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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Rapid urbanization changes not only the shape of growing cities but also the appearances of factories. This development is closely linked to the 
current trend towards more sustainable products and production and will subsequently affect the production systems of city-produced goods. 
For certain products, it will be possible in the future for factories and distributed production sites to move back to the city due to cleaner and 
more sustainable production processes. This urban production can lead to differences in the impacts of a product throughout its life cycle. An 
evaluation of the suitability of products is required for production in an urban environment. For this purpose, an assessment of urban production 
is conducted focusing on products for local urban consumption along their life cycle based on two case studies and a set of scenarios from the 
city of Sydney. 
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/). 
Peer-review under responsibility of the scientific committee of the 26th CIRP Life Cycle Engineering (LCE) Conference. 

Keywords: Urban Factories, Urban Production, Life Cycle Assessement, Sustainable Manufacturing 

 
1. Introduction 

Today, value creation chains of products are often 
globalized. The materials and parts of a mass-produced 
product travel ten thousands of kilometers around the globe 
before being used, as it is for instance the case for a tennis 
ball [1]. The required transportation on its own creates a 
significant, non-value adding impact on the environment. The 
transportation of freight was responsible in the year 2009 for 
45% of the total transport energy demand [2]. Consumption of 
goods takes mainly place where people work or live. Cities 
are the most important location with more than half of the 
global population living in urban areas [3]. This share is 
expected to rise to 70% by the year 2050. In urban areas, the 
environmental related challenges of sustainable development 
are evident. At the same time, cities are highly dynamic 

places with an innovation oriented economy [4]. Industrial 
value creation can be one major cornerstone of urban 
economic development though it is commonly associated with 
negative environmental impacts on their close surroundings. 
Modern production technology and concepts can support 
sustainable urban value creation in urban factories. These 
urban factories also bear the potential to support the efforts of 
achieving sustainable urban development [5]. One possible 
approach to lower the negative impacts induced by product 
consumption is to produce close to the consumer. 
Decentralized manufacturing systems can have under 
favorable circumstances a lower environmental impact [6]. In 
addition, products that are made transparent “in front” of a 
customer are less anonymous. The “binding” to the product 
can be stronger possibly motivating customers to ask for 
repair or upgrade services instead of replacing a used product 
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by a newly manufactured one. Cities as well as industrial 
production of goods are recognized in the Sustainable 
Development Goals (SDG) of United Nations (UN) [7].  

The question arises, which specific products and activities 
of industrial value creation can benefit from an environmental 
point of view from being situated in urban factories close to 
the customer. Therefore, we have explored how the location 
of production sites in urban areas can affect the environmental 
impact connected to the produced goods, which have their use 
phase within the city. Furthermore, specific urban potentials 
are also taken into account, for instance the use of urban 
waste as raw materials. For this purpose, the life cycle stages 
of the products are distinguished by their spatial location 
regarding the distance from the point of entering the use 
phase. This approach was tested by investigating a product 
system with two case studies and comparing scenarios with 
different location of the products’ life cycle stages. The focus 
of the case studies lies on the product system and thus is 
limited to a part of the involved changes of impacts. The 
impacts of the production sites on their urban surroundings, 
the (socio-)economic implications and possible influences on 
consumption behavior are not considered and subject to 
further research. Currently, several research groups are 
investigating these aspects and impacts of urban production 
sites (e.g. [8–10]) while studies investigating the product life 
cycle are still scarce. 

2. Urban and non-urban production systems 

An urban production system or “urban factory” is a 
production site located in an urban environment.  The term 
“factory” is rather consistently defined, i.e. in CIRP 
Encyclopedia as “(…) local grouping of production factors for 
the realization of the entire or a part of the value chain of real 
goods” [11]. Contrary, the word “urban” underlies a rather 
inconsistent perception and definitions differ according to 
scientific disciplines or country of application. There is no 
general applicable definition of urbanity. A very general 
definition can be deducted from the fact that within a city the 
inhabitants (“citizens”) live in close proximity to each other. 
However, the concentration of people and the density of urban 
space cannot be the only defining characteristic. Cities also 
play an important role in economic development as pointed 
out in the introduction. Socio-economic and environmental 
factors are involved in dynamic urban spaces. Hence a city 
can be characterized by its functional elements, following an 
approach proposed for instance by Reicher [12]. The quantity 
and spatial arrangement of the functional elements are 
specific for each urban area and define its utilization. 
Utilization in the context of urban development describes the 
use of the available urban space. Based on [13] the definition 
of an urban environment is rendered by the plurality of 
functions and utilizations. Thus, urban space in the context of 
urban production can be defined as a multifunctional 
settlement area. Subsequently, an “urban factory” is a factory 
located in a multifunctional, populated settlement area. 

Urban factories have to cope with specific challenges 
resulting from their location. These challenges can lead to 
conflicts with their surroundings, for instance about limited 

space for growth, noise emission, induced traffic by a 
production system or about the appearance and architectural 
impression of a factory building [14]. Simultaneously, urban 
factories are linked with several potentials. These are for 
instance proximity to customers and the local market, higher 
attractiveness as employer, a dynamic and innovative 
surrounding and the possibility to utilize urban infrastructure 
and services. Some potentials are linked to the social 
functional layer of cities and are hard to quantify [15]. Urban 
factories can cover one or multiple life cycle stages – from 
raw material production, part manufacturing, assembly, 
activities during product use to the end of life treatment of 
used products. Urban factories also allow to add activities that 
are especially enabled by the proximity to other stakeholders, 
such as customers or citizens. In an empiric study on urban 
factories in a quarter in Sydney it was found that a high share 
of the companies examined had some kind of sales and/or 
services connected to their products on-site of the production 
premises [15]. 

3. Comparison of urban and non-urban produced 
products from an LCA perspective 

The making of products for their consumption is inevitably 
connected to environmental impacts. Life cycle assessment 
(LCA) is a methodology developed to estimate the 
environmental impacts of product systems on a life cycle 
perspective [16,17]. When modelling in LCA, the product 
system is divided into a foreground and a background system. 
The foreground system usually consists of processes that are 
specifically addressed in the goal and scope of the LCA (e.g. a 
production process). The background system refers to all the 
processes that are not under the control of the LCA modeler 
(e.g. generic energy production processes). One major goal of 
LCA studies is to answer “what if” questions and investigate 
different scenarios and spatial locations available for sourcing 
raw materials, manufacturing, distribution and treatment of 
end-of-life products. One aspect of this is the spatial 
allocation of steps of the value creation chain resulting in 
transport and distribution efforts of products and materials.  

For the comparison of urban and non-urban produced 
products, a spatial perspective needs to be integrated in the 
definition of LCA scenarios for comparison. Focusing on 
products that are consumed in urban areas, this spatial 
perspective can be set originating from the place of product 
use. Each element and process in the foreground system of a 
product is then allocated with a spatial characteristic 
regarding its distance to the urban area of consumption as 
displayed in Fig. 1. This means, that all processes taking place 
in this urban area are considered as “urban” whereas all 
regional and global processes are considered as non-urban. A 
process located in an urban environment but not in the same 
city as the product use phase takes place is also considered as 
non-urban in this regard. The reason for this is the goal to 
identify and quantify the potential benefits and challenges of 
urban factories by utilization of the specific characteristics of 
their urban surroundings. In the following chapter, this 
concept is tested with two case studies. 
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4. Case studies  

The framework provided by the ISO 14040 [18] series is 
utilized for conducting a screening LCA regarding potential 
life cycle hotspots and for comparing scenarios of urban and 
non-urban production systems. All LCA calculations were 
undertaken with the software Umberto [19] and – if not 
otherwise stated – based on the database EcoInvent [20] or 
own data acquisition. The goal of the case studies is to 
investigate the potential benefits and challenges of the 
location of product life cycle stages closer to the urban 
location of product use. 

4.1. Case study I – asphalt production 

The first product system under examination as a case study 
is the production of hot mix asphalt (HMA) – a product highly 
used in the urban built environment considering especially the 
traffic infrastructure such as roads or pavements. In the year 
2014, 9.1 million tons of hot and warm mix asphalt were 
produced in Australia. In the same year, asphalt production in 
Europe reached 263.7 million tons and 319 million tons in the 
USA [21]. In cities, there is not only a high demand for large 
amounts of asphalt for infrastructure construction projects. 
Many small batches of asphalt are processed every day in 
urban areas, mainly for smaller construction projects and for 
maintenance of the public infrastructure. It is most likely 

more efficient for the small batch distribution to have a 
central production or distribution hub within urban areas close 
to the scattered demand instead of having a high number of 
long distance transportations of the asphalt from far outside. 
However, the question remains if an urban production site is 
performing environmentally better or worse than a non-urban 
production site for the highly demanded product asphalt for 
large construction sites. For this reason, the environmental 
impact of asphalt for road construction are calculated for two 
scenarios: i) a non-urban asphalt production site and ii) an 
urban asphalt production site, both supplying several spatially 
distributed projects. 

In both scenarios, all life cycle stages of the product 
asphalt are considered - from raw material extraction to 
disposal at end of life. As geographic region for the scenarios, 
the city of Sydney, Australia is chosen. Companies located in 
south-west Australia supply the raw materials for both 
scenarios (sand, gravel and bitumen). The production systems 
for the urban and non-urban site are modelled with similar 
characteristics while the actual locations correspond to real 
asphalt production plants. Information and data regarding the 
production of HMA has been taken from Vidal et al. [22]. For 
the selection of the location of the road construction sites a 
database on public projects in Sydney was analyzed. In early 
2018, 248 single construction sites were listed in the different 
areas of Sydney [23]. For calculation purposes this number 
was reduced to eight representative locations, which spatial 
distribution corresponds to the share of construction sites for 

Fig. 2 Case study I: Map of the locations (left) and LCA results (right) 

Fig. 1: Added spatial perspective with the urban area of the use phase as centre point 
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The foreground system usually consists of processes that are 
specifically addressed in the goal and scope of the LCA (e.g. a 
production process). The background system refers to all the 
processes that are not under the control of the LCA modeler 
(e.g. generic energy production processes). One major goal of 
LCA studies is to answer “what if” questions and investigate 
different scenarios and spatial locations available for sourcing 
raw materials, manufacturing, distribution and treatment of 
end-of-life products. One aspect of this is the spatial 
allocation of steps of the value creation chain resulting in 
transport and distribution efforts of products and materials.  

For the comparison of urban and non-urban produced 
products, a spatial perspective needs to be integrated in the 
definition of LCA scenarios for comparison. Focusing on 
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use. Each element and process in the foreground system of a 
product is then allocated with a spatial characteristic 
regarding its distance to the urban area of consumption as 
displayed in Fig. 1. This means, that all processes taking place 
in this urban area are considered as “urban” whereas all 
regional and global processes are considered as non-urban. A 
process located in an urban environment but not in the same 
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non-urban in this regard. The reason for this is the goal to 
identify and quantify the potential benefits and challenges of 
urban factories by utilization of the specific characteristics of 
their urban surroundings. In the following chapter, this 
concept is tested with two case studies. 
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each region (see Fig. 2). All sites are modeled with the same 
HMA demand. The distribution phase includes the 
transportation from production site to construction site. In the 
following use phase, the effort required for the actual paving 
of the road is considered. Based on values from [22] the 
specific energy consumption for paving HMA was calculated 
considering different machines and average power 
consumption. During the road surface’s life time no further 
environmental impact is considered. At the end of life, the 
road surface needs to be dismantled with suitable, energy 
demanding machinery and transported to a recycling facility 
for treatment, which is located in Sydney for both scenarios. 
As functional unit and reference flow 1 kg of hot mix asphalt 
for road construction is considered. The main difference 
between the scenarios lies in transportation distances for the 
raw materials to the production plant and the ready to use 
asphalt to the construction site. 

The LCA results are presented in Fig. 2. As impact 
categories climate change, agricultural land occupation and 
fossil depletion were chosen. The urban production and the 
non-urban production scenario result in similar environmental 
impacts. This can be traced back to the observation that the 
manufacturing and use phase have only minor effects on the 
overall environmental impact of HMA and that the LCA 
results are dominated by the raw material extraction and 
transport, distribution and end of life phases. In all impact 
categories, the urban scenario is showing a slightly lower 
arithmetic mean overall eight construction sites but at the 
same time a higher variation. Overall, the urban production 
site seems to have a similar environmental performance for 
supplying large construction projects within the city. 

4.2. Case study II – eye glass frames 

As second case study, a product system of a consumer 
product is investigated. This case study considers eyeglass 
frames without lenses, generally consisting of one front piece 
and two temples. These frames are generally added with 
prescription lenses or sunglasses for personal use. Glasses and 
sunglasses are demanded around the world in great quantity. 
The sales quantity for the year 2018 in the USA of both 
combined is estimated to reach 270 million pieces [24]. This 
results in a per capita consumption of eye glass frames of 
approximately 0.8 frames per person. At a similar rate the 
yearly demand of eye glass frames for a city like Sydney with 
4.8 million inhabitants (Greater Sydney Area, [25]) would 
amount to 3.8 million pieces. With an estimated average 
weight of 30 g per frame [26] this corresponds to 114 metric 
tons each year. A great share of produced eyeglass frames are 
mass-produced in centralized manufacturing systems (CMS) 
and then moved in global supply chains. As eyewear is 
considered fashionable, the long lead times due to mass-pre-
production in CMS are resulting in unsold products that are 
“out of fashion” after a period of time and thus waste. In this 
case study, local and decentralized life cycle scenarios are 
investigated that have the potential for lower environmental 
impact due to customer proximity. The city of Sydney is the 
area of product use and the local production, distribution and 
the material sources are based on the case of a company 

manufacturing and selling modular eyeglass frames. The four 
modelled scenarios are described in the following text and 
summarized in Fig. 3. As functional unit for all scenarios one 
eyeglass frame to be fitted with lenses is defined. 

Scenario A-I acts as benchmark scenario and is based on 
the work of Cerdas et al. on the environmental impact of 
distributed and centralized manufacturing systems 
(DMS/CMS) [26]. The benchmark eyeglass frames are mass-
produced in Asia and made from cellulose acetate. They are 
then transported to Sydney and distributed to the retail stores. 
The locations of the retail stores within Sydney are based on 
the existing company selling eyeglass frames. During the use 
phase the frames do not have any environmental impact and at 
the end of life they are treated at a waste recovery center. 

For scenario B-I and B-II the frames are made from Nylon, 
which is supplied from Switzerland and transported to the 
manufacturing site in Sydney. In scenario B-I all eyeglass 
frames are produced with injection molding at one location in 
Western Sydney as shown on the map in Fig. 4 (CM: 
Production Site). Subsequently, the frames are distributed to 
the retail stores and sold to the consumers. At the end of life 
phase, the frames are re-entering the product life cycle and are 
recycled in the manufacturing system at the production site.  

In the case of scenario B-II the frames are also made from 
Nylon. The raw materials have the same supply chain as in  
B-I. The manufacturing takes place decentralized in the retail 
stores. Thus, the distribution phase from the manufacturing 
site to the point of sale is eliminated. For the calculation the 
same process characteristics are modelled as in scenario B-I. 

In scenario C-I a mixture of waste material from the urban 
surroundings substitutes a share of the Nylon raw material. At 
the manufacturer acting as blueprint for this scenario, several 
different materials are collected from the urban surrounding 
and recycled into new eyeglass frames including beer keg lids 
from nearby bars (polypropylene), milk bottle tops from cafés 
(high-density polyethylene) or – a bit further off then the 
immediate surrounding - fishing nets (nylon). For the waste 
collection no energy demand is required due to the close 
proximity of the waste sources to the distributed 
manufacturing points. The crushing of the waste material is 
assumed to be undertaken mechanically with manual labor 
and no further waste treatment is required. A cut-off approach 
was followed in the model. For calculation purposes and in 
order to ensure comparability, only nylon is considered as 
recycling material in this scenario. A share of 25 % of virgin 
material is still required for the production to ensure product 
quality. This value is based on actual manufacturing 
experience. The product appearance (e.g. surface smoothness) 

Fig. 3 Summary of four calculated scenarios for case study II 
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is different for the frames made from recycled material. In the 
examined case study it became apparent that this lower 
material quality is compensated by the positive image of 
locally sourced and recycled material and does not influence 
customer demand negatively. For this reason, the recycled 
products are considered comparable. The following life cycle 
phases are modelled accordingly to scenario B-II.  

The LCA results (see Fig. 4) show a lower environmental 
impact of the urban-produced eyeglass frames than those of 
the mass-produced counterparts for all scenarios. The impact 
categories fossil depletion and climate change are for both 
materials – cellulose acetate and nylon – dominated by the 
raw material production. The different raw material in the 
urban production scenarios results in a significantly lower 
environmental impact. In the scenario with recycling of urban 
waste plastics these impacts can be reduced even more so that 
the environmental impact of urban sourced and urban 
produced eyeglass frames is approximately at 25 % of the 
benchmark scenario. The incorporation of urban waste 
material as input for the production system can reduce the 
environmental impacts greatly. Favorable circumstances are 
that the supplied material can be used “as is” due to the 
tapping of single material resource sources and the fact that 
the original colors are wanted in the finished product. The 
manufacturing phase shows almost similar impacts across all 
scenarios. Distribution is rather insignificant, as in all 
scenarios the distribution within Sydney is considered (from 
manufacturing site or port), so that the elimination of 
distribution for in-store manufacturing is not evident in the 
results. The use phase is non-existent due to the nature of the 
product. At the end of product lifetime, the recycling in the 
urban production system is advantageous, especially in the 
impact category of climate change. 

4.3. Discussion 

The addition of the spatial perspective allows the design of 
urban and non-urban production scenarios and subsequently 
the identification of potential benefits and challenges 
regarding urban factories. With these scenarios, a comparison 
between the value creation chains is made possible. The two 

case studies show comparable results and allow the deduction 
of alternatives for the product systems under investigation. 

Case study I shows that the urban placement of the 
production plant for HMA has no negative influence on the 
environmental performance when supplying large 
construction sites despite the longer transportation distances 
of the raw materials. As it is necessary to have a supply of 
HMA in a large urban area at an accessible point in order to 
fulfill the small batch demand of councils and smaller 
construction projects, this supply can be fulfilled by an urban 
placed factory without any negative impacts compared to a 
non-urban site. It is important to stress that the LCA results 
only consider the product system under evaluation and not the 
factory’s impacts as discussed in the outlook section. 

The incorporation of urban material flows has a very 
positive influence in case study II. Urban mining is 
increasingly seen as promising approach to tap the large 
resource potentials that are concentrated in cities [27]. In the 
context of this work, urban mining is understood as the 
utilization of any moveable or built-in resource located in a 
city. The urban production of the eyeglass frames from nylon 
instead of the mass produced frame from a global 
manufacturer results in a significant lower impact. This is 
mostly due to the material choice but also related to different 
transportation scenarios. If the supply of nylon would be 
available closer to the urban production facility, an even 
larger reduction of environmental impacts would be possible. 
For the modelled case study, the material flows of a real 
manufacturer were used for the centralized urban production 
system and thus the specific material supplier chosen.  

In the design of the case study scenarios, several 
simplifications were introduced with regard to calculability 
and data availability. In the asphalt case study, the production 
system was assumed to be the same for the urban and non-
urban production site. Both modelled asphalt manufacturers 
operate under the same conditions with the same amount of 
material and energy for the production of one kilogram of 
HMA. To ensure the comparability the actual size of the 
construction sites supplied was neglected and all sites demand 
the same mass of HMA. In the eyeglass frame case study the 
most significant simplification is the similar modelling of the 
production systems in the centralized urban production 

Fig. 4 Case study II: Map of the locations (left) and LCA results (right) 
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each region (see Fig. 2). All sites are modeled with the same 
HMA demand. The distribution phase includes the 
transportation from production site to construction site. In the 
following use phase, the effort required for the actual paving 
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considering different machines and average power 
consumption. During the road surface’s life time no further 
environmental impact is considered. At the end of life, the 
road surface needs to be dismantled with suitable, energy 
demanding machinery and transported to a recycling facility 
for treatment, which is located in Sydney for both scenarios. 
As functional unit and reference flow 1 kg of hot mix asphalt 
for road construction is considered. The main difference 
between the scenarios lies in transportation distances for the 
raw materials to the production plant and the ready to use 
asphalt to the construction site. 

The LCA results are presented in Fig. 2. As impact 
categories climate change, agricultural land occupation and 
fossil depletion were chosen. The urban production and the 
non-urban production scenario result in similar environmental 
impacts. This can be traced back to the observation that the 
manufacturing and use phase have only minor effects on the 
overall environmental impact of HMA and that the LCA 
results are dominated by the raw material extraction and 
transport, distribution and end of life phases. In all impact 
categories, the urban scenario is showing a slightly lower 
arithmetic mean overall eight construction sites but at the 
same time a higher variation. Overall, the urban production 
site seems to have a similar environmental performance for 
supplying large construction projects within the city. 

4.2. Case study II – eye glass frames 

As second case study, a product system of a consumer 
product is investigated. This case study considers eyeglass 
frames without lenses, generally consisting of one front piece 
and two temples. These frames are generally added with 
prescription lenses or sunglasses for personal use. Glasses and 
sunglasses are demanded around the world in great quantity. 
The sales quantity for the year 2018 in the USA of both 
combined is estimated to reach 270 million pieces [24]. This 
results in a per capita consumption of eye glass frames of 
approximately 0.8 frames per person. At a similar rate the 
yearly demand of eye glass frames for a city like Sydney with 
4.8 million inhabitants (Greater Sydney Area, [25]) would 
amount to 3.8 million pieces. With an estimated average 
weight of 30 g per frame [26] this corresponds to 114 metric 
tons each year. A great share of produced eyeglass frames are 
mass-produced in centralized manufacturing systems (CMS) 
and then moved in global supply chains. As eyewear is 
considered fashionable, the long lead times due to mass-pre-
production in CMS are resulting in unsold products that are 
“out of fashion” after a period of time and thus waste. In this 
case study, local and decentralized life cycle scenarios are 
investigated that have the potential for lower environmental 
impact due to customer proximity. The city of Sydney is the 
area of product use and the local production, distribution and 
the material sources are based on the case of a company 

manufacturing and selling modular eyeglass frames. The four 
modelled scenarios are described in the following text and 
summarized in Fig. 3. As functional unit for all scenarios one 
eyeglass frame to be fitted with lenses is defined. 

Scenario A-I acts as benchmark scenario and is based on 
the work of Cerdas et al. on the environmental impact of 
distributed and centralized manufacturing systems 
(DMS/CMS) [26]. The benchmark eyeglass frames are mass-
produced in Asia and made from cellulose acetate. They are 
then transported to Sydney and distributed to the retail stores. 
The locations of the retail stores within Sydney are based on 
the existing company selling eyeglass frames. During the use 
phase the frames do not have any environmental impact and at 
the end of life they are treated at a waste recovery center. 

For scenario B-I and B-II the frames are made from Nylon, 
which is supplied from Switzerland and transported to the 
manufacturing site in Sydney. In scenario B-I all eyeglass 
frames are produced with injection molding at one location in 
Western Sydney as shown on the map in Fig. 4 (CM: 
Production Site). Subsequently, the frames are distributed to 
the retail stores and sold to the consumers. At the end of life 
phase, the frames are re-entering the product life cycle and are 
recycled in the manufacturing system at the production site.  

In the case of scenario B-II the frames are also made from 
Nylon. The raw materials have the same supply chain as in  
B-I. The manufacturing takes place decentralized in the retail 
stores. Thus, the distribution phase from the manufacturing 
site to the point of sale is eliminated. For the calculation the 
same process characteristics are modelled as in scenario B-I. 

In scenario C-I a mixture of waste material from the urban 
surroundings substitutes a share of the Nylon raw material. At 
the manufacturer acting as blueprint for this scenario, several 
different materials are collected from the urban surrounding 
and recycled into new eyeglass frames including beer keg lids 
from nearby bars (polypropylene), milk bottle tops from cafés 
(high-density polyethylene) or – a bit further off then the 
immediate surrounding - fishing nets (nylon). For the waste 
collection no energy demand is required due to the close 
proximity of the waste sources to the distributed 
manufacturing points. The crushing of the waste material is 
assumed to be undertaken mechanically with manual labor 
and no further waste treatment is required. A cut-off approach 
was followed in the model. For calculation purposes and in 
order to ensure comparability, only nylon is considered as 
recycling material in this scenario. A share of 25 % of virgin 
material is still required for the production to ensure product 
quality. This value is based on actual manufacturing 
experience. The product appearance (e.g. surface smoothness) 
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is different for the frames made from recycled material. In the 
examined case study it became apparent that this lower 
material quality is compensated by the positive image of 
locally sourced and recycled material and does not influence 
customer demand negatively. For this reason, the recycled 
products are considered comparable. The following life cycle 
phases are modelled accordingly to scenario B-II.  

The LCA results (see Fig. 4) show a lower environmental 
impact of the urban-produced eyeglass frames than those of 
the mass-produced counterparts for all scenarios. The impact 
categories fossil depletion and climate change are for both 
materials – cellulose acetate and nylon – dominated by the 
raw material production. The different raw material in the 
urban production scenarios results in a significantly lower 
environmental impact. In the scenario with recycling of urban 
waste plastics these impacts can be reduced even more so that 
the environmental impact of urban sourced and urban 
produced eyeglass frames is approximately at 25 % of the 
benchmark scenario. The incorporation of urban waste 
material as input for the production system can reduce the 
environmental impacts greatly. Favorable circumstances are 
that the supplied material can be used “as is” due to the 
tapping of single material resource sources and the fact that 
the original colors are wanted in the finished product. The 
manufacturing phase shows almost similar impacts across all 
scenarios. Distribution is rather insignificant, as in all 
scenarios the distribution within Sydney is considered (from 
manufacturing site or port), so that the elimination of 
distribution for in-store manufacturing is not evident in the 
results. The use phase is non-existent due to the nature of the 
product. At the end of product lifetime, the recycling in the 
urban production system is advantageous, especially in the 
impact category of climate change. 

4.3. Discussion 

The addition of the spatial perspective allows the design of 
urban and non-urban production scenarios and subsequently 
the identification of potential benefits and challenges 
regarding urban factories. With these scenarios, a comparison 
between the value creation chains is made possible. The two 

case studies show comparable results and allow the deduction 
of alternatives for the product systems under investigation. 

Case study I shows that the urban placement of the 
production plant for HMA has no negative influence on the 
environmental performance when supplying large 
construction sites despite the longer transportation distances 
of the raw materials. As it is necessary to have a supply of 
HMA in a large urban area at an accessible point in order to 
fulfill the small batch demand of councils and smaller 
construction projects, this supply can be fulfilled by an urban 
placed factory without any negative impacts compared to a 
non-urban site. It is important to stress that the LCA results 
only consider the product system under evaluation and not the 
factory’s impacts as discussed in the outlook section. 

The incorporation of urban material flows has a very 
positive influence in case study II. Urban mining is 
increasingly seen as promising approach to tap the large 
resource potentials that are concentrated in cities [27]. In the 
context of this work, urban mining is understood as the 
utilization of any moveable or built-in resource located in a 
city. The urban production of the eyeglass frames from nylon 
instead of the mass produced frame from a global 
manufacturer results in a significant lower impact. This is 
mostly due to the material choice but also related to different 
transportation scenarios. If the supply of nylon would be 
available closer to the urban production facility, an even 
larger reduction of environmental impacts would be possible. 
For the modelled case study, the material flows of a real 
manufacturer were used for the centralized urban production 
system and thus the specific material supplier chosen.  

In the design of the case study scenarios, several 
simplifications were introduced with regard to calculability 
and data availability. In the asphalt case study, the production 
system was assumed to be the same for the urban and non-
urban production site. Both modelled asphalt manufacturers 
operate under the same conditions with the same amount of 
material and energy for the production of one kilogram of 
HMA. To ensure the comparability the actual size of the 
construction sites supplied was neglected and all sites demand 
the same mass of HMA. In the eyeglass frame case study the 
most significant simplification is the similar modelling of the 
production systems in the centralized urban production 
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scenario and the distributed urban production scenario. This 
approach takes the variation of energy demand according to 
machine size and production volume not into account. It can 
be expected that smaller injection molding machines with a 
lower material throughput have a higher specific energy 
consumption [28]. The case A-I uses cellulose acetate as main 
raw material as it was taken from [26] and serves as a base 
scenario for comparison with globally mass-produced frames. 
Modelling this scenario with Nylon the results will likely 
show a difference in impact, which is not considered here 
because investigating the global mass-production scenario is 
not the focus of the study. Considering the modular design of 
the eyeglass frame model that served as blueprint for the 
second case study, further positive effects can be expected by 
offering repair and replacement of single parts in close 
vicinity to the consumer thus potentially avoiding the 
production of a whole new product in case of a failure of 
single parts. Similarly, further potential beneficial 
opportunities were not yet considered. 

5. Conclusion and outlook 

Urban production in urban factories can lead to differences 
in the environmental impacts of a product throughout its life 
cycle. The impacts connected to the production of goods for 
consumption in urban areas are connected to the spatial 
distribution of the value creation chain but are commonly not 
taken into account in LCA. For the design of scenarios to 
assess these differences, all elements and process steps of a 
product system are supplemented with a spatial attribute. 
Setting the place of consumption as origin, the process steps 
can be distinguished between urban and non-urban steps. 
Following the LCA methodology, an evaluation and 
structured assessment of the suitability of products for 
production in an urban environment and their environmental 
impact is made possible. Two case studies based on real 
production systems in Sydney, Australia were conducted. The 
concept of adding a spatial attribute proved to be suitable for 
the structured analysis of urban produced products. 

It becomes apparent that the LCA methodology only 
provides a product perspective. For a holistic assessment of 
urban factories and the spatial location of value creation, an 
extended system perspective is required. Extending the LCA 
methodology or designing a new approach will allow detailed 
comparisons of urban and non-urban factories. A holistic 
assessment of urban production will also need to incorporate 
socio-economic aspects. With a life cycle perspective, this 
will enable further identification of characteristics influencing 
the impacts of urban factories and products. 
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