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I 

Executive summary 

Nowadays, solar PV is the largest growing renewable energy technology globally. This renewed interest 

in solar PV generates employment opportunities. Nevertheless, the impact of the uptake of renewable 

energy on the employment creation in the European Union has had relatively lesser attention than the 

climate change impact and the financial aspect.  

However, EurObserv’ER (2018), O’ Sullivan et al. (2020), Solar Foundation (2019), Breyer et al. (2019), 

Rutovitz et al. (2015), EY & SolarPower Europe (2017) and Pereira da Silva (2013) are all sources that 

already reported about employment created by renewable energy technologies. Nevertheless, the 

majority of these studies do not focus on the solar PV job market solely, contain data that is too 

outdated and are often lacking granularity.  

Hence, the goal of this paper is to alleviate the shortcomings of above-mentioned reports and give an 

update on the employment creation of the solar PV market in the EU in the short- and the long-term. 

This is done through a dynamic mathematical model, that gives an accurate overview of all jobs related 

to the solar PV value chain (manufacturing, deployment, O&M, decommissioning & recycling).  

The methodology in this paper uses a hybrid approach to calculate FTEs based on multiple job 

calculation methodologies that have been investigated beforehand. One part of the model converts 

CAPEX and OPEX of solar PV installations into direct FTEs for deployment and O&M respectively. 

Another part of the model uses an employment factor approach to calculate direct FTEs related to 

manufacturing, decommissioning and recycling. Further, to quantify the indirect effects of solar PV 

investments, an Input/Output table is used that includes the 27 members of the European Union and 

63 sectors that cover all economic activity.  
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The model has estimated 287,000 FTEs in 2020 for an installed capacity of 18 GW of which 123,000 

FTEs are direct and 164,000 FTEs indirect. When looking at the direct FTEs, it can be noticed that 74% 

is related to deployment (90,000 direct FTEs), 11% is related to O&M (14,000 direct FTEs), another 11% 

is a result of manufacturing (14,000 direct FTEs) and 4% is related to decommissioning & recycling 

(5,000 direct FTEs).  

 

The short-term outlook looks at the prospect of the solar PV market between 2020-2024. In 2021, 

there are 182,000 FTEs in the low scenario, 334,000 FTEs in the medium scenario and 481,000 FTEs in 

the high scenario. In the following year, 276,000 FTEs are created in the low scenario, 395,000 FTEs in 

the medium scenario and 482,000 FTEs in the high scenario. Subsequently, in 2023, there are 358,000 

FTEs in the low scenario, 465,000 FTEs in the medium scenario and 602,000 FTEs in the high scenario. 

Finally, in 2024, 391,000 FTEs are generated in the low scenario for an installed capacity of 21 GW, 

549,000 FTEs in the medium scenario for an installed capacity of 37 GW and 593,000 FTEs in the high 

scenario for an installed capacity of 43 GW.  

Long-term outlook on the solar PV job market 
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The long-term outlook looks at the prospect of the solar PV market between 2020 and 2050. The FTEs 

in 2030 and 2050 differ depending on the scenario. In 2030, the laggard scenario generates 1,062,000 

FTEs with an installed capacity of 72 GW, the moderate scenario 1,208,000 FTEs with an installed 

capacity of 100 GW and the leadership scenario, which is the most ambitious one, 1,307,000 FTEs with 

an installed capacity of 136 GW. In 2050, the laggard scenario creates 1,951,000 FTEs with an installed 

capacity of 204 GW, the moderate scenario 2,720,000 FTEs with an installed capacity of 289 GW and 

the leadership scenario 2,304,000 FTEs with an installed capacity of 291 GW. 

The key limitation of this model is the generalisation error that is created by using a standard 

Input/Output table made by Eurostat. The indirect FTEs are calculated using an employment multiplier 

that is computed with these tables. The sectors mentioned in these tables are not solar PV specific, 

which could result in inaccurate employment multipliers. A second main limitation is the fact that large 

swings in annual installed capacity lead to very fluctuating results between years. Nevertheless, this 

phenomenon only impacts deployment jobs (installation labour and soft labour). 

To conclude, this model calculates FTEs for the entire European Union. The model is not limited to FTEs 

on a European scale but also expanded to FTEs for the member states and includes both direct as well 

as indirect FTEs to be more comprehensive. In addition, the report is solely focused on the solar PV 

sector and is one of the few reports that has future estimations based on 100% renewable scenarios. 

Subsequently, this report is one of the first to quantify the FTEs for recycling. These FTEs are rather 

small in 2020 but have a non-negligible impact in 2030 and 2050. Finally, this model shows the impact 

that can be generated on employment creation through the implementation of good policy 

frameworks that are in accordance with the European Green Deal.  
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1 Introduction  

1.1 Introduction to SolarPower Europe 

SolarPower Europe is a member-led association representing organisations active along the whole 

value chain of the solar energy industry. The key objective of SolarPower Europe is to ensure that solar 

energy is the largest source of energy by 2030 and to support their members to make solar the core of 

a smart, sustainable, secure and inclusive energy system in order to reach carbon neutrality in 2050. 

SolarPower Europe is a well-established association within the solar industry. Known before 2015 as 

the European Photovoltaic Industry Association (EPIA), it has over 35 years of experience in 

representing the interests of this industry towards the European institutions and at the national level 

influence. The work of SolarPower Europe can be split up in four key tasks: 

• European policy engagement on all topics off the electricity sector, but also looking into other 

areas important to further develop the solar industry (mobility, buildings, hydrogen, and sector 

coupling) 

• Organisation of events for networking and B2B meetings 

• Providing their members with data and information on the state of solar markets across the world 

• Promote and informing all stakeholders, including the media, of the benefits of solar power and 

run communications campaigns on issues of importance for the sector 

Currently, SolarPower Europe holds more than 230 members, both corporate and associations. The 

team consists of 30 employees with expertise in policy and renewable energy. It has a 15-person Board, 

consisting of its people of members organizations. 

1.2 Problem statement  

The European Union is making the transition from fossil energy to green energy and wants to decrease 

emissions by 55% by 2030 and reach carbon neutrality by 2050. According to the renewable energy 

directive, members can choose how to comply with this target. One of these options includes solar 

Photovoltaics (hereafter: PV). Solar PV is the largest growing renewable energy (hereafter: RE) 

technology globally. In recent years the sector surpassed expectations in terms of cost reduction and 

growth rate. The European Union installed capacity increased 11% to 18.2 GW in 2020 (SolarPower 

Europe, 2020a). 

Together with the reduction of greenhouse gases and the profitability of this technology come the 

employment opportunities. However, the impact of the uptake of RE on the employment creation in 

Europe has had relatively lesser attention than the climate change impact and the financial aspect. 

Unfortunately, data on jobs as a key motivation for solar PV is scarce. EY created job reports for 

SolarPower Europe in 2015 and 2017. However, the results are considered too conservative, too 

outdated and the model is not available for reuse. Other organisations such as IRENA and Greenpeace 

also published job reports, but their estimates focused more on RE in general rather than on solar PV 

in particular. In addition, some of these reports only focused on direct jobs and neglected the impact 

of solar PV on indirect jobs.  
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Hence, the goal of this research is to alleviate the shortcomings of the above-mentioned reports and 

give an update of the employment creation of the solar PV market in the EU in the short-term and the 

long-term. This is done through a dynamic mathematical model, that gives an accurate overview of all 

jobs related to the solar PV industry. The results provide information for the different member states 

of the EU and for the different parts of the value chain. The model will serve as a tool for SolarPower 

Europe to provide regular updates on solar jobs in the European Union. In this paper, policy makers 

are guided on what should be emphasised when deciding on new measures related to the solar 

industry jobs. 

1.3 General outline  

A literature review first investigates the current state-of-the-art of solar PV and renewable energy job 

reports. This literature review focuses on the methodologies that are used and is done to get a deep 

understanding on the quantification of employment effects of renewable energy sources on one hand 

and on the different aspects of the solar PV sector and its employment segments on the other hand. 

The last part makes it able to create a comprehensive overview of all employment types related to 

solar PV. At the end of the literature review, the different methodologies are compared in order to 

enable the developing of a model that is fulfilling the needs described in the problem statement. 

Next, this report describes the methodology to quantify the employment effects (direct and direct) of 

solar PV investments for each individual European Union Member State. The methodology uses a 

hybrid approach to calculate FTEs based on multiple job calculation methodologies that have been 

investigated beforehand.  One part of the model converts capital expenditures (hereafter: CAPEX) and 

operational expenditures (hereafter: OPEX) of solar PV installations into direct full-time equivalents 

(hereafter: FTEs) for deployment and operations & maintenance (hereafter: O&M). Another part of 

the model uses an employment factor approach to calculate direct FTEs related to manufacturing, 

decommissioning and recycling. Further, to quantify the indirect effects of solar PV investments, an 

Input/Output table is used that includes the 27 members of the European Union and 63 sectors that 

cover all economic activity. Finally, nine interviews were conducted to verify assumptions or to bridge 

data gaps. An overview of these interviews can be in found in Table 22 (Appendix C). 

After the methodology is explained, results are analysed. All results are annual, which implies that they 

show the FTEs required to fulfil the demand of the corresponding year. Firstly, the current state of the 

job market is analysed. In this section, a general FTE overview is provided which is followed by a 

separate analysis of the four main parts of the solar PV value chain. Secondly, a short-term outlook on 

the solar PV job market is done. This includes a forecast for the total FTEs from 2020 to 2024. In this 

part, two scenario analyses are done. One scenario analysis focuses on the cumulative capacity and 

the installed capacity which are linked to the CAPEX of PV systems. The other one focuses on the 

manufacturing capacity, which is based on the market share that the EU will be able to capture in the 

coming years. Furthermore, a long-term outlook is provided. This outlook contains a forecast for the 

total FTEs for 2030 and 2050. Again, the same types of scenario analyses are done as for the short-

term outlook.  To conclude this report, the results are summarised and the limitations of the developed 

methodology are acknowledged. Lastly, future recommendations are included that can be 

implemented by future researchers to further improve the accuracy of the job calculation model. 
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2 Literature review  

2.1 Overview of previous job reports  

The economic impact of clean energy investments is a scope in the literature that has been rising 

constantly in the previous years. But as mentioned above, job market reports for the renewable 

technologies are not numerous, let alone job reports that focus on the solar PV market. Most RE job 

reports found in literature are outdated, too generalised or did not focus on the European market. In 

what follows, a brief selection of literature on the impact renewable energy sources (hereafter: RES) 

on employment is given.  

EurObserv’ER (2018), O’ Sullivan et al. (2020), Solar Foundation (2019), Breyer et al. (2019), Rutovitz 

et al. (2015), EY & SolarPower Europe (2017) and Pereira da Silva (2013) are all sources that reported 

about the jobs created by RE technologies but only EY & SolarPower Europe focused solely on Solar PV 

jobs. An overview of these studies can be found in Table 1, sorted in terms of methodology. A variation 

of methodologies is used with some of these methodologies being a combination of different basic 

methodologies. Something that all these reports have in common is the generalisation of the solar PV 

job market. There is not much granularity in the approach of calculating employment, because 

standardised metrics are used which are often outdated or not well substantiated. Obviously, as these 

reports all focus on different renewable technologies on a global scale, much granularity is not feasible. 

Interesting however, is that most methodologies can easily be extended to a more local scope both on 

the technology side as well as on the geographical side. As the scopes are different, most of the results 

(if possible) are reported in a different way which makes it difficult to compare these reports in terms 

of results. However, this literature review is mainly focused on the methodology, rather than on the 

results. Lastly, at the end of this chapter, a summary is given of the three methodologies that are 

analysed. In that same section, a discussion can be found on which methodology is the most suitable 

for this research project. 

Table 1: Overview of the articles reviewed  

Author Published Methodology Scope 

Solar Foundation 2019 Survey-based Solar PV in USA 

Breyer et al. 2019 Employment factor RES Global 

Rutovitz et al. 2015 Employment factor RES Global 

EurObserv’ER 2018 I/O model RES in EU 

O’ Sullivan et al. 2020 I/O model + survey RES in Germany 

Pereira da Silva et al. 2013 I/O model RES in Portugal 

EY & SolarPower 

Europe 
2017 I/O model Solar PV in EU 
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2.2 Survey-based approach 

Since 2010, the Solar Foundation releases its National solar jobs census, establishing the solar jobs 

baseline for the USA and analysing if the solar industry is having a positive impact. The Solar Foundation 

used the same methodology in each of the past ten years and tracks the trends and changes over time. 

The Solar Foundation uses questionnaires and employer-reported data. In 2019, this included 70,000 

phone calls, 47,000 email invitations and more than 49,000 letters inviting participants to take the 

survey. In total, data has been gathered of the 9,821 available solar businesses of which 2,766 provided 

information about their solar activities. Besides that, companies from various industries that are 

potentially related to the solar industry were added to the survey. Because responses to the survey 

are often not representative by industry, it is important to note that a weighting adjustment is applied 

to the responding value chain segments. This prohibits over- or under-representation of a certain 

segment of the value chain. The data of the sample of this survey is then cleaned and made ready for 

processing. Subsequently, the data is used to generate information on the USA solar sector on the 

state-level and on the breakdown of the sector in production, installation, engineering, and operations.  

This methodology is also known as the analytical method because a statistical analysis is done to 

generate information on the jobs. This analysis includes a result that has a probability distribution with 

a mean and a standard deviation. Important when using this methodology is that one must have a 

strong background in statistics and data analysis. To conclude, a survey-based methodology is 

straightforward as it is standardised and consists of simple surveys, but it is much more time consuming 

than other methodologies. 

In its Jobs census of 2019, it reports an estimate of 250,000 solar jobs. Nevertheless, the definition of 

a solar job is different for most reports that are consulted. The organization defines a solar job as one 

held by a worker spending at least 50% of his or her time on solar-related work.  

2.3 Employment factor approach 

In 2015, Rutovitz et al. released a report for Greenpeace International where they quantified the global 

energy sector employment creation. The methodology used in this report is founded in 2009 and is a 

mathematical model that estimates only the direct jobs related to the different RES. Breyer et al. (2019) 

use the same methodology, which is the reason why they are clustered together in this section. 

These studies include direct employment only, namely jobs in manufacturing, deployment and O&M. 

The methodology is based on linear equations that calculate the jobs for a certain part of the value 

chain. The electrical capacity installed and produced are multiplied with the employment factors 

(jobs/MW) for each of the technologies, and then multiplied with the regional job multiplier (measure 

for the average wage level). The regional job multipliers take into account the different wages of the 

different regions, because one FTE in an OECD country is not the same for a non-OECD country. Only 

for the manufacturing segment an extra factor is included that takes into account whether the 

manufacturing was local or not. An overview of this methodology applied on the solar PV industry is 

given in Figure 1. To make this methodology dynamic, the employment factors are multiplied with a 

learning curve factor every other year to account for the efficiency increase in the use of resources for 

the different years. This factor is basically a representation of the decrease in price of the 

manufacturing of PV equipment, deployment and O&M of solar PV systems. 
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A large number of assumptions have been made in both the study of Breyer et al. (2019) and Rutovitz 

et al. (2015). This is an immediate downside of this methodology. Because the equations are simple 

and contain only a limited number of factors, this method can only be used as indication. Rutovitz et 

al. (2015) mention that quantitative data on employment is difficult to obtain through recent surveys.  

The employment factors for solar PV that are used in both Rutovitz’ and Breyer’s methodology are 

based on 2013 and 2014 sources. Most of these factors are averages of surveys among four to eight 

companies in Europe, USA and Asia. The employment factors for solar PV are the following: for 

manufacturing 6.7 direct jobs per MW, for deployment 13 direct jobs per MW and for O&M 0.7 direct 

jobs per MW. It is very important to note that these values are outdated and based on a small amount 

of substantiation. Furthermore, these values are not region specific, as they have a global scope. With 

the use of the learning curve factor the employment factors are updated, however for a more realistic 

approach, these values should be recollected by doing updated surveys or interviews on a large enough 

scale. 

Furthermore, the data on the export and import of renewable energy equipment is also outdated. Both 

the report of Rutovitz et al. (2015) and Breyer et al. (2019) assume that a large part of the renewable 

energy equipment is produced locally. Both studies assume a factor of 90% local manufacturing. For 

all renewable energy sources combined this might be true in 2015, however for solar PV this is not the 

case.  

A large part of the solar PV manufacturing is done in China, with other Asian countries playing a role 

as well (Guidehouse Insights, 2021).  Thus, it can be concluded that the methodology used in both 

studies of Breyer et al. (2019) and Rutovitz et al. (2015) is a good methodology for estimating jobs on 

a global scale and for different RES. However, to calculate the jobs for a more specific region and 

technology, this methodology is considered as undesirable. Rutovitz et al. (2015) do not provide the 

reader with any results, as its purpose is just to provide the reader with information about the 

methodology. Breyer et al. (2019) provide the following results for Europe: The total solar PV 

employment in Europe in 2015 is estimated to be 300,000 FTEs. In 2020 the solar PV direct FTEs would 

Figure 1: The employment factor approach used by Rutovitz et al. (2015) and Breyer et al. (2019) 
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be estimated to be 500,000. Lastly, Solar PV emerges as the major job creating sector with 1.73 million 

FTEs by 2050. Important to note is that these results assume a Best Policy Scenario in which the world’s 

electricity generation is 100% renewable and has various storage options across different regions in 

the world.    

2.4 Input/Output methodology 

In this section some important papers are analysed regarding the Input/Output methodology. In that 

way, some major differences as well as lapses between the approaches can be highlighted.  

EurObserv’ER (2018) 

The methodology used by EurObserv’ER to estimate the direct and indirect FTEs related to RES (solar 

PV, wind, biomass, hydropower, geothermal etc.) is the so-called ‘follow the money’ approach. This 

methodology is based on following the revenue streams, created by investments in renewable energy 

that flow to a variation of sectors and converting these revenue streams into jobs by using data on the 

labour share of these revenue streams. The labour share is a percentage, and it can be used to calculate 

the labour cost in monetary value, which is subsequently converted into an FTE value. Important is 

that the conversion of labour cost into FTE is done via the average gross wage of a specific sector and 

a specific region. The result is a link between the revenue streams related to a RES and the related 

FTEs. The revenue streams are determined using the CAPEX and OPEX related to each RES. CAPEX and 

OPEX values are presented in monetary value per unit of RES capacity (€/W). These values are based 

on case studies and other literature sources but are not provided to the reader.  

 

Having the revenue streams related to CAPEX and OPEX, the next step is to break these values down 

among specific sectors. This makes it able to calculate what share of the revenue streams goes to what 

sector, which makes it possible to determine the labour costs and subsequently the labour share. The 

share of the CAPEX that goes to what sector is given in Table 2. Important to note is that these 

percentages are from 2014 and have not been updated since then. However, these percentages will 

have changed over time as the solar PV industry has known a lot of innovation from 2014 to recent 

years. Manufacturing processes have increased in automation technologies while modules have 

drastically decreased in price and installers have become more and more skilled. But as this 

methodology is used for different RES it is not feasible to update these values on a yearly basis. It is 

guessed that the impact on the accuracy of the jobs estimate is in the range of a few percentages, 

because of these outdated values. For the OPEX, the same principles are used as for the CAPEX. The 

allocation ratio to each economic sector was based on the cost breakdown examples of OPEX from 

case studies. When there were no case studies available, the breakdown is either based on expert 

opinion or on the ratio of a similar technology. Most of the OPEX values are related to the construction 

sector, as it consists mainly of replacements of solar PV systems.  
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Table 2: CAPEX breakdown to different economic sectors for solar PV (2014) 

To quantify the impact of import and export of solar PV equipment, this report uses Eurostat data. 

Import and export only have impact on the manufacturing FTEs, which are either locally or outside the 

European Union. The model uses data on import and export to calculate a local manufacturing factor 

(%). This factor is multiplied with the FTEs that are a result of manufacturing. It must be noted that this 

data is generalised import/export data of a certain group of products, of which solar PV cells are a sub-

category. This means that the import/export data does not represents the solar PV trades in an 

accurate way.  

Lastly, the flow of money from a certain sector to a different sector also known as indirect demand, is 

calculated using Input/Output tables. The EurObserv’ER methodology uses Input/Output tables to 

calculate a “spending in other sector” factor. With this factor, they calculate the indirect effects of a 

certain demand for solar PV cells. However, EurObserv’ER does not use a lot of transparency in how to 

calculate these “spending in other sectors” factors. This makes it difficult to grasp whether this 

methodology is covering the full indirect employment effects for the whole economy of scope.  

To conclude, this method is easily reproducible when the data is updated and that is a comprehensive 

methodology that covers both direct and indirect FTEs and measures the impact of trade on the 

employment of RE equipment.  

In the EurObserv’ER methodology, two different types of FTEs are discussed. Direct FTEs and indirect 

FTEs. Direct FTEs are defined as employment that is related to a sector’s core activities such as 

manufacturing, project development (including site preparation and installation) and O&M. Indirect 

FTEs refer to employment from secondary activities. Examples might include the labour required to 

extract and process raw materials, such as aluminium, steel and petrochemicals for solar PV modules 

and balance of system components as well as positions in government ministries, regulatory bodies, 

consultancy firms, transport and warehousing and research organizations working on renewables.  

EurObserv’ER reported about RE FTEs yearly from 2011 to 2018 based on an own developed model 

that was found in 2011 by TNO, an intelligence business from the Netherlands. EurObserv’ER is the 

main source of the IRENA job reports that are published yearly. The most recent update for RES FTEs 

is from 2018. EurObserv’ER estimated a total of 1.3 million direct and indirect FTEs in the European 

Union for all RES. For Solar PV it reports 127,000 FTEs. There is no breakdown of the FTEs among the 

value chain of the solar PV industry. Thus, no analysis can be done in terms of FTE/MW for the differen 

parts of the solar PV value chain. 

 Construction  
Equipment 

manufacturing 

Consulting and 
engineering 

services 

Financial 
services 

Energy sector 

PV commercial 
medium 

40% 42% 7% 3% 1% 

PV commercial 
large (no tracking) 

40% 42% 7% 3% 1% 

PV commercial 
large (tracking) 

40% 42% 7% 3% 1% 

PV residential 28% 68% 1% 1% 0% 
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After comparing these results with the Breyer et al. (2019) estimate, there is a clear discrepancy. 

500,000 direct solar PV FTEs in the Breyer et al. report in 2020 versus 127,000 direct and indirect FTEs 

in 2018 in the EurObserv’ER report. However, both reports have a different scope, EurObserv’ER covers 

only the EU while Breyer et al. report on a global scale. As a result, different assumptions are made in 

both calculations. This shows that quantifying FTEs is not straightforward and is influenced by many 

different assumptions. Therefore, when analysing results, it is important to always verify the scope, 

the assumptions and the methodology of the calculations. 

O’ Sullivan et al. (2020)  

O’ Sullivan et al. (2020) reported many job studies related to RE in Germany. That country has a great 

support landscape for renewables in the energy sector and it is known to be the largest manufacturer 

of solar PV related goods in Europe. The most recent study that was available stems from 2020. 

However, this report analyses the green jobs in Germany from 2000 to 2018.  

The methodology quantifies employment for all RES in Germany based on an Input/Output approach. 

As already mentioned before, this has the advantage that direct as well as indirect employment can 

be identified. Four areas are looked at specifically (a) the production and installation of RE systems for 

domestic use and for export, (b) O&M, (c) supply of biogenic fuels and (d) publicly funded research and 

administration. Renewable energy systems have been the subject of a very detailed investigation due 

to its importance in the energy transition. Three surveys of approximately 1,200 companies in Germany 

for the years 2004, 2007 and 2012 have been conducted back then. The information that was gained 

regarding the flow of goods as well as production interlinkages with other industry sectors in Germany 

and abroad is the basis for deriving specific Input/Output structures for each of the technologies. The 

Input/Output based representation of RE O&M activities is based on a series of in-depth interviews 

and case studies of planners and plant operators. Thus, these surveys provided the researchers with a 

large amount of data about both the direct jobs (manufacturing, installation, O&M) and the indirect 

jobs (other economic sectors).  

It can be concluded that the methodology used by O’ Sullivan et al. (2020) has a strong accuracy to 

estimate FTEs for the RES in Germany. This is because O’ Sullivan et al. (2020) constructed a tailor-

made Input/Output table specifically for Germany that is supported by many surveys that were 

conducted every other three years within a sample of 1,200 companies. This method is very different 

from the Rutovitz method (Rutovitz, 2015). For Rutovitz, a more global and general approach is 

desired, while for the study of Germany (O’ Sullivan et al., 2020) a secluded and specific approach is 

desired with very few assumptions. As a logical result, the approach of O’ Sullivan results in more 

accurate FTEs estimates, which of course comes with a major downside that it is very time consuming 

and not reproducible every other year.  

Pereira da Silva et al. (2013)  

This paper offers an assessment of the impact of Portuguese ‘green’ energy policies on the 

employment level. It was published in 2013 for the faculty of Economics of the University of Coimbra. 

The results of this study are less relevant for this report, however, the methodology used to estimate 

the direct and indirect jobs is of interest as they used an Input/Output methodology. Because the 

analytical studies using extensive surveys appear to be better suited for regional studies while linear 
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simulations, either in the form of Input/Output analysis or, in recent years, social accounting matrix 

multiplier analysis appear to better suit national and international studies. This is a conclusion that can 

also be drawn from the other literature reviews done above.  

The Input/Output methodology is similar to the EurObserv’ER methodology and the methodology used 

by O’ Sullivan et al. (2020). As mentioned before, Input/Output methods offer the ability to model 

impacts of a sector on all the other sectors of an economy and are typically used for determining the 

economic impacts of a particular investment or activity. Such examples include international or 

national estimates of employment. Usually, a coefficient (also known as a multiplier) is used to describe 

the relationship between output, employment, and income of one sector on other sectors of the 

economy.  

The direct impact is calculated via the CAPEX and OPEX flows. Similar to Table 2, a breakdown of the 

CAPEX and OPEX is done over the different sectors like manufacturing, construction, engineering etc. 

A big difference with this report and EurObserv’ER is the way the Input/Output tables are used. In this 

report, the Input/Output tables are used to calculate employment multipliers. These multipliers show 

the number of jobs that are created directly and indirectly for one direct job. In the EurObserv’ER 

methodology, they calculate a “spending in other sectors” factor. Which represents only a few sectors 

that they see as an indirect sector. However, EurObserv’ER does not use a lot of transparency in how 

to calculate these “spending in other sectors” factors, while Pereira Da Silva et al. do provide the reader 

with a clear formulation on how to calculate the employment multipliers that cover the direct and 

indirect effects. During this investigation, a lot of information is gathered about the use of 

Input/Output models to solve economic problems. 

EY & SolarPower Europe (2017) 

In 2017, this report quantified jobs for the solar PV sector in the EU for 2008, 2016 and 2021. The direct 

FTEs are calculated with the use of CAPEX and OPEX required to build and operate solar PV equipment. 

Other inputs like annual and cumulative installed capacity, load factors and domestic shares are also 

used. The direct FTEs are calculated among different parts of the value chain. A distinction is made 

between upstream and downstream activities. Upstream activities consist of the manufacturing of 

polysilicon, wafers, cells, modules, inverters and balance of systems. The downstream activities consist 

of engineering, studies & administration, installation, O&M and decommissioning & recycling. Further, 

a distinction is made between the capacity segments of the solar PV market: residential, commercial, 

industrial and utility. 

Indirect FTEs are defined as employment resulting from supplying industries (e.g. transport, 

manufacturing of certain materials, professional services etc.). The indirect FTEs are calculated using 

Input/Output tables sourced from Eurostat. The expenditures of each segment in the value chain are 

inserted in the Input/Output table which then calculates the rippling effects throughout the suppliers 

and service providers of the PV industry. No more details are provided about the methodology used. 

However, the report gives an explanation on how the different segments of the solar PV value chain 

are linked to the 65 sectors in the Input/Output tables. Module manufacturing is paired with “Electrical 

Equipment” (NACE code C27). Silicon manufacturing is paired with “Other non-metallic products” 

(NACE code C23); engineering services are paired with “Architectural and engineering services; 

technical testing and analysis services” (NACE code M71); operations and maintenance, installation 
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and decommissioning are paired with “Repair and installation services of machinery and equipment” 

(NACE code C33). This is mentioned because it has a major impact on the calculations of the FTEs and 

it should always be investigated profoundly whether or not these linkages are correct.  

EY & SolarPower Europe (2017) report 81,000 total FTEs in 2016 for an installed capacity of 6 GW for 

the EU-28. Furthermore, 175,000 FTEs were estimated for 2021 based on an installed capacity of 15 

GW. In 2021, 32% of the FTEs are estimated to be related to engineering, studies & administration, 

21% of the FTEs are related to installation, 20% are related to O&M and 25% are related to 

manufacturing.

2.5 Overview of different methodologies 

To conclude the literature review, three different methodologies are found. An overview of these 

methodologies can be found in Table 3. 

Table 3: Overview of different methodologies used for calculating jobs 

Methodology 
Estimated 

jobs 
Scope Data +/- 

Survey-based Direct 
Local/ 

national 

Large number of 

surveys 

+ Detailed 

- Bias 

- Resource intensive 

Employment 

factors 
Direct Global 

Multiple case studies 

and expert interviews 

+ Solar PV specific 

- Finding data 

- No indirect effects 

Input/Output 

models 

Direct & 

indirect 

National/ 

international 

Labour % of CAPEX & 

OPEX + Input/Output 

tables 

+ Comprehensive 

+ Reproducible 

- Not solar PV 

specific 

 

To summarize the literature review, three methodologies are found: (1) the survey-based approach, 

(2) the employment factor approach and (3) the Input/Output model. The survey-based approach is 

also called the analytical approach because it uses a statistical analysis of the survey results. The 

advantage of this methodology is that it provides very detailed data within the value chain of the solar 

PV sector and that it provides information for each region in the scope. The disadvantage is that it is 

very resource-intensive and that it only covers the direct jobs. The employment factor approach also 

calculates only the direct effects using employment factors that are based on case studies or expert 

interviews. The big disadvantage is that it is difficult to obtain these employment factors as one needs 

a significant amount of case studies to get relevant employment factors. The Input/Output model is a 

methodology that is specifically used to calculate the indirect and direct impact of RES with the use of 

Input/Output tables. Information on the CAPEX and OPEX is very important for this methodology as it 

is used as an input for the Input/Output tables. The disadvantage of the Input/Output model is that 

these tables are national or international tables that cover a whole economy with its different sectors 

and that there is no information about the solar PV sector specifically. This introduces an error to the 

calculation of the indirect FTEs. 
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An extra explanation is required when quantifying import and export effects. Most models analysed in 

these report account for the import and export by using either the Input/Output tables or generalised 

import/export data based on trade flows. It is important to note that this has a significant impact on 

the result. As the situation in the solar PV market is differing a lot from these generalised sources (most 

manufacturing occurs in Asia) (Guidehouse Insights, 2021). When one has information on the 

production capacities of the investigated region, a much more accurate result is obtained.  

As the focus of this report is to calculate the employment effects of solar PV in Europe, it is concluded 

that the use of Input/Output models is necessary. It is important to know indirect effects, as this is 

necessary information for governments and organizations when considering investments and its 

impact. It is concluded that the optimal methodology for this paper is a hybrid model that combines 

the Input/Output methodology with the employment factor approach. One part of the methodology 

will use a ‘follow-the-money’ approach where direct FTEs are calculated through the labour shares of 

CAPEX and OPEX. A second part of the model will quantify direct FTEs using the employment factor 

approach that is used by Rutovitz et al. (2015). This is because the data that is available is more suitable 

for the use of employment factors. For example, in the manufacturing sector, few companies disclose 

information about their revenues and cost structure, while information on the FTEs per MW 

manufactured is more accessible. Lastly, indirect jobs are calculated through an Input/Output table. 

To conclude, the methodologies reviewed are used in the same way as the corresponding reports in 

this literature review. However, because the focus is only on solar PV, more accurate and up to date 

data that is specific to the solar PV sector is used in order to quantify the FTEs.  

To end this literature review, it can be concluded that different methodologies can be created when 

combining multiple basic methodologies mentioned in Table 3. O’ Sullivan et al. (2020) created an 

Input/Output methodology, but combined it with a large number of surveys that were conducted every 

other three years. This made it able to create Input/Output tables that were tailor-made for the solar 

industry. In doing this, one creates a methodology that is combining the strengths of the survey-

approach with the strengths of the Input/Output methodology and minimizes the error that could 

result from each basic methodology separate. 
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3 Methodology 
This chapter begins with a definition of FTEs, consisting of direct FTEs and indirect FTEs. The next 

sections describe the methodology of the job model in detail. The model estimates the yearly required 

direct and indirect solar FTEs for the different member states of the European Union and makes a 

distinction between the different steps in the value chain (manufacturing, deployment, O&M and 

decommissioning & recycling). In addition, the model makes a distinction between residential, 

commercial, industrial and utility segments. A complete overview of the scope of the model can be 

found in Figure 2. 

 

Based on the literature study, this research opted for a hybrid model to calculate the employment 

effects. A follow-the-money methodology is used to calculate the direct FTEs related to CAPEX 

(deployment) and OPEX (O&M) together with an employment factor approach to quantify 

manufacturing and decommissioning & recycling FTEs. Indirect FTEs are calculated through 

Input/Output tables by using the FTE multiplier. The model is used for two purposes. On one hand the 

current solar PV job market is estimated, using up-to-date factual data. On the other hand, the model 

serves as a starting point to estimate the solar PV job market for different growth scenarios in the short 

and long-term. 

Figure 2: Visualisation of the scope of the mathematical FTE model for the solar PV sector 
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3.1 Definition of a direct and indirect FTE 

A full-time equivalent is a measure of employee workload and equals the number of hours of a typical 

full-time employee. A full-time staff member would have an FTE of 1.0 (Corporate Finance Institute, 

2021). Three different FTEs can be distinguished in employment calculations: 

1) Direct FTEs are FTEs that are linked to core activities such as manufacturing, deployment, O&M and 

decommissioning & recycling. Direct effects are expenditures made by producers/consumers as a 

result of a final demand. The measurement of direct FTEs is closely correlated to the growth rate of 

renewable technologies and therefore straightforward to estimate accurately (IMPLAN, 2020).  

2) Indirect effects are a result of business-to-business purchases in the supply chain that are considered 

intermediate transactions. This means that indirect effects are not a result of a final demand. One can 

say that the spending of direct FTEs in intermediate sectors creates indirect FTEs in the corresponding 

sectors (IMPLAN, 2020). In this report indirect FTEs will be calculated via Input/Ouput tables that 

represent the intra-sector money flows.  

3) Induced effects are money flows that result from household spending of labour income, after the 

removal of taxes, savings and commuter income. Specifically, the spending of the households that 

occurs within the sector’s supply chain (IMPLAN, 2020). 

Important to note is that induced effects are not in the scope of this report which means that all the 

results reported are related to direct FTEs and indirect FTEs as described in the definitions above. 
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3.2 Direct jobs methodology 

Direct FTEs are divided among the four main parts of the value chain of solar PV:  manufacturing, 

deployment, O&M and decommissioning & recycling. These are further divided in employment 

segments and core activities. The model calculates FTEs within each employment segment but does 

not include FTEs per core activity. An overview of this breakdown can be found in Table 4.  

Table 4: Scope of solar PV value chain for the calculation of the direct FTEs 

Value chain Employment segment Core activity 

Manufacturing 

Polysilicon Polysilicon manufacturing 

Ingots/wafers Ingot/wafer manufacturing 

Cells Cell manufacturing 

Modules Module assembly 

Inverter Inverter manufacturing 

Deployment 

Installation labour  
Mechanical 

Electrical 

Soft labour 

Procurement 

Engineering 

Customer acquisition 

Permitting 

O&M O&M labour 

Component replacement 

Inverter replacement 

Cleaning 

Reparations 

Decommissioning & recycling 

Decommissioning Removal of modules 

Recycling 
Collection of waste 

Treatment of waste 

 

Each part of the value chain uses a specific methodology to calculate the direct FTEs which can be 

found in Table 5.  

Table 5: Overview of methodology used for the different job categories for the calculation of the direct FTEs 

Value chain Methodology 

Manufacturing Employment factor 

Deployment CAPEX of PV systems 

O&M OPEX of PV systems 

Decommissioning & recycling Employment factor 

 

As seen in Figure 2, the model makes a distinction between four different capacity segments of the 

solar PV market, including residential, commercial, industrial and utility. An overview of these 

segments and their capacities can be found in Table 6. 
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Table 6: Segments distinction for the solar PV market 

Segments Capacity 

Residential <10kW 

Commercial <250kW 

Industrial <1,000kW 

Utility >1,000kW 

 

Lastly, this model works with 21 countries, the Baltic States and group Croatia, Cyprus, Ireland, 

Luxembourg and Malta under the heading ‘Rest of the EU’ as their total capacity (MW) installed at the 

end of a calendar year is negligible. 

3.2.1 Manufacturing 

Manufacturing refers to the direct FTEs related to the manufacturing of polysilicon, ingots/wafers, 

cells, modules, and inverters. The methodology chosen for manufacturing FTEs is the employment 

factor approach. This is because there is few data available about the labour share of revenue and 

about the revenue itself in manufacturing companies. Via expert interviews 2 and 4  (Table 22 Appendix 

C), the employment factors for the five main steps in the upstream value chain of the solar PV market 

have been obtained. The employment factors are expressed in FTE/W and are used together with the 

manufacturing capacity to obtain the FTEs. The formula used to calculate the direct jobs in 

manufacturing can be described as follows (equation 1):   

 

𝐹𝑇𝐸𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔 = 𝐸𝐹𝑖 ∗ 𝑀𝐶𝑖  

 

(1) 

Where: 

EFi Employment factor of component i FTE/W 

MCi Manufactured capacity of component i W 

 

The employment factors (EFi) are not country-specific but the manufactured capacities are. This makes 

it possible to calculate the manufacturing FTEs for every country and every component. The market 

share of components manufactured (MCi) refers to the five different components of a PV system. They 

consist of polysilicon, ingots/wafers, cells, modules and inverters. The employment factors can be 

found in Table 18 (Appendix B). 

The big advantage of working with employment factors is that they are solar PV specific. The 

disadvantage is that it is not always easy to find up-to-date employment factors, especially for the 

manufacturing, as many of these companies do not want to disclose this kind of information. However, 

the employment factors that are used in this report are calculated by dividing the total amount of FTEs 

in EU working in a certain part of the value chain by the MW manufactured in that certain part of the 

value chain in the EU.  
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Another option was to work with more granular data from Eurostat of which there is information  

available on each specific country. However, this data is not solar PV specific, and one would have to 

work with generalised data from a certain sector of which solar PV is a part of.  

3.2.2 Deployment 

Deployment FTEs are a result of the CAPEX of solar PV systems and can be subdivided into two main 

categories: installation and soft labour. The former can be defined as the mechanical and electrical 

installation of solar PV systems, while the latter consists of procurement, permitting, customer 

acquisition and incentive application. The formula is based on the ‘follow-the-money’ approach and is 

shown in equation 2. 

 

FTEdeployment =
LSi  ∗ CAPEX ∗ Cinstalled

LCi
 

 

(2) 

Where:  

LSi Labour share percentages of job type i % 

CAPEX Installation cost of pv systems €/W 

Cinstalled Annual capacity W 

LCi Labour cost job type i  € 

 

The labour share percentages of job type i (LSi) refer to the share of installation labour or soft labour 

of the CAPEX and is based on an EU average. The model makes a distinction between utility and non-

utility (residential, commercial and industrial), because the labour share percentages are different for 

these segments. The CAPEX breakdown for utility and non-utility can be found in respectively Table 14 

(Appendix B) and Table 15 (Appendix B). The installation cost of a PV system (CAPEX) is country- and 

segment specific and can be found in Table 13 (Appendix B). The annual capacity installed (CInstalled) is 

also country- and segment specific. Lastly, the labour cost of job type i (LCi) refers to the annual gross 

wage corresponding to that job type and can be found in Table 12 (Appendix B). For installation labour 

of the non-utility segments, the gross annual wage of the construction sector is used. For installation 

labour of the utility segments, the gross annual wage is used from the construction sector. Lastly, the 

labour cost for the soft labour is an average of the administration & support services and professional, 

scientific & technical activities. 

3.2.3 Operations & maintenance  

O&M FTEs are a result of the OPEX of solar PV systems. The calculation is based on the ‘follow-the-

money’ approach analogue to deployment FTEs. The formula used to calculate the direct jobs in O&M 

is given in equation 3.   

 

𝐹𝑇𝐸𝑂&𝑀 =

𝐿𝑆𝑖  ∗ 𝑂𝑃𝐸𝑋 ∗ 𝐶𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒

 
𝐿𝐶𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛

 

 

(3) 
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Where:  

LSi Labour share percentage of segment type i % 

OPEX Costs of O&M €/W/year 

Ccumulative Total cumulative capacity  W 

LCconstruction Labour cost in construction € 

 

The labour share percentages of segment type i (LSi) refer to the non-utility (residential, commercial 

and industrial) and utility segment. A distinction is made because the labour share percentages are 

different for these segments. These percentages are country specific and can be found in Table 16 

(Appendix B). The OPEX is assumed to be a percentage of CAPEX. This percentage lies between 1.5 and 

2% and is verified through expert interview 1 (Table 22 Appendix C). The cumulative capacity (Ccumulative) 

is country- and segment specific. Subsequently, the labour cost (LCconstruction) refers to the labour cost 

for construction. This cost is also country specific and can be found in Table 12 (Appendix B).  

3.2.4 Decommissioning & recycling  

When the literature was consulted, very few reports were found that include decommissioning & 

recycling. Only one report used a methodology for the decommissioning of solar PV systems. This is 

discussed in the literature review (section 2.3 Employment factor approach). No reports were found 

that discussed the recycling part of solar PV systems. However, when considering solar PV 

employment, one cannot neglect the last phase in the value chain. As decommissioning is quite labour 

intensive, it has a significant impact on the total FTEs. Furthermore, the future amount of waste will 

also result in employment opportunities in the recycling sector. Recycling will create less FTEs as the 

decommissioning phase, because of the fact that waste management processes are automated and 

require not as much labour. The FTE quantification of this section will be split into a calculation for 

decommissioning FTEs and a calculation for the recycling FTEs. The methodology used is based on the 

employment factor approach discussed in section 2.3 Employment factor approach. Expert interviews 

were done with the executives of European solar PV recycle associations to verify assumptions and 

increase the accuracy of the results (Table 22 Appendix C). 

Decommissioning 

The decommissioning FTEs are quantified using the FTE-intensity of installation labour. This 

assumption is based on the fact that the tasks required for mechanical and electrical installation are 

very similar to the tasks required for decommissioning. One limitation of this assumption is that it does 

not take into account efficiencies or synergies that occur when the decommissioning is done 

simultaneously with installation. This is sometimes done to lower the cost of labour for large scale 

systems. Usually, the labour force that installs solar PV panels is also the labour force that removes the 

installation. Therefore, one can say that the employment factor (FTE/W) for decommissioning is the 

same as the employment factor for installation. From the CAPEX breakdown given in Table 14 

(Appendix B) and the CAPEX given in Table 13 (Appendix B), it is possible to calculate employment 

factors for every country while making a distinction between utility scale projects and non-utility scale 

projects. The formula for decommissioning therefore becomes (equation 4): 



 

Solar PV job market study for the European Union 18 

FTEDecommissioning = EFinstallation ∗ Cdecommissioned (4) 

Where: 

EFInstallation FTEs created per MW installed FTE/W 

Cdecommissioned Decommissioned capacity  W 

 

Important to note is that this methodology differs from the previously used follow-the-money 

approach for deployment and O&M. This is a result of the fact that no data is available on the cost of 

removing solar PV installations (in comparison to e.g. CAPEX and OPEX).   

Recycling 

After decommissioning, the solar PV waste is brought to the waste management facilities where it is 

recycled. To estimate the corresponding FTEs, the same methodology is used as for decommissioning. 

For a specific country, an employment factor is used (expressed in FTE/ton), which is multiplied with 

the actual amount of waste generated in a certain country. Because not all waste is collected, a 

collection factor is used (see explanation in the paragraph below). This results in equation 5: 

 

FTERecycling = EFtreatment ∗ W ∗ CR 

 

(5) 

Where: 

EFtreatment FTEs created per kton of solar PV waste treated FTE/ton 

W Solar PV waste  ton 

CR Collection rate % 

  

It is assumed that all recycling is done locally and no waste trades are being executed (which in reality 

is not true, but is assumed to be negligible). The employment factors used for recycling are based on 

expert interviews 7 & 8 (Table 22 Appendix C) and can be found in Table 20 (Appendix B). Important 

to note is that the employment factor approach is used. This is a result of the fact that no data is 

available on the money streams that occur in the waste treatment sector. 

Solar PV waste streams 

There are two ways solar PV panels stop operating. One way is by damaging of components, which can 

occur during transportation, installation and operation. The other way is when the solar modules are 

no longer perceived to be valuable. This can be at the end of its operating life (assumed to be 30 years 

for the residential segment) or this can be when the owner decides to decommission the installation 

as it is no longer perceived to be profitable. This is for example sometimes the case for large scale 

projects that have generated a return on investment. Therefore, an average lifetime of 20 years is 

assumed for commercial, industrial and utility scale projects. Furthermore, when solar PV panels are 

decommissioned, it can be either transferred to a waste management factory or it can be resold on 

the second-hand market, which given the current circularity trend, is not negligible in the future. 

However, given the fact that at the end of a solar PV lifetime new technology is released at a lower 

price and a higher efficiency, it might be unattractive to buy second-handed systems. Lastly, some solar 
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PV waste is not collected and is stored by the owner which makes it impossible to treat it. Because of 

these different reasons, it is not straightforward to quantity the amount of waste generated by solar 

PV installations. However, as an addition to this methodology, a mathematical model is made to 

quantify the waste streams of solar PV systems. This waste model estimates the annual amount of 

solar PV waste in tons for a certain country based on the past and future installed capacities. The model 

is described in Appendix A, as it is not included in the core methodology of this job report. 

The outcome of this waste model is used as an input for the calculation of both the decommissioning 

FTEs and the recycling FTEs. This assumes that the decommissioned capacity is the same as the waste 

(W) in the calculations. Important to note is that the calculated solar PV waste includes waste created 

before installation (e.g. during transport), which is waste that is not decommissioned. However, this 

entails only 0.5% of the total solar PV waste (IRENA, 2016). Despite the fact that this data is outdated, 

the percentage will be even lower nowadays as a consequence of increasing efficiency and experience. 

Nevertheless, it is difficult to quantify the exact percentage decrease. Therefore, it is valid to make this 

assumption.  

3.3 Indirect jobs methodology 

3.3.1 Theoretical  

As explained in section 3.1 Definition of a direct and indirect FTE, indirect jobs are created through the 

business-to-business spending related to intermediate transactions. The indirect employment effects 

are calculated using an Input/Output methodology. In this section, it will be explained what 

Input/Output tables are and how they will be used to estimate employment effects.  

Input/Output tables  

As stated in the book Input/Output economics: theory & applications by David (2020), Leontief Wassily 

created a way to describe economies using matrices, called Input/Output tables (David, 2020). In this 

book, a comprehensive theoretic framework can be found on how to form Input/Output tables and on 

how to use them to solve economic mathematical problems.   

The idea of Input/Output tables is that economies are divided into sectors that each produce an output 

(a good or a service). This output is either intended as an intermediate output to other sectors 

(including itself) or as a final output to households, governments, and other countries/continents. 

Thus, the total output of a sector in a country is described in equation 6 (David, 2020): 

 

𝑇𝑜𝑡𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡 (𝑋)  =  𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑂𝑢𝑡𝑝𝑢𝑡 (𝑍)  +  𝐹𝑖𝑛𝑎𝑙 𝐷𝑒𝑚𝑎𝑛𝑑 (𝐷) 

 

(6) 

In Figure 3, a visual representation can be found, made for instructional purposes. The flow of these 

inputs and outputs between sectors in a certain geographical domain are gathered in a matrix in which 

the rows represent the outputs from one certain sector to all sectors and in which the columns 

represent the input to one certain sector from all sectors. This matrix is one part of the Input/Output 

tables that represents the flow of intermediates and is assigned the letter Z in Figure 3. The second 

part of the Input/Output tables are added in the final demand matrix to the right of the intermediate 

matrix. In this final demand matrix, the output from one certain sector to the final demand recipients 
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is found (assigned the letter D in Figure 3). The summation of one row of a country and certain sector 

is the total output and is assigned the letter X. 

Using Input/Output models to calculate demand impacts 

One of the main applications of Input/Output tables is quantifying the impact of a certain demand on 

the economy or in other words, what is the output for all sectors when there is particular investment 

or activity. Analogously, the impact of a certain investment on the employment of sectors can be 

calculated. This is done before, as mentioned in the literature studies of O’ Sullivan et al. (2020) and 

Pereira da Silva et al. (2013). This impact analysis can be visualised by looking at Figure 3. It comes 

down to calculating the output vector X when given a demand D and the intermediate matrix Z. It can 

be explained through linear mathematical equations where a matrix-notation is used.  

Firstly, the Input/Output model enables one to calculate a specific sector’s output with equation 7: 

 

xi =  ∑(zij) +

n

j=1

di 

 

(7) 

Where: 

xi The total output of sector i  € 

zij The output of sector i to sector j € 

di The final demand of sector i € 

  

Considering the assumption of constant turnover to scale, equation 7 can be converted to equation 8: 

 

xi =  ∑ aij ∗ xj +

n

j=1

di 

 

(8) 

Figure 3: A visual representation of the Input/Output tables 

(Z) (D) (X) 

country 1 x sector 1  

country 1 x sector 2 

(…) 

(…) 

country n x sector 1 

(…) 

(…) 

country n x sector m 

Intermediate use 

country 1 x sector 1 (...) (…) country n x sector m 

Final demand 

households    governments    export   inventories 

Output 
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Where aij represents the output of sector i going to j per unit of sector i’s total output (in %). These 

coefficients are also called the technological coefficients or the direct coefficients. Doing this 

transformation makes it able to use the following matrix-notation (equation 9): 

 

X = A ∗ X + D 

 

(9) 

Where:  

X The vector of the total output  € 

A The matrix of the technological coefficients % 

D The vector of the total demand 

 

€ 

It is now possible to isolate X using basic mathematical multiplication (equation 10):  

 

X = D ∗ (I − A)−1 

 

(10) 

The matrix (I-A)-1 is called the Leontief inverse matrix or the Input/Output multiplier. This matrix is 

basically the link between the final demand and the output of a sector, as it gives the total output of 

the whole economy for a certain demand. In this report, this matrix will be called the monetary 

multipliers.  

FTE multipliers 

For the calculation of the total amount of solar PV jobs through the Input/Output model, FTE 

multipliers are needed. These can be derived from the monetary multipliers. In order to be able to 

convert the monetary multipliers into FTE multipliers, the labour share percentages per industry per 

country need to be calculated. Equation 11 is used to obtain the percentage labour cost of revenues 

for each industry in a specific country: 

After collecting all the necessary data, the FTE multipliers can be calculated for each industry in every 

EU-27 country through equation 12:  

 

𝐹𝑇𝐸 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 =  
∑ 𝑥𝑖𝑗 ∗  % 𝐿𝑎𝑏𝑜𝑢𝑟 𝑆ℎ𝑎𝑟𝑒𝑗

𝑛
𝑗=1

% 𝐿𝑎𝑏𝑜𝑢𝑟 𝑆ℎ𝑎𝑟𝑒𝑗
 

 

(12) 

Where:  

xij Monetary multiplier from sector j to i  

 

 

% 𝐿𝑎𝑏𝑜𝑢𝑟 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑟𝑒𝑣𝑒𝑛𝑢𝑒 =  
𝑃𝑒𝑟𝑠𝑜𝑛𝑛𝑒𝑙 𝑐𝑜𝑠𝑡𝑠

𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟
 

 

(11) 
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Total solar PV FTEs 

Now that the FTE multipliers are defined for every sector in each EU-27 country the total amount of 

solar PV FTEs can be calculated using equation 13. Lastly, the indirect FTEs generated by solar PV can 

be calculated by subtracting the direct FTEs from the total FTEs as shown in equation 14. 

 

𝑇𝑜𝑡𝑎𝑙 𝐹𝑇𝐸𝑠 = 𝐷𝑖𝑟𝑒𝑐𝑡 𝐹𝑇𝐸𝑠 ∗ 𝐹𝑇𝐸 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 

 

(13) 

 

𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐹𝑇𝐸𝑠 = 𝑇𝑜𝑡𝑎𝑙 𝐹𝑇𝐸𝑠 − 𝐷𝑖𝑟𝑒𝑐𝑡 𝐹𝑇𝐸𝑠 

 
 

(14) 

Nevertheless, only the indirect jobs that are generated through solar PV may be taken into account 

when calculating the total jobs. This implies that the direct jobs per category will be multiplied with 

the FTE multipliers of respective sectors given in the Input/Output tables. The sectors used per 

category as well as their respective NACE code are shown in Table 7. NACE code is defined as “four-

digit classification providing the framework for collecting and presenting a large range of statistical 

data according to economic activity in the fields of economic statistics (e.g. production, employment 

and national accounts) and in other statistical domains developed within the European Statistical 

System” (Eurostat, 2021). 

Table 7: Sectors used to make the distinction between the different steps in the value chain together with the corresponding 
NACE codes for every sector 

Value chain Employment type 
NACE 

Code 
NACE Sector 

Manufacturing 

Polysilicon  C20 Manufacturing of chemicals and chemical products 

Ingots/Wafers C26 Manufacturing of computer, electronic and optical products 

Cells C26 Manufacturing of computer, electronic and optical products 

Modules C26 Manufacturing of computer, electronic and optical products 

Inverters C27 Manufacturing of electrical equipment 

Deployment Deployment F Construction 

O&M O&M F Construction 

Decommissioning 

& recycling 

Decommissioning F Construction 

Recycling E37T39 Sewerage, waste management and remediation activities 

 

The manufacturing of polysilicon is linked to sector C20 “manufacturing of chemicals and chemical 

products”. This is sourced from a European Commission document where the production of polysilicon 

for solar PV is linked to the code 20.1.3 which stands for “manufacturing of other inorganic basic 

chemicals” (European Commission, 2010). The manufacturing of ingots/wafers, cells and modules are 

linked to the sector C26 “manufacturing of computer, electronic and optical products”. This is based 

on the fact that the “manufacturing of electronic components” (C26.11) is included in the overarching 

C26. The manufacturing of inverters is linked to C27 “manufacturing of electrical equipment”. 
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Deployment, O&M and decommissioning labor are linked to sector F “construction”. This is based on 

the two sub-sectors. They are closely aligned with the core activities of deployment, O&M and 

decommissioning. The non-utility solar PV systems are closely aligned with sector F43.21 “electrical 

installation”. This includes the installation of electrical systems in all kinds of buildings and civil 

engineering structures of electrical systems. On the other hand, utility scale solar PV systems are 

closely aligned with F43.22 “construction of utility projects for electricity and telecommunications”.  

It must be noted that these linkages result in an error in the calculations of indirect FTEs. As all these 

sectors are generalised and not solar PV-specific. Especially for F “construction”, there is no further 

division in different subsectors in the Input/Output tables. As a result, many different employment 

types are linked to the same sector. This shows the need for more Input/Output tables that are tailor-

made for solar PV or the RE sector in general, as this would make calculations more accurate. However, 

keeping in mind the resource-intensity of the assembly of Input/Output tables, it is not self-evident 

that this type of data is available. To conclude, the current methodology for the indirect FTEs has its 

limits, but it is still a powerful tool to quantify the employment effects of RES with limited resources. 

3.3.2 Practical  

Monetary multipliers 

The FIGARO tables are retrieved from Eurostat (FIGARO, 2019). This provides a sector by sector 

Input/Output table, including 63 sectors for all EU-27 countries separately, which perfectly fulfils the 

requirements of the scope of this research. These FIGARO tables are compiled of the EU-27 national 

Input/Output tables extended with trade flows between European countries and to the rest of the 

world.  

Firstly, the sum of each row is calculated in order to find out the total output of each sector per country 

(X). This total output also contains money flowing to the United Kingdom, United States and the rest 

of the world. Consequently, the United Kingdom and United States as well as sectors that provided 

zero output are omitted from the database as they are not relevant for the further scope of this 

research. In the next stage the percentage of each sector per EU-27 country is obtained by dividing 

each value by the total output of the respective sector and country. This results in a 1,647-by-1,647 

square matrix A, which is derived from intermediate output Z and total output X (Figure 3 in section 

3.3 Indirect jobs methodology). Next to that, an identity matrix I with the same amount of rows and 

columns is constructed.  

In order to obtain a new matrix I-A, all the values from the square matrix are deducted from the identity 

matrix. This results in a matrix with only negative values (except on the diagonal), which is necessary 

for the further steps taken. Lastly, matrix I-A needs to be inverted to obtain matrix (I-A)-1 which 

represents the final table needed in order to gather the multipliers needed for this research. 

Finally, the sum of each column is taken, resulting in a monetary multiplier for each specific sector per 

country. This multiplier represents the amount of direct and indirect output that is created as a result 

of one unit of direct input.  
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FTE multipliers 

Data regarding the personnel costs and turnover is retrieved from Eurostat Data Browser (2018). In 

case 2018 data was not available, data from 2017 is used. Nevertheless, for some countries there is no 

data available in a specific sector. This is solved by calculating the average of all other sector in a 

specific country, which is then used as labour share percentage for that country in the sector for which 

no data is available. Lastly, some sectors found on Eurostat are aggregated in the FIGARO tables. This 

is done by taking the average labour share percentages of the separate sectors. 

3.4 Dynamic aspects 

Capacity  

This report makes a distinction between short-term growth and long-term growth. Short-term growth 

refers to 2020-2024 and long-term growth refers to 2030 and 2050. In these growth scenarios, the 

report also includes different scenarios for cumulative capacity and newly installed capacity. The 

scenarios for the short-term outlook are the low, medium and high scenario based on the EU Market 

Outlook of Solar Power for 2020-2024 (SolarPower Europe, 2020a). 

The scenarios for the long-term outlook are the laggard, moderate and leadership scenario based on 

the 100% renewable Europe report (SolarPower Europe, 2020b). The leadership scenario assumes a 

climate neutral Europe in 2040, the moderate scenario assumes a climate neutral Europe in 2050 and 

the laggard scenario assumes a climate neutral Europe after 2050. 

Manufacturing  

This report makes a distinction between three scenarios for manufacturing: business-as-usual, in-

between and industrial strategy targets reached scenario. The latter one consists of the scenario in 

which the industrial strategy targets, set forth by the European Commission and supported by 

SolarPower Europe, are reached. In the first scenario, nothing changes and everything remains as it 

was. This implies that the market shares of the manufactured parts will remain constant from 2020 

onwards. This report assumes that the in-between scenario is the most realistic one as this scenario 

supposes that 50% of the targets is reached. In order to calculate the total FTEs created regarding to 

manufacturing in the in-between scenario, the average market share is used of the business as usual 

scenario and industrial strategy targets reached scenario. An overview of these market shares for the 

different scenarios can be found in Table 19 (Appendix B). The major difference between the scenarios 

is the impact on the FTEs. In addition, the market shares of the different components will also change 

depending on the year, but the model assumes that these market shares will remain the same after 

2024. Furthermore, it is now the right time to invest in PV manufacturing in Europe as further cost 

reduction, new business models, progress in system & battery technologies and increasing automation 

will lead to more PV installations in Europe. Hence, the European market could grow substantially 

beyond several tens of GW per year as many analyses confirm (Bett, 2020; Hancock, 2021). Finally, the 

boom in local manufacturing will be caused by an increasing cost in logistics when these goods are 

shipped from China as the EU costs are on par with China (Expert Interview 2, Table 22 Appendix C). 

All these factors are pointing in a direction of a growing manufacturing industry in the EU. 
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Segments  

The segment composition will also change in the forthcoming years. Forecasts from SolarPower Europe 

assume that utility will gain a bigger share in the future. This assumption is based on the target set 

forth in the European Green Deal to make the EU climate neutral by 2050. Utility-scale installations 

are vital to achieve that goal. Subsequently, they provide the necessary volumes to power the energy 

system with 100% renewable energy (SolarPower Europe, 2020c).  

Labour costs  

The labour costs for the different parts of the value chain for solar PV will change in the forthcoming 

years. For the calculation of the FTEs in the short-term and long-term growth scenario, this report uses 

the yearly wage growth, which is expressed in real values (inflation adjusted). This is determined by 

distracting the average annual inflation rate from the average nominal wage growth of EU-27, which 

was found on Eurostat (Eurostat Labour cost index). This implies that for every EU-27 country the 

annual labour cost is assumed to increase 0.85% annually in real values.  

Learning curve  

The learning curve in the solar PV industry is an important aspect that certainly cannot be overlooked. 

The relationship between proficiency and experience can be described through the learning curve, 

meaning that the more a certain job is exercised, the more efficient it will be done. This is also the case 

for the different activities in the solar PV value chain. In this model the learning curve is taken into 

account through a decreasing CAPEX factor. This implies that the CAPEX of solar PV systems will change 

over time as well as across the different scenarios.  

Firstly, the CAPEX will decrease through the years as a result of expected improvements in among 

others technology, materials and installations, leading to more efficiency (Breyer, Masson, Moser, 

Vartiainen; 2019). Because of this reason, a new CAPEX factor is used in the calculations of 

manufacturing, deployment, O&M and decommissioning. This implies that radical innovation in the 

solar PV industry is taken into account in the decreasing CAPEX factor.  

Nevertheless, for recycling the learning curve is not taken into account, because of the fact that at this 

point in time it cannot be assumed that efficiency will come at the same pace as in the other segments 

because the recycling industry regarding to solar PV systems is still in its infancy. In order to verify the 

scenario in case previous assumption would not hold, an estimation is made. Assuming that for 

recycling the same CAPEX factor is used as for the other segments in the value chain, one can find that 

the impact on total FTEs is negligible: In 2030 the total amount of FTEs would decrease with 0.08%, 

while in 2050 the decrease would be 1.04% in the moderate scenario.  

Lastly, the CAPEX also differs across the different scenarios: in case of the laggard scenario the CAPEX 

factor will be significantly higher than in the leadership scenario as in this scenario the assumption is 

made that the expected improvements will come at a slower pace.  
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4 Results & discussion  
Different results have been obtained about the solar PV job market. All results are annual, which 

implies that they show the FTEs that are required to fulfill the demand for the corresponding year.  

Firstly, the current state of the job market is analysed. In this section, a general FTE overview is 

provided which is followed by a separate analysis of the four main parts of the solar PV value chain: 

manufacturing, deployment, O&M and decommissioning & recycling.  

Next, a short-term outlook on the solar PV job market is done. This includes a forecast for the total 

FTEs from 2020 to 2024. In this part two scenario analyses are carried out. One scenario analysis 

focuses on the cumulative capacity and the installed capacity which are linked to the CAPEX of PV 

systems. The other one focuses on the manufacturing capacity, which is based on the market share 

that the EU will be able to capture in the coming years. The manufacturing scenario analysis is done to 

map the impact of the industrial strategy on the total FTEs. For the installed capacities, a low, medium 

and high scenario is used based on the SolarPower Europe EU Market Outlook 2020-2024 (SolarPower 

Europe, 2020a). For the manufacturing capacity, a business-as-usual, in-between and industrial 

strategy target reached scenario is used based on the industrial strategy targets in 2025, as explained 

in section 3.4 Dynamic . 

Furthermore, a long-term outlook is provided. This outlook contains a forecast for the total FTEs for 

2030 and 2050. In this case the laggard, moderate and leadership scenarios are created based on the 

capacity scenarios of the 100% Renewable Europe report of SolarPower Europe (SolarPower Europe, 

2020b), as explained in section 3.4 Dynamic . The evolution of the cumulative capacities for all three 

scenarios can be found in Figure 20 (Appendix B). The manufacturing scenarios are again based on the 

EU market share of the industrial strategy targets set for 2025. The three different scenarios for 

manufacturing are based on the market share of the EU in the global solar PV manufacturing market.  

Lastly, a sensitivity analysis is done for the FTE calculation of 2020, 2030 (moderate) and 2050 

(moderate). In this sensitivity analysis, the impact of several assumed parameters is measured. 
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4.1 Current state of the job market  

4.1.1 General overview 

In Figure 4, an overview of the solar PV job market in the European Union for 2020 is given. These 

results are based on an installed capacity of 18 GW and a cumulative capacity of 138 GW, based on the 

SolarPower Europe EU Market Outlook 2020-2024. In total, 123,000 direct FTEs are estimated in 2020, 

which results in 164,000 indirect FTEs. This means that 287,000 FTEs are estimated in 2020 for the 

whole solar PV sector. When looking at the direct FTEs, it can be noticed that 74% is related to 

deployment (90,000 direct FTEs), 11% is related to O&M (14,000 direct FTEs), another 11% is a result 

of manufacturing (14,000 direct FTEs) and 4% is related to decommissioning & recycling (5,000 direct 

FTEs). This breakdown is a logical consequence of the fact that solar PV has a high CAPEX intensity and 

a low OPEX intensity. Furthermore, on average 18 to 24% of the CAPEX is related to labour and the 

same range is found for the labour of the OPEX. As OPEX is 1.5 to 2% of the CAPEX, it explains why the 

deployment FTEs are much higher than the O&M FTEs. In addition, the manufacturing FTEs are 

relatively low as the European Union has an uncompetitive position in the global solar PV 

manufacturing market. Lastly, the decommissioning & recycling FTEs cover only 4% of the total direct 

FTEs as the solar PV waste streams are still low in volume. Most solar PV waste will be generated from 

2030 onwards, when the first installed systems will reach the end of their lifetime.    

2020 was a good year for the EU solar PV market, as the installed capacity increased 11% compared to 

2019 and 121% compared to 2018. As a result, the solar PV jobs also thrive. One must always keep in 

mind when analysing solar PV jobs that there is a dependency on different inputs like installed capacity, 

cumulative capacity and manufactured capacity. There is a big dependency on the installed capacity, 

which results in one-time jobs. O&M jobs are much more long-term jobs as the operational lifetime of 

solar PV systems can go up to 30 years. Manufacturing jobs can be seen as quite permanent as 

businesses are usually operational on a long-term. Decommissioning & recycling jobs are also 

considered to be short-term jobs. Therefore, one must always keep in mind that the solar PV jobs can 

Figure 4: The solar PV job market in 2020 for the European Union with a breakdown of deployment, O&M, manufacturing 
and decommissioning & recycling. (The percentages of the pie chart are calculated with direct FTEs)  
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change relatively fast with the demand for solar PV installations and that there is a difference in time 

frame of the jobs created.  

 

In Figure 5, the country-specific solar PV FTEs for the year 2020 in the European Union are shown, with 

a distinction between direct and indirect FTEs. To summarize the results, Germany is the leader of the 

EU with 32,000 direct FTEs and 61,000 indirect FTEs. Followed by Poland with 19,000 direct FTEs and 

60,000 indirect FTEs. The high amount of indirect FTEs in Poland is a consequence of the remarkably 

high multiplier that results from the Input/Output tables. The third highest number of FTEs can be 

found in Spain with 13,000 direct FTEs and 30,000 indirect FTEs. It is no surprise that these countries 

create the most solar PV FTEs. However, the fact that Greece has the fourth highest number of FTEs is 

unexpected. This is a result of the fact that the labour cost in Greece is very low. As an example, the 

gross labour cost for Greece is on average €10/hr while the labour cost in Germany is on average 

€30/hr (Table 12 Appendix B). Furthermore, the results of the other EU countries are concluded to be 

realistic. France and Italy, which are part of the leading solar PV countries have had low installed 

capacities (900 and 800 GW) which explains their relatively low amount of FTEs. Again, this confirms 

the dependency on the installed capacity.  

Regarding the indirect FTEs, it can be noticed that on average 1.3 indirect FTEs are created for each 

direct FTE. This is a result of the high share of deployment FTEs, which corresponds to the construction 

sector (F) in the Input/Output multipliers (Table 21 Appendix B). The construction sector has a strong 

indirect effect, but a more in-depth analysis will be done in section 4.1.3 Deployment. One must always 

keep in mind that the indirect FTEs are a result of an Input/Output multiplier that is not solar PV specific 

and therefore an inaccuracy might occur. 

As mentioned before, there is a strong link with the installed capacities. Leading solar PV EU countries 

have the largest number of FTEs in the solar sector. However, installed capacity is not the only variable 

that is important. Two other variables have an impact on the direct FTEs. The most important second 

variable is the labour cost of a country. The lower the labour costs, the higher the FTEs. This will result 

Figure 5: Country-specific solar PV FTEs (2020 in the European Union) 
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in some countries with lower installed capacities than other countries having more FTEs. Furthermore, 

the country- and segment-specific CAPEX also has an influence on the FTEs. A higher CAPEX means a 

higher need for resources during installation, which results in more labour.  

To benchmark these results, a comparison is done with the results reported by EY & SolarPower Europe 

in 2017 (EY & SolarPower Europe, 2017). Table 8 summarises the most important results of both 

calculations. Regarding the installed capacity, EY & SolarPower Europe estimated 15 GW of added 

capacity and 155 GW of cumulative capacity. This resulted in 175,000 total FTEs, consisting of 135,000 

direct FTEs and 40,000 indirect FTEs. In this report, 18 GW installed and 138 GW cumulative capacity 

are used as input. This resulted in 287,000 total FTEs of which 123,000 direct FTEs and 164,000 indirect 

FTEs. As both installed capacities are in line, it can be seen that the number of direct FTEs are in line 

with each other. Small discrepancies can occur because the EY & SolarPower Europe only had data 

available in 2017 and had to make forecasts for 2021. As both reports use the same methodology, it is 

concluded that no fundamental differences are present regarding the calculation of the direct FTEs. 

However, for the calculation of the indirect FTEs, a big difference is noticeable. This is a result of the 

fact that different NACE sectors were linked to the solar PV value chain segments. The most important 

ones are deployment and O&M. EY & SolarPower Europe used the sector C33 which stands for “repair 

and installation of machinery and equipment”. This division includes the specialised repair of goods 

produced in the manufacturing sector with the aim to restore machinery, equipment and other 

products to working order. In this report, the deployment and O&M FTEs are linked to the sector F 

which stands for “construction”. This section includes general construction and specialised 

construction activities for buildings and civil engineering works. It includes among others the 

installation of electrical systems in all kinds of buildings and civil engineering structures of electrical 

systems. The multiplier that is calculated for C33 is on average 1.05 while the multiplier for F is on 

average 2.39. Because of this difference in sector linkage, a large difference in indirect FTEs is 

explained. The reasoning why the “construction” sector is linked to the direct FTEs of deployment, 

O&M and decommissioning can be found in section 3.3 Indirect jobs methodology. Furthermore, a 

small discrepancy is noted for the employment breakdown. This is a result of the fact that EY & 

SolarPower Europe estimated more manufacturing capacity than is present in the current 

manufacturing landscape.  

Table 8: Comparison between the EY & SolarPower Europe (2017) report and this report for the results of 2020/2021 

To conclude this benchmarking section, the calculations for the direct FTEs are in line with each other. 

However, there are large discrepancies regarding the indirect FTE calculations. It is shown what impact 

different assumptions can have on the result of the FTEs and it confirms that one must always keep 

these assumptions in mind when analysing results.  

Report Scope 

Installed 

capacity 

(GW) 

Cumulative 

capacity 

(GW) 

Direct 

FTEs 
Indirect FTEs 

Man. 

(%) 

Depl. 

(%) 

O&M 

(%) 

D&R 

(%) 

EY & 

SolarPower 

Europe (2017) 

2021 

EU-28 
15 155 135,000 175,000 25% 53% 20% 0% 

This report 
2020 

EU-27 
18 138 123,000 166,000 11% 74% 11% 4% 
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4.1.2 Manufacturing 

 

The FTEs related to manufacturing in the EU can be found in Figure 6. A distinction is made between 

the manufacturing of polysilicon, ingots/wafers, cells, modules and inverters. The overall conclusion is 

that most FTEs are created in the segment of inverters, modules and polysilicon with respectively 

6,400, 3,700 and 2,700 direct FTEs and 1,400, 1,600 and 1,300 indirect FTEs. In the segments of cells 

and ingots/wafers respectively 580 and 320 direct FTEs and 250 and 130 indirect FTEs are present. The 

employment factors that have been used for this calculation are given in Table 9. These factors are 

assumed to be averages for the European Union. 

Table 9: Employment factors used for the solar PV manufacturing in EU (FTE/MWmanufactured) 

Polysilicon Ingots/Wafers Cells Modules Inverters 

0.12 0.25 0.75 0.75 0.31 

 

Within the EU only a few countries are currently active in the manufacturing of components for solar 

PV systems: The ingots/wafers segment has relatively few players in the EU. The same is true for the 

cell manufacturing, which is mainly done in Germany and Italy. Further, the polysilicon production 

occurs solely in Germany. In addition, the production of inverters is mostly done in Germany, Italy and 

the Netherlands. Lastly, the assembly of modules is broadly spread over Europe with many small 

players in that segment. 

The indirect multiplier is specific for each component and is assumed to be quite accurate. On average 

1 direct FTE in the manufacturing sector, creates 0.3 indirect FTEs. This is much lower than the 

deployment multiplier as the manufacturing of parts has much less indirect effects. An example of 

indirect effects is for example related to the manufacturing of all kinds of materials and machinery and 

to employment agencies which carry out services for manufacturing companies. 

Figure 6: The direct and indirect FTEs in the solar PV manufacturing segment of the European Union in 2020 (polysilicon, 
ingots/wafers, cells, modules and inverters) 
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4.1.3 Deployment 

 

The country-specific direct and indirect FTEs for the deployment segment can be found in Figure 7. A 

distinction is made between direct installation labour, direct soft labour and the total indirect FTEs for 

both segments. As can be seen, a similar result is obtained as in Figure 5 (section 4.1.1 General ). This 

is a logical result of the fact that deployment has the largest share of FTEs and that it is very dependent 

on the installed capacity. On average the installation labour has a 66% share in the total deployment 

segment. Installation labour includes mechanical installation and electrical installation. Soft labour has 

the other 33% of the FTEs in deployment and it includes customer acquisition, system design, 

procurement and permitting. One can say that for 1 installation FTE, 0.5 soft FTE is created. Poland, 

Germany and Spain are again the leading EU countries with respectively 11,000, 12,000 and 7,000 

direct installation FTEs and 7,000, 6,000 and 3,000 direct soft FTEs. The average direct labour intensity 

for deployment is also calculated and is 4.2 FTEs/MWinstalled for Western Europe and 8.1 FTE/MWinstalled 

in Eastern Europe. 

An important observation is the size of the indirect FTEs. These have a large impact on the total FTEs, 

so a brief explanation will be given. In this model all deployment FTEs are linked to the construction 

sector for the calculation of the indirect FTEs. For installation labour it is clear why it is considered 

construction. For the soft labour, it is assumed that soft FTEs (engineers, sales, administrative etc.) are 

also working in the construction sector. This assumption must be made, because soft jobs work for 

businesses that are in the construction sector. This is also the way that Input/Output tables are 

constructed, which implies that this assumption is valid. The construction sector has a lot of indirect 

effects. The spending of businesses in the construction sector is very diverse and contains sectors like 

manufacturing of metals & non-metallic products, mining & quarrying, retail, rental & leasing activities 

and architectural & engineering activities.  

As the Input/Output multiplier for construction is not solar PV specific, an inaccuracy can occur. This is 

important to keep in mind when looking at the indirect FTEs. It is very difficult to quantify these 

inaccuracies as the Input/Output tables only use a defined amount of sectors to describe economies. 

Figure 7: Country-specific direct and indirect FTEs in the deployment segment (2020 for the European Union) 
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Although it has some limitations, it is still one of the most comprehensive ways to quantify indirect 

jobs. 

4.1.4 Operations & maintenance 

The FTEs related to O&M in 2020 in the EU are shown in Figure 8. The main conclusion is that the O&M 

FTEs are mostly dependent on the cumulative capacity in a country. For this reason, Poland left the 

top three leading countries. Germany is the leader with 5,500 direct FTEs and 5,500 indirect FTEs 

followed by Italy with 2,000 direct FTEs and 3,000 indirect FTEs in 2020. The direct labour intensity is 

calculated to be 0.10 FTEs/MWcumulative for Western Europe and 0.12 FTEs/MWcumulative for Eastern 

Europe. The direct O&M FTEs are linked to the construction sector, which results in the same 

multipliers as for deployment. Thus, the explanation of section 4.1.3 Deployment is also valid here. 

 

Figure 8: Country-specific direct and indirect FTEs in the O&M segment (2020 for the European Union) 
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4.1.5 Decommissioning & recycling 

In Figure 9, the FTEs related to decommissioning and recycling for 2020 are shown, including a 

distinction between direct and indirect FTEs. For the direct FTEs, the majority is a result of the 

decommissioning rather than recycling. Germany for example created 1,900 direct FTEs in 

decommissioning and 340 direct FTEs in recycling. Followed by Italy with 1,000 direct FTEs in 

decommissioning and 130 FTEs in recycling. In the whole EU, on average 87% of the direct FTEs are 

related to decommissioning while 13% is related to recycling. This is a logical consequence of the high 

labour intensity of decommissioning, which is assumed to be the same as installation labour. As 

explained in 3.2.4 Decommissioning & , both job types are based on the same amount of waste streams 

in 2020. The average employment factor for the EU is 3.33 FTEs/MWdecommissioned for decommissioning 

and 7 FTEs/kton for recycling.  

 

 

 

 

 

 

 

 

 

Figure 9: The country-specific direct and indirect FTEs in the solar PV decommissioning & recycling segment in the European Union. 
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4.2 Short-term outlook 

This section provides an overview of the employment that will be created through solar PV in the short-

term (2020-2024). As explained before, two different scenario analyses are done. The first one is based 

on a capacity scenario analysis that originates from the EU market outlook 2020-2024 of SolarPower 

Europe (2020a) (low, medium and high scenario). While the other scenario analysis investigates the 

impact of the industrial strategy on the manufacturing FTEs (business as usual, in-between and 

industrial strategy targets reached scenario). Consequently, both scenarios are not impacting each 

other.  

4.2.1 Overview  

In this section an overview is given of the total FTEs generated in the European solar PV market until 

2024.  

Figure 10 describes the short-term prospect regarding the total (direct and indirect) solar PV FTEs that 

will be created. The short-term outlook has estimated 287,000 FTEs in 2020 for an installed capacity 

of 18 GW of which 123,000 FTEs are direct and 164,000 FTEs indirect. In 2021, there are 182,000 FTEs 

in the low scenario, 334,000 FTEs in the medium scenario and 481,000 FTEs in the high scenario. In the 

following year, 276,000 FTEs are created in the low scenario, 395,000 FTEs in the medium scenario and 

482,000 FTEs in the high scenario. Subsequently, in 2023, there are 358,000 FTEs in the low scenario, 

465,000 FTEs in the medium scenario and 602,000 FTEs in the high scenario. Finally, in 2024, 391,000 

FTEs are generated in the low scenario for an installed capacity of 21 GW, 549,000 FTEs in the medium 

scenario for an installed capacity of 37 GW and 593,000 FTEs in the high scenario for an installed 

capacity of 43 GW.  

Depending on the scenario some huge differences can be determined. In case the low scenario occurs, 

the solar PV job market will drop significantly compared to 2020. This can be explained by the fact that 

this scenario takes into account that less capacity will be installed and consequently less jobs will be 

created.  

Figure 10: Short-term outlook on solar PV FTEs in the European Union (2020-2024) for a low, medium and high scenario 
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4.2.2 Manufacturing  

This section provides a deeper understanding of the FTEs generated through solar PV manufacturing 

and the different scenarios handled from 2020 until 2024. For the sake of clarity it has to be notified 

that these three manufacturing scenarios are not related to the short-term scenarios nor to the long-

term scenarios.  

 

A clear overview of employment regarding manufacturing and the importance of local manufacturing 

is provided in Figure 11. Huge differences can be identified between the different scenarios. In case 

the European countries keep relying on Asia for the parts of the solar PV panels not much FTEs will be 

created in the short-term (Business as usual scenario). In this scenario there is assumed that the market 

shares in polysilicon, ingots/wafers, cells, modules and inverters will remain constant in the short run 

for the European countries. Consequently, only 31,000 FTEs will be generated in 2024. The opposite is 

visible when the European countries invest in infrastructure and increase their market share of parts 

manufactured locally (Industrial strategy targets reached scenario). This scenario is more likely to occur 

as the EU-27 countries are obliged to contribute towards the European Green Deal in order to make 

Europe climate neutral in 2050. This means that 82,000 FTEs will be created in 2024, regarding 

manufacturing. Taking into account that the targets that need to be reached are ambitious, a third in-

between scenario was created. This clearly shows that investing in local manufacturing -even without 

reaching the Green Deal targets- comes along with decent employment creation (31,000 FTEs created 

in 2021, 39,000 FTEs in 2022, 48,000 FTEs in 2023 and 57,000 FTEs in 2024). As already stated in section 

3.4 Dynamic , it is important that the European countries act quickly and invest in local manufacturing 

in order to increase employment regarding solar PV significantly.   

Figure 11: Short-term outlook on solar PV manufacturing FTEs in the European Union (2020-2024) for a “business-as-usual”, 
“in-between”  and “industrial strategy target reached” scenario 
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4.3 Long-term outlook  

This section provides an overview of the employment that will be created in the long-term for three 

different scenarios: laggard, moderate and leadership. In the laggard scenario, the growth of the 

installed capacity will happen after 2040 while in the leadership scenario, the growth of the installed 

capacity will occur before 2040. The growth of installed capacity will be linear in the moderate scenario 

between 2020 and 2050. An overview of these scenarios can be found in Figure 20 (Appendix B). 

Subsequently, an overview of the FTE breakdown of the value chain of the solar PV is given for 2020, 

2030 and 2050. Finally, a long-term outlook for solar PV manufacturing FTEs in the European Union in 

2030 and 2050 is discussed for three different scenarios: business as usual, in-between and industrial 

strategy target reached scenario.  

4.3.1 Overview 

This section provides an overview of direct and indirect FTEs for the three different scenarios in 2020, 

2030 and 2050. 

Figure 12 represents the long-term prospect of the solar PV market between 2020 and 2050. There are 

287,000 FTEs in 2020 for an installed capacity of 18 GW. The FTEs in 2030 and 2050 differ depending 

on the scenario.  

In 2030, the laggard scenario generates 1,062,000 FTEs with an installed capacity of 72 GW, the 

moderate scenario generates 1,208,000 FTEs with an installed capacity of 100 GW and the leadership 

scenario, which is the most ambitious one, generates 1,307,000 FTEs  with an installed capacity of 136 

GW. 

In 2050, the laggard scenario generates 1,951,000 FTEs with an installed capacity of 204 GW, the 

moderate scenario generates 2,720,000 FTEs with an installed capacity of 289 GW and the leadership 

Figure 12: Direct and indirect FTEs for the solar PV market for 2020, 2030 and 2050 
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scenario, which is the most ambitious one, generates 2,304,000 FTEs with an installed capacity of 291 

GW. 

These numbers show that there are a lot of employment opportunities for the solar PV sector in the 

long run. In the moderate scenario of 2030, solar PV could potentially create 913,000 FTEs more than 

in 2020. In the moderate scenario of 2050, solar PV has the potential to create 2,433,000 FTEs more 

than in 2020.  

Certain differences can be noticed between these different scenarios. The leadership scenario 

generates more jobs in 2030, because there are more installed PV systems (136 GW) in comparison 

with the other scenarios (72 and 100 GW), eventually generating 1,307,000 FTEs. However, the 

leadership scenario is lagging behind in 2050 in comparison with the moderate scenario although the 

installed capacity is more or less the same (289 and 291 GW). This is due to the new CAPEX factor 

which is diminishing faster for the leadership scenario in comparison with the other scenarios. This 

scenario generates 2,304,000 FTs, while the moderate scenario generates 2,720,000 FTEs. An overview 

of the  new CAPEX factors for the different scenarios can be found in Figure 19 (Appendix B) and consist 

of an average of the four different segments. 

4.3.2 Employment breakdown by value chain 

Figure 13 represents the breakdown of the value chain of the solar PV in 2020, 2030 and 2050. When 

looking at the employment breakdown, it can be noticed that 65% is related to deployment, 11% is 

related to O&M, 19% is the result of manufacturing and 5% is related to decommissioning & recycling 

in 2030. In 2050, it can be noticed that 42% is related to deployment, 14% is related to O&M, 12% is 

the result of manufacturing and 32% is related to decommissioning & recycling.  

There are some noticeable trends: the share of deployment decreases from 72% in 2020 to 42% in 

2050 and the share of decommissioning & recycling increases from 4% in 2020 to 32% in 2050. These 

shares can be explained by the fact that from 2030 onwards, many solar PV systems will be at the end 

of the expected lifetime. In 2050 however, the amount end-of-life modules will be enormous because 

of the expected solar PV surge in 2030. This will lead to a strong increase in the amount of 

decommissioned and recycled solar PV equipment, which in their turn result in many decommissioning 

and recycling employment. The share of the other parts of the value chain will therefore decrease over 

74%
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Figure 13: FTE Breakdown by value chain for 2020, 2030 (moderate) and 2050 (moderate) 
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the years. The proportions between decommissioning and recycling will remain stable between 2020 

and 2050. In 2050, of the 370,000 direct FTEs related to decommissioning and recycling, 89% is related 

to decommissioning and 11% is related to recycling.  

4.3.3 Manufacturing  

Figure 14 refers to the long-term outlook for solar PV manufacturing in 2020, 2030 and 2050 for the 

different scenarios. In 2020, manufacturing generates 20,000 FTEs. In 2030 and 2050, the differences 

are visible for the different scenarios. The business as usual scenario, where nothing changes, will have 

77,000 total FTEs in 2030 and 108,000 total FTEs in 2050. The industrial strategy targets reached 

scenario, where the EU becomes more competitive in 2050, will have 204,000 total FTEs in 2030 and 

288,000 total FTEs in 2050. Finally, the in-between scenario, which is assumed to be the most realistic 

one, will have 141,000 total FTEs in 2030 and 199,000 total FTEs in 2050.  

Certain trends can be noticed. The FTEs for cells and modules strongly increase in 2030 and 2050 in 

the in-between scenario (cells & modules: 83,000 FTEs in 2030 & 118,000 FTEs in 2050) and the 

industrial strategy targets reached scenario (cells & modules: 146,000 FTEs in 2030 & 206,000 FTEs in 

2050) in comparison with 2020 (cells & modules: 5,400 FTEs). This can be explained by the R&D 

investments of European companies in modules and cells, more than their Chinese competitors. They 

are more innovative, provide a better quality and a longer lifespan then their Chinese counterparts.  

However, the FTEs for ingots/wafers remain rather low as European companies are dependent on 

China. The FTEs never exceed 6,000, even in the most ambitious scenario (Expert Interview 2, Table 

22). The FTEs for polysilicon and inverters remain constant for the three scenarios in 2030 (polysilicon: 

21,000 FTEs; inverters: 33,000 FTEs) and 2050 (polysilicon: 30,000 FTEs; inverters: 46,000 FTEs). This is 

due to the European market shares of polysilicon and inverters which will remain stable over the years 

Figure 14: Long-term outlook for solar PV manufacturing FTEs in the European Union (2030 & 2050) for a “business as usual”, “in-
between” and “industrial strategy target reached” scenario 
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according to expert interviews 2 & 4 (Table 22, Appendix C). As already covered in section 3.4 Dynamic 

aspects, local  manufacturing could boom due to the increasing logistics cost when these goods are 

shipped from China as the EU costs are on par with China.  

4.4 Sensitivity analysis 

In order to determine the uncertainty of some important factors used in the model, a sensitivity 

analysis is conducted for 2020, 2030 and 2050. This analysis is useful in order to map how different 

values of these factors impact the total FTEs generated within a specific year. Consequently, these 

effects are visualised through tornado charts, where the factor with the most impact on the FTEs is 

clearly visible at the top of each chart. The factors that were opted for in the sensitivity analysis are 

general for the EU-27 countries, meaning that the value of each factor is the same for each country 

included in the study. Consequently, a change in these values could impact the results quite heavily 

and thus it is important to map possible effects.  

In the sensitivity analysis for the year 2020 the possible changes of five factors are examined: (1)-(2) 

installation labour percentage of CAPEX (both rooftop as well as ground mounted systems), (3) OPEX 

as a percentage of CAPEX, (4) employment factor for manufacturing and (5) employment factor for 

recycling. Regarding the sensitivity analysis for 2030 and 2050, the same five factors were used 

complemented by two other factors: the annual labour cost increase and new CAPEX factor.      

4.4.1 2020 sensitivity analysis 

In Figure 15, a tornado chart can be found that visualises the sensitivity analysis for 2020. It can be 

noticed that a change in the installation labour percentage of CAPEX regarding the rooftop systems 

has the biggest impact on the total FTEs generated in 2020: In case this percentage drops from 14.8% 

to 7.4%, the total FTEs generated decrease with 58,000 which implies that 229,000 FTEs will be created 

instead of the estimated 287,000 FTEs in 2020. This can be explained by the fact that when less labour 

is needed to install rooftop solar PV systems, the amount of FTEs decreases. Next to that the effect of 

a changing installation labour percentage of CAPEX is bigger for rooftop systems than for ground 

mounted systems (decrease of 21,000 FTEs when halving the installation labour percentage of CAPEX 

– Ground Mounted) as the installation of rooftop systems accounts for a bigger share in the total FTEs.  

In case the OPEX percentage of CAPEX was underestimated in the model, the total FTEs in 2020 will be 

positively impacted. Assuming that the OPEX percentage of CAPEX increases with factor 1.5 an 

additional 16,000 FTEs are created in 2020. Reason for this is when the OPEX increases, the labour cost 

within OPEX also increases and consequently more FTEs are generated.  

Possible changes in the employment factor used for manufacturing have a minor impact on the total 

FTEs in 2020 (decrease of 10,000 FTEs in case the employment factor halves) as manufacturing only 

accounts for 11%. Similarly, changes in the employment factor of recycling are neglectable, because 

recycling is only responsible for a small part of the total FTEs created in 2020. 
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4.4.2 2030 sensitivity analysis 

From Figure 16 can be derived that a change in the new CAPEX factor has the biggest impact on the 

results. In case the new CAPEX factor would be 50% higher than now assumed in the model, this would 

lead to an additional employment creation of 602,000 FTEs in 2030. A higher new CAPEX factor in 2030 

implies that the original CAPEX factor has declined less quickly from 2020 to 2030. This can be due to 

the fact that efficiency as well as the learning curve increased slower than expected. Consequently, 

this results in more FTEs generated in 2030 related to the solar PV market as efficiency in the solar PV 

value chain is lagging. Despite the fact that significantly more employment is generated in the case of 

a higher new CAPEX factor, the solar PV sector should aim to increase efficiency as much as possible.  

In the model it is assumed that the labour costs are subjected to a yearly increase of 0.85%. In case 

this percentage increases with 50%, employment generated in 2030 drops with 41,000 FTEs, because 

one FTE in 2020 is not the same as one FTE in 2030 as a result of changing wages which implies a 

change in the cost of labour. 

Next to that, it can be noticed that installation labour percentage of CAPEX for both rooftop as well as 

ground mounted systems remains relevant. An increase of 50% results in a decrease of employment 

with respectively 202,000 FTEs and 119,000 FTEs in 2030. Lastly, an increase of 50% in the employment 

factor for manufacturing and OPEX as a percentage of CAPEX decreases employment with respectively 

70,000 FTEs and 68,000 FTEs, while the impact of an changing employment factor for recycling is 

neglectable again.  

Figure 15: Sensitivity analysis for the year 2020 
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4.4.3 2050 sensitivity analysis 

For the sensitivity analysis of 2050, the same factors are used as in 2030 (Figure 17). The new CAPEX 

factor has again the biggest impact on employment as it implies an increase of 1,335,000 FTEs created 

in 2050 when the factor would be 50% higher than assumed. The impact of the employment factor for 

recycling remains very small, although an increase of 50% in this factor results in an additional 25,000 

FTEs created in 2050. 

 

Figure 16: Sensitivity analysis for the moderate scenario in 2030 

Figure 17: Sensitivity analysis for the moderate scenario in 2050 
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5 Conclusion 
This model estimated FTEs for the entire European Union. The model is not limited to FTEs on an 

European scale but also expanded to FTEs for the member states and includes direct as well as indirect 

FTEs to be more comprehensive. In addition, the report is solely focused on the solar PV sector and is 

one of the few reports that has future estimations based on 100% renewable scenarios. Subsequently, 

this report is one of the first to quantify the FTEs for recycling. These FTEs are rather small in 2020 but 

will have a non-negligible impact in 2030 and 2050. Finally, this model shows the impact that can be 

generated on employment creation through the implementation of good policy frameworks that are 

in accordance with the European Green Deal.  

5.1 Key findings 

The model has estimated 287,000 direct and indirect FTEs in 2020 for an installed capacity of 18 GW 

of which 123,000 FTEs are direct and 164,000 FTEs indirect. When looking at the direct FTEs, it can be 

noticed that 74% is related to deployment (90,000 direct FTEs), 11% is related to O&M (14,000 direct 

FTEs), another 11% is a result of manufacturing (14,0000 direct FTEs) and 4% is related to 

decommissioning & recycling (5,000 direct FTEs). 

The short-term outlook looks at the prospect of the solar PV market between 2020-2024. In 2021, 

there are 182,000 FTEs in the low scenario, 334,000 FTEs in the medium scenario and 481,000 FTEs in 

the high scenario. In the following year, 276,000 FTEs are created in the low scenario, 395,000 FTEs in 

the medium scenario and 482,000 FTEs in the high scenario. Subsequently, in 2023, there are 358,000 

FTEs in the low scenario, 465,000 FTEs in the medium scenario and 602,000 FTEs in the high scenario. 

Finally, in 2024, 391,000 FTEs are generated in the low scenario for an installed capacity of 21 GW, 

549,000 FTEs in the medium scenario for an installed capacity of 37 GW and 593,000 FTEs in the high 

scenario for an installed capacity of 43 GW. 

In 2030, the laggard scenario generates 1,062,000 FTEs with an installed capacity of 72 GW, the 

moderate scenario generates 1,208,000 FTEs with an installed capacity of 100 GW and the leadership 

scenario generates 1,307,000 FTEs  with an installed capacity of 136 GW.  

In 2050, the laggard scenario generates 1,951,000 FTEs with an installed capacity of 204 GW, the 

moderate scenario generates 2,720,000 FTEs with an installed capacity of 289 GW and the leadership 

scenario generates 2,304,000 FTEs with an installed capacity of 291 GW. In 2050, 32% of the direct 

FTEs will be a result of decommissioning and recycling.  

5.2 Limitations of the model  

The key limitation of this model is the generalisation error that is created through the use of a standard 

Input/Output table made by Eurostat. The indirect FTEs were calculated using an employment 

multiplier that was calculated with these tables. The sectors mentioned in these tables are not solar 

PV specific, which could results in inaccurate employment multipliers. The biggest limitation occurs in 

the calculation of the deployment and O&M indirect FTEs, as only the general sector “construction” is 

available in the Input/Output tables with no further breakdown within this sector. For the 

manufacturing and recycling FTEs this error is not as big as there is much granularity within the 

“manufacturing” sector.  
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Another limitation is the fact that large swings in annual installed capacity leads to very fluctuating 

results between years. This phenomenon only impacts deployment FTEs (installation labour and soft 

labour). One can say that the deployment jobs are created instantly and not gradually over the year. 

However, this is a limitation that is more related to future estimates of employment, as the information 

on current added capacity is accurate and results in an accurate representation of the current 

employment market. One example of this limitation is found in the future leadership scenario. As in 

2031 the added capacity increases drastically compared to 2030. This results in a large jump of solar 

PV jobs over one year.   

The model makes a distinction between utility (ground mounted) and residential (rooftop) for its  

breakdown. The CAPEX breakdown is crucial to calculate the FTEs for deployment and 

decommissioning but the breakdown originates from only three countries for utility (Germany, France 

and Italy) and residential (Italy, Spain and Finland) of which an average is taken to calculate the FTEs 

for the other European countries. In short, every member state uses the same capex breakdown 

average. Finally, the model assumed that the capex breakdown would remain the same in 2030 and 

2050.  

5.3 Future recommendations 

This section provides some recommendations for future research in order to obtain even more 

accurate forecasts regarding the solar PV job market.  

First and foremost, it would be an enormous added value if the Input/Output tables used in this model 

could be replaced by solar PV specific Input/Output tables in order to map the indirect FTEs generated 

by the solar PV industry more accurately. This, for example, could be done by computing the share of 

solar PV in the overarching industry. Obviously this requires a lot of data in order to make a proper 

estimation.  

Next to that, conducting a survey could create value to this paper. In that way a clear overview of 

qualitative aspects such as gender, age and skills of the workforce could be added. This provides 

interesting information for the solar PV stakeholders as they will get more insights regarding diversity 

in their sector, which consequently can be used in order to take the right measures.  

Lastly, it can be recommended to future researchers to not only map the gross employment. The solar 

PV market can for example create a huge amount of new FTEs, but on the other side this can also imply 

job destruction in other industries. Because of that reason it might be useful to look at net employment 

instead, in order to compare different RES.     
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Appendix A: Waste model 

A waste model is created to estimate the annual amount of solar PV waste generated for a specific 

country. This model is based on the waste model of IRENA, stated in the report End-of-Life 

management (IRENA, 2016). However, some changes are made in order to make the model more 

realistic. In this section, the methodology is explained together with some limitations of the model.  

Methodology 

The model is based on the Weibull distribution, which is given by the following equation: 

𝑊𝑒𝑖𝑏𝑢𝑙𝑙 =
𝛼

𝑇
∗ (

𝑥

𝑇
)

𝛼−1

∗ 𝑒(
𝑥
𝑇)

𝛼

  

This distribution is used to describe the lifetime of a solar PV system. This distribution has two 

parameters, alpha () and the average lifetime of the solar PV system (T).  represents the curve of 

the distribution while T represents the length of the curve. Two different values are used for alpha: the 

regular loss value and the early loss value. These values are collected from the IRENA model. For T, a 

distinction is made between residential systems and non-residential systems. For residential systems, 

an average lifetime of 30 years is chosen because these owners tend to utilise the solar PV modules 

for as long as possible. For non-residential owners, an average lifetime of 20 years is assumed because 

these owners make decisions based on the profitability of such a decision. As a result, non-residential 

owners will try to maximise their profits and buy a new system when more profit can be made of it. To 

conclude, four different scenarios can be constructed with these two parameters. A summary of these 

four scenarios can be found in Table 10. 

 
Table 10: Four different scenarios used for the waste model 

 

Using these four curves, it is possible to calculate for a certain installed capacity how much waste will 

be created and when it will be created. However, to know the waste in tons, the installed capacity has 

to be converted into tons. This is done via a weight-to-power ratio which is dependent on the year of 

installation. The weight to power ratio is modeled by an exponential curve that is fitted into a dataset 

given by IRENA. The exponential curve that resulted from this fit is the following: 

𝑤𝑡𝑝 = 108.98 ∗ 𝑒(−0.021∗(𝑥−2000)) 

 

 

Regular Loss – 30 years Early Loss – 30 years Regular Loss – 20 years Early Loss – 20 years 

- 30 years average 

lifetime 

- 99.99% of the 

module will fail 

after 40 years 

-  = 5.3759 

- 30 years average 

lifetime 

- 99.99% of the 

module will fail 

after 40 years 

-  = 2.4928 

- 20 years average 

lifetime 

- 99.99% of the 

module will fail 

after 40 years 

-  = 5.3759 

- 20 years average 

lifetime 

- 99.99% of the 

module will fail 

after 40 years 

-  = 2.4928 
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Where: 

wtp Weight-to-power ratio tons/MW 

x The year of installation - 

 

This makes it able to calculate the waste generated for a given country for a given year with the use of 

the following summation:  

 

𝑊𝑖 = ∑ 𝐶𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑,𝑥 ∗

𝑖

𝑥=𝑖−40

𝑤𝑡𝑝𝑥 ∗ 𝑊𝑒𝑖𝑏𝑢𝑙𝑙𝑖−𝑥  

 

(15) 

Where: 

i Year to be calculated - 

Cinstalled,x The installed capacity in year x MW 

Wtpx Weigth-to-power ratio in year x tons/MW 

Weibulli-x The loss amount of the module  % 

 

The outcome of the model gives for each year for each country and for each segment the waste in two 

scenarios (early loss and regular loss). In reality, the waste amount will lay in between these two 

scenarios. Therefore, the average of two scenarios is taken as the input of the job calculator described 

in this report. The waste is estimated using the same installed capacities that are used in the job 

calculator and is calculated for the year 2020 to 2050. 

 

 

 

Figure 18: The four different scenarios used in the waste model (based on Weibull distribution) 
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Limitations of the waste model 

Firstly, given the fact that few data is available for solar PV lifecycles, the Weibull distribution is an 

assumption that carries a lot of uncertainty with it. It must be noted that this estimate is more an order 

of magnitude estimate rather than a high realistic estimate. Furthermore, as the solar PV technology 

becomes better over time, the Weibull distribution might not be applicable for future installations. 

Secondly, this model only takes into account module waste. However, more waste is occurring in the 

solar PV value chain. For example, a non-negligible component that is neglected is the inverter. This 

results in an underestimation and shows the need for some additions to this model.  

Lastly, this model assumes that when a failure occurs, that it is directly detected by the owner and 

decommissioned in the same year. For example, if a PV panel still produces some output, lower than 

initially commissioned, replacement may not be financially justified. Hence, it is very difficult to predict 

the behavior of a solar PV owner which results in quite some uncertainty. 

To conclude, this model provides the user with a waste estimate that has quite some uncertainty. But 

by using an early loss and a regular loss scenario, this uncertainty is reduced. Given the fact that this 

model is used as an addition to an FTE model, it is proven to be valuable. As this job report is one of 

the first that quantifies the solar PV recycling jobs, this model is definitely a good start, but it shows 

the need for more data collection and even better estimates towards the future, which will 

consequently result in a better FTE estimate. 
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Appendix B: Input data and assumptions 

Table 11: Solar segments for selected countries (SolarPower Europe, 2019) 

Country Residential Commercial Industrial Utility 

Austria 47% 39% 8% 6% 

Baltic States 45% 30% 24% 1% 

Belgium 61% 19% 19% 1% 

Bulgaria 1% 7% 0% 92% 

Czech Republic 5% 10% 22% 63% 

Denmark 49% 12% 8% 30% 

Finland 45% 30% 25% 0% 

France 18% 32% 7% 43% 

Germany 15% 44% 15% 26% 

Greece 15% 36% 23% 27% 

Hungary 19% 26% 42% 13% 

Italy 19% 22% 40% 20% 

Netherlands 53% 15% 14% 17% 

Poland 22% 20% 36% 22% 

Portugal 18% 15% 7% 60% 

Romania 1% 0% 0% 99% 

Slovakia 4% 96% 0% 0% 

Slovenia 7% 51% 41% 2% 

Spain 3% 9% 6% 81% 

Sweden  46% 49% 0% 4% 

Rest of EU 25% 28% 17% 30% 
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Table 12: Country-specific labour cost for different job types (in €) (Eurostat, 2020) 

Country Manufacturing Construction 
Administration 

and support 
services 

Professionial, 
scientific and 

technical 
activities 

Construction 
labour cost for 
utility projects 

Long-term annual 
wage increase 
(real values) 

Austria 78,600 74,200 50,800 69,200 31,200 0.85% 

Baltic states 21,867 23,667 19,067 26,533 23,667 0.85% 

Belgium 88,400 73,800 65,200 72,800 31,200 0.85% 

Bulgaria 10,800 10,000 9,200 17,200 10,000 0.85% 

Czech Republic 27,800 25,200 19,000 26,800 25,200 0.85% 

Denmark 95,600 83,000 75,200 97,400 31,200 0.85% 

Finland 73,800 70,200 49,600 64,000 31,200 0.85% 

France 79,200 69,200 52,200 67,000 31,200 0.85% 

Germany 83,200 61,200 48,000 76,000 31,200 0.85% 

Greece 32,800 21,600 25,200 29,400 21,600 0.85% 

Hungary 21,000 17,000 15,400 24,800 17,000 0.85% 

Italy 58,600 49,400 40,000 53,600 31,200 0.85% 

Netherlands 84,672 78,400 69,264 77,338 31,200 0.85% 

Poland 19,800 20,400 16,200 23,400 20,400 0.85% 

Portugal 24,800 21,000 20,000 30,800 21,000 0.85% 

Romania 13,800 12,400 12,000 19,325 12,400 0.85% 

Slovakia 27,000 20,200 19,600 27,600 20,200 0.85% 

Slovenia 38,200 32,000 29,000 45,800 31,200 0.85% 

Spain 48,600 41,800 32,400 40,600 31,200 0.85% 

Sweden 82,400 73,000 60,200 64,400 31,200 0.85% 

 Rest of EU  50,547 43,883 36,377 47,700 25,733 0.85% 
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Table 13: Country-specific CAPEX values for each segment in €/W (IEA PVPS, 2019) 

Country Residential Commercial Industrial Utility 

Austria 1.46 1.02 0.85 0.64 

Baltic States 1.30 0.88 0.76 0.57 

Belgium 1.16 1.04 0.71 0.51 

Bulgaria 1.08 0.73 0.63 0.48 

Czech Republic 0.83 0.56 0.48 0.36 

Denmark 0.96 0.84 0.84 0.54 

Finland 1.34 0.81 0.60 0.51 

France 2.41 1.11 0.97 0.74 

Germany 1.37 0.93 0.80 0.60 

Greece 2.64 1.80 1.55 1.16 

Hungary 0.84 0.57 0.49 0.51 

Italy 1.30 1.04 0.83 0.63 

Netherlands 1.43 0.91 0.91 0.63 

Poland 1.10 0.75 0.64 0.48 

Portugal 1.30 1.07 0.93 0.65 

Romania 1.48 1.01 0.87 0.65 

Slovakia 1.08 0.73 0.63 0.47 

Slovenia 1.06 0.72 0.62 0.47 

Spain 1.62 0.99 0.99 0.65 

Sweden  1.30 1.07 0.92 0.68 

Rest of EU 1.35 0.93 0.80 0.60 

  
 

      

 

 

 

 

 

 

 

 

 

 

 

 



 

Solar PV job market study for the European Union 53 

Table 14: CAPEX breakdown used in the model for utility scale projects (IRENA Cost report, 2019) 

Main costs Cost category Germany France Italy Average 

Hardware costs 

Modules 42.4% 24.7% 42.1% 36.4% 

Inverters 6.1% 8.2% 6.2% 6.8% 

Racking & mounting 9.1% 10.4% 7.4% 8.9% 

Grid connection 8.0% 14.4% 6.8% 9.8% 

Cabling/wiring 3.7% 4.7% 3.8% 4.1% 
Safety & security 1.3% 1.1% 1.4% 1.3% 

Monitoring & control 0.4% 0.4% 0.5% 0.4% 

Installation labour 

Mechanical 
Installation 

8.9% 12.2% 5.0% 8.7% 

Electrical installation 2.8% 3.9% 2.9% 3.2% 

Inspection 0.8% 0.4% 0.2% 0.5% 

Soft costs 

Margin 10.8% 11.9% 12.3% 11.7% 

Financing costs 0.9% 0.4% 2.9% 1.4% 

System design 3.3% 2.2% 3.9% 3.2% 

Permitting 0.5% 2.6% 3.4% 2.2% 

Incentive application 0.4% 1.8% 0.7% 1.0% 

Customer acquisition 0.4% 0.4% 0.7% 0.5% 

 

 

Table 15: CAPEX breakdown used in the model for non-utility projects (IEA PVPS, 2019) 

Main costs Cost category Italy Spain Finland Average 

Hardware costs 

Module 29.2% 30.3% 22.1% 27.2% 

Inverter 10.4% 13.1% 8.1% 10.5% 

BOS 20.8% 17.1% 14.7% 17.5% 

Installation 
labour 

Installation labour 6.5% 11.4% 26.5% 14.8% 

Soft cost 

Customer acquisition 1.9% 4.2% 3.7% 3.3% 

Procurement & permitting 7.1% 6.9% 3.7% 5.9% 

Margin 24.0% 16.9% 21.3% 20.8% 
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Table 16: Country-specific labour % for non-utility and utility used for the O&M FTE calculation (Eurostat, 2021a) 

Country Non-utility (F4321) Utility (F4222) 

Austria 32% 17% 

Baltic States 22% 20% 

Belgium 18% 26% 

Bulgaria 16% 15% 

Czech Republic 25% 21% 

Denmark 40% 32% 

France 33% 29% 

Germany 33% 33% 

Greece 18% 13% 

Hungary 13% 18% 

Italy 23% 21% 

Netherlands 27% 21% 

Poland 12% 15% 

Portugal 27% 24% 

Romania 18% 17% 

Slovakia 11% 16% 

Slovenia 25% 24% 

Spain 32% 26% 

Sweden 35% 18% 

Finland 34% 27% 

Rest of EU 25% 22% 

   

 

 

 

 

 

 

 

 

 

 

 

 



 

Solar PV job market study for the European Union 55 

Table 17: Manufacturing market shares within the EU (World Integrated Trade Solutions) 

Country Polysilicon Ingots/Wafers Cells Modules Inverter 

Austria 0.0% 0.4% 1.9% 7.6% 5.6% 

Baltic states 0.0% 0.3% 3.5% 2.3% 0.4% 

Belgium 0.0% 1.9% 0.8% 0.6% 2.0% 

Bulgaria 0.0% 0.0% 0.0% 0.0% 0.4% 

Czech Republic 0.0% 2.7% 0.2% 0.0% 2.8% 

Denmark 0.0% 0.7% 11.6% 0.6% 3.2% 

Finland 0.0% 0.0% 0.2% 0.0% 4.7% 

France 0.0% 30.2% 5.6% 18.5% 5.3% 

Germany 100.0% 48.8% 35.5% 46.3% 34.2% 

Greece 0.0% 0.0% 0.0% 0.0% 0.1% 

Hungary 0.0% 0.2% 0.2% 0.0% 4.3% 

Italy 0.0% 13.1% 3.4% 2.9% 7.4% 

Netherlands 0.0% 0.6% 17.8% 0.0% 12.9% 

Poland 0.0% 0.9% 3.7% 3.5% 5.2% 

Portugal 0.0% 0.0% 3.7% 1.8% 0.0% 

Romania 0.0% 0.1% 0.3% 0.0% 1.0% 

Slovakia 0.0% 0.1% 0.5% 0.0% 3.6% 

Slovenia 0.0% 0.1% 0.0% 14.1% 0.1% 

Spain 0.0% 0.1% 0.0% 1.8% 3.5% 

Sweden 0.0% 0.0% 0.0% 0.0% 3.4% 

Rest of EU 0.0% 0.1% 11.1% 0.0% 0.0% 
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Table 18: The employment factors used for manufacturing (FTE/MW) based on expert interviews 

Year Polysilicon Ingots/Wafers Cells Modules Inverter 

2020 0.12 0.25 0.75 0.75 0.31 

2030 0.08 0.17 0.52 0.52 0.22 

2050 0.05 0.11 0.33 0.33 0.14 

 

Table 19: The EU global market shares of manufacturing for the different components for the scenarios “business-as-usual”, 
“in-between” and “Industrial strategy targets reached” 

Year Polysilicon Ingots/Wafers Cells Modules Inverter 

Business-as-usual 

2020 20% 1% 1% 4% 18% 

2030 20% 1% 1% 4% 18% 

2050 20% 1% 1% 4% 18% 

In-between 

2020 20% 1% 1% 4% 18% 

2030 20% 2% 8% 11% 18% 

2050 20% 2% 8% 11% 18% 

Industrial strategy targets reached 

2020 20% 1% 1% 4% 18% 

2030 20% 3% 16% 18% 18% 

2050 20% 3% 16% 18% 18% 
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Table 20: The employment factors used for recycling (collection and treatmant of e-waste) in FTE/kton 

Country Employment factors (FTE/kton) 

Austria 6.60 

Baltic States 8.80 

Belgium 3.08 

Bulgaria 9.46 

Czech Republic 16.28 

Denmark 3.96 

Finland 6.99 

France 6.99 

Germany 6.60 

Greece 6.99 

Hungary 7.26 

Italy 5.94 

Netherlands 4.18 

Poland 5.06 

Portugal 6.99 

Romania 6.99 

Slovakia 6.99 

Slovenia 6.99 

Spain 6.60 

Sweden 6.99 

Rest of EU 6.99 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Solar PV job market study for the European Union 58 

 

Table 21: Country-specific employment multiplier for the five sectors used to calculate indirect jobs. These values have been 
calculated with the use of FIGARO tables from Eurostat.  

Country C26 C27 C20 F E37T39 

Austria 1.11 1.18 1.55 1.94 1.22 

Baltic States 1.12 1.05 1.105 2.18 1.15 

Belgium 1.06 1.07 1.62 2.50 1.20 

Bulgaria 1.03 1.19 1.18 2.95 1.07 

Czech Republic 1.77 1.22 1.50 2.95 1.15 

Denmark 1.09 1.07 1.14 2.09 1.26 

Finland 2.43 1.22 1.43 2.18 1.11 

France 1.14 1.21 1.64 2.66 1.18 

Germany 1.36 1.60 1.99 2.00 1.22 

Greece 1.02 1.10 1.12 3.00 1.23 

Hungary 2.89 1.20 1.44 2.00 1.11 

Italy 1.18 1.48 1.83 2.59 1.33 

Netherlands 1.69 1.08 1.96 2.26 1.11 

Poland 1.42 1.36 1.47 3.17 1.15 

Portugal 1.43 1.17 1.36 1.89 1.21 

Romania 1.07 1.23 1.22 2.82 1.28 

Slovakia 2.14 1.11 1.19 2.07 1.02 

Slovenia 1.12 1.38 1.28 2.07 1.15 

Spain 1.09 1.29 1.85 2.45 1.17 

Sweden 1.29 1.19 1.43 1.91 1.14 

Rest of EU 1.42 1.22 1.47 2.38 1.17 
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Figure 19: New CAPEX factor including the average CAPEX for residential, commercial, industrial & utility. A laggard, 
moderate and leadership scenario is linked with the scenarios of the capacity. 

 

Figure 20: The three different capacity scenarios used for the calculation of the FTEs (laggard, moderate and leadership) 
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Appendix C: Interviews conducted 

Table 22: Interviews conducted 

Number Job title Value chain Use 

1 
Researcher of the solar PV market at a 

Scandinavian University 
Manufacturing Assumption checking 

2 
VP Marketing, Sales and Application 

Engineer at  leading German polysilicon 
manufacturer 

Manufacturing Data gap 

3 
Marketing Coordinator at leading Spanish  

solar tacker manufacturer 
Manufacturing Assumption checking 

4 
Public Affairs at leading at leading German 

inverter manufacturer 
Manufacturing Data gap 

5 
Policy Officer at European Electrical 

Contractors’ Association 
Deployment and O&M Assumption checking 

6 
Manager at leading Italian renewable 

energy company 
Deployment and O&M Assumption checking 

7 
President at leading European 

decommissioning & recycling company 
Decommissioning & 

recycling 
Assumption checking 

8 
General Director at leading French 

decommissioning & recycling company 
Decommissioning & 

recycling  
Data gap 

9 
Board Member at leading German solar 

developer 
Deployment and O&M 

Data-gap & assumption 
checking 
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