005*
* 
(0.003
) 

 
0.261 

 (0.277
) 
0.011*
* 
(0.004
) 

 
0.294 

   (0.277)   (0.630) 
Property rights   -0.174   -0.545 

   (0.315)   (0.894) 
Financial development   0.000   -0.002 

   (0.001)   (0.003) 
OECD member   -

0.518**
* 

  0.474 

   (0.135)   (0.386) 

Country and year FE Yes Yes Yes Yes Yes Yes 
Hansen J-stat 0.549 0.503 0.263 0.312 0.200 0.300 
SW F-test (Partnership) 11.92 8.472 12.13 8.982 8.164 11.87 
SW F-test (Foreign) 13.94 8.351 14.44 16.18 11.92 16.45 
Observations 2,275 2,352 1,935 1,654 1,692 1,492 
Note: This table shows 2SLS regressions of the effect of petroleum ownership regimes on 
discoveries and drilling activity. The base petroleum ownership regime is Domestic ownership. 
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Robust standard errors (clustered by country) in parenthesis: *** p < 0.01, ** p < 0.05, * p < 
0.10, + p < 0.15. Table A1 contains summary statistics. See Section 2 for variable definitions 
and sources. 
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Alternatives for Energy Proficiency in India 

 
 

*Souryabrata Mohapatra 
 
 

In India, the primary energy demand has increased from about 450 million TOE (tons of oil 
equivalent) in 2000 to about 770 million TOE in 2012 which is further expected to increase 
about 1250 (as per International Energy Agency) to 1500 (as per Integrated Energy Policy 
Report) million TOE in 2030. Not only the supply of energy is low, but also India is counted as 
an inefficient user of energy. 
Improvements in energy efficiency reduce carbon emissions. The government of India has 
undertaken two-pronged approaches to cater to the energy demand of its citizens while 
ensuring minimum CO2 emissions. On one hand, on the generation side, the Government is 
promoting greater use of renewable energy resources mainly through solar and wind and at 
the same time shifting towards supercritical technologies for coal-based power plants. On the 
other side, efforts are being made to efficiently use the energy in the demand side through 
various innovative policy measures. This paper analyzes various policy measures and 
limitations; And encourages strong, inclusive policies for promoting energy- efficient markets 
in India. 
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