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Abstract

Life Cycle Assessment

Albin Engholm, Gabriel Johansson, André Åhl Persson

The Swedish company Solelia Greentech AB has developed a charging station for
electric vehicles based on photovoltaic electricity. This report aims to examine the
environmental impacts of the charging station in terms of  greenhouse gas emissions
and energy flows. This has been done by performing a life cycle assessment. The
results were further investigated through a sensitivity analysis considering recycling
and production site. From these results, the charging station’s greenhouse gas and
energy payback times have been calculated.

The report concludes that the charging station has an energy payback time of 3.5
years. The greenhouse gas payback time varies from 4 to 117 years depending on
assumptions about the electricity in the national electricity grid, which the electricity
produced by the charging station is calculated to substitute. The total energy infusion
to the system is 9.4 MWh and the greenhouse gas emissions per delivered kWh from
one charging station during its lifetime are calculated to 0.078 kg CO2eq. 

ISSN: 1650-8319, UPTEC STS13 008
Examinator: Joakim Widén
Ämnesgranskare: Joakim Munkhammar
Handledare: Per Wickman



 
 

Table of contents 

1. Project definition and scope ............................................................................................ 1 

1.1 Introduction ....................................................................................................................... 1 

1.2 Aims .................................................................................................................................... 1 

1.3 System definition and limitations .................................................................................... 2 

1.4 Methodology and data overview ..................................................................................... 2 

1.5 Justification and definition of functional unit ................................................................ 3 

1.6 Report outline .................................................................................................................... 4 

2. Background ....................................................................................................................... 5 

2.1 Previous work .................................................................................................................... 5 

2.2 Photovoltaics ..................................................................................................................... 5 

2.3 Integration of solar power in the society ........................................................................ 6 

2.4 Solelia’s charging station concept .................................................................................. 6 

3. Methodology ...................................................................................................................... 8 

3.1 The LCA concept ............................................................................................................... 8 

3.2 Impact categories .............................................................................................................. 8 

3.2.1 Global warming potential ........................................................................................... 9 

3.2.2 Energy flows ................................................................................................................ 9 

3.3 Payback time ..................................................................................................................... 9 

3.4 System definition ............................................................................................................ 10 

3.5 Limitations ....................................................................................................................... 12 

3.5.1 Nature systems .......................................................................................................... 12 

3.5.2 Life cycles of other products ................................................................................... 12 

3.5.3 Geographical .............................................................................................................. 12 

3.5.4 Time ............................................................................................................................ 12 

3.5.5 Deviation from normal usage ................................................................................... 13 

3.6 Scenarios ......................................................................................................................... 13 

3.7 Data ................................................................................................................................... 14 

4. Inventory analysis ........................................................................................................... 15 

4.1 Solar module ................................................................................................................... 15 

4.2 Concrete ........................................................................................................................... 16 

4.3 Steel frame ....................................................................................................................... 17 

4.3.1 Virgin and recycled steel .......................................................................................... 18 

4.4 Balance Of System .......................................................................................................... 18 

4.5 Medium Density Fibreboard ........................................................................................... 19 

4.6 Paint .................................................................................................................................. 20 

4.7 Transports........................................................................................................................ 20 

4.8 Electricity production ..................................................................................................... 21 



 
 

4.8.1 Photovoltaic power in Uppsala ................................................................................ 21 

4.8.2 Electricity mixes ........................................................................................................ 22 

4.8.3 Electricity on the margin .......................................................................................... 22 

5. Results ............................................................................................................................. 24 

5.1 Basic scenario ................................................................................................................. 24 

5.2 Payback time ................................................................................................................... 24 

5.2.1 Energy payback time ................................................................................................ 24 

5.2.2 GHG payback time..................................................................................................... 25 

5.3 Sensitivity analysis ......................................................................................................... 26 

6. Discussion ....................................................................................................................... 30 

6.1 Criticism of the assumptions and uncertainty ............................................................. 30 

6.1.1 Neglecting the assembly of the charging station .................................................. 30 

6.1.2 Uncertainty of component models .......................................................................... 30 

6.1.3 Recycling .................................................................................................................... 30 

6.1.4 Uncertainty regarding solar module production .................................................... 30 

6.2 Which electricity mix is replaced? ................................................................................ 31 

6.3 Comparison with similar works ..................................................................................... 32 

6.4 Improvement factors ....................................................................................................... 32 

7. Conclusions ..................................................................................................................... 33 

References ................................................................................................................................. 34 

Appendix A. ................................................................................................................................ 38 

Appendix B ................................................................................................................................. 41 

  



1 
 

1. Project definition and scope 

1.1 Introduction 

One of mankind’s greatest challenges in our time is to provide energy with sustainable 

methods. The contemporary mostly used energy sources are both finite and have 

negative environmental impacts. A field where major investments and research are 

made is in developing renewable energy sources. One of the main aspects to take into 

consideration is how to design these in such a way that is sustainable in both an 

environmental and an economic perspective, along with a feasible way to implement 

these technological structures in a society. 

In Sweden, these questions are often actualised in the political discussion and are in 

several ways operationalized as political directives. In the Swedish government’s 

proposition, presented by the Ministry of enterprise (2012), about a coherent Swedish 

climate and energy policy, the long term priority that Sweden should have a non-fossil 

dependent fleet of road vehicles in 2030 are presented, along with the vision that 

Sweden should have a sustainable and resource effective energy supply without net 

emissions of greenhouse gases
1
 to the atmosphere in 2050. The priority for a non-fossil 

dependent fleet of road vehicles should be seen as a step towards the vision for 2050. In 

the proposition, the implementation of different measures and financial instruments are 

discussed, which might be necessary in order to be able to accomplish the vision, 

including:  

 Create preconditions to assure that the supply of renewable fuels and electricity 

corresponds to the future demand within the transport sector. 

 Imply a shift from fossil fuel base vehicles towards energy effective vehicles 

driven on sustainable, renewable fuels and electricity. 

An interesting example of what shape these political directives can take in practice is 

the Swedish energy agency (2012) co-financing of the firm Solelia Greentech AB’s
2
 

work on charging stations for electric vehicles based on electricity from solar cells. The 

station is designed for either one or two vehicles, similar to a carport, where the roof is a 

solar module. In this report, the double roofed charging station type is discussed. The 

intention is to place these charging stations on existing parking lots.  

1.2 Aims  

This study aims to examine the environmental impact of the whole life cycle of 

Solelia’s photovoltaic based charging station. This will be made possible by using life 

cycle assessment methodology. The system will be evaluated in terms of global 

                                                           
1
 Henceforth greenhouse gases are often referred to as GHG. 

2
 Henceforth Solelia Greentech AB is referred to as Solelia. 
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warming potential
3
 and energy flows. With the results from the analysis, the station’s 

environmental payback time will be calculated in terms of these aspects.  

1.3 System definition and limitations 

The studied system is limited to the charging station and the flow of resources, energy 

and emissions during its whole life cycle. This study limits its focus on environmental 

impacts to energy usage and emissions of CO2 equivalents
4
 and the environmental 

impacts of these. The life cycle is divided into the following four stages: raw material 

extraction and production, manufacturing, usage and rest-management. The processes in 

each stage have been identified by studying life cycles of similar photovoltaic products. 

In consultation with Solelia these were adapted to be representative for their charging 

station. In figure 1, a schematic view is presented of the processes and their flow of 

resources and energy in each of these stages. Geographically, the system is only limited 

to the usage-stage, where the station will be assumed to be placed in Uppsala, Sweden. 

Surrounding technical systems like the electricity grid and usage of electrical vehicles 

are not included within the assessment's limitations. More detailed limitations and a 

more precise system definition are presented in chapter 3.  

 

Figure 1. Flow chart for the four life cycle stages. 

1.4 Methodology and data overview  

This study performs a life cycle assessment of Solelia’s charging station with a 

methodology inspired by the so called ISO 14040 standard, described by Rydh et al. 

(2002). A schematic view of the life cycle assessment process is to be found in figure 2 

below. A more detailed analysis of the methodology used in this study is presented in 

chapter 3. 

                                                           
3
 Henceforth global warming potential will be referred to as GWP. 

4
 Henceforth CO2 equivalents will be referred to as CO2eq. 
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Figure 2. Schematic view of the life cycle assessment process. 

The data used for the assessment are gathered mostly through previous life cycle 

assessments that analyze the components and raw materials generally used in 

photovoltaic systems. By consulting Solelia and their sub-suppliers it was made clear 

what specific materials and components are used in Solelia’s charging station. The solar 

irradiance data used to calculate the amount of produced electricity from the 

photovoltaic module was provided by Joakim Munkhammar, supervisor of this project. 

Where data that is too important to be neglected is missed, motivated assumptions are 

made.  Since the station is new on the market, and none of the existing stations has yet 

reached the end of their life cycle, there are some difficulties in calculating the average 

usage lifetime. The usage lifetime is defined as the time the station can deliver electric 

power. Therefore a qualified assumption is made based on the guarantees of the 

station’s technical components.  In consultation with Per Wickman (1), Solelia’s head 

of product development and technology, it was decided that the life cycle assessment 

should take a usage lifetime scenario of 30 years in consideration, for the whole station.  

1.5 Justification and definition of functional unit 

Rydh et al. (2002) elucidate that to be able to compare different systems, a common 

denominator is required. In life cycle assessments this is called the functional unit
5
, and 

is a measure of a system’s function and performance. The results of the study are 

evaluated per FU which enables clear comparison with systems evaluated with the 

same, or similar, FU. 

Solelia has a concept, Solbanken
TM

, which allows the owners of their charging stations 

to also account for the electricity produced by the station even when it is not charging a 

vehicle. This is made possible by connecting the station to the electricity grid which 

allows the station to deliver and receive power. The electricity delivered to the grid is 

measured and the amount is deposited as information on the owner’s Solbanken
TM

 

account. When the power produced by the station is not enough to charge a connected 

vehicle, the amount available on the account can be withdrawn as electricity from the 

grid.  

                                                           
5
 Henceforth the functional unit is referred to as FU. 
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Due to the properties of Solbanken
TM

, all produced electricity from the charging station 

can be utilized. Therefore the FU is defined as: delivered kWh from one charging 

station during its lifetime. Since the environmental impact is evaluated per FU it is 

possible to compare it with corresponding LCA-data for different types of electricity 

production. Therefore the environmental impact of Solelia’s photovoltaic based 

charging station can be compared to the impact from the production of the 

corresponding amount of electricity from the grid.  

1.6 Report outline 

The report continues with a background in chapter 2, consisting of the basic principles 

of life cycle assessments, photovoltaic systems and Solelia’s charging station concept. 

In chapter 3, methodology, the exact limitations of the studied system is presented along 

with the methodology used for the life cycle assessment in the report. How the results 

from the life cycle assessment will be used to calculate the payback time of the charging 

station is also described in this chapter. In chapter 4, inventory analysis, all data used 

for the life cycle assessment is presented, sorted by component type. The data used for 

the latter comparison of electricity production, which the CO2eq payback time is based 

on, are also listed here. This is followed by chapter 5, results, where the calculations are 

presented along with the calculated payback times. In this section, the system is also 

evaluated by a sensitivity analysis. The report ends with a discussion in chapter 6 

followed by the conclusions in chapter 7. 
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2. Background 

2.1 Previous work 

There are a significant number of previous life cycle assessments made in the area of 

photovoltaic systems, for example Alsema and de Wild-Scholten (2005) and Fthenakis 

and Kim (2009). In common for most of these publications is that main focus is on the 

solar module. The closely linked technical components, like mounting frames, cables 

and current inverters, that enable the solar module to be put into practical use, are paid a 

much smaller amount of attention. These components are in the photovoltaic sector 

often referred to as balance of system
6
.  Alsema and de Wild-Scholten (2005) claim that 

BOS often contributes to less than 10% of the total GHG emissions of a grid connected 

photovoltaic system. Worth mentioning about the BOS components is that they in 

general are based on relatively old and well established processes and materials. In 

many cases the environmental impacts of these have been analyzed quite thoroughly. 

Only about 1% of the currently installed solar modules have reached the rest 

management stage of their life cycle, according to PV Cycle (2013, No 1). They further 

mention that solar modules have a calculated lifetime of around 30 years and that the 

first photovoltaic systems of importance were installed in the 1990’s, which means that 

a significant amount of discarded solar modules are expected in the following ten to 

fifteen years. Research performed with a life cycle perspective has showed that 

approximately 80-85% of the materials in solar modules can be recycled and reused, 

according to PV Cycle (2013, No 2), which means that a significant amount of the solar 

module’s GHG emissions during its lifetime can be reduced.  

What differs in this report from earlier research in this field is that every component in 

the system is investigated to the same extent. It aims to combine the existing knowledge 

about all components of Solelia’s charging station to give a thoroughly analysis of its 

environmental impacts.  

2.2 Photovoltaics 

Photovoltaic technology, usually referred to as Photovoltaics or PV, is the concept name 

of transforming the energy of solar photons into direct current, DC, according to Green 

(1982). The technological instrument making this possible is solar cells. Connecting 

many of these small components in a circuit is what makes up what is called a solar cell 

module. Briefly described, semi conductive materials give the solar cell its ability to 

absorb the radiating photons, whose energy frees the electrons in the semiconductor 

material, generating DC. When the electrons, excited by the photons, are moving, a 

separation between the negative electrons and the more positively charged cavities, 

where there are a shortage of electrons, occurs in the material. This difference in charge 

creates a small voltage in each solar cell, which increases when the solar cells are 

                                                           
6
 Henceforth balance of system is often referred to as BOS. 
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connected in series, making DC possible. The DC is then via an inverter transformed to 

alternating current, AC, enabling the electricity to be delivered to the electricity grid. To 

sum up, the name Photovoltaics reflects the need of voltage and solar photons to create 

electricity. 

2.3 Integration of solar power in the society 

The solar energy’s contribution to Sweden’s total electricity consumption is negligibly 

today, according to Vattenfall (2013). The few solar plants that exist are mostly 

products of local campaigns or used in private homes. In theory, if the produced solar 

energy could be stored effectively and later delivered when the demand is high, an area 

of approximately 670 km² covered with solar modules could fill Sweden’s electricity 

need. This approximation is based on PV electricity production data by Munkhammar 

(2012) and that the annual electricity usage in Sweden 2011 was 140 TWh according to 

SCB (2013). One way to visualize a 670 km
2 

area is to consider a square with 25 km 

sides. This area corresponds to70 m² per Swedish citizen. Vattenfall (2013) stress that 

the absence of an efficient energy storage solution, and that photovoltaic electricity is 

quite expensive compared to Sweden’s current energy sources, the scenario about a 

solar powered Sweden is very unlikely to come true in the near future.  

In other countries where the energy situation is different from Sweden’s, photovoltaic 

electricity can be an alternative as an energy source in large national scale. In Germany, 

for example, due to initial generous feed-in tariffs and installation subsidies, 

photovoltaics has a more significant role than in Sweden since solar energy contribute 

to 5.3% of the total German electricity consumption according to Svensk solenergi 

(2013). Photovoltaic power is of big interest for the Swedish government while 

formulating long term sustainable energy policies. A press release by the Swedish 

government (2013) mention that economical solar grants have been given to companies, 

organisations and individuals since 2009. The budget, during 2013 to 2016, for solar 

grants is 210 million SEK and is applied for through the county board. The transport 

sector is one of the main areas where solar power can be a major energy contributor in 

the near future. In line with the political vision of a fossil free vehicle fleet by 2050, the 

Swedish energy agency (2013, No 1) declared that Solelia received about 945 000 SEK 

in governmental grant 2012 for their work on charging stations for electric vehicles 

powered by solar modules.  

2.4 Solelia’s charging station concept 

Per Wickman (1) described that Solelia has developed a charging station for electric 

vehicles which generates electricity from photovoltaics. The system consists of a steel 

frame standing on a concrete groundwork. Two panels consisting of photovoltaic 

modules, 7 m² each, are mounted on the top of the steel frame, also working as a roof. 

Included to the system are also several electronic components, e.g. an inverter, cables 

and transformers. Today there are few private owners of electric vehicles. Therefore this 

charging station is initially mainly thought to be sold to organisations and companies.  
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As mentioned by Grahn et al. (2011), there are difficulties in how to benefit from all 

photovoltaic potential due to low correlation between photovoltaic power production 

and presumed electrical vehicle charging patterns. Solelia´s solution to this problem is 

their concept Solbanken™, presented by Solelia (2013, No 1). This concept makes it 

possible to take advantage of every sun hour of the day. By connecting the station to the 

electricity grid, the station is able to deliver and receive power. The electricity delivered 

to the grid, when no vehicle is connected, is measured and the amount is deposited as 

information on the owner’s Solbanken
TM

 account. When the power produced by the 

station is not enough to charge a connected vehicle, the amount available on the account 

can be withdrawn as electricity from the grid. By connecting other locally placed PV 

modules more solar energy is available from Solbanken
TM

. 

 

Picture 1. Opening ceremony for Solelia's charging station in Uppsala, Sweden, June 

2012. Solelia (2013, No 2) 
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3. Methodology 

3.1 The LCA concept 

Rydh et al. (2002) claim that the increased awareness of environmental issues in society 

has led to a growing market for environmental friendly products. When companies tried 

to reduce the emissions and waste of single production processes, it was soon realized 

that a wider perspective of the production chain was necessary to be able to make 

significant improvements. During the 1950s, the first studies with a life cycle 

perspective were made. Since then, the methodology to investigate a product from its 

cradle to grave has been improved and refined. In the 1990s, the International 

Organization for Standardization
7
 began the work on a standardized description of the 

methodology for life cycle assessments. This has further spread the methodology and 

communication of results of life cycle assessments. By studying systems from cradle to 

grave, a wide overview of the environmental impact of a system’s whole life cycle can 

be achieved. This perspective enables comparison between different types of processes 

and can also be used to scrutinize every single step in a production chain. Making 

distinct limitations between the processes in the studied system and surrounding 

processes is a key issue to get a clear view of what is included and counted within the 

assessment’s result. Various life cycle assessment of the same product can come to 

widely different conclusions depending on how the product’s system is defined. 

According to Rydh et al. (2002) a well suited FU is needed to measure and compare 

systems. The main perspective of life cycle assessments is that a system, product or 

service should be evaluated from its benefits and not from itself. Often, various methods 

and products could be used to achieve the same benefit. To compare different systems 

that fulfil the same needs a common FU is preferred. For example, electricity can be 

produced in very different ways which leads to different environmental impacts. Still, 

all of these systems fulfil the same purpose, to deliver electric power.  

As mentioned in chapter 1.5, the FU in this report is delivered kWh from one charging 

station during its lifetime. 

3.2 Impact categories  

The International Organization for Standardization has defined life cycle assessment as 

a process for summarizing a product’s environmental impacts, as mentioned by Rydh et 

al. (2002). A number of environmental impact categories life cycle assessments should 

consider are listed. Making a full scale ISO-assessment is a time and resource intense 

project. This, in consideration with Solelia’s requests and aims for this report, results in 

that the scope of the life cycle assessment in this report is narrowed from the scope ISO 

suggests. The environmental categories investigated are the system’s energy flow, and 

GWP. 

                                                           
7
 Commonly called ISO 
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3.2.1 Global warming potential 

GWP is a measurement to measure the effects on global warming, according to 

Argerich and Holmberg (2012). By using CO2eq different types of GHG, like carbon 

dioxide, nitrous oxide and methane, can be put in the same category. Due to the 

radiation absorption of GHG in the atmosphere a fraction of the heat radiation emitted 

by the earth’s surface is being reflected back towards earth. Argerich and Holmberg 

(2012) further claim that this phenomenon, called the greenhouse effect, rises the 

temperature on earth making it habitable for human beings. However, since the 

industrial revolution, a rapid growth of combustion of fossil fuels has contributed to an 

increased level of GHG in the atmosphere. This is likely to lead to a warmer climate, 

which in many ways affects the geography and ecosystems on earth.  

3.2.2 Energy flows 

In this report an energy flow is defined as an infusion of energy in a system process, in 

form of fuel or electricity, or as produced electric energy by the charging station’s PV 

modules. Rydh et al. (2002) claims that to calculate energy flows, consideration must be 

taken to the sources of fuel and electricity. Energy appears in many different forms and 

situations. To elucidate the actual energy infusion in a process, all energy calculations 

should pursue to be made in terms of primary energy. Primary energy is the term for the 

total energy originally used for conversion to other energy carriers.  

In this report, all fuel data, and also the data for the solar irradiation, are calculated as 

the primary energy. The electricity is instead calculated with the energy amounts 

delivered from the gate of the electricity production site. However, considerations are in 

all cases of electricity and fuel infusions taken of the type of production methods and 

fuel type. A significant amount of the GHG emissions in the production processes are 

often a direct effect from fuel combustion and electricity production. Consideration is 

taken to the differences in emissions from various fuels and electricity production 

methods. All energy infusions are normalized to kWh to enable simple computations 

when comparing the energy infusions with the energy production of the charging 

station.  

3.3 Payback time 

One of the aims of this report is to calculate the payback time for the charging station in 

terms of GHG and energy. The GHG payback time is a measure of how long time it will 

take for the charging station to produce as much electricity so that the avoided 

emissions from the replaced grid electricity will break even with the GHG emitted 

during the life cycle of the charging station. This means that the GHG payback time 

depends on which energy mix the produced solar power is thought to replace. The more 

GHG emissions the replaced electricity mix produces, the shorter the payback time will 

be. Therefore the payback time will differ significantly between the various electricity 

mixes evaluated in this study. This comparison is reasonable since it is simulating a 

comparison between using Solelia’s photovoltaic based charging station, with a 
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charging station connected directly to the electricity grid. Similar calculations are done 

for the energy payback time. This is the time it takes for the charging station to produce 

the amount of energy that is infused during its life cycle. 

3.4 System definition 

This life cycle assessment is covering the system’s emissions of GHG and energy 

demand during its whole life cycle. The system is analyzed from its cradle to grave 

which in this case means from the mining of metals to the disposal and recycling of the 

product. Since Solelia has an interest to know how big the total impact on the 

environment is from the charging station, this report focus to include as much as 

possible of the components and activities in its life cycle. To do this in a lucid way, the 

material production and manufacturing stages are divided into five different branches. 

These branches are concrete, PV modules, steel, medium density fibreboards
8
, paint and 

BOS. In general this system can be regarded as a sum of the components of which it 

consists. In figure 3, the limited system processes are presented. Calculations of fuel 

and material infusion and emissions of GHG are done for all the considered activities. 

The transport of materials and products is also calculated, both inside an activity and 

between two activities which take place at different locations.  

 

Picture 2. Illustration of the charging station’s components. Montage of pictures from: 

Solelia (2013, No 3), Yingli Solar (2013, No 1), Victron energy (2013), Paige (2013), 

Bgfons (2013), SCG (2013), Freepik (2013) and Sipahiler (2013) 

                                                           
8 Henceforth medium density fibreboards are often referred to as MDF.  
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The usage stage of the system is seen as a phase where the charging station delivers 

electrical power. Due to the properties of the concept Solbanken
TM

, all of the electricity 

produced by the solar modules can be calculated as used for charging electric vehicles. 

This electricity is seen as replacing the same amount of power from the electricity grid 

since the electrical vehicles charged with Solelia’s charging station are assumed to 

otherwise have been charged by power from the grid.  

Since none of Solelia’s charging stations has yet reached its rest management stage, it is 

uncertain how this stage will be handled. To stress how this stage can affect the total 

environmental impact, two different scenarios will be considered. The main assumption 

will consider that none of the components will be recycled. Also, a different scenario 

with recycling of the PV modules and the steel frame will be evaluated in the sensitivity 

analysis in chapter 5.3. 

Limiting assumptions have been made regarding natural systems, other products’ life 

cycles, geographical setup, time and deviation from normal usage.  

 

Figure 3. The system processes within the system boundaries. 
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3.5 Limitations 

3.5.1 Nature systems 

This report limits its focus on environmental impacts due to GHG emissions and energy 

flows. Only direct emissions are estimated and the indirect effects, like climate and 

ecological impacts, are not evaluated. Consideration is only taken to the impacts on the 

environment from the material used in the defined system. Any potential impact on the 

environment from processes at a later stage is not evaluated in this report. Regarding the 

disposal no attention is paid to how the disposed material affects the environment.  

3.5.2 Life cycles of other products 

The manufacturing of this product contains a very complex network of material flow 

and many different machines are involved in the processes. By reasonable reasons this 

report does not include production of machines and facilities around the production. 

Also human activities linked to the processes of the system are neglected. Thus this 

charging station contains several components which can be seen as products fulfilling a 

need themselves, this LCA is based on LCAs done for this components.  

3.5.3 Geographical 

The charging station is assumed to be placed in Uppsala, Sweden. Therefore the sun 

data used for calculating the electricity production of the charging station is measured at 

Uppsala University and provided by Munkhammar (2012). The manufactures of the PV 

modules used in Solelia’s charging station is a Chinese company named Yingli.  

The gate location of the production of the different components in the charging station 

is assumed as follows: 

 PV modules - Baoding, China 

 Inverter and cables, BOS - Baoding, China 

 Steel - Luleå, Sweden 

 Concrete - Stockholm, Sweden 

 MDF boards - Heiligengrabe, Germany 

This means that the electricity used during the PV modules production comes from 

Chinese electricity mix. The assembling of the charging station is made in Täby, 

Sweden. These assumptions about the production locations are based upon the 

information about the production of Solelia’s charging station, provided by Per 

Wickman (1). 

3.5.4 Time  

This report is studying the lifetime of this charging station which is from raw material 

stage until the rest management stage. The components of the charging station have 

different expected life times. The lifetimes used in this report are based on PV cycle 
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(2013, No 1), Alsema and de Wild-Scholten (2005), Costmodelling Limited (2013), 

Sjunnesson (2005), Mitchell and Stevens (2009) and Axelsson et al. (1999). These are 

as follows: 

 PV modules: 30 years. 

 Inverter: 15 years. 

 Other electrical components: 30 years. 

 Steel frame: 30 years. 

 Concrete groundwork: 30 years. 

 MDF: 30 years 

 Paint 15 years 

Since the usage lifetime for the charging station is assumed to be 30 years, an inverter 

change and repainting will be needed after 15 years. This is accounted with as doubling 

the emissions and energy consumption from one inverter respective one varnishing. 

Since the FU has a time perspective of the charging station’s life time, all emissions and 

energy flows through the whole life cycle are summarized and then evaluated per FU. 

Another limitation in time is that no attention is paid to technological change. All data is 

based on present available technologies and methods of production. 

3.5.5 Deviation from normal usage  

Due to complexity and unpredictability the risk for accident and disaster are not 

considered. One assumption is that the PV modules can utilize every sun hour. 

3.6 Scenarios  

The limitations and assumptions that are made derive a basic scenario for Solelia’s 

charging station. In total, this report will evaluate four different scenarios. These 

scenarios are generated by varying two parameters, whether the PV modules are 

produced in China or in Sweden and whether the PV modules and the steel frame are 

recycled or not. It is interesting to investigate the effect on the life cycle analysis 

estimates when varying the different parameters. Hence these scenarios will be 

evaluated in a sensitivity analysis. The result from this analysis will show the 

differences of the total emissions from the various scenarios. From this result a 

consideration whether a change in production or rest management is worth the reduced 

emissions or not is possible.  

The sensitivity analysis will also investigate how the avoided emissions from the 

electricity grid will differ depending on which electricity mix the produced electricity 

from the charging station will replace. Depending of the emissions from the mixes the 

GHG payback time will differ. The more emissions that come from the electricity mix 

that is replaced the shorter the payback time will be.  
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3.7 Data 

The life cycle assessment in this report requires a significant amount of data to 

investigate all of the processes inherent to the system. Since the studied system consists 

of several different sub systems of different components, the main focus while gathering 

data is to find previous LCA studies for these components. The raw material and 

production stages of steel, concrete and the BOS components are well investigated and 

analyzed with previous life cycle assessments. Also the recycling possibilities and 

techniques for those are investigated. Data for PV module production are also gathered 

through previous life cycle assessments.  

The main problem when using this kind of data is to identify what aspects and processes 

this data includes. Some of the LCAs used for information in this report do not have the 

same cradle to grave perspective as this report, which means that some data needs to be 

adapted to match the approach of this study. One of the main requirements for these 

LCAs is that both energy flows and GHG emissions should be presented, or be possible 

to derive from their inventory analysis. Another requirement is to find data that can be 

seen as appropriate regarding the limitations towards time and location. In other words, 

most data used and referenced in this LCA are carefully selected by comparing data 

from different sources, where the most suitable has been chosen. 
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4. Inventory analysis 

4.1 Solar module  

The main components in Solelia’s charging station are solar modules of model Yingli 

YL270C-30, according to Per Wickman (2). They are produced in Baoding, China, 

according to Yingli Solar (2013, No 2). Every charging station has a solar module area, 

of almost 14 m², which is made up out of eight connected solar modules. The type of 

semiconductor material used in these solar modules is single crystalline silicon.  

Phylipsen and Alsema (1995) mentions that this is the purest and most high performing 

silicon for photovoltaic uses and can have an efficiency rate of 16.5%. Multi crystalline 

silicon is slightly less refined and pure than the single crystalline silicon and is not as 

efficient. The main advantage of multi crystalline silicon is that it is, most often, 

cheaper per square meter than single crystalline silicon. As mentioned earlier, there is a 

wide spectrum of life cycle assessments considering different types of solar modules 

made. Despite this, previous studies that correspond to the data requirements of this 

report were only based on multi crystalline silicon. Therefore the environmental life 

cycle assessment of multi crystalline solar modules by Phylipsen and Alsema (1995) is 

used as the main source of data. Historically single crystalline production has been 

considered as having a slightly more negative impact on the environment, but due to 

technological improvements in the production methods, these relatively old data for 

multi crystalline production can be seen as representative for modern single crystalline 

production. 

Silicon is the second most abundant element in the earth’s crust according to Geological 

Survey U.S. (1975). It is normally found in the compound silica, SO2, normally called 

sand. There are various methods of extracting the pure silicon from silica. The most 

common is carbothermic reduction, where the silica is heated to 1700 degrees Celsius in 

presence of carbon. When cooling down, the silicon forms crystals. The lower the 

cooling speed is, the larger the formed crystals are. If handled with care, the silicon can 

be extracted as one large crystal. These kinds of crystals are what single crystalline solar 

cells are made from. 

Phylipsen and Alsema (1995) describe the processes of producing solar modules out of 

silicon thoroughly. They divide these processes into the following steps: 

 Production of high purity silicon 

 Casting of multi crystalline ingots  

 Sawing of multi crystalline ingots into wafers 

 Cell processing 

 Emitter formation 

 Metallization 

 Passivation and antireflective coating 

 Module assembly 
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Phylipsen and Alsema (1995) shows that the most significant amount of direct 

emissions of GHG takes place during the raw material stage when the silica is reduced 

to silicon. However the direct GHG emissions only correspond to about 1% of the total 

GHG emissions when the production of the gross energy usage in the solar module’s 

life cycle is included. The emissions linked to the gross energy usage, which stands for 

99% of the GHG emissions, come from combustion of fuels, and production of 

electricity. Phylipsen and Alsema (1995) present a total gross energy usage of 520 kWh 

for 1 m² solar module. This energy consists of 32% fuel energy, that is assumed to be an 

equal mix of hard coal, natural gas and fuel oil, and 68% electrical energy. Since the 

solar modules used in Solelia’s charging stations are manufactured in China, the GHG 

emissions from electrical energy are calculated by using data presented by the 

International Energy Agency (2012). They present life cycle data of 0.766 kg GHG 

emissions per produced kWh from Chinese electrical mixture. For comparison about 

0.02 kg GHG is emitted per kWh with Swedish electrical mixture.  

The Yingli YL270C-30 solar module is included in PV Cycle, the European network of 

recycling and waste management of solar modules, according to PV Cycle (2013, No 

3). 80% of the materials used for solar module production can be recycled and reused, 

as stated by PV Cycle (2013, No 1). If this is taken in consideration and calculated, it 

has a significant impact of the total life cycle GHG emissions, as seen in table 1. 

Table 1. Data over energy usage and emissions of GHG for the solar modules’ life 

cycles. Data from Phylipsen and Alsema (1995) 

PV modules kWh/m² kg CO₂eq/m² kg CO₂eq/FU 

Direct production 
 

4.95 0.0009067 

Fuel energy 166.4 61.24 0.01122 

Electric energy (China) 353.6 270.9 0.04962 

Total energy 520 332.1 0.06174 

Total energy with recycling (80% 
of material) 256 164.8 0.0314 

 

4.2 Concrete 

With a usage of 3.7 million tons in Sweden 2004, concrete is one of the most common 

building materials available on the market according to Sjunnesson (2005). Concrete is 

a mixture of three main ingredients. These are 70-80% aggregate, 10-20% cement and 

7-9% water. Aggregate, or in other words filling material, is either gravel or macadam. 

All sizes of aggregate should be included in the concrete to optimize its function. 

Smaller pieces of aggregate fill up cavities between bigger fractions, while big pieces 

stand for a stable ground. Cement is made by grounding limestone and clay together in 

a rotating kiln, at an approximate temperature of 1450 degrees Celsius, followed by the 

calcination process. This process stands for the highest energy usage in cement 

production, where CO2 is released from the limestone, making cement clinker. The final 
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production step is grinding together the clinker with a substance called gypsum to 

prolong the binding of the cement. Finally, the cement hardens in contact with water.   

The concrete steps with highest environmental impacts, according to Sjunnesson 

(2005), are the production of cement and transportation. Sjunnesson’s report is not 

taking in account any disposal of the concrete, but all the steps from mining to usage. 

The assumptions made are reasonable with the charge station case, for example the 

estimated distance of 100 km from factory to usage point. The report also argues that 

concrete, when on-site, left in the ground, do not harm the environment. But even if 

someone in the future wants to remove the charging station’s concrete fundament, a 

notification made by Skanska (2012) promise a 75% recycling of the concrete waste 

into new concrete. The existing way to re-use concrete, according to Svensk betong 

(2013), is to crush and use it as filling material, for example in stabilizing ground for 

road constructing. Therefore, no disposal of the concrete is taken in account in this 

LCA, because it could either be left behind in the ground at the charge station site or 

almost totally reused.  

Solelia’s charging station needs 0.96 m
3
 of concrete for its fundament according to Per 

Wickman (2). In table 2, data for energy usage and GHG emissions for the concrete is 

presented. 

Table 2. Data over energy usage and emissions of GHG for the concrete’s life cycle. 

Data from Sjunnesson (2005) 

Concrete /m³ /Charging station /FU 

CO₂eq emissions [kg] 275 264 0.003454 

Energy consumption [kWh] 348 334.08 0.004371 

  

4.3 Steel frame 

A short description of steel, by Verhoeven (2007), is that it consists of more than 95% 

pure iron. Jernkontoret (2013) explains the production stages, in short, as follows. First 

step is mining iron ore. In Sweden, most of the iron ore comes from LKAB’s
9
 mines in 

Kiruna. Secondly the ore is crushed and enriched to increase the iron share in the 

material, usually by magnetism. The enriched iron ore is later reformed into pellets that 

are small balls consisting of about 65% iron, bounded in an oxide. These pellets are 

later used for making steel at the production sites. The pellets first enter a furnace, 

which is a large oven, where high quality coal, coke, is combusted. The coke’s main 

function is to convert the iron oxide, Fe3O4, in the pellets to solid iron by making CO2. 

The proportion of coal, in the iron material after the furnace process, is too high due to 

the previous coke combustion. This problem is solved in another chamber by adding 

oxygen, making CO2 once more. A little bit of coal, about 1-2%, has to remain in the 

                                                           
9
 Luossavaara-Kiirunavaara AB, LKAB 
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final product. Further refinements are made, such as alloying small amounts of other 

metals, to achieve desired properties.  

4.3.1 Virgin and recycled steel 

Old steel can be melten down and reused according to SSAB
10

, another big producer of 

steel with headquarters in Sweden, just like LKAB mentioned before. SSAB (2013) 

announced that the world’s steel industries stand for 4-5% of the global CO2 emissions. 

However they also announce that they use scrap metal in their new production of steel. 

About 20% in Sweden and 100% in USA of SSAB’s steel production are reused steel. 

In contrast to the production of virgin steel, this way of producing recycled steel 

considerably cuts the environmental impact, because no mining or pellet production is 

necessary. Data presented by Rydh et al. (2002), over CO2eq emissions and energy 

consumption during steel production, takes the two options, virgin or recycled, in 

account. Calculations are done for both steel types in Solelia’s charging station 

assuming that the data taken from Rydh et al. (2002) are representative and that the 

biggest environmental impacts occur at the production steps where CO2 is released e.g. 

during furnace, in the oxidation chamber and fossil transport. In Solelia’s case, 

according to Erik Bengtsson at Bengtssons smide AB, approximately 300 kg of steel 

were used during the construction of the charge station’s steel frame. In table 3 and 4 

data for virgin and recycled steel are found. 

Table 3. Data over energy usage and emissions of GHG for the virgin steel’s life cycle. 

Data from Rydh et al. (2002) 

Virgin steel frame /kg steel /Charging station /FU 

CO₂eq emissions [kg] 1.230 369 0.004828 

Energy consumption [kWh] 2.74 822 0.01076 

 

Table 4. Data over energy usage and emissions of GHG for the recycled steel’s life 

cycle. Data from Rydh et al. (2002) 

Recycled steel frame /kg steel /Charging station /FU 

CO₂eq emissions [kg] 0.0448 13.44 0.000183 

Energy consumption [kWh] 0.5514 165.4 0.002164 

 

4.4 Balance Of System  

Sesler (2011) explains that balance of system, BOS, refers to the components and 

equipment that make it possible to transfer and convert the DC produced by PVs into 

AC. The components of BOS can be inverters, cables, transformers and fuses. Due to 

lack of data this report only considers the inverter and cables. Peyser (2010) stress that 

the contribution of GHG from BOS is relatively small in comparison with other 

                                                           
10

 Svenskt stål AB, SSAB 
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components of PV systems. This implies that the deletion of some of the BOS 

components would not have any significant impact on the final result. The production 

chain of inverters is quite similar to the one for cables. The raw material stage is where 

most of the emissions of GHG and energy consumption take place. This stage is mainly 

about mining operations to extract minerals. Another part of this stage is the 

manufacturing of rubber that is used as isolation on the outside of the components. The 

materials are then transported to a factory where they are used to produce the electronic 

components.  

According to Alsema and de Wild-Scholten (2005) the inverter has an expected lifetime 

of 15 years, and therefore this report calculates with one substitution of it during the 

charging station’s lifetime. The cables are on the other hand expected to sustain the 

whole lifetime of the station. Regarding the rest management of BOS this report does 

not consider recycling. Peyser (2010) mentions that even though electronic components 

are recycled to a high degree, the differences in the resulting environmental impacts 

between the two cases, with or without recycling, are considered to be negligible. Table 

5 contains data for the energy consumption and GHG emissions for all of the BOS 

components that have been considered. 

Table 5. Data over energy usage and emissions of GHG for the BOS components’ life 

cycles. Data from Alsema and de Wild-Scholten (2005). 

BOS  /Charging station  /FU 

CO₂eq emissions [kg] 152.9 0.002001 

Energy consumption [kWh] 678.4 0.008877 

 

4.5 Medium Density Fibreboard 

Nationalencyklopedin (2013) describes Medium density fibreboard, MDF, as fibreboard 

made of small wood fibres that is compressed to a board by applying a binding agent 

and high temperature. In Solelia’s charging station, these boards are mainly used as 

cover beneath the PV modules. According to Per Wickman (2), about 14 m² of MDF is 

used for one station, where the boards’ thickness beneath the PV-modules are 12 mm 

and the smaller white side boards are 22 mm thick. With these given data and a 

blueprint provided by Per Wickman (2), the total MDF volume was calculated. With a 

density of 750 kg/m
3
, according to Mitchell and Stevens (2009), the charging station’s 

total MDF weight was calculated to 129 kg.  

Mitchell and Stevens (2009) also describes the production process of MDF. The first 

step in this process is forestry, where trees are felled and transported from the site where 

they are felled to the MDF manufacturing plant. All energy consumption and GHG 

emissions from the forestry and transportation are considered in this LCA. The first 

thing that happens to the logs when they get to the plant is that they go through some 

fibre preparation processes. Energy inputs and GHG emissions in this step come from 

electricity usage, and gas or wood waste combustion. When the preparation step is done 
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it is time for board formation. This is done by pressing the fibres into a board under 

heat, which makes the binding agent bind the fibres together. Input and emissions in this 

stage come from electricity and gas combustion.  

This report also considers the environmental impacts of the disposal for waste arising 

from MDF production. It assumes that 72% of the waste goes to on-site incineration 

with energy recovery and the remaining 28% is used as landfill. However, no regard is 

taken to the disposal or recycling of the MDF boards. Table 6 presents the life cycle 

data for MDF. 

Table 6. Data over energy usage and emissions of GHG for the MDF's life cycle. Data 

from Mitchell and Stevens (2009) 

MDF /kg /Charging station /FU 

CO₂eq emissions [kg] 2.5 322.5 0.00422 

Energy consumption [kWh] 2.519 324.9 0.004251 

 

4.6 Paint  

Some of the components in Solelia’s charging station, e.g. the steel frame and the MDF 

panels, are varnished in mostly a green colour. An estimation is done, by on-site 

observation and by measurements of Solelia’s blueprint, that an area of about 20 m² is 

painted. Axelsson et al. (1999) claim that the lifespan for paint on both steel and MDF 

is 15 years and therefore this LCA counts with one repaint during the charging stations 

lifetime. The data for paint used in this LCA are collected from the report by Axelsson 

et al. (1999). The steps that are included in these results are production of raw material, 

paint production, application and all transports in the manufacturing. The emissions and 

energy consumption data, which are used for calculations, mainly come from fuel and 

electricity consumed in the fabrication of raw materials and paint. In table 7 data over 

the paint’s life cycle energy usage and GHG emissions are presented. 

Table 7. Data over emissions of GHG for the paint's life cycle. Data from Axelsson et 

al. (1999) 

Paint /m² /Charging station  /FU 

CO₂eq emissions [kg] 1 20 0.0005234 

 

4.7 Transports  

The transport calculations regards transporting all the charging station’s components 

from its assumed production site, to the implementation site of the charging station in 

Uppsala, Sweden. The transports in the production stages of each component are not 

taken in consideration in these calculations since they are accounted with in the 

production data for each component. The type of transport vessel used in every single 

transport leg is estimated to be the most simple and reasonable due to the weight of the 
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cargo and length of the transport distance. The Solar modules, inverter and cables are as 

mentioned before assumed to be produced in Baoding, China. These components are 

transported to Uppsala, Sweden via Tianjin, China, and Gothenburg, Sweden. The 

concrete is assumed to be produced in Stockholm, Sweden and from there transported to 

Uppsala, Sweden. The steel is transported from SSAB’s steel mill in Luleå, Sweden to 

Uppsala, Sweden via a wholesaler in Norrköping, Sweden, and the manufacturing 

workshop in Täby, Sweden. The MDF boards used as coating for the solar modules are 

assumed to be produced in Heiligengrabe, Germany, according to Kronoply (2013) and 

then transported to Uppsala, Sweden in one leg. 

The emissions for the transports are calculated by multiplying the weight of the cargo 

with the transport distance which then is multiplied with standard numbers for GHG 

emissions per tonne-km, presented by Psaraftis and Kontovas (2009). These numbers 

are calculated with the assumption that the vessel is fully loaded. In table 8 data for the 

transports and its emissions are presented. 

Table 8. Data over emissions of GHG for the transports. Based on Psaraftis and 

Kontovas (2009) 

Type of 
vessel Route Cargo 

Distance 
[km] 

Payload 
[ton] 

CO2eq/Charging 
station [kg] CO2eq/FU [kg] 

Rail-
diesel 

Baoding - 
Tianjin PV, BOS 182 0.2098 0.6491 8.494*10

-6
 

Container 
ship 

Tianjin - 
Gothenburg PV, BOS 21340 0.2098 76.11 0.0009959 

Heavy 
Truck 

Gothenburg - 
Uppsala PV, BOS 453 0.2098 4.752 6.218*10

-5
 

Rail-
electric 

Stockholm - 
Uppsala Concrete 74 2.5 3.460 4.527*10

-5
 

Rail-
electric 

Luleå - 
Norrköping Steel 1195 0.3 6.704 8.772*10

-5
 

Heavy 
Truck 

Norrköping - 
Täby Steel 176 0.3 2.64 3.454*10

-5
 

Heavy 
Truck 

Täby - 
Uppsala Steel 69 0.3 0.9874 1.292*10

-5
 

Heavy 
Truck 

Heiligengrabe 
- Uppsala MDF 1381 0.129 8.908 0.0001165 

    

Total 
emissions: 104.2 0.001364 

 

4.8 Electricity production     

4.8.1 Photovoltaic power in Uppsala 

To calculate the results of this study in terms of the FU, the GHG emissions from the 

charging station have to be divided by the total amount of electricity produced from the 

station during its lifetime. If the location for the charging station is in Uppsala, Sweden, 

the produced amount of electricity during one year is 166 kWh per square meter PV 

module according to Munkhammar (2012). This number is given when the PV modules 
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are facing south, have a tilt angle of 45 degrees and have an efficiency of 13%. 

However the PV modules of Solelia’s charging station have an efficiency of 16.5%, 

according to the product sheet by IBC SOLAR (2013), and thereby an assumption is 

made that the electricity production can be up scaled to 210 kWh/m². The efficiency of 

the PV modules declines with the age of them. The degeneration is calculated with 

0.72% per year, by an assumption made from IBC SOLAR (2013). Given this decline, 

the total amount of produced electricity during the lifetime of a charging station will be 

76 MWh. 

4.8.2 Electricity mixes 

Different ways of producing electricity emits different amounts of GHG. Which mix of 

these alternative electricity sources a country has, decides the total value of GHG per 

kWh. Svensk energi (2013) indicates that 97% of Sweden’s electricity production 

consists of electricity with low emissions as hydropower and nuclear power. The 

electricity grid in Sweden is connected with the other grids in northern Europe and trade 

of electricity between the countries is common. Due to this, the Swedish energy agency 

(2013, No 2) writes that the Nordic electricity mix is to be preferred when calculating 

GHG emissions from electricity in Sweden. 

The electricity production in China is also of great importance in this study because the 

PV modules, as mentioned before, are assumed to be produced in China. According to 

the World Nuclear Association (2013) 80% of China’s electricity is produced from coal 

which is an energy source with high emissions. Due to this the Chinese electricity mix 

has high values of emissions compared with Sweden. Table 9 shows the GHG 

emissions from the electricity mixes for Sweden, the Nordic region and China. 

Table 9. Data over emissions of GHG for the various electricity mixes. The right 

column shows the amount of GHG emissions when producing the same amount of 

electricity as one charging station produces per year. Data from Swedish energy agency 

(2013, No 2) and International Energy Agency (2012) 

Country CO₂eq/kWh [kg] CO2eq/year [kg] 

China  0.766 1953 

Nordic mix  0.125 318.8 

Sweden 0.02 51 

 

4.8.3 Electricity on the margin 

When the electricity produced from the base energy sources, e.g. nuclear and hydro 

power in Sweden, is not enough to cover the national electricity use, an extra input of 

electricity is needed. This is when the production of electricity on the margin takes 

place, according to the Swedish energy agency (2013, No 3). This electricity mainly 

comes from expensive and environmentally unfriendly sources, e.g. gas turbine or coal 

power. According to Elforsk AB (2013), Sweden’s electricity on the margin emits 

between 400 to 750 g CO2eq/kWh. In the case with electric vehicles it may be 
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interesting to make a comparison with electricity on the margin, because the ordinary 

electricity may not cover the need when electric vehicles are charged from the 

electricity grid.  
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5. Results 

5.1 Basic scenario 

 

This result is from the basic scenario where the PV modules are produced in China and 

no recycling has been considered. The system’s GHG emissions during its whole life 

cycle are 5971 kg CO2eq. Normalised; the emissions are 0,072 kg CO2eq/FU. As shown 

in figure 4 the main contribution, almost 80% of GHG emissions comes from the PV 

module production. These emissions are mostly linked to the energy usage in the 

production processes, where most of the energy comes from electric power. Therefore, 

the production methods for the used electricity have big impacts on the PV production 

emissions. This is further discussed and analyzed in the sensitivity analysis in chapter 

5.3. None of the other components contributes to more than 6% of the total GHG 

emissions in the basic scenario.  

 

Figure 4. GHG emissions in the basic scenario. 

In common for all of the components is that the main part of the GHG is emitted in raw 

material and production stage of their life cycle. Therefore this is also the case when 

identifying in which life cycle stages most of the emissions of the whole charging 

station takes place. In this perspective there are almost no GHG emissions from the 

charging station during its usage stage except the repainting and substitution of inverter. 

5.2 Payback time 

5.2.1 Energy payback time 

This is an approximation of the total input of energy for the production of one charging 

station. It is not as rigorous as the GHG payback time due to lack of data for paint and 
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transportation. But still it is an approximation that will give an estimation of the time it 

takes for the PV modules to return the energy consumed in the production of the 

charging station. This calculation is for the basic scenario where the PV modules are 

produced in China and no recycling is considered. As seen in figure 5, the energy 

payback time for Solelia’s charging station is just above 3.5 years. 

 

Figure 5. Energy payback time for the basic scenario.  

5.2.2 GHG payback time 

The shortest payback time is generated if solar power is accounted for as a direct 

substitute for electricity on the margin. This would give a payback time of four years. If 

Nordic mix is the electricity that is replaced it will take 18.5 years to break even. The 

longest payback time is given for the Swedish mix which paybacks after 117.5 years. 

This means that the charging station emits more GHG per FU than Swedish electricity 

does. Therefore the station will, compared to Swedish electricity, not pay back during 

its expected life time in terms of GHG. In figure 6, the total GHG emissions for the 

charging station are represented by the crosshatched line. The GHG emission savings, 

compared to the electricity produced by the charging station, for each electricity mix are 

plotted as a tilted, continuous line. The payback time for each electricity mix is where 

its line crosses the crosshatched line. 
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Figure 6. The total GHG emission for the charging station is plotted along with the 

GHG emission savings compared to various electricity mixes. The differences in GHG 

emission savings result in different GHG payback times. 

5.3 Sensitivity analysis 

To give a wider view of these results, the system is evaluated with regard to two 

parameters. These are the location for the solar module production, and whether the 

steel and PV modules are recycled and not. The production locations evaluated are 

Baoding, China and Gothenburg, Sweden. This gives, included the basic scenario, four 

different scenarios that are tested and evaluated. This will give an insight in how much a 

change in the way of production will have on the resulting emissions. 

The PV modules stand for about 80% of the total GHG emissions of the system in the 

basic scenario, as earlier shown in figure 4. Thereby a change in its life cycle can have a 

big impact on the total system. As seen in table 10, there are decreased emissions 

compared to the basic scenario when changing the PV production site from Baoding, 

China to Gothenburg, Sweden, and also when using recycled materials in the 

production.  

The changed production site leads to a decreased emission of a total of more than 2.5 

tonnes CO2eq which corresponds to over 50% of the total emissions of the whole 

charging station. This significant decrease almost exclusively derives from the different 

electricity mixes used in the production. Producing solar modules requires a lot of 

energy where about two thirds are electricity. Nordic electricity mix is about six times 

less GHG emitting than China's. Therefore, by using Nordic electricity instead of 

Chinese, the emissions from the production of the solar modules are reduced. Further, 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

kg
 C

O
₂e

q
  

Years 

Charging station

Swedish electricity

Nordic mix

Electricity on the margin



27 
 

but still a lot smaller amounts, of GHG emissions are reduced due to the shorter 

transports when the PV modules are produced in Sweden.   

 Table 10. Data over emissions of GHG per FU for the different scenarios in the 

sensitivity analysis. The production site of the PV modules and the use of recycled or 

non-recycled solar modules and steel are varied  

PV production site Non-recycled materials Recycled materials 

Baoding, China 0.07813 0.04625 

Gothenburg, Sweden 0.03561 0.02025 

 

The other parameter investigated is a scenario where the PV modules and the steel are 

produced with recycled materials. This is considered to correspond to recycling of these 

components of the charging station at the end of the lifetime. So, what in practice is 

investigated when altering this parameter is how different ways of handling the rest 

management stage impacts the results. 

The recycling of the PV modules is calculated with the assumption that 80% of its 

weight is recycled into new solar cells. This is modelled by reducing 80% of the process 

emissions and energy requirements. Recycling steel is a commonly used process and 

previous LCA work has shown that about two thirds of the GHG emissions can be 

saved compared to producing new steel.  

In table 10, and figure 7, it is shown how the variation of these parameters impacts the 

result. The basic scenario has by far the highest CO2 emissions per FU, while the 

scenario with PV modules produced in Sweden and the charging station is recycled the 

emissions are reduced to almost a fourth, compared to the basic scenario.  
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Figure 7. GHG emissions per FU for the evaluated scenarios. 

 

When the CO2 emissions per FU change with the different scenarios, the payback times 

for different electricity mixes also change. Figure 8 shows these different payback 

times. Worth noticing is, that a charging station, with Swedish solar modules based on 

recycled materials, that entirely can be seen as replacing electricity on the margin has a 

payback time of just over one year. This is about four times shorter than the basic 

scenario if calculated with that the charging station’s produced electricity solely 

replaces the same electricity. The extreme differences in payback time are entirely a 

consequence of Sweden’s tremendously clean electricity mix compared to the other 

investigated mixes. 
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Figure 8. The total GHG emission for the charging station, in the four evaluated 

scenarios is plotted along with the GHG emission savings compared to various 

electricity mixes. The differences in emission savings and scenarios result in various 

GHG payback times. 
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6. Discussion 

6.1 Criticism of the assumptions and uncertainty  

6.1.1 Neglecting the assembly of the charging station 

The assembling and mounting of the components are not included which could imply a 

minor underestimation of the emissions and energy usage. This is neglected due to lack 

of information and data about the exact manufacturing processes. Since human activities 

are not within the limitations of the system, probably the energy infusion and GHG 

emissions from these processes would be extremely small. 

6.1.2 Uncertainty of component models 

Due to lack of information about the exact types and models of the components in 

Solelia’s charging station some of the data has been based on what is assumed to be 

components representative for those used by Solelia. With more covering information 

about sub-suppliers to Solelia more data could have been gathered directly from them 

which could have given a more feasible result. There is also some minor uncertainty 

regarding the amount of BOS components and how these should be accounted for. 

6.1.3 Recycling 

Regarding recycling of steel, the processes are well investigated and data has been taken 

directly from previous LCA work from Rydh et al. (2002). The recycling of PV 

modules however, is based upon data that 80% of the weight of used PV modules can 

be recycled according PV Cycle (2013, No 1). Derived from this number, a recycling 

process was modelled by decreasing emissions and energy infusions in the material 

production processes by 80%. This resulted in total energy and emission savings for the 

PV modules of almost 50%. There is uncertainty if this is model is accurate, but still, it 

is reasonable due to the data from the PV cycle.  

The MDF, concrete and BOS can probably be recycled as well. Due to difficulties in 

finding trustworthy data and lack of resources this was not investigated. Since all of 

these components have a small contribution of the total GHG emissions and energy 

usage, recycling of these would only have a slight impact on the total results. 

6.1.4 Uncertainty regarding solar module production 

The data that is used for the PV module is collected from an environmental life cycle 

assessment of multi crystalline solar modules. However the PV module in Solelia’s 

charging station is a single crystalline silicon module. The manufacturing process 

between these PV modules differs slightly. Despite these differences the amount of 

GHG emissions and energy consumption are equal for the models. This is why the data 

for the multi crystalline module is assumed to be representative. Thus the PV modules 

are produced in China, it’s assumed that all of the electricity used in the manufacturing 

of them is from the Chinese electricity mix which has rather high emissions. However 
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the manufacturing company, Yingli, works to reduce their emissions from the 

production. This is done by cutting edge technologies and by using solar energy as one 

of their electricity sources. Though this has not been considered due to lack of 

information, but if it had been accounted for, it would affect the final amount of 

emissions positively.  

6.2 Which electricity mix is replaced? 

When charging an electric vehicle with Solelia’s charging station it can be thought to 

replace charging from the electricity grid. It is not obvious which electricity mix the 

charged electricity can be considered to substitute. The Swedish electricity grid is 

intimately connected to the Nordic grid, and also to some extension to the European 

grid. Electricity trading is constantly performed between these countries.  

Due to the complexity of these connected grids it is relevant to evaluate Solelia’s 

charging station GWP payback time by both Swedish and Nordic electricity mixes. 

Since the Nordic electricity mix has six times higher emissions of GHG, the GHG 

payback time is shorter if the calculations are based on figures from Nordic electrical 

mix instead of Swedish electrical mix. 

One of the main problems that comes with a large scale implementation of electric 

vehicles is to produce enough electricity to cover the demand If electric vehicles are 

going to charge their batteries direct from the electricity grid there may be load peaks 

that are hard to cover with electricity from the grid. If this grid electricity from base 

technology cannot cover these peaks then, electricity on the margin will be needed. Due 

to this, a charging station that provides the vehicles with solar power might be able to 

avoid these peak loads on the grid and thereby also avoid the need of electricity on the 

margin. Because of this it may also be possible that the solar power substitutes 

electricity on the margin. However, during night hours, these charging stations could 

not cover any peaks. 

Even though the GHG payback time is very long when evaluated by the Swedish 

electricity mix this number might not be representative in practise. The electricity 

produced from the charging station emits less GHG than the high emitting electricity 

sources that 3 % of the Swedish electricity mix consists of. Although the charging 

station emits higher amounts of GHG than the Swedish electricity mix, an 

implementation of Solelia’s charging station probably would contribute to lower the 

total GHG emissions from electricity production in Sweden. This because the electricity 

produced by the charging station probably would replace energy sources that emit 

higher amounts of GHG.  

Calculations regarding the total amount of used electric mix versus photovoltaic power 

are dependent on the electric vehicle charging patterns and its relation to photovoltaic 

power production. What times during the day that electric vehicles are charged and how 

the power needs due to this relate to the existing loads on the electricity grid decides 



32 
 

what type of electricity the charging station replaces. This is not evaluated further since 

it is not within the scope of this report. 

It is worth mentioning that Solelia’s charging station would be an even more 

environmental friendly alternative in countries with more solar irradiation and which do 

not have an electricity mix as clean as Sweden’s. Since the GHG payback time is 

directly linked to these two parameters the payback time could be shortened 

significantly if these conditions are satisfied. See figure 8 for a graphical view.  

6.3 Comparison with similar works 

Since the products of a particular company in many aspects are unique, as in this case 

with Solelia’s charging station, it is not likely that studies concerning the same 

components and aspects are performed. This report studies a specific product which has 

not been investigated with this perspective before. Therefore there are no directly 

corresponding previous studies of the same complex of components this system consists 

of. There have been difficulties in finding any other LCA for a solar charging station 

destined to electric vehicles, with a clearly defined FU. LCAs found for electric vehicles 

or solar modules are plenty, but not for a similar charge station like Solelia’s. However, 

this report is based upon other LCAs and data for the explicit components in Solelia’s 

charge station.  

6.4 Improvement factors 

The results show that the single component that unequivocally contributes most with 

GHG emissions is the PV module. But it is also shown that it is big differences 

depending on how and where the PV-module is produced. In the worst case scenario, 

where the PV-module is produced in China and none of the components is recycled in 

the disposal stage, the emissions of GHG are 0.078 kg CO₂eq/FU. Comparing this with 

0.020 kg CO₂eq/FU which is given by the best scenario, where the PV modules are 

produced in Sweden and both the PV modules and the steel frames are recycled, shows 

that the emissions from the charging station diversify distinct between the different 

scenarios. A change in production and usage of other components than the PV modules 

would not have any significant effects on the result. However the MDF, which stands 

for between 5-2% of the total emissions depending on scenario, does not have any 

important functional usage. MDF is used to cover the underside of the PV modules as 

protection for cables and other electrical components. In other aspects than these this 

report concludes that it is possible MDF has other environmental advantages. But from 

an energy saving and GHG minimizing perspective, the MDF can be replaced by 

another material. 
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7. Conclusions 
The total energy infusion to the system is 9.4 MWh and the calculated electricity 

production is 76.5 MWh. GHG emissions per delivered kWh from one charging station 

during its lifetime are calculated to 0.078 kg CO2eq.  

The results shows that Solelia’s charging station has an energy payback time of 3.5 

years and a GWP payback time of 4 to 117.5 years in the basic scenario depending on 

which electricity mix seen as substitute. As long as the payback time is not evaluated by 

Swedish electricity, all of the payback times are with margin shorter than the expected 

lifetime for the charging station, 30 years.  

The sensitivity analysis concludes that the production site of the PV modules, and how 

the rest management stage of the charging station is handled, are two parameters with 

considerable impacts on the total result. 

Solelia’s charging station is in its present form already an energy and GWP effective 

concept. However these aspects could be improved by smart rest management 

processes, solar modules produced with cleaner electricity and a coating of a less GHG 

emitting material. 
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Appendix A. 
Complementary data. 

 

CO2eq factors, Rydh et al. (2002) 

Gas Gwp factor 

CO 3 

CH4 21 

CHCL3 5 

NOx 7 

HC 11 

 

 

Electricity mixes. From Swedish energy agency (2013, No 2) and International Energy 

Agency (2012) 

Country kg CO₂eq/kWh kg CO2eq/year 

China 0,766 1953,3 

Nordic mix 0,125 318,75 

Sweden 0,02 51 

Electricity on the margin 0,575 1466,25 

 

 

Emissions from combustion of different fuels. From Biomass Energy Centre (2013). 

Fuel kg CO₂eq/kWh  

Average (1/3 each) kg 

CO₂eq/kWh 

Hard coal 0,484 0,161333333 

Natural gas 0,27 0,09 

Fuel oil 0,35 0,116666667 

Average total 
 

0,368 

 

 

PV module production in China. From Phylipsen and Alsema (1995) 

Energy 
consumption kWh/m² kg CO₂eq/m² kg CO₂eq/FU 

Direct production 
emissions 

 
4,95 0,000906748 

Fuel energy 166,4 61,2352 0,011217146 
Electricity energy 
(China) 353,6 270,8576 0,049616057 

Total energy 520 332,0928 0,061739951 
Total energy with 
recycling (80% of 
material) 256 164,8 0,0314 
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PV module production in Sweden. From Phylipsen and Alsema (1995) 

Energy consumption kWh/m² 

kg 

CO₂eq/m² 

kg 

CO₂eq/FU 

Direct production emissions 
 

4,95 0,000906748 

Fuel energy 166,4 61,2352 0,011217146 

Electricity energy (Nordic) 353,6 44,2 0,008096615 

Total energy 520 105,4352 0,020220508 

Total energy with recycling 
(80% of PV material) 256 51,9352 0,009513559 

 

 

BOS components. From Alsema and de Wild-Scholten (2005) 

 
/m² /FU 

CO₂eq emissions [kg] 6,1 0,001117406 
Energy consumption 
[kWh] 27,78 0,005088778 

Inverter data /inverter /FU 

CO₂eq emissions [kg] 33,75 0,000883196 
Energy consumption 
[kWh] 144,75 0,003787928 

  

 

Concrete data from Sjunnesson (2005). 

CO2-eq 
emissions to air kg CO2eq/m³ 

kg CO2eq/charging 
station kg CO2 eq./FU 

Transport 45 43,2 0,000565245 

Energy 103 98,88 0,001293784 

Raw material 127 121,92 0,001595248 

Total emissions 275 264 0,003454277 

Energy usage kwh/m3 kwh/charging station kWh/FU 

Electricity 50 48 0,00062805 

Fossil fuels 298 286,08 0,00374318 
Total energy 
usage 348 334,08 0,00437123 
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Emissions from different transport types. From Psaraftis and Kontovas (2009) 

Type of 
transport kg CO2/ton/km kg SO2/ton-km kg NOx/ton-km 

kg CO2eq/ton-
km 

Airplane (747-
400) 0,552 0,00569 0,0017 0,5639 

Heavy truck 0,05 0,00031 0,00000005 0,05000035 

Rail-diesel 0,017 0,00035 0,00000005 0,01700035 

Rail-electric 0,018 0,00044 0,0001 0,0187 

Container ship 
     

 

Transport emissions 

Type of 
vessel Route Cargo 

Distance 
(km) 

Payload 
(ton) 

kgCO2-
eq/charging 
station 

kg CO2-
eq/FU 

Rail-
diesel 

Baoding - 
Tianjin 

8 solar 
modules + 1  
inverter + 
cables 182 0,2098 0,649134564 

8,49352E-
06 

Container 
ship 

Tianjin - 
Gothenburg 

8 solar 
modules + 1  
inverter + 
cables 21340 0,2098 76,112811 

0,00099588
9 

Heavy 
Truck 

Gothenburg - 
Uppsala 

8 solar 
modules + 1  
inverter + 
cables 453 0,2098 4,752003264 6,2177E-05 

      
0 

Rail-
electric 

Stockholm - 
Uppsala Concrete 74 2,5 3,4595 

4,52654E-
05 

       Rail-
electric 

Luleå - 
Norrköping Steel 1195 0,3 6,70395 8,7717E-05 

       Heavy 
Truck 

Norrköping - 
Täby Steel 176 0,3 2,64001848 3,4543E-05 

       Heavy 
Truck 

Täby - 
Uppsala Steel 69 0,3 0,98736 1,2919E-05 

       Heavy 
Truck 

Heiligengrabe 
- Uppsala MDF 1381 0,129 8,907512352 

0,00011654
9 

    

Total 
emissio

ns: 104,2122897 
0,00136355

3 
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Appendix B 
Blueprint of Solelia’s charging station provided by Per Wickman (2). 

 


