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Abstract
Renewable electricity technologies have overwhelmingly higher advantages over
conventional fuel-systems. Nevertheless, after more than three decades since their
conceptualization their presence in electricity systems is hardly visible, except for few
success stories in the US and several European countries. The main reason for this slow
development is that renewables-based systems have often been regarded as forming a
homogenous group of technologies that can be diffused into the current electricity
technology configurations by applying some common panacea measures.  However, in
their journey to the market-place renewable technologies encounter different chains of
barriers, and their removal assumes specific combinations of technology-specific and
common panacea measures. The present paper investigates the chains of barriers faced by
three types of technologies - wind-based, solar-thermal power, and biomass-gasification -
and suggests, for each of them, a sequenced set of measures that can contribute to their
removal.
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Introduction

Renewable energy is a puzzling issue. Governments agree that renewable energy is not
affected by fuel shortages and price fluctuations, which strengthens the diversity and
security of supply. Energy planners praise the flexibility of renewable systems and their
potential to meet dispersed power demands. Renewable energy is venerated for its
environmental advantages over fossil and nuclear fuels. But still, renewable technologies
are hardly present on the market. This paper attempts to identify the preconditions that
will give renewable energy technologies a fighting chance to meaningfully penetrate
markets.

On their road from research laboratories to the market place, renewable
technologies come across a series of obstacles that can be grouped into four main
categories: 1) technical; 2) economic and financial; 3) social and 4) institutional and
legislative (OECD, 1997). But these common barriers have different mutual relationships
and relative importance, depending on the characteristics of the resource used and of the
specific technology employed. A cursory analysis of these characteristics suggests that it
is implausible to find a common panacea support package for renewable energy that can
not only increase the market permissivity of renewables, but also expeditiously depress
the use of fossil fuels. As the barriers encountered by different renewable-based
technologies have variable magnitudes and order of importance, the promotion of
renewables requires that measures be arranged in specific packages, according to the type
of resource and technology addressed.

The paper takes under focus three types of renewable resources and limits itself to certain
technologies for electricity production, as follows: 1) wind turbines; 2) solar thermal-
power technologies - parabolic troughs, parabolic dishes and central receivers; and 3)
biomass gasification power generation. These technologies have been selected based on
two criteria: diversity in characteristics of the energy resources used, and placement in
different stages of technology development. Differences at these two levels form the basis
of renewable technologies' need for a differentiated policy support approach.

Main characteristics and stages of technological development for three selected
renewable-based technologies

Wind energy is an intermitent resource with potentially significant seasonal, hourly and
even minute-by-minute intensity variations. Solar energy is also an intermitent resource
but with predictable intensity variations. Biomass can be a continuous energy resource if
governmental and (inter-)corporate policies are so designed and coordinated that
disruptions of raw material supply for biomass fuels are planned out. These particularities
of energy resources influence the characteristics of electricity generation, and play a role
in the composition and structure of the policy support packages needed by the
technologies using each type of renewable resource.
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On-shore wind technology is already commercially available since the end of the
1980's in the form of small-scale turbines of up to 200 kW, and medium-scale units of
500 kW - 750 kW have become commercial and diffused into markets especially during
the 1990's. At the end of 1997 at least 130 turbines of 1 MW or more were already
installed (IEA, 1999). But many designs with more than 1.5-2 MW installed capacity
were still in demonstration phase at the end of 2000, for both on-shore and off-shore
applications (AWEA, website, 2000 data). In 1999, solar thermal power technologies
were still in different technological status, the most advanced being the parabolic trough
technology, which was in 'commercially available' status. This was followed by the
central reciever technology in 'scale-up demonstration' phase, and lastly by the parabolic
dish/engine technology which was still in prototype demonstration with high technology
development risk (EREN, website, 1999 data). Biomass gasification technologies have
been adopted in several countries in the form of pilot and demonstration projects. But in
contrast to wind technologies that posed much higher technical challenges in terms of
innovativeness, at the beginning of the 1980's, they were just starting to be considered
commercially available in some countries at the end of the 1990's.

Several industrialized countries have already implemented governmental programs for the
support of renewable-based technologies. Wind turbines have received attention on both
the European and American continents, but with very diverging results in terms of market
diffusion, as compared to financial and policy efforts invested1. India has embarked as
well in an ambitious program for the market diffusion of wind turbines. The divergence
of policy outcomes can be explained - among others - through the difference in the
support mechanisms used by governments and their sequence, and the way the content of
policy programs compares to the support needs experienced by wind technology. Solar-
thermal-power electricity technologies have been stimulated mainly in the United States.
But the fact that countries with good solar resources will also have increasing capacity
needs in the following decades signals the possibility to see in the near future
governmental programs for solar power technologies' support in other countries as well2.
The biomass gasification technology has been more closely studied and experimented by
Finland, Denmark, Sweden, United States, United Kingdom, and the Netherlands.

Methodology

The paper will analyze the current chains of barriers for each technology and the
encountered obstacles will be addressed by suggesting mini-sets of measures that act
configurationally for obstacles' removal. The barriers facing each technology will be
inventorized and classified in terms of their magnitude on the basis of existing empirical
and academic literature published during the 1990's. An inquiry into the types of barriers

                                                          
1 Report of the European Commission at EWEA website, and AWEA website - 2000 data.
2 A 1995 Report of the Sandia National Laboratories of the US Department of Energy has estimated that
nine large countries with growing economies will need altogether 356 000 MW new capacity by 2010,
which could be met by concentrating solar power technologies - Argentina, Brazil, China, Egypt, India,
Mexico, Pakistan, South Africa, and Turkey (SNL, website)
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and their role in the market diffusion of renewable technologies at the end of 2000 has
been performed through a survey of articles, news, and reports produced by US and
Western European governments, lobby organizations as well as energy and technology
manufacturing companies. These materials have been made available on several websites
mentioned in the reference list. The inquiry in latest developments has shown that
although all technologies have registered technical improvements and cost reductions, the
major technical barriers recorded in early 1990s have not been overcome yet for wind and
solar technologies. For biomass gasification several governments are working on the
removal of the main obstacles, but results are still awaited.

The recommendations on measures to address each barrier draws also consistently on
published literature and website resources focusing on renewables' issues. They form the
main sources for the disentangling of the technology-specific measures. The common
panacea measures have been formulated based on the general public policy literature. The
packages of measures suggested will reflect the intertwinement between technical
aspects, market performance of technologies, social conceptualization of technologies,
institutional flexibility and legislative processes.

Wind technology

The physical potential of wind energy to satisfy electricity needs has been estimated to be
several times higher than the current global electricity consumption (WMO, 1981). Wijk
and Coelingh (1993) have estimated that 20 000 TWh of wind electricity could be
generated annually provided that 4 % of the land with wind speeds above 5.1 m/s all over
the world is dedicated to wind farms. The 4% figure represents the area that would
remain available after considering practical and social constraints.

During the last 25 years, remarkable technological progress has been registered,
accompanied by substantial reductions in capital and operating costs. In certain niche
markets wind energy has approached considerably price competitiveness with
conventional-fuel electricity. For example in the United Kingdom, as a result of the
NFFO program - Non-Fossil Fuel Obligation - the prices required by developers have
lowered to only few pennies above the spot market prices. The Pool Selling price in 1998
was of 2.5 p/kWh, while the prices bidded by economic agents for wind projects in the
last call for projects - the 1998 NFFO 5 round - where in the scale of 2.43 - 6.30 p/kWh.
(DTI, 1998). For a meaningful market-share capture, nevertheless, a series of barriers
have to be overcome. 

Although major technical improvements have been achieved, the intermitent
nature of wind power generation remains a hindrance in the adoption of the technology by
both state utilities and private generators. While the removal of this inconvenience
remains a long-term challenge for researchers and manufacturers, its diminution can be
brought about through a combination of technical, economic and institutional solutions.
Small-scale fluctuation in power output can be technically reduced through the
optimization of farm size and arrangement, so that gross output varies less than total
electricity demand of end-users (Cavallo et al., 1993). The implementation of this
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technical solution requires institutional support in the form of flexible and nationally
harmonized license systems. The licensing criteria need to be flexible to allow for
correlations between installed capacity, number of turbines and land requirement to be
traced by technical experts on a case by base basis, grounded on output optimization
considerations. As the temporal variation of wind intensity and the geography of the sites
differ, there can be wide regional variation on how the three parameters correlate. The
elaboration of such a license system requires cooperation between local authorities,
meteorological centers, and development assistance agencies. These institutions can be
eventually placed under the mediation of central authorities for energy and land planning.

Large-scale fluctuations can be abated through two types of strategies, that can as
well be implemented in parallel. A first technical solution would be the grid connection
of windfarms located in sites with different wind regimes in order to smooth out output
variations (Cavallo et al., 1993). For the identification of the most appropriate
connections, meteorological studies need to be conducted based on a standard national
methodology for wind resource assessment. The implementation of this solution requires
the cooperation of governmental energy authorities, transmission utilities, wind
generators, meteorological centers, local authorities, development assistance agencies and
regional energy centers. Incentive or enforcing policy instruments would then be
necessary to ensure the grid connection of wind plants for which the total output
fluctuation, resulting from the overlap of electricity streams, is either minimized or
correlates positively with demand variability. The incentive instruments, can be based, for
example, on (co-)financing of grid connection expenses and/or advantageous tax codes.
The enforcing instrument can be a governmental directive imposing the obligation of
transmission utilities to support the costs of grid connection for the wind plants that can
bring positive economic contributions to the electricity system. Such an obligation can
also be accompanied by financial incentive measures, as well.

For the windfarms for which the connection to grid is likely to negatively affect
the economics of the centralized system as a whole, another solution would be the back-
up from power plants using also other intermitent renewables, such as solar energy. These
resources need to have an output variability that can help the resulting power pool
respond to demand fluctuations. Alternatively, wind power plants can be backed-up by
plants using continuous-flow resources based on technologies that can easily and
inexpensively modify their output levels, such as gas turbines or hydropower. Small-scale
wind plants can also be supported by diesel engines or batteries (Cavallo et al., 1993).
The power pooling suggested here can be operated based either on cooperation
agreements between independent entities or on joint venture partnerships. For these
arrangements to emerge, the institutional framework needs to facilitate interaction among
generators through a kind of a brokerage system that can raise awareness and identify
business cooperation opportunities. In addition, governmental financial incentives for
generators willing to engage in such arrangements would be most helpful, at least as (part
of) a take-off campaign for wind energy. Financial incentives can be in the form of soft
loans, reduction of capital investment tax and/or property tax (Guey-Lee, 1998) in the
case of investments in new power plants, or production premiums and accelerated
depreciation rates, for arrangements between already commissioned power plants. The
long-term technical challenge to minimize or eliminate output fluctuations can be
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addressed through governmental grants for research and cooperation partnerships
between manufacturers, research centers and wind generators, in order to evaluate the
behavior of technologies while they are in use and to assess further research needs. These
two last measures form part of the set of "common panacea solutions" that can help all
renewable technologies overcome technical barriers. But as it has been shown above,
these measures are not sufficient, and priority attention should be given to technology
specific technical obstacles.

A second hindrance for potential investors in wind energy is constituted by the economics
of wind technology. "Larger turbines, more efficient manufacturing and more careful
siting of the machines are among the improvements that have pushed wind power costs
down precipitously - from $2,600 per kilowatt in 1981 to just $800 in 1998" (Flavin,
2000). However, as larger designs emerge, with installed capacities above 1.5 MW, the
investment costs for these new models are higher than those of early small/medium scale
turbines, and also higher than of many conventional technologies (AWEA and EWEA
websites). Besides, investors face still high transaction costs for project design and
approval, and high financing costs in case of using the project finance3 approach. This
prevents the closure of the cost-gap between wind and conventional electricity. The
financial barriers are accompanied by economic obstacles given by uncertainties on
purchase contracts. Except for niche markets, where wind energy can compete with fossil
fuels, purchase contracts will not be concluded with wind generators unless some
financial mechanisms for the ex-ante recovery of the extra-costs are applied or
governments intervene to guarantee a demand market.

This set of financial-economic obstacles is common for all renewable
technologies, but depending on their technical and market status they have a different
position in the chain of barriers. Their removal can be best operated at the institutional
and legislative levels and the measures that will be suggested below form also part of the
"common panacea" group of solutions. The abatement of the high financing costs
disincentive can be achieved through the adjustment of the legislative framework so as to
define the financial assessment criteria for plant investment based on life-cycle cost
competitiveness (IEA/OECD, 1997). Likewise, regulatory changes in tax policies can
help lower the overall tax on capital investment, by considering, for example the technical
system for resource harnessing as "fuel costs" instead of capital costs (Sandia Institute,
1996). Transactions costs can be reduced through institutional arrangements such as
regional energy centers to provide for technical, legal and administrative assistance for
potential investors (OECD, 1997). Besides, brokerage systems can be put in place to
bring together resource estimators, potential investors, manufacturers, electricity utilities
and local authorities. The problem of market demand uncertainty can be addressed
through various forms of economic mechanisms, accompanied eventually, by some forms
of cost recovery schemes. In this way, governments can enforce the purchase by utilities
and/or consumers of certain quotas of their trade or consumption volume for specific

                                                          
3 Project finance is a modality of financing power plants whereby non-recourse loans form the major
financing source in the capital structure of the project. These are loans for which the risks and the pay-back
capacity are calculated by analyzing only the market value of the assets included in the project and the cash-
flow generated by those assets during the debt maturity period.
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tariffs or for prices above a certain floor level. Purchase transactions can be imposed to be
in the form of long-term agreements or they can be allowed to take place also on short-
term market-based contracts. In case that contractual prices are not able to ensure the
wind generator the recovery of his investment and production expenses, governments can
intervene with some cost recovery schemes that can be applied before of after
transactions take place.

In the third place, the expansion of wind technologies comes across with some social
opposition. This reluctance to accept wind-parks comes from the competition on land
resources with local development plans and from the perception that environmental
benefits do not accrue directly on the area envisaged for wind developments. The
attenuation of the social resistance can be achieved through a combination of institutional
and financial mechanisms. The debate on land competition can be settled through
cooperation between local and central authorities, whereby various forms of
compensations (including financial) can be offered to local authorities for the projects of
local interest that cannot be implemented due to the wind power schemes. In addition,
where interest exists, local authorities and citizens in the concerned area can be given
priority for acquiring ownership rights in wind power plants. For improving the
perception on environmental and sustainability advantages of wind energy, public
education and awareness raising campaigns can be organized through the cooperation of
local authorities, education institutes and non-governmental organizations for sustainable
energy and environment. In addition, visual intrusion is a frequently invoked reason for
the disagreement of local communities to the location of renewables-based plants in
general, and of wind turbines in particular. This reaction to innovative technologies is
neither unexpected nor unlikely to change. In the innovation literature it is acknowledged
that the adoption of every innovative technology and product takes some time until users
become accustomed with the novelty of their characteristics or functions (Patel, 1998).
Public education and information campaigns are generally seen as important tools in the
removal of visual intrusion complaints. The perception of citizens with regard to wind
plants can change provided that the differences in environmental impacts of wind turbines
and conventional plants are clearly presented. The local pollution problems and threats
posed by fossil and nuclear resources need to be presented in their real dimension, in
order to allow citizens compare the disadvantages of renewable-based technologies and
those of conventional technologies. The social obstacles mentioned here are common for
all land-intensive technologies and, therefore, make part of the "common panacea" group
of solutions as well.

Finally, there are some other impediments that have an institutional nature in
themselves. They mainly regard, the lack of familiarity with resource potential and
technological advances within financial and policy communities, and the shortage of
skilled personnel for the manufacturing and generation industries (OECD, 1997). Beside
this, there is a lack of national and utility targets for the rate of wind energy deployment.
These, again, are lagging forces for the development of actually all renewable
technologies emerging in the last decades. To compensate for this, agreements with
universities would be helpful, in order to extend the educational curricula of relevant
disciplines so as to cover wind energy-related aspects. Also, workshops and training
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schemes at work place will help policy-makers, local developers and the financial
community become aware of the benefits that a new business track based on the
deployment of wind energy can bring about if it is carefully designed. Legislative
appropriations on clear targets for the share of wind energy in the national energy
resource basis would be a strong stimulus for developers to engage in wind investments.

In conclusion, wind energy technology has made in the last decade consistent progress in
overcoming technical barriers and in improving the economic performances. However,
there are still some barriers that prevent this technology to achieve meaningful levels of
market penetration and a cost competitive position with conventional-fuel electricity. The
main barrier is given by the intermitent nature of output power and it can be addressed
through a combination of technical, financial, institutional and legislative solutions that
act configurationally for its removal. Technology specific measures are, therefore, a first
priority. In addition, a series of economic, financial, social and institutional obstacles
have been pinpointed that can be removed through "common panacea" types of measures.

2. Solar technologies

The development of solar thermal technologies has started in the same decade as wind
technology, the 1970's, but, in spite of impressive technical progress the
commercialization of solar systems has remained a serious challenge. Three main types of
solar thermal-power technologies have been developed so far, the parabolic trough, the
central receiver and the parabolic dish technology. They are in different stages of
technical progress and they seem to have different economic performances. Therefore, the
chains of barriers towards the marketplace do not have similar patterns. The three systems
will, consequently, require congruent policy approaches but differentiated sequence of
intervention.

2.1 Parabolic trough technology

This technology has been developed and demonstrated starting with 1982 by the Luz
company in the U.S., where nine Solar Energy Generating Stations (SEGS) have been
commissioned with a total of 354 MW installed capacity (De Laquil et al., 1993). In 1981
a plant was also built in Spain with two parabolic trough fields totaling 7602 m2 (EREN
website). This is the only solar technology that has reached the state of commercialization
and the highest level of technical progress. However, its adoption by electricity industries
is prevented by some major stumbling blocks.

The major obstacle is that, although the small-scale demonstration projects
already commissioned have provided with some information regarding investment
maintenance and operation costs per kWh of delivered electricity, the costs associated
with large-scale power plants are yet unknown. This prevents potential private investors
to commit their financial resources. Financial and institutional arrangements could
contribute to the overcoming of this impasse in two ways. Firstly, governments can
become directly involved in demonstration projects by co-financing large scale solar



9

plants in partnership with utilities. Secondly, governments can conclude agreements with
investors and/or utilities willing to commission such systems, envisaging that, in case of
project failure or enduring inefficiencies, solar generators will be financially compensated
for the investments made. Such agreements can be accompanied by some ex-ante cost
recovery schemes, e.g. investment or property tax exemption/reduction.

Provided that the obstacle of investors’ mistrust in the potential of the technology
is overcome, the same financial and economic barriers that are now faced by wind
generators will come to the fore of concern for solar-trough generators. The measures to
address them are the same, but they will yield no or little results if they are applied prior
to the measures just mentioned above, for building trust in the potential of technology.

A second obstacle that might play an important role in obstructing solar trough projects is
posed by the land requirements of power plants. In 1997, after some improvement in the
solar-to-electricity efficiencies, the land intensity amounted to 2.2 ha/MW. Future
increases on conversion efficiencies will lower land requirements, but experts expect that
the endowment of solar plants with energy storage facilities will overcome the reductions
recorded due to efficiency improvements (EREN website). Social opposition due to land-
use competition is expected, therefore, to be stronger than in the case of wind turbines,
because wind farms allow certain activities, such as agricultural operations or cattle
breeding,, to take place while solar power projects claim land for exclusive use.

It should be mentioned, however, that this ranking on the second place in the
chain of barriers is not an absolute. Variations can occur from country to country. For
example, land requirement can be less of a problem in the U.S., Central Asia or Australia,
where there are large desert areas that can be made useful through solar projects. At the
same time, for the densely populated the Netherlands solar thermal power technologies
might not be an appropriate technology. The institutional and financial solutions
mentioned in the wind technology section can be applied for solar systems, as well. But,
in addition, further research on the heat transfer properties of the fluid circulating in the
collector tubes can bring about higher solar to electricity efficiencies, and contribute to
the reduction of area required by the collector system (De Laquil et al., 1993). Therefore,
governmental research grants targeted at the performances of the energy transfer fluids
can make a contribution for land requirement reduction.

A third factor that might discourage investors is given by the intermitent nature of solar
energy supply, because of the cessation of electricity generation during nighttime. Storage
of thermal energy is not yet a cost-effective solution for this technology. However, a
reliable technical alternative has already been found and consists of the hybridization of
trough systems with fossil-based plants. All nine SEGS plants developed in the US have
been hybrid models. The SEGS I plant has been constructed with a fossil unit to
superheat solar generated steam, SEGS II to VII plants have been endowed with fossil-
fired boilers to generate more steam when needed, and SEGS VIII and IX have been
hybridized with an oil heater (EREN website). Some experts suggest that hydrdization
with gas plants is also possible. They argue that this will bring about not only consistent
reductions in the investment costs per kW of the hybrid system, but also conversion
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efficiencies of 53 % -55 %, which are not achievable by stand alone gas turbine plants
(De Laquil et al., 1993).

The commissioning of hybrid solar-fossil plants can be promoted through
institutional arrangements for cooperation within open informal networks composed of
energy authorities, utilities, agencies for solar energy resource assessment, research
centers for energy technologies and representatives of the financial community and
potential investors. When decisions are made to build new power plants, the information
flow within such networks can increase awareness regarding the economic advantages of
solar-gas hybrid systems and identify the most appropriate siting choices taking into
account resource availability and grid connection aspects. Governmental financial support
targeted at investment tax policies can increase the motivation of generators willing to
expand their business, as well as of new entrants, to engage in this new technological
track. Besides hybridization, power pooling with hydropower or fossil-fuel based
electricity is another solution that could solve the problem of generation intermitency.
Power pooling can take place in the framework of formal or informal agreements for
cooperation among generators or joint ventures. The institutional and legislative barriers
mentioned for wind technology are common for the trough technology as well and can be
assuaged by the same set of measures that join the family of “common panacea
solutions”.

2.2 Central receiver technology

The central receiver solar energy generation method, developed in the U.S. since early
1970's, is the only solar technology with cost-effective energy storage (EREN website). In
the 1980's, other countries have started up pilot projects - Russia, Italy, Japan, France -
but so far the technology has not reached the stage of commercialization. As in the case
of solar trough, the main obstacle is posed by the lack of confirmed data regarding
investment, maintenance and operation costs, together with performance parameters of
large scale projects (De Laquil et al., 1993 and EREN website). The commissioning of
demonstration projects is an even more challenging task than in the case of solar trough
technology because systems must be very large to prove the predicted technical and
economic performances. Experts consider that the costs of delivered electricity will be
lower as compared to the other two solar alternatives by 2010 (EREN website). Table 1
presents the levelized costs of electricity for the renewable technologies selected in this
paper. The costs have been calculated and estimated by American experts for the years
1997 and 2010, and are presented in the paper "Project financial evaluation" at the EREN
website.

Beside costs, a serious problem is posed by the difficulty to ensure a market
demand for such large-scale projects. Long-term purchase contracts are difficult to secure,
because of lack of confidence of buyers in demonstration power plants. Special complex
contractual arrangements need to be developed, therefore, to ensure buyers that there are
reliable alternatives for electricity supply, in case the demonstration plant fails to perform
at envisaged levels. The development of such contracts requires formal cooperation with
other generators, which can be facilitated through governmental mediation. Therefore,



11

without direct and consistent governmental financial contribution for investments, and
involvement in the design of contractual arrangements, the central receiver technology
doesn't seem to have many chances of success for commercialization.

Levelized costs of electricity (constant
1997 US c/kWh)

Technology Configuration

1997 2010
Biomass Gasification-based 7.3 6.1

Central receiver - 5.2
Parabolic trough 17.3 7.6Solar thermal-power
Dish engine (hybrid) - 6.1

Wind4 Horizontal axis 5.0 - 6.4 2.5 - 3.1
Table 1. The levelized costs of electricity for five selected technologies, as calculated and
estimated by American experts for the years 1997 and 2010 (Source: EREN website)

As a second problem, there is still need for technical improvement, especially with regard
to the thermal performances of the receiver and the heat transfer potential of the transfer
fluid (De Laquil et al., 1993). Progress in these aspects will increase the solar-to-
electricity efficiency and decrease land requirements, with positive implications on costs
for delivered electricity. Networks for cooperation between manufacturers, utilities and
research centers can precipitate innovative outcomes. In addition, governmental grants for
research can further support the needed technical improvement. Provided that the steps of
technology demonstration and technical progress are successfully taken, the institutional
and legislative solutions for the removal of the economic-financial barriers mentioned in
the preceding sections can be deployed to stimulate market absorption of central
receivers, as a third policy step.

The obstacle posed by land requirement is comparable to that for trough systems,
but the solutions proposed in the preceding sections hold the same. The nine solar trough
SEGS plants built in the US between 1985 and 1991 assumed land requirements between
2.77 m2/MWh/yr (SEGS I) and 1.88 m2/MWh/yr (SEGS IX), while in 1997 the central
receiver plants claimed 2.7 m2/MWh/yr (EREN website). The institutional and legislative
barriers mentioned for wind technology are of importance for central receivers too, but
they are not major determinants for market penetration given the current technological
and commercial status of central receivers.

2.3 Parabolic dish technology

The parabolic dish technique is the most underdeveloped of the three technological
principles for solar energy. However, its development has been impeded not by the solar
dish system itself, but by the power conversion system attached to it. After lengthy and
intensive search, engineers have proposed the use of a Stirling engine for solar thermal-
to-electricity conversion. But the engine itself is still under technical investigation, which

                                                          
4 The costs for wind-based electricity vary according to the wind regime.
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prevents the advancement of the dish-Stirling technology (Beninga et al, 1997). Having in
view that the Stirling engine has also applications in a wide variety of industries, research
partners can come from different industrial branches with increased prospects of technical
advancement and innovation. Sustained financial support from governments and
coordinated research efforts ought to be the first priority in the endeavor to bring this
technology closer to the market line.

The second step in promoting the dish technology is to engage in demonstration
projects. Given the fact that this technique is applicable both for large-scale and small-
scale applications, the pilot projects for performance demonstration don’t need to be as
large as in the case of central receiver or solar trough. Consequently, long-term contracts
for electricity purchase are more likely to be concluded, as the amounts of electricity
around which uncertainty eventually flows are smaller and contracts for back-up supply
can be more easily arranged. In addition, demonstration plants can be commissioned by
private investors or utilities as major players, because investment costs are lower than for
the other two solar technologies. Financial incentives would be still necessary, but they
will not have to be as substantial as in the case of central receivers.

The lifetime, reliability, performance and maintenance costs remain unproved, as
the components and subsystems of the engine module are continuously altered for more
efficient performance. What is known so far, is that the engine will be the element driving
capital costs high. The dish system is less expensive and plays a smaller role in the costs
of demonstration projects. This new technology has prospects for impressive efficiency
levels and a good potential for gas hybridization. This would counteract the current
inconvenient of no storage capability (EREN website). Nevertheless, in this stage it is too
early to discuss about investment and production costs and, therefore, too early to engage
financial and economic mechanisms to attract investors.

In conclusion, the three technical configurations of the solar thermal-power technology
are in different stages of technical development which faces them with different chains of
barriers. The solar trough technology is the most advanced and already commercially
available, the central receiver technology is the most promising from the costs of
electricity standpoint, while the market introduction of the parabolic dish technology
depends on the rhythm of technical development of the Stirling engine.

3. Advanced gasification-based biomass technology

Biomass-gasification technology has been developed taking as a technical reference the
coal-gasification principle. The gasification system can be integrated with one of the
conventional power generation systems, that is steam turbine, gas turbine or combined
cycle technology. The output of an integrated gasification-generation system can be either
electricity alone or cogeneration of heat and electricity. The most efficient alternative is,
however, the one using combined cycle gas turbine for co-generation or double-cycle
electricity generation. The biomass-to-electricity-and-heat efficiency amounts in this case
to 60 % (Williams and Larson, 1993). Having in view that this technology builds on
already familiar technical principles for both energy generation and fuel gasification, one
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would have expected its market penetration to be a smoother and faster process,
compared to the other renewable technologies. However, although its technical
exploration started in the 1970's, the commercialization stage is just at the beginning.
There are three main reasons that could explain this slow evolution.

Firstly, research on the biomass-gasification system and on the integration of the gasifier
into the power conversion system has not reached the performance expectations of
potential investors. The gasification system still needs improvements in order to enlarge
the types of biomass resources that can be fed in, to increase the heating value of resulting
gas, to improve the quality of gas from environmental standpoint (Williams and Larson,
1993). Good results have already been booked in these directions by forestry and energy
experts in Denmark, Sweden, United Kingdom Finland, the Netherlands and the United
States. For example Danish experts have developed an updraft gasification system which
purifies gas to the level that is can be fed in a gas engine, having a fuel-to-electrical
efficiency of 32 %. International research networks are studying the technical and
economic parameters of biomass-to-energy models using different types of biomass
resources for gasification (CBT, website, 1999 data). But further research and testing on
these aspects are still needed and should be, therefore, the first priority in pushing the
technology closer to the market place. Positive outcomes of such research steps would
further improve the range of possible resources and conversion efficiency, driving
production costs down, and will improve environmental performances, attenuating social
opposition. Progress on research can be induced through financial instruments such as
governmental grants to manufacturers, potential generators and research centers and
financial incentives for demonstration projects.

When market deployment shows signs of emergence, governments can resort to
economic mechanisms such as the compulsory purchase of specific volumes of biomass-
gasified electricity for certain minimum prices through long-term contracts. This
mechanism will introduce a certain extent of competition among generators that will
encourage innovative action at the level of generation firms. When production prices
decrease, purchase transactions can be allowed to unfold based on market contracts,
which will increase competition among generators and their need to further invest in
research for improved performances. Institutional arrangements in the form of specific
research partnerships/networks would also play a contribution to the removal of this first
barrier. Cooperative structures can be designed to better assess the remaining technical
barriers and industry needs especially in order to align technological research with the
types and composition of biomass resources. Such structures can be made up of
manufacturers, research centers, generators, industries suppliers of biomass wastes and
potential suppliers of purpose grown biomass

In a second place, the slow evolution could be explained through the lack of awareness on
the potential of the technology. Compared to other renewable technologies, biomass
gasification for power has been given less attention even by governments5. More
                                                          
5 An overview of the R&D energy policies of industrialized countries during the 1990's shows a modest
presence of the biomass gasification technology on the list of R&D priorities, except for several countries
with rich and low-cost resources. The energy policies of industrialized countries during the last decade have
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awareness raising is necessary regarding at least four advantages of this new technology.
Firstly, a knowledge basis already exists from experience with coal-gasification
installations and the technological challenge is not as high as compared to other
renewable technologies. Secondly, demonstration projects are much cheaper than in the
case, for example, of solar thermal systems, because it is not essential to commission
large installed capacity pilot plants. Thirdly, the generation technology is already in place,
as the technological principles are the same as for fossil fuels, i.e. steam or gas cycle
turbines. Fourthly, the technology has low capital - the lowest of all renewables - and
production costs, and can compete with coal based electricity when it uses biomass
residues. But it also remains competitive with coal when purpose-grown biomass is used,
even if the price for biomass is higher 20-30 % than coal price, because of low capital
costs of 800 – 1800 $/kW (Williams and Larson, 1993). The awareness raising measures
can be the same as those suggested in the wind technology sections, and which form part
of the "common panacea" solutions. But in this case awareness plays a much more
important role than for the other technologies.

A third reason for the decelerated market access is related to fuel security for generators.
Potential project developers will not engage in power plant commissioning unless there is
a reliable source of supply of biomass-based fuels for the life-time of the project. This
stumbling block could be overcome through institutional arrangements and legislative
measures. The institutional aspects regard the need for generators to cooperate in formal
networks or joint ventures with forestry and agricultural industries for biomass wastes
collection. In addition, depending on the resources required, cooperation may be needed
among central agricultural authorities, local authorities and private agricultural
enterprises (partnerships/joint ventures with farms) for purpose grown biomass. Beside
this, to increase confidence on reliability of fuel supply, the legislative frameworks should
be adjusted to allow owners of biomass power plants to also own biomass production
businesses. After these three main obstacles that kept the biomass gasification technology
away from the market place have been overcome, the market expansion can be stimulated
with the help of the financial, economic, institutional and legislative solutions that form
the body of "common panacea solutions".

In conclusion, the main obstacles for the market deployment of the biomass gasification
power technology are given by unsatisfactory status of technological research, lack of
awareness within the policy and industry communities, and insufficient fuel security for
generators. A combination of technology specific and common panacea measures in a
certain sequence summarized in the Appendix Table has the potential to push the biomass
gasification technology towards the market place. The common panacea solutions
configured in this paper for the economic-financial, social and institutional-legislative
obstacles can afterwards be applied to contribute to market expansion.

                                                                                                                                                                            
been compiled by the International Energy Agency (IEA) and many of them can be downloaded at the
agency's website <http://www.iea.org>.
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National and temporal variability in the chains of barriers

An important aspect to take into account when designing policy packages for the support
of renewable technologies' diffusion is that, with the passing of time and from country to
country, the chains of barriers might have different structures. In the first place, these
differences will refer to the presence of the technical barriers, project demonstration
barriers and the technology costs / financing barrier. Although the technical development
of renewable-based technologies so far can be overall considered the outcome of
international efforts, some countries have played a more pre-eminent role than others. For
example, the Danish wind turbines are on top of design preferences of many wind-farms
developers around the world, but many components that are part of a wind technology
system are produced outside Denmark (Jeroense, interview 1999). The Dutch designs of
wind turbines have not been as successful as the Danish ones but the Netherlands hosts
the second blade-manufacturer in the world - Aerpac. In the same time economies of
scale and learning in manufacturing of wind turbines and various components have been
already achieved by countries strongly involved in R&D from early times, by expanding
their activities beyond their borders, into foreign markets. These supported the
achievement of substantial improvements in the cost/performance ratios of technologies.
Lower technology costs can contribute to the reduction of the need or strength of policy
instruments for the improvement of financing conditions. Therefore, technology
developments at international level can eliminate the "technical improvement" and
"project demonstration" barriers for countries engaging in these technologies market
diffusion at a later time. Likewise they reduce to a certain degree the barrier of
technologies' financing. But if countries with no R&D and manufacturing history on
renewables-based technologies choose to develop their own manufacturing industry,
instead of importing state-of-the-art technologies, the same chains of barriers will face
market diffusion, as those that have been depicted in the Appendix Table. International
technology developments are however not able to remove the economic (securing
contracts for output), social, legislative and institutional barriers faced by these
technologies. Action will be needed at national level and examples and lessons learned
from countries with early policy programs for reneweables market diffusion can serve as
example for those countries that are just starting such support programs, especially
because most of them can be removed through "common panacea" solutions. But they
need also to learn about the importance of taking account of the sequence of measures
that each technology type claims.

In the second place, differences in the structures of barriers' chains may emerge
due to differences in resources' availability and land availability for renewable energy
projects. The issue of resource availability is the most serious for the biomass technology
- referring only to the technologies discussed in this paper. Fuel security has been placed
in the barriers' chain for biomass-gasification on the third place. But if suitable biomass-
resources are plentifully available at convenient costs and in the proximity of interested
investors, or if a sound agricultural and forestry policy is already in place and
implemented and it is able to provide potential power plants' developers with the
necessary fuel amounts and quality, this barrier can be absent or at least it can be less of a
problem, in relation to the rest of the obstacles summarized in the Appendix Table. The
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issue of land availability is most serious for solar thermal-power technologies. In
countries that do not dispose of the vast lands required by such projects the social
opposition obstacle due to competition on land use might climb to upper levels in the
barriers' chain.

Consequently, the chains of barriers suggested in this paper for the three groups of
technologies - wind, solar, and biomass based - have been elaborated under an analytical
approach that has left aside the issues of country differences in terms of degree and
success of involvement in renewables technologies R&D and manufacturing, resource
availability and land usability. The perspective on chains of barriers and measures for
their removal offered in this paper is therefore not of global application. But it offers a
way of thinking on how to introduce and diffuse renewable-based technologies in
electricity systems without unnecessary waste of institutional effort and financial
resources. The adoption of a technology-centered vision in the design of policy programs
will help achieve the goal of market diffusion of a larger range of renewable-based
technologies, while economizing in the same time on the institutional and financial
resources that will have to be mobilized for this purpose.

Conclusions

The inquiry in the barriers encountered by five renewable technologies has shown that
there is no unitary solution for the promotion of renewables. Different technologies are in
different stages of technical and economic development, and the particularities of the
resources used assume differentiated policy approaches. Several sets of "common
panacea" solutions have been identified that address each of the four groups of barriers -
technical, economic-financial, social, and institutional-legislative. However, technology
specific measures are essential steps that policies for renewable technologies' support
have to include. Besides, the sequence for the application of technology specific and
common panacea measures varies from one technology to another. This is illustrated in
the Table attached in the Appendix. In addition, these chains of barriers can differ
depending on the country context, and will change in time - as it has been explained in
the above section.

In conclusion, it can be stated that the treatment of cross-technology overlapping
measures as universal panacea for the development of renewable energy would be a
misguided approach. A successful strategy for the penetration of renewable technologies
can only be designed if technologies are separately addressed in terms of particular
barriers and associated configurational solutions. The suggested technology-specific
strategies will define new development corridors through the institutional architecture of
the electricity industry, but will also necessitate coordinated interactions between energy
policies and other policies, such as educational, agricultural, local development and
spatial planning. Provided that the appropriate financial and economic instruments are
deployed at the right time, and provided that there is sufficient institutional flexibility and
political commitment, renewable resources can offer the prospects of a reliable energy
supply and a sustainable development for humankind.
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Appendix

Wind technology

Chain of barriers Sequence of solutions
1. Intermitent generation 1.Technology specific measures - combination of technical,

financial and institutional-legislative measures.
2."Common panacea" measures for research stimulation:
financial instruments and network cooperation.

2. Financial and economic
barriers (high capital and
transaction costs, uncertainty
on demand market)

"Common panacea" measures for improving the economics
of technologies- institutional and legislative solutions.

3. Social opposition
(land requirements)

"Common panacea" measures addressing social opposition -
financial, institutional and legislative solutions.

4. Institutional and
legislative obstacles

"Common panacea" measures - institutional and legislative
solutions.

Solar trough technology

Chain of barriers Sequence of solutions
1. Demonstration projects Technology specific measures - combination of financial

and institutional solutions.
2. Financial and economic
barriers

"Common panacea" measures for improving the economics
of technologies - institutional and legislative solutions.

3. Social opposition
(land requirements)

1. Financial instruments: governmental grants for research.
2. "Common panacea" measures addressing social
opposition - financial, institutional and legislative solutions.

4. Intermitent generation Technology specific measures - combination of financial
and institutional solutions.

5. Institutional and
legislative obstacles

"Common panacea" measures - institutional and legislative
solutions.

Central solar receiver technology

Chain of barriers Sequence of solutions
1. Demonstration projects Technology specific measures - financial and specific

institutional arrangements.
2. Technical improvement "Common panacea" measures for research - financial

instruments and cooperative efforts.
3. Financial and economic
barriers

"Common panacea" measures for improving the economics
of technologies - institutional and legislative solutions.

4. Social opposition "Common panacea" measures addressing social opposition -
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(land requirements) financial, institutional and legislative solutions.
5. Institutional and
legislative obstacles

"Common panacea" measures - institutional and legislative
solutions.

Parabolic dish technology

Chain of barriers Sequence of solutions
1. Technical development Technology specific institutional arrangements and

governmental grants for research.
2. Demonstration projects Technology specific financial and institutional arrangements
3. Social opposition
(land requirements)

1. Financial instruments: governmental grants for research.
2. "Common panacea" measures addressing social opposition
- financial, institutional and legislative solutions.

4. Economic-financial,
social and institutional-
legislative barriers

Common panacea solutions pertaining to the three groups of
barriers.

Advanced biomass-gasification energy technology

Chain of barriers Sequence of solutions
1. Technical development 1. Technology specific institutional arrangements.

2. "Common panacea" financial and economic measures.
2. Awareness raising "Common panacea" institutional measures
3. Fuel security Technology specific institutional and legislative solutions.
4. Economic-financial,
social and institutional-
legislative barriers

Common panacea solutions pertaining to the three groups of
barriers.
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