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ABOUT THE PROJECT 

In the light of the EU 2030 Climate and Energy framework, MUSTEC- Market uptake of Solar 

Thermal Electricity through Cooperation aims to explore and propose concrete solutions to 

overcome the various factors that hinder the deployment of concentrated solar power (CSP) 

projects in Southern Europe capable of supplying renewable electricity on demand to Central and 

Northern European countries. To do so, the project will analyse the drivers and barriers to CSP 

deployment and renewable energy (RE) cooperation in Europe, identify future CSP cooperation 

opportunities and will propose a set of concrete measures to unlock the existing potential. To 

achieve these objectives, MUSTEC will build on the experience and knowledge generated around 

the cooperation mechanisms and CSP industry developments building on concrete CSP case 

studies. Thereby we will consider the present and future European energy market design and 

policies as well as the value of CSP at electricity markets and related economic and environmental 

benefits. In this respect, MUSTEC combines a dedicated, comprehensive and multi-disciplinary 

analysis of past, present and future CSP cooperation opportunities with a constant engagement 
and consultation with policy makers and market participants. This will be achieved through an 

intense and continuous stakeholder dialogue and by establishing a tailor-made knowledge 

sharing network.  
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EXECUTIVE SUMMARY 

As analysed and identified in WP4, beyond the techno-economic feasibility, there are multiple 

aspects that may prevent renewable electricity cooperation project from materializing. This report 

assesses other potential impacts associated to the future deployment of CSP cooperation projects 

identified in WP8 which have not been accounted for in the modeling exercise but may become an 

obstacle or a driver for the successful deployment of such projects such as socioeconomic, social 

and environmental impacts. 

Starting from the outcomes of WP8 (identified eligible future cooperation STE projects) and the 

associated detailed project cost data (provided by WP8 partners in collaboration with CIEMAT-

PSA), a sustainability impact assessment of the potential STE cooperation projects is performed 

using the FISA framework (Framework for Integrated Assessment Assessments). Direct and 

indirect socioeconomic impacts worldwide are captured, incorporating an extensive 

environmental and social risk database. Project cost data (Investment and O&M costs) and 

imports information of the analysed CSP project are FISA inputs to apply the Multiregional Input–

Output (MRIO) methodology to assess the response of all economic sectors across several 

countries to the increase in the demand for goods and services derived from the studied project. 

Additionally, the extension of the traditional MRIO methodology allows to estimate other 

socioeconomic and environmental impacts (for example: global and local emissions, job creation, 

etc.) across all sectors and countries. Next, the social pillar is incorporated to the FISA 

methodological framework by linking the MRIO results with social risk data from the Social 

Hotspots Database (SHDB).  

In a nutshell, the proposed framework provides a quantitative assessment of the potential impacts 

(direct and indirect effects) across sectors worldwide on 6 indicators that cover the three 

sustainability pillars.  

This report presents the results of the sustainability assessment of two CSP technologies: a 

parabolic trough power plant (PT) and a central receiver power plant (CR). For each of these 

technologies three scenarios are evaluated: a Pure Spanish Investment scenario (S1) where most 

of the investments are made by Spanish firms, a second scenario that exemplifies a possible 

cooperation project with Germany as off-taker (S2) and a third scenario that considers China as a 

supplier of some components (S3). Finally, we also present sustainability assessment results for an 

alternative technology equivalent in terms of flexibility and dispatchability that uses PV panels and 

batteries (PV+BATT).  
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Key findings of the sustainability assessment performed based on the assumptions made for the 

technologies and scenarios presented and regarding the six indicators assessed are the following: 

- CSP deployment will create value added and employment that will be mostly retained in 

Europe 

- CSP electricity has a low carbon and water footprint 

- CSP power plants originate some social risks in their value chain 

- The penetration of the Chinese CSP industry in the European market will worsen the 

sustainability of the CSP plants 

- A cooperation project using central receiver technology seems to perform best in the 

sustainability indicators analysed 

- An equivalent system in terms of flexibility and dispatchability that uses photovoltaic 

panels and batteries performs worse in all the sustainability indicators analysed. 
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1 INTRODUCTION 

The European Union targets towards the energy transition require an increasing deployment of 

renewable energy sources (RES). This deployment can be understood as green investments that 

reduce greenhouse gases (GHG) emissions. These energy investments in RES do have intrinsic and 

inevitable impacts in the economy, the society, and the environment. Deploying power plants is 

expected to generate employment and economic growth across many sectors and countries. It 

would also imply a GHG emission expected mitigation once the new facilities are deployed fully. 

However, the manufacturing, construction, and installation stages are likely to impact the 

environment and the society in many senses. All along the production process up to the final 

installation, greenhouse gases will be emitted; water will be consumed, and the risk of social 

impact will be increased. Due to the so-called global supply chains, it is likely that unfair wages 

would be paid somewhere, and children would be exploited in some economic activities. These 

negative environmental and social risks should be considered when investing in energy projects. 

Concentrating Solar Power (CSP) has been confirmed to have a niche in the future of European 

Union (Resch et al., 2020). Hence, it is expected that additional installed capacity will have a 

multiplier effect on the economy, society, and environment. Components will be produced, 

intermediate inputs (both domestic and imported) will be required, commodities will be extracted, 

fuel will be consumed, and personnel will be necessary to undertake these activities. In a world 

where the production process is determined by the so-called global value chains (GVC), identifying 

where (which countries and sectors) impacts (value added, employment, GHG emissions, etc.) are 

being generated becomes crucial.      

Input–output analysis (IOA) has become a well-known and widely-used methodology to measure 

the total, direct and indirect, impacts of energy-related investments (Hondo & Moriizumi, 2017; 

Jenniches, 2018). Most studies on RES investments focus on employment (Lehr, Lutz, & Edler, 

2012; Markaki, Belegri-Roboli, Michaelides, Mirasgedis, & Lalas, 2013; Markandya, Arto, González-

Eguino, & Román, 2016). Researches covering sustainability impacts are also found (Kucukvar, 

Egilmez, & Tatari, 2014; Monsalve, Zafrilla, & Cadarso, 2016; Zafrilla, Cadarso, Monsalve, & De La 

Rúa, 2014). In the case of CSP, the IOA has also been used to assess impacts in employment 

(Caldés, Varela, Santamaría, & Sáez, 2009); and other socioeconomic and environment effects 

(Corona, Rúa, & San Miguel, 2016). Figure 1 shows some results of employment creation (Full-time 

equivalent, FTE) of different RES technologies per installed capacity (MW) found in the literature. 

In spite of being difficult to compare because the wide-ranging values, CSP values are among the 

highest. 
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Figure 1. Employment values comparison between different RES found in the literature from IOA 
studies. Sources are listed in Appendix Table A 1. 

This report is the final outcome of a multiregional IOA of a possible CSP power plant built in Spain. 

Departing from the Framework for Integrated Sustainability Assessment (FISA) perspective 

(Rodríguez-Serrano, Caldés, De La Rúa, Lechón, & Garrido, 2017), the model we develop is an 

extended multiregional input–output model (EMRIO) that allows consideration of both the direct 

and the indirect impacts of the CSP deployment in Spain, including all the global value chains. 

Based on the assumptions made in WP8 and considering a 200MW installed capacity power plant, 

the research focuses on a comparison of technologies (parabolic trough and central receiver) 

under three different scenarios, all considering Spain as the host country. The first one (Pure 

Spanish investment) assumes that 84% of the investment is domestic (except for the molten salts 

coming from Chile and the thermal oil in the case of parabolic trough technology that comes from 

Germany). The second scenario proposes an alliance with Germany as a supplier of key 

components (mirrors and steam turbine in the case of parabolic troughs and mirrors, frames and 

support structures, drive mechanisms and track systems, the steam turbine and the heat 

exchangers in the case of central receiver technology). This second scenario would be 

representative of a possible cooperation agreement between Germany and Spain to deploy a CSP 

power plant that supplies electricity to Germany. The third scenario assumes that China’s future 

possible insertion in the CSP market would make Chinese components competitive enough to 

consider importing them (receiver tubes, drive mechanisms and track systems and steam turbine 
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in the case of parabolic troughs and drive mechanisms and steam turbine in the case of central 

receiver) with a cost reduction of 20%. Furthermore, it has been considered that Chinese workers 

posted from China participate in the assembly operations. 

These scenarios are compatible with the projections made in WP7 and consistent with the future 

trends of CSP in the world (Schöniger et al., 2020). The present report can be understood as a 

counterfactual exercise to answer the research question of what would be the potential 

socioeconomic, social and environmental impacts associated to the future deployment of CSP 

cooperation projects that may become an obstacle or a driver for the successful deployment of 

such projects, identifying the country and sector-origin of six sustainability indicators (value 

added, employment, climate change, water consumption, wage level and child labour). The results 

are also compared to PV plus batteries as a possible flexibility provider alternative technology to 

CSP. 
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2 METHOD 

We depart from the Framework for Integrated Sustainability Assessment (FISA), a methodological 

framework for conducting a sustainability impact assessment of any investment project 

(Rodríguez-Serrano et al., 2017). Three main pillars define the datasets used in the present FISA 

application: the multi-regional input-output table (MRIOT), the Social Hotspot Database (SHDB), 

and the cost specific data of the MUSTEC project (see Figure 2). Based on a Multiregional Input–

Output (MRIO) framework (EXIOBASE3 in this case), FISA links the cost data of the investment 

project and the extended MRIO results with social risk data from the Social Hotspots Database 

(SHDB) in order to integrate the social with the environmental and economic pillars.  

 

Figure 2: FISA Inputs 

Six socioeconomic, social, and environmental indicators have been chosen (see Table 1). Two 

socioeconomic indicators that measure value added (GDP contribution) and employment creation, 

two environmental indicators focused on climate change and water consumption impacts and two 

social risk indicators measuring the risk of low wages and child labour occurrence.  

Table 1. Socioeconomic and environmental indicators covered. 

Impact Database Indicator Measure 

Socioeconomic EXIOBASE3 
 

Value added M.EUR  

Employment Thousands of people engaged 

Environmental EXIOBASE3 Climate change  kt CO2 eq 

Water consumption  Blue and green water Mm3 

Social SHDB Sweatfree wage Medium risk hours 

Child labour Medium risk hours 
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Figure 3 synthesizes the FISA application to MUSTEC project. Resulting impacts are simultaneously 

considered and reported by means of FISA charts, making it possible to assess the different 

impacts within the three sustainability pillars across countries involved in the whole supply chain 

of investment projects. This methodological framework can be applied not only to compare the 

sustainability impacts of two alternative projects, but also to derive specific recommendations 

aimed at minimizing the harmful social, environmental and economic effects along the whole 

project supply chain (Rodríguez-Serrano, Caldés, De La Rúa, et al., 2017).  

 

Figure 3. FISA application to MUSTEC project 

2.1 Input-output analysis 

The input-output analysis (IOA) was developed by Wassily Leontief, who represented the inputs 

required to produce a unit of output in each economic sector based on the accounting surveys 

from industries and companies in a symmetrical tables called input-output tables (IOTs) (Leontief, 

1936). IOTs can be interpreted considering columns and rows. In columns, the monetary value of 

products or services that a sector needs from other sectors (inputs) to obtain its total production; 

whereas rows display the distribution in monetary values of the production of one sector over the 

rest of the sectors (outputs) (Wiedmann, Lenzen, Turner, & Barrett, 2007). The IOTs comprise two 

main components, the inter-industry flows or transaction matrix, which describes the flows from 
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sector i to sector j, and the final demand. Intermediate goods and services are those, which will be 

further processed by other sectors. The following table (Table 2) represents the main components 

of an IO table.  

Table 2. Example of input-output table 

 

Processing sectors 

(intermediate demand) 

Final 

demand 

Total 

output 

1 2 … n   

Processing 

sectors 

1 z11 z12 … z1n 

Y X 
2 z21 z22 … z2n 

… z31 z32 … z..n 

N zn1 zn2 … znn 

Payment sectors 
Value added v1 v2 … vn 

  
Import m1 m2 … mn 

Total outlays  X   

 

The input-output analysis (IOA) allows estimating the total impacts produced in the different 

economic sectors and countries as a consequence of an increase in the demand of final goods and 

services when an investment is undertaken. Total output from one sector is described by the 

following equations:  

xi =  zi1 + zi2 + ⋯ + zin + 𝑦𝑖  (1) 

This equation will be set for all sectors included in the IOT and can be described using matrix 

notation:  

𝑥 = [

𝑥1

…
𝑥𝑛

] ;    𝑍 =  [

𝑧11 ⋯ 𝑧1𝑛

⋮ ⋱ ⋮
𝑧𝑛1 ⋯ 𝑧𝑛𝑛

] ;   𝑦 =  [

𝑦1

…
𝑦𝑛

]  
(2) 

Where 𝑥 is a vector that expresses the total output, 𝑍 is the intermediate consumption matrix and 

𝑦 is the final demand vector. Leontief normalized the cost requirements by sector through the 

technical coefficients which are denoted as: 

aij =  zi1/xj  (3) 
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The technical coefficients can be expressed as a matrix, as well, and by substituting  𝑧𝑖𝑗 in equation 

1 for the technical coefficients, the total output can be defined by the following matrix equation: 

X =  AX + Y (4) 

Reorganizing equation 4, we get the following expression: 

X = (𝐼 − 𝐴)−1Y  (5) 

Where (𝐼 − 𝐴)−1 is the Leontief inverse matrix, or the multiplier matrix, that expresses the total 

production of each sector required to satisfy the final demand. That is the direct and indirect 

requirements per unit of final demand. The multiplier effect is defined as the ratio between the 

total production X and the demand Y and can be seen as the impact that an increase in final 

demand has on total production. When various regions or countries around the world are 

considered, the change in the demand of goods and services produced in a country from an 

investment done in another country can be estimated by using Multiregional Input-Output Tables 

(MRIOTs) (Miller & Blair, 2009). Through the IOA, it is possible to analyze the economic impacts in 

an economy derived from a change in the final demand of goods and services, such as new 

infrastructure development and planning. Complementing the IOTs information with data about 

sectorial factors (employment or value added creation, greenhouse gases emissions, etc), the IOA 

allows the estimation of sustainability impacts and effects of an investment in any sector or 

industry and its upstream sectors or industries that are directly and indirectly stimulated. It is also 

a useful analysis to show the leakages effects between sectors. This extension can be done by 

adding a socioeconomic or environmental vector, expressing the socioeconomic or environmental 

impact by monetary unit produced, for example, the number of employees created in a specific 

economic sector and year by unit of output produced of such specific sector. Equation 6 shows the 

calculation method: 

𝐹 = 𝑓  ∙ (𝐼 − 𝐴)−1  ∙ 𝑌𝐶𝑆𝑃   (6) 

Where F are the total socioeconomic or environmental impacts and 𝑓 is the socioeconomic or 

environmental vector (e.g. employees/US$ or kg emission/US$). To include any extension, 

environmental or social, we need to have an additional matrix or vector that provides the amount 

of employment or the value added created, i.e., generated by each activity sector per monetary 

unit of output. In the present research, we will replace the final demand vector Y provided by the 

MRIOT, that describes the final demand of a country, by an investment vector that considers the 

investment and operation and maintenance stages of the CSP deployment 𝑌𝐶𝑆𝑃. Using this 

methodology, the following type of results will be obtained: 

• Direct effects (𝑓 ∙ 𝑌𝐶𝑆𝑃): final demand of goods and services due to the CSP power plant, 

differentiating between domestic direct effects and non-domestic direct effects. 
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• Indirect effect (𝐹 − 𝑓 ∙ 𝑌𝐶𝑆𝑃): defined as the intermediate outcomes that will occur to 

satisfy changes in the final demand (also differentiating between domestic and non-

domestic indirect effects). 

• Multiplier effect (𝐹/(𝑓 ∙ 𝑌𝐶𝑆𝑃)): gives a measure of the change in the total impact as a 

result of changes in the final demand for goods or services described.  

In the long-term (2030 and 2050), the production function may vary due to technological change. 

However, we assume that the productive structure pattern has remained unchanged from 2011 

onwards. This is one of the main limitations of this methodology. Hence, this must be understood 

as a counterfactual exercise that addresses the sustainability impacts that would occur if the CSP 

plants were deployed today, rather than a forecasting simulation. 

Another limitation of the model is that the country and sector aggregation of the IOTs might not 

be as representative of the CSP industry as wanted. This is specially seen in terms of employment, 

due to lack of data availability. Differences between input-output approach and the estimations of 

the industry regarding the direct employment on CSP in the literature appear to be remarkable 

(Cameron & van der Zwaan, 2015). Industry estimations only consider the direct employment in 

plant and in the manufacturing of components. Direct employment calculated through input-

output analysis provides, on average, higher figures than the industry. This happens because we 

work with aggregated sectors from the IOTs. As an example, the heliostats production 

corresponds to “glass products” sector; the steam turbine is allocated in the sector “machinery 

and equipment”. Thus, the sectors that are initially involved might not be as representative of this 

technology as we would desire. Nevertheless, even if they are also overestimated, indirect effects 

are not negligible at all and must be considered.  

As a solution regarding the specific case of employment, we follow a hybrid approach by using the 

industry figures for the direct employment (using data from the literature and from the MUSTEC 

industrial partner COBRA) recalculating the indirect employment using the ratio indirect/direct or 

employment multipliers that we obtain in the input-output analysis. Total sustainability effects 

originated by the reinvestment into the economy of the wages earned by the labour in the 

investment (installation/construction) and operation of the power plant have not been 

considered. In other words, the indicators presented in this report do not capture the induced 

effects that arise as an additional stimulus of households’ consumption.  

2.2 MRIOT and its environmental extensions 

We use EXIOBASE3, which consists of a MRIOT constructed for 44 countries and five Rest of the 

World regions (RoW), disaggregated into 163 industries and covering a period of 17 years (1995–

2011). The wide sectorial disaggregation along with the extensive socioeconomic and 

environmental accounts makes this MRIOT the most suitable for the research. We use the last 

year available (2011) and aggregate the whole set to 42 sectors (n = 42) and 7 regions (m = 7, 



 

 

 

 
Sustainability assessment of future CSP cooperation projects in Europe 
(D9.1) 

18 

 

Spain, Germany, China, Rest of Latin America EXIOBASE3’s default region, Rest of the European 

Union, OECD countries not considered in the previous regions, and Rest of the World) to facilitate 

the management and interpretation of the results without losing relevant information (see Table A 

2 and Table A 3 in the Appendix). For the specific case of the molten salts required, Chile is the 

supplier. Since EXIOBASE3 does not consider this country separately from the Latin America region 

(WL) the direct employment factor of the Mining of chemical and fertilizer minerals, production of 

salt, other mining and quarrying n.e.c sector in WL has been compared to the Mining and 

quarrying of non-energy producing products sector in Chile provided by the ICIO-OECD (OECD, 

2018). Due to the substantial difference between WL and Chile in the sectors analyzed (0.19 

thousand people per million of output versus 0.004, respectively), the original employment factor 

has been replaced by the one provided by the ICIO-OECD. 

Regarding the environmental extensions used in this assessment, GHG emissions (CO2eq) take into 

account three main pollutants: CO2, CH4 and N2O. Based on the Product Environmental Footprint 

(PEF) Guide from the European Commission, the characterization factors in order to estimate 

CO2eq amounts of these gases are 1, 36.8 and 298 respectively (Fazio et al., 2018). Results for 

water consumption are also presented considering a water scarcity stress factor based on the 

AWARE method (Boulay et al., 2018) (Table 3) and include blue and green water. Blue water refers 

to the volume of surface and groundwater consumed (evaporated) as a result of the production of 

goods in each sector and green water refers to the rainwater consumed (Mekonnen & Hoekstra, 

2011). 

Table 3. Characterization factors used for water consumption impacts 

Region Characterization 
factor 

ES 77.7 

DE 1.36 

CN 42.4 

WL 81.4 

REU 41.0 

OECD 42.8 

ROW 43.0 

 

2.3 SHDB 

The social pillar is integrated by combining the MRIOT with the Social Hotspot Database (SHDB). 

The SHDB quantifies social risks for every country-specific sector. It contains a wide variety of 

social indicators mainly based on public data from institutions such as the International Labor 

Organization (ILO), World Bank (WB) and other organizations that periodically gather large 

volumes of social data (Franze, 2013). There are many different types and forms of social 
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indicators, ranging from human rights to gender equality, and from qualitative to quantitative 

indicators.  

The SHDB is a social indicators repository developed in the frame of the project under the same 

name. The project was launched in 2009 by New Earth, a non-profit organization dedicated to 

information systems for sustainability and the database was issued in 2013. SHDB is an input-

output life cycle inventory database, providing a solution to enable the modelling and the initial 

assessment of potential social impacts (Benoît Norris & Revéret, 2015). Since 2013, New Earth has 

been working on updates and further development of the database and making it available with 

different product system models (Mancini, 2018). 

The SHDB is organised in a modular system with three main components: A Global Input Output 

Model; A Worker Hours Model; and Data on social risks and opportunities (Benoît-Norris, Aulisio, 

& Norris, 2012). First, the Global IO model in this assessment is based in EXIOBASE as described 

previously. Second, the Worker Hours vector in EXIOBASE enables the link between the IO model 

and the data on social risks. The activity variable used is worker-hours. Thus, the Worker Hours 

vector allows determine how many worker-hours are involved for each unit process in the supply 

chain, for a given final demand (Xiao, Norris, Lenzen, Norris, & Murray, 2017). The present analysis 

is an adaptation of the original GTAP-based SHBD that has been converted into a EXIOBASE3-

based SHDB dataset.  

Finally, the third component of the SHDB is the Data on social risks (or opportunities). The SHDB 

indicator data are derived from a variety of publicly available sources including the statistical 

agencies of the WB, the WHO, and the ILO, US Labour department and state, and in some 

instances, private audit databases are also consulted. In total, the SHDB references around 200 

data sources (Benoit-Norris, Cavan, & Norris, 2012; Xiao et al., 2017). Where single data sources 

are not sufficiently comprehensive across countries for specific issues, data are triangulated across 

multiple sources (Pelletier et al., 2018; Xiao et al., 2017). Specifically, social indicator data is 

grouped in five overarching thematic areas or categories, 26 subcategories (Figure 4Figure 4) and 

157 indicators.  
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Figure 4. Social Hotspots Database midpoint (social themes) and endpoint categories (social 
categories). Source: (Benoît-Norris & Norris, 2015) on (Takeda, Keeley, Sakurai, Managi, & Norris, 

2019).  

According to the SHDB methodology, the identification of social hotspots across sectors within one 

country is based on the analysis and conversion of social indicators into social risk values (Benoit-

Norris et al., 2012)). Thus, the labour hour intensity factors from the Worker Hours vector are used 

together with the social risk level characterizations, in order to express social risks and 

opportunities in terms of work hours, by sector and country, at a given level of risk relative to each 

social impact subcategories and indicator (Benoît-Norris, Bennema, & Norris, 2019). 

Social risk values are figures that represent the existence and degree of different social threats 

occurring in economic sectors. There are four levels or classes of social risk values, represented on 

a quantitative scale: low risk, medium risk, high risk or very high risk. These social risk values are 

combined by means of a process of characterizing and normalizing the different social indicators, 

based mainly on the data distribution, expert  judgment, and  literature (Benoît-Norris & Norris, 

2015) and can be conflated in one only index, including weighting in case. Depending on the type 

and form of the social indicator other approaches are also used (Franze, 2013). It is therefore 

possible to compare and identify the highest social risks within economic sectors and countries 

across supply chains (Greendelta, 2013). For the present work, two indicators have been selected: 

Child labour and Sweatfree wage. Child labour is a social theme into SHDB category, and it is 

characterized by two indicators: the risk of child labour in a country and by sector (data of both in 

%). Thus, it is possible estimate how many working hours are potentially child labour, and which 

country and sectorial contribution. Sweatfree wage is understood as a fair wage according to the 



 

 

 

 
Sustainability assessment of future CSP cooperation projects in Europe 
(D9.1) 

21 

 

countries involved adjusted to reflect the country’s level of economic development. We follow the 

Social Hotspot Index proposed by (Benoît-Norris et al., 2019), where results are a weighting that 

represents the relative probability of an adverse situation to occur. Relative probabilities are 

expressed in relation to the medium risk level. This weighting will augment or lower the number of 

workers hours (medium risk hours) depending of the risk level. In doing so, it helps identify 

hotspots or country specific sector where the risk is elevated and the contribution to total worker 

hours is important. 

2.4 Specific cost data 

For the present analysis, a 200MW of CSP power plant has been considered. Spain has been 

chosen as the host country regarding the location of the hypothetical CSP plant. The southern part 

of Spain still offers a multitude of feasible potential sites with high levels of Direct Solar Radiation 

(above 2,000 to 2,200 kWh/m2-year). 

The costs of the potential CSP plant have been obtained using free techno economic software, the 

System Advisor Model (SAM) (https://sam.nrel.gov/concentrating-solar-power.html). Two 

technologies have been considered: parabolic trough (PT) with synthetic oil as heat transfer fluid 

(HTF) and thermal storage using molten nitrate salts and central receiver (CR) on tower using 

molten salts both as HTF and as thermal storage. This data includes technical aspects of a 

prototype of CSP plant (i.e., technological characteristics, lifespan, etc.) installed in South Spain 

(see Table 4). A synthetic meteorological design year for Seville, with 2,353 kWh/m2-year of Direct 

Normal Irradiation was selected for the analysis. 

Table 4. Technical data of the CSP plants considered 

Terms of Reference Initial or Reference values Parabolic Trough Power Plant Central Receiver Power Plant 

Installed net capacity  200 MW   

Thermal storage  11 hour   

Investment cost   5.43 M€/MW   

Annual O&M cost  62 k€/MW   

Variable O&M cost  0.15 EUR/MWh   

Interest Rate 5%   

Life Time 25 years   

Site location South of Europe   

Results from the SAM analysis 

Aperture Reflective 
Area 

 2,340,608 m2 2,538,110 m2 

Solar field Land Area  5.8 km2 14.9 km2 

Rated Cycle 
Conversion Efficiency 

 39.0% 41.2% 

Cooling type  Air-cooled Air-cooled 

Net annual power 
generated 

 841 GWh/yr 1,066 GWh/yr 

Capacity Factor  48% 54.6% 

https://sam.nrel.gov/concentrating-solar-power.html
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For the cost inputs we used own knowledge with reference costs of 2016 and, when not available 

for some main equipment, the SAM’s default cots were used. The final share of cost investments 

data is shown in Table 5. The O&M disaggregation costs regarding the central receiver technology 

(Rodríguez-Serrano, Caldés, Rúa, & Lechón, 2017). In the case of parabolic trough data was 

obtained from (Turchi, 2010). 

Table 5. Share of investment costs data  

Split of Costs Parabolic 
Trough Power 
Plant 

Central 
Receiver 
Power Plant 

DIRECT CAPITAL COSTS:   

Solar field 24.24 % 26.44 % 

Site improvement 4.04 % 3.02 % 

Tower cost  3.77 % 

Receiver cost (only for CR technology)  12.68 % 

HTF System (only for PT Technology) 9.69 %  

Thermal Energy Storage System 26.82 % 9.71 % 

Power Block & Balance of Plant 15.34 % 21.99 % 

Contingency 5.61 % 5.43 % 

INDIRECT CAPITAL COSTS (EPC & owner +  Land costs + sales tax) 14.26 % 16.95 % 

 

Regarding the country-origin of CSP plant components, three scenarios have been proposed: 

 Pure Spanish Investment (S1): all final components, with the exception of the molten salts 

that come from Chile and the thermal oil that comes from Germany, are produced in Spain. 

The construction, installation and Operation and Maintenance goods and services involved 

are also Spanish.  

 Alliance with Germany (S2): as part of the possible clauses of a hypothetic cooperation 

agreement between Spain and Germany, we consider that Germany supplies some of the 

components of the plant. Specifically, in the case of parabolic troughs Germany provides 

the mirrors and steam turbine. In the case of central receiver, Germany provides the 

mirrors, the frames and support structures, the drive mechanisms and track systems, the 

steam turbine and the heat exchangers. 

 China as a supplier (S3): assuming that China is going to have a relevant role in the future 

of CSP, under this scenario, the country supplies components related to the solar field, 

with a cost reduction of 20%. In the case of parabolic trough technology, China would 

supply the receiver tubes, the drive mechanisms and track systems and the steam turbine. 

In the case of the central receiver, China will supply the drive mechanisms and the steam 

turbine. The installation process (civil works related to the tower, solar field, thermal heat 
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storage system and the power plant) is assumed to be undertaken by both Spanish and 

Chinese workers (the later with labour costs reduction of approximately 80%).  

The regional share of the investment expenses is shown in Figure 5. 

 CR PT 
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Figure 5. Regional share of investment cost data in the different scenarios 



 

 

 

 
Sustainability assessment of future CSP cooperation projects in Europe 
(D9.1) 

24 

 

The detailed list of the investment and O&M costs from SAM modelling has been escalated to 

match the D8.1 cost assumptions (Schöniger & Resch, 2019). The same happens with the 

comparison made between CSP and photovoltaics plus batteries (PV+BATT). In order to make CSP 

and PV+BATT comparable (same electricity production during the lifespan of the plants), the 

storage system remains 200MW with 11 hours (as the TES in the CSP) and the PV infrastructure 

must be escalated to 739MW (see Figure 6). The purpose of this exercise is to compare the 

sustainability implications of a PV+BATT system as a substitute of CSP in terms of dispatchability 

and flexibility. Cost data for the PV+BATT scenario have been obtained from NREL (Feldman, 

Margolis, Denholm, & Stekli, 2016; Fu, Remo, & Margolis, 2018) combined with photovoltaics 

O&M cost data disaggregation from (Markaki et al., 2013). 

 

Figure 6. PV+BATT adaptation 

Cost specific data must be transformed into a vector that fits the MRIOT. That is, the different 

components of the CSP plant have to be identified, related with and allocated into the EXIOBASE 

MRIOT. This sectoral breakdown allocation is based on (Breitschopf, Nathani, & Resch, 2012), a 

methodological guideline for estimating impacts of using renewable energies for electricity 

generation), the International Standard Industrial Classification (United Nations, 2008) and 

(Rodríguez-Serrano, Caldés, Rúa, et al., 2017) that apply FISA to CSP. Thereby, a final vector has 

been created for every technology, under the three scenarios plus the PV+BATT case. The 

complete set of data used in this assessment is publicly available (Banacloche, Gamarra, Tellez, & 

Lechon, 2020). Final demand vectors YCSP include the three scenarios for the two technologies 

presented and two stages (investment and O&M) plus a comparison of PV+BATT under scenario 3. 

This results in 14 YCSP final demand vectors. Once the specific cost data has been assembled, 

altogether with the MRIOT and SHDB databases, the FISA outputs can be displayed as presented in 

the next section. 
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3 RESULTS 

Three main questions are addressed here to identify the potential impacts associated to the future 

deployment of CSP cooperation projects, according to six indicators. These are questions that 

policy makers may want to know. Since there is room in the future for CSP (see D8.2), results do 

not exert a crowding out effect on other technologies nor substitute other investments and thus, 

can be understood as net effects.  

3.1 Does CSP generate value added and employment in Europe? 

The initial investments (INV) made to install a CSP plant in Spain require components. However, to 

become final goods destined for investment, these components have required intermediate inputs 

that have been produced with primary factors (labour, capital, land), both domestic and foreign, 

all along their supply chain. When estimating value added, these primary factors can be identified 

by country and sector, enabling a better interpretation of where economic growth is being 

created. Figure 7 captures the difference in investment and value-added regional share for PT and 

CR technologies under scenarios S1 to S3.  

 

Figure 7. Regional share of investment and value added created for PT and CR technologies under 
scenarios S1 to S3. 

When talking about value added, other regions (and sectors) where no initial investment was 

made now appear as important because their role in the global value chains. As an example, in 

CR_S1, 95% of the investment consists of Spanish final components and services, except for the 

molten salts coming from Chile. However, roughly 75% corresponds to Spanish primary factors 
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payment (value added and thus, economic growth). The rest remains intermediates produced in 

REU, OECD, DE, CN, and ROW. Hence, this indicator redistributes the effect of the investment in 

terms of economic growth. Total results of value added are presented in Table 6 below.  

Table 6. Total, both direct and indirect, value added creation (Investment and O&M Stages) (M.EUR) 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 PV+BATT 
ES 604 525 484 731 476 604 674 

DE 40 119 38 22 288 18 28 

REU 51 51 42 62 61 49 59 
European 695 695 564 815 825 671 761 

CN 10 10 108 12 12 120 852 

WL 149 149 150 66 63 66 28 

OECD 30 32 33 35 38 38 125 

ROW 46 43 45 57 46 54 123 

Total  930 930 899 984 984 949 1,888 
Direct 462 467 442 451 477 420 372 

Indirect 468 463 458 534 508 529 1,515 

 

Total value added created ranges from 899 up to 984 M.EUR for the CSP power plants and is 

calculated in 1,888 M.EUR for the PV+BATT system. While this later scenario creates much more 

value added, the amount of this value added that is created in Europe is very similar to the CSP 

power plants since most of the value added created remains in China. Indirect value added is very 

important especially in the case of PV+BATT scenario where the ratio indirect/direct value added 

is around 4. 

In scenario 2, 13-30% of the investment comes from Germany and an important share of the value 

added remains there as supplier of some of the components. This can be regarded as an important 

benefit for Germany of this kind of cooperation project. In CR_S2 a total value added of 288 

M.EUR will be created due to the investments in the components for the CR plant. In the case of 

PT power plants this benefit would amount 119 M.EUR. As for the scenario of Chinese investments 

S3, 13% of the investment is considered to be done by Chinese companies and a total of 108-120 

M.EUR value added will be generated in China.  

In Spain and for CR technology, domestic value added creation is highest in S1 where 731 M.EUR 

will be created and the loss of value added is higher in the cooperation scenario with Germany 

(476 M.EUR in Spain) than the scenario of Chinese CSP market penetration (604 M.EUR in Spain). 

In the case of parabolic troughs, the situation is different. Value added creation in Spain amounts 

to 604 M.EUR but the loss of value added is higher in the Chinese scenario (only 484 M.EUR will be 

created in Spain) than in the cooperation scenario with Germany (525 M.EUR will still be created 

in Spain).  
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It follows that the highest value added creation in Spain will be produced in a scenario of pure 

Spanish investments in a CR power plant and the lowest in the case of cooperation with Germany 

in this type of technology. The Chinese market penetration threat results in a loss of Spanish value 

added creation of around 120 M.EUR in both technologies.  

From an European perspective and considering the value added that remains (or is originated) 

inside the European Union (Figure 8) , the CR_S2 can be considered as the most beneficial option, 

capturing 82.7% of all the value added generated (825 out of 984 M.EUR remain inside the 

European Union). Investing in a PT plant with Chinese components result in the lowest European 

value added creation of the options investigated in this work. 

 

Figure 8. Share of European and non-European value added creation in the different scenarios. 

In terms of employment, Table 7 shows employment per megawatt in the investment and 

operation and maintenance stages expressed in full time equivalent jobs (FTE). Under CR_S1, 46.4 

FTE/MW remain domestic (that is, 9,280 jobs-year originated in the European Union), followed by 

CR_S2 (43.8 FTE/MW, 8,760 jobs-year). Indirect impacts in employment are in the range of 48 to 

53% of total employment when direct jobs from the installation and the operation stage are 

accounted for. The PV+BATT scenario is not considered since the original results make this 

technology the most labour-intensive (coming from China) and there is no data to recalculate 

FTE/MW.  
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 Table 7: Total, both direct and indirect employment (FTE/MW). 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 
ES 32.3 28.2 26.7 42.7 30.6 35.8 
DE 1.6 4.5 1.6 0.8 10.3 0.7 
REU 2.1 2.1 1.7 2.8 3 2.3 

European 36 34.8 30 46.4 43.8 38.8 

CN 1.8 2 19.2 2.5 2.7 27.1 
WL 1.9 1.9 1.9 1.9 1.5 1.9 
OECD 1.2 1.3 1.3 1.5 1.7 1.7 
ROW 16.7 16.1 16.5 23 20 22.4 
Total  57.8 56 67 75.4 69.8 88.1 

Direct 20.4 19.5 21.1 26.8 25 28.6 

Indirect 37.3 36.6 45.9 48.5 44.7 59.6 

       
Direct installation and O&M  18.9 18.9 19.6 23.2 23.2 24.1 
       
TOTAL EUROPEAN 54.9 53.7 38.7 69.5 67 48.5 

TOTAL SPAIN 51.2 47.1 35.4 65.9 53.8 45.5 

TOTAL 76.7 74.9 86.6 98.5 92.9 112.1 
 

As labour costs on the operation and the installation of the CSP plant are available, direct labour in 

plant can also be estimated with EXIOBASE. For the operational stage, salary per worker in the 

Spanish production of electricity by solar thermal power can be used as a proxy, resulting in 1,733 

(PT) and 1,933 (CR) additional FTE (8.67 and 9.67 FTE/MW respectively). Translated into 

permanent jobs, results of PT (69 permanent jobs, 0.35 jobs/MW) and CR (77, 0.39 jobs/MW) are 

consistent with the industry estimations provided by COBRA (40 permanent jobs or 0.36 

jobs/MW). For the installation of the CSP plant, S1 and S2 consider that labour of the construction 

sector is Spanish; S3 considers Chinese labour that is moved to the host country (one example of 

this procedure is the Noor III power plant). Hence, salary per worker in the Spanish and Chinese 

construction sector is also estimated from the MRIOT to obtain the FTE. In this sense, additional 

direct employment at this stage is 2,044 (PT) and 2,698 (CR) FTE in S1 and S2 (10.2 and 13.5 versus 

13 FTE/MW reported by COBRA), and 2,177 (PT) and 2,874 (CR) FTE under S3 (10.9 and 14.4 

FTE/MW, respectively).   

In terms of employment, the benefits for Germany to engage in a cooperation agreement with 

Spain for this CSP power plant is highest in the case of CR plants and is quantified in 10.3 FTE/MW. 

For Spain, employment generation ranges from 26.7 FTE/MW in the case of the Chinese 

investments in PT plant up to 42.7 FTE in the case of a pure Spanish CR plant. From a European 

perspective, S3 would create a loss of domestic employment that ranges from 5.3 FTE/MW in PT 

to 6.6 FTE/MW in CR. Germany, as a central hub in global value chains, exerts a slightly higher 

stimulation of employment in Europe when deploying CSP (0.2 additional FTE/MW when 
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compared to CR_S1 and no increase in PT_S1). However, it is less labour-intensive than Spain. 

Hence, the additional jobs created in Germany (9.5 FTE/MW) do not compensate the loss of 

Spanish employment (12.1 FTE/MW) when comparing S1 and S2 for CR (see Figure 9). 

 

Figure 9. Share of European and non-European (RoW) employment creation in the different 
scenarios (people engaged). 

3.2 How can CSP minimize the environmental impacts? 

Figure 10 presents the Carbon and Water footprints of the investments proposed, that is the 

CO2eq and water embodied in goods and services that are consumed in Spain as a host country, 

identifying where they are produced.  

 

Figure 10. Carbon and water footprints of the CSP investments in the different scenarios. 
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Total GHG emissions range from 15 to 28 gCO2 eq/kWh, values that are perfectly in line with 

values reported in life cycle assessment literature with median life cycle GHG emission estimates 

of 22 - 23 g CO2 eq/kWh (Burkhardt, Heath, & Cohen, 2012). The highest emissions are produced 

in S3 for both technologies due to the high carbon intensity of Chinese productive structure 

(yellow segments in the Figure 11). Even in this case, emissions are well below those of the 

alternative fossil electricity generation systems and in the range of the other renewable 

technologies (IPCC, 2011). The PV+BATT installation generates around 93 gCO2 eq/kWh and these 

high emissions are mainly generated in the Chinese productive sectors. 

Table 8 presents the results regarding the origin of the environmental impacts. This can be 

understood as the CSP investments carbon footprint of Spain, while also reflecting the producer 

perspective (the origin of the emissions), compatible with the Paris Agreement reporting. 

Table 8: Total, both direct and indirect, GHG emissions in GgCO2eq (Investment and O&M Stages) 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 PV+BATT 
ES 196.0 154.2 124.1 175.0 98.8 144.4 108.3 
DE 19.9 50.4 19.5 10.0 67.2 9.1 16.9 
REU 22.1 22.1 18.1 27.1 25.9 22.0 24.8 

European 238.0 226.7 161.7 212.1 191.9 175.5 150.0 

CN 26.1 26.3 250.7 33.2 31.0 261.3 1,773.8 
WL 83.9 83.6 84.6 37.2 35.7 37.4 13.8 
OECD 17.6 18.2 22.3 21.1 19.8 26.5 96.0 
ROW 66.3 62.9 67.1 82.1 64.7 77.6 172.4 

Total manufacturing 431.9 417.7 586.4 385.7 343.1 578.3 2,206.0 
Direct 163.9 156.0 129.0 66.7 59.5 66.8 24.8 

Indirect 268.0 261.7 457.4 319.0 283.6 511.5 2,181.2 

Total (kg/kWh) 0.021 0.020 0.028 0.015 0.013 0.022 0.093 
 

The deployment of this CSP power plant will increment the European GHG emissions in around 

162-238 Gg of CO2eq (see Figure 11) involved in the manufacturing of the components and the 

intermediate products required in the value chain that have its origin in Europe. These values 

represent a 28-55% of the total emissions produced in the value chain of this technology. Although 

the European participation in terms of value added (70-84%) and employment (43-72%) is higher, 

indicating the CO2 decoupling from economic growth in Europe. 

In terms of GHG emissions, the cooperation with Germany in a CSP plant (exemplified in the S2 

scenario) will result in lower GHG emissions than if a fully Spanish investment is considered (S1) 

due to the lower carbon intensity of the German productive sectors and specially in a situation 

where the Chinese CSP industry penetrates the European CSP market. 
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Figure 11. European and non-European carbon footprints of the CSP investments in the different 
scenarios. 

 

As for water consumption (Table 9) embodied water results range from 0.7 to 1.7 l/kWh well in 

agreement with values in literature that range from 0.7 to 0.9 l/kWh (Meldrum, Nettles-Anderson, 

Heath, & Macknick, 2013). Highest values also occur in S3 in both cases due to water consumption 

from Chinese components. As operational water consumption is quite reduced as we have 

considered a dry cooling technology, most of the water consumed by the plant is due to the water 

embodied in components. Chinese productive structure in 2011 is described as water-intensive 

when compared to the other regions. This is why environmental impacts of S3 in both 

technologies are the highest. This trend may be tackled and smoothed in the future, though. 

Water scarcity weighed results (see last row in Table 9) point out the importance of the Spanish 

endowments as lower water scarcity results when Germany cooperates in a CSP plant due to the 

much lower water scarcity factors of Germany (see Table 3). 

Also because of the high importance of China in its value chain, PV+BATT is much more water-

intensive than CSP. This result contrasts with the general findings of the LCA literature (Meldrum 

et al., 2013) that probably fail to consider the Chinese origin effect on water consumption of some 

of the components.  
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Table 9: Total, both direct and indirect, water consumption in Mm3 (Investment and O&M Stages) 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 PV+BATT 
ES 3.5 2.9 2.6 3.8 2.3 3.0 3.0 
DE 0.9 1.0 0.9 0.1 0.4 0.1 0.2 
REU 0.8 0.8 0.7 0.9 0.9 0.8 1.1 

European 5.2 4.7 4.2 4.9 3.5 3.9 4.3 

CN 0.9 0.9 6.5 1.0 1.1 7.6 54.4 
WL 0.8 0.7 2.2 0.8 0.7 2.0 11.6 
OECD 1.2 1.2 3.8 1.4 1.2 3.5 21.1 
ROW 9.7 9.1 12.9 11.4 8.9 13.3 46.5 

Total manufacturing 17.7 16.6 29.5 19.5 15.3 30.2 137.9 
Direct 0.7 0.7 0.9 0.1 0.1 0.6 2.2 

Indirect 17.0 15.9 28.6 19.4 15.2 29.7 135.7 

Direct plant 6.2 6.2 6.2 2.6 2.6 2.6 0.1 

Total 23.9 22.8 35.7 22.1 17.9 32.9 138.0 
Total (l/kWh) 1.1 1.1 1.7 0.8 0.7 1.2 5.8 

Total weighted 1,355 1,283 1,882 1,199 948 1,674 6,431 

 

Since these impacts are directly related to production, scenarios where domestic content is higher 

will also have higher values in absolute terms. From the producer perspective it is logical to think 

that there is a trade-off between economic growth or employment, and environmental impacts. 

However, CR_S2 has the best performance: being the most environmentally friendly option (with 

the lowest footprints), with domestic (European) GHG emissions of 192 GgCO2eq and domestic 

water consumption of 6 Mm3 water (including the direct water of the operation phase). German 

components are less carbon intensive than Spanish ones and the difference in water scarcity 

characterization between Spain and Germany is responsible for the best performance of German 

components in water footprint. 

From the German perspective, the cooperation project (S2) produces an increase in domestic GHG 

emissions of 50-67 Gg CO2 eq (4-7 gCO2eq/kWh imported) and a domestic water consumption 

increase of 0.4-1 Mm3 eq (0.02-0.05 l/kWh imported). However, looking at the European Union as 

a whole (Figure 12), this cooperation has a lower impact on GHG emissions and water 

consumption than a pure Spanish investment. 
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Figure 12. European and non-European water footprints of the CSP investments in the different 
scenarios. 

3.3 Minimize the social risks embodied in global value chains? 

It seems rational to think that a high level of development and low social risks in a country are 

correlated. Usually, developing regions have more undemanding social policies regarding labour 

rights. Although direct investments are mostly made with European components and services, 

intermediates all along the GVC coming from developing regions are likely to embody social risks. 

Most of the social risks regarding Sweatfree wage and Child labour are expected to occur outside 

the European Union, especially in China and RoW. CR_S2 performs better than any other 

alternative, showing the lowest risks in these two indicators. PV+BATT depends on Chinese 

components in a much higher proportion than CSP, affecting the risks of incurring unfair wages 

and child labour. 
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Figure 13. Social risks of the CSP investments in the different scenarios 

Focusing on the ROW region, in terms of Sweatfree wage, it is more likely to see unfair wages in 

Africa, Rest of Asia and Pacific, and Middle East. Unfair wages in Russia can also be seen (see 

Figure 14). In terms of Child labour (Figure 15), Africa, Rest of Asia and Pacific and Middle East 

remain the most affected regions. 

 

Figure 14. Sweatfree wage risks of the CSP investments in the region ROW in the different 
scenarios. BR: Brazil, IN: India, RU: Russia, TW: Taiwan, ID: Indonesia, ZA:  South Africa, WA:  Rest 
of Asia and Pacific, WE: Rest of Europe, WF: Africa, WM: Middle East. 
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Figure 15. Child labour risks of the CSP investments in the region ROW in the different scenarios. 
BR: Brazil, IN: India, RU: Russia, TW: Taiwan, ID: Indonesia, ZA:  South Africa, WA:  Rest of Asia and 
Pacific, WE: Rest of Europe, WF: Africa, WM: Middle East. 

3.4 Global sustainability assessment 

This section presents the results shown before in charts that compare the different scenarios 

across all the indicators and technologies. These graphs show in axis the relative value of the 

different sustainability indicators in comparison with the scenario S1 of pure Spanish investment 

as a reference case, both at the global and at the European level. 

At the global and also at the European level, the results show how a cooperation scenario (S2) - in 

both technologies but especially in the CR case - slightly increase value added although slightly 

reduce employment generation. The environmental and social sustainability are also improved as 

all the impact indicators have a lower score. The case of an increased penetration of the Chinese 

industry in the CSP market in Europe worsens all the sustainability indicators especially social 

indicators such as child labour. The only exception of job creation that is increased but outside 

Europe (since employment creation in Europe is reduced). 

The comparison between the CSP (CR) and the PV+BATT technologies shows that economic 

indicators  scores of the PV+BATT system are higher (since the investments are much higher) but 

only outside Europe as both value added and employment creation in Europe is reduced in the 

PV+BATT case. Environmental and social impacts are also much higher although, also in this case, 

outside Europe. 
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 GLOBAL IMPACTS IMPACTS IN EUROPE 
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Figure 16. Sustainability indicator results of each scenario. CR: Central receiver; PT: parabolic 
troughs; PV+BATT: photovoltaics and batteries; VA: Value added; EMP: employment; CC: climate 
change; WC: water consumption; WA: unfair wages and CL: Child labour. 
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3.5 Sector analysis 

Figure 17 gathers the top ten most representative sectors for every impact of PT_S2, CR_S2 and 

PV+BATT scenarios, all referenced in terms of production. For the CSP technologies, the most 

benefited sector in terms of value added and employment is Manufacture of machinery and 

equipment n.e.c., followed by Other services activities in Spain. The Mining of chemical and 

fertilizer materials, production of salt, other mining and quarrying n.e.c sector from rest of Latin 

America (molten salts from Chile) is also important in terms of value added. Due to the 

characteristics of these activities, the mining sector appears to be more capital than labour-

intensive and does not have a remarkable impact in terms of employment. For the CR_S2 

technology the German sectors of manufacture of fabricated metal products except machinery and 

equipment and manufacture of electrical equipment and apparatus also have an important share 

in terms of value added and employment. Results differ slightly when compared to PT_S2 

scenario: the Mining of chemical and fertilizer materials, production of salt, other mining and 

quarrying n.e.c sector from rest of Latin America (molten salts from Chile) retains the most value 

added created. When compared with the PV+BATT scenario, results are quite different. Sectors 

such as Manufacture of electrical machinery and apparatus and the Secondary and Tertiary  

sectors in China, the Financial intermediation except insurance and pension funding in Spain (in 

term mainly of value added) and the primary sector in ROW appear as the most important. 

Services act as a glue in the global value chains, creating value added an employment. This 

phenomenon (servicification of manufacturing) can be seen in the Tertiary sector impacts. 

Although not relevant environmental impacts are embodied in these activities, risks of unfair 

wages in the RoW region and even child labour in China are likely to occur. 

The sectors producing the biggest environmental impacts are other though. Mining of chemical 

and fertilizer materials, production of salt, other mining and quarrying n.e.c sector in WL is the 

main CO2eq emitter sector in the CSP technology while in the PV+BATT scenario most of the 

emissions come from the Production of electricity by coal and Manufacture of basic iron and steel 

and of ferro-alloys and first products thereof in China. Water is consumed in the Primary sector, 

excluding mining and extraction activities in the rest of the world (direct water not accounted) in 

the case of CSP and this sector also in China in the case of PV+BATT. The electricity mix as a source 

of CO2 emissions is especially important in China. This situation could be minimized if China moves 

towards an energy transition compromised with decarbonisation. And social risks regarding Child 

labour and Sweatfree wage appear in the Tertiary and the Primary sectors in the rest of the world 

in the case of CSP and also in the Secondary sector and the Manufacture of electrical machinery 

and apparatus in China in the case of PV+BATT.    
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Figure 17. Results of the top ten most representative sectors for every impact of PT_S2, CR_S2 and PV+BATT scenarios 

Country Sector

PT CR PV+BATT PT CR PV+BATT PT CR PV+BATT PT CR PV+BATT PT CR PV+BATT PT CR PV+BATT PT CR PV+BATT

ES Manufacture of machinery and equipment n.e.c. 308.4 303.5 287.6 114.5 112.7 106.8 3.1 3.0 2.9 8.3 8.2 7.7 0.04 0.04 0.04 217767 214262 203035 0 0 0

ES Other business activities 152.9 39.7 97.0 99.0 25.7 62.8 1.3 0.3 0.8 1.0 0.3 0.7 0.11 0.03 0.07 216615 56225 137465 0 0 0

WL Mining of chemical and fertilizer minerals, production of salt, other mining and quarrying n.e.c.144.3 58.6 0.0 144.3 58.6 0.0 0.5 0.2 0.0 80.4 32.7 0.0 0.06 0.02 0.00 50190 20388 0 501904 203882 0

ES Tertiary Sector, nec 121.5 92.3 127.6 79.2 59.8 80.6 1.9 1.4 1.8 11.2 8.7 11.1 1.90 1.36 1.55 70214 56711 97626 0 0 0

ES Secondary Sector, nec 115.7 103.1 111.9 32.3 28.7 31.1 0.4 0.4 0.4 24.1 24.7 27.6 0.02 0.02 0.02 78074 67820 72042 0 0 0

ES Manufacture of fabricated metal products, except machinery and equipment 97.9 46.5 38.3 37.0 17.6 14.5 0.7 0.3 0.3 2.8 1.3 1.1 0.02 0.01 0.01 91084 43230 35596 0 0 0

ES Manufacture of glass and glass products 95.2 0.7 0.7 27.1 0.2 0.2 0.4 0.0 0.0 44.9 0.3 0.3 0.00 0.00 0.00 37566 292 292 0 0 0

ES Construction 70.9 133.0 164.8 29.4 55.2 68.3 0.5 0.9 1.2 4.3 8.0 9.9 0.02 0.04 0.04 103769 194715 241235 0 0 0

DE Manufacture of machinery and equipment n.e.c. 67.0 128.5 8.2 26.8 51.3 3.3 0.3 0.6 0.0 0.7 1.4 0.1 0.00 0.00 0.00 31994 61367 3910 0 0 0

DE Manufacture of glass and glass products 50.3 21.8 0.2 17.8 7.7 0.1 0.2 0.1 0.0 16.2 7.0 0.1 0.00 0.00 0.00 24051 10426 79 0 0 0

DE Tertiary Sector, nec 36.7 58.2 11.7 26.3 41.6 7.8 0.5 0.8 0.1 6.6 9.9 9.3 0.00 0.00 0.00 13650 21465 4234 0 0 0

DE Chemicals nec 30.5 0.2 0.5 6.2 0.0 0.1 0.2 0.0 0.0 3.8 0.0 0.1 0.45 0.00 0.01 53674 274 862 0 0 0

REU Tertiary Sector, nec 27.8 30.4 35.1 18.0 19.6 21.7 0.3 0.4 0.4 5.5 5.9 9.1 0.14 0.18 0.14 71146 67624 105998 201278 221116 298229

ROW Tertiary Sector, nec 22.7 22.4 38.6 12.6 12.6 21.7 1.7 1.7 2.9 8.2 8.4 17.0 0.03 0.03 0.06 20820491 19596700 32051399 27068086 25750867 44544320

ES Financial intermediation, except insurance and pension funding 21.5 23.2 157.6 17.3 18.6 126.8 0.1 0.2 1.1 0.2 0.3 1.8 0.00 0.00 0.00 37725 40621 276329 0 0 0

ES Real estate activities 20.5 34.2 87.8 15.8 26.4 67.9 0.0 0.0 0.1 0.1 0.2 0.4 0.00 0.00 0.00 28990 48425 124384 0 0 0

ROW Mining and extraction activities 18.4 18.6 78.7 14.5 14.7 62.3 1.3 1.4 7.4 20.6 20.3 81.3 0.16 0.24 0.59 1127076 1158648 4554686 6157589 6063690 21085928

OECD Tertiary Sector, nec 16.6 18.7 54.8 11.5 13.4 38.6 0.3 0.3 0.9 4.5 4.9 18.4 0.00 0.00 0.01 256202 269823 771224 1930482 2168925 5553692

ROW Secondary Sector, nec 13.9 16.6 39.8 4.8 5.8 13.1 0.4 0.5 1.8 11.6 12.1 24.7 0.05 0.05 0.19 4946393 5154532 16560135 8401639 8689487 37457715

CN Secondary Sector, nec 8.0 10.7 594.7 1.8 2.4 127.4 0.1 0.1 6.5 2.1 2.6 144.4 0.06 0.08 4.34 692471 804374 43696425 3404162 4294966 236294416

DE Manufacture of fabricated metal products, except machinery and equipment 7.9 164.1 4.0 3.7 76.7 1.9 0.1 1.1 0.0 0.1 2.5 0.1 0.00 0.01 0.00 4584 94995 2307 0 0 0

ES Other service activities 6.1 122.4 0.1 4.1 81.6 0.1 0.1 2.6 0.0 0.1 1.3 0.0 0.00 0.00 0.00 13191 263866 243 0 0 0

DE Manufacture of electrical machinery and apparatus n.e.c. 5.8 117.7 7.2 2.5 50.8 3.1 0.0 0.5 0.0 0.1 1.5 0.1 0.00 0.00 0.00 2760 56236 3420 0 0 0

ES Production of electricity by gas 5.1 4.1 4.1 2.2 1.8 1.7 0.0 0.0 0.0 14.0 11.4 11.1 0.02 0.01 0.01 1961 1592 1561 0 0 0

CN Manufacture of machinery and equipment n.e.c. 4.7 6.1 120.0 1.1 1.4 28.6 0.1 0.1 1.7 0.2 0.3 5.8 0.02 0.03 0.53 11322 14727 291458 1132232 1472717 29145799

CN Manufacture of basic iron and steel and of ferro-alloys and first products thereof 3.6 4.3 260.2 1.0 1.2 69.8 0.0 0.0 3.0 6.0 7.1 432.9 0.07 0.08 5.02 114957 137388 8337352 1149568 1373876 83373518

ROW Manufacture of machinery and equipment n.e.c. 3.3 4.2 4.0 0.9 1.2 1.2 0.2 0.3 0.3 0.0 0.1 0.1 0.00 0.01 0.01 579425 820317 1070248 737736 1032265 1304849

ROW Other business activities 3.1 2.8 4.8 1.6 1.5 2.5 0.2 0.2 0.3 0.1 0.1 0.1 0.00 0.00 0.00 3591623 3299528 5257393 8807828 7933907 13243096

CN Tertiary Sector, nec 2.8 3.4 156.8 1.9 2.3 109.8 0.2 0.2 11.8 1.0 1.2 44.3 0.00 0.00 0.00 10852 13097 620641 1085244 1309737 62064075

ROW Primary Sector, excluding mining and extraction activities 2.5 2.5 10.8 1.5 1.5 6.4 1.4 1.4 4.9 7.2 7.1 20.3 8.74 8.48 45.38 8583121 8214829 24750595 26163369 24676701 62112484

CN Manufacture of electrical machinery and apparatus n.e.c. 2.2 3.8 1302.7 0.4 0.7 247.5 0.0 0.0 14.2 0.0 0.1 19.6 0.00 0.01 2.62 5406 9121 3162854 540576 912115 316285417

CN Manufacture of fabricated metal products, except machinery and equipment 2.1 2.7 90.7 0.5 0.6 20.6 0.0 0.0 1.1 0.1 0.2 5.7 0.02 0.03 0.96 6722 8775 290673 672201 877483 29067332

ES Production of electricity by coal 2.0 1.6 1.6 0.6 0.5 0.5 0.0 0.0 0.0 25.8 20.9 20.6 0.02 0.01 0.01 766 620 609 0 0 0

CN Mining and extraction activities 1.8 2.2 174.4 1.0 1.3 109.1 0.0 0.0 1.8 4.0 4.8 273.1 0.00 0.00 0.00 52771 63702 5153235 1805883 2158010 138116252

ROW Chemicals nec 1.6 1.4 10.3 0.3 0.3 2.2 0.0 0.0 0.1 0.3 0.3 1.7 0.00 0.00 0.00 499312 413157 4589196 3130771 2669818 26593029

ROW Financial intermediation, except insurance and pension funding 1.6 1.8 3.2 0.9 1.1 1.9 0.1 0.1 0.1 0.1 0.1 0.2 0.00 0.00 0.00 1200744 1304178 2471275 3493827 3883790 7136506

DE Production of electricity by coal 0.9 1.9 0.2 0.4 0.8 0.1 0.0 0.0 0.0 11.9 24.1 2.7 0.03 0.06 0.01 408 825 92 0 0 0

ROW Construction 0.9 1.0 1.5 0.3 0.4 0.5 0.0 0.0 0.1 0.2 0.2 0.3 0.00 0.00 0.00 840538 939722 1298587 425596 466405 741869

CN Chemicals nec 0.8 0.8 44.8 0.1 0.1 7.4 0.0 0.0 0.2 0.3 0.3 16.4 0.00 0.00 0.05 13883 14037 745432 1388304 1403663 74543231

ROW Real estate activities 0.8 0.8 1.4 0.6 0.6 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 658062 658476 1104621 2578189 2438755 4186940

ES Primary Sector, excluding mining and extraction activities 0.7 0.6 0.8 0.4 0.3 0.4 0.0 0.0 0.0 0.8 0.7 1.0 0.71 0.67 0.90 1421 1259 1688 0 0 0

OECD Primary Sector, excluding mining and extraction activities 0.5 0.5 4.5 0.2 0.3 2.0 0.0 0.0 0.0 0.5 0.5 2.9 1.12 1.08 20.91 68308 74048 159988 125238 131310 582724

REU Primary Sector, excluding mining and extraction activities 0.5 0.5 0.7 0.3 0.3 0.4 0.0 0.0 0.0 0.4 0.4 0.6 0.51 0.52 0.83 20179 23749 37379 12124 12240 20893

ROW Education 0.5 0.4 0.5 0.3 0.3 0.3 0.1 0.0 0.1 0.0 0.0 0.0 0.00 0.00 0.00 1317939 1247589 1317135 1115722 1053545 1116829

CN Production of electricity by coal 0.4 0.5 27.7 0.1 0.2 10.2 0.0 0.0 0.4 9.8 11.7 667.9 0.01 0.01 0.74 1154 1374 78436 115364 137366 7843599

CN Primary Sector, excluding mining and extraction activities 0.4 0.5 20.7 0.3 0.3 13.1 0.2 0.2 10.5 0.7 0.8 42.4 0.70 0.81 39.99 455883 522360 21760045 815544 950785 41060700

CN Manufacture of other non-metallic mineral products n.e.c. 0.3 0.3 18.7 0.1 0.1 4.7 0.0 0.0 0.2 0.6 0.6 35.5 0.00 0.00 0.07 13127 13497 770777 131272 134971 7707770

DE Primary Sector, excluding mining and extraction activities 0.3 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.44 0.25 0.20 396 149 107 0 0 0

WL Primary Sector, excluding mining and extraction activities 0.2 0.2 1.8 0.1 0.1 1.4 0.0 0.0 0.3 0.2 0.3 1.1 0.67 0.66 11.49 3314 3370 23787 4100 4156 26804

CN Steam and hot water supply 0.0 0.0 0.4 0.0 0.0 0.1 0.0 0.0 0.0 0.7 0.9 56.0 0.00 0.00 0.00 5 6 357 472 554 35690
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4 CONCLUSIONS 

Below we show the key findings of the sustainability assessment performed for a CSP power plant 

based on the assumptions made for the technologies and scenarios presented and regarding the 

six indicators assessed. 

CSP deployment will create value added and employment that will be mostly retained in Europe 

We have shown that the deployment of a 200 MW CSP power plant would generate value added 

in a range between 900-950 M.EUR of which 70-84% would remain in Europe. Employment 

creation has been estimated in 75-112 FTE/MW of which 39-70 FTE/MW would be retained in 

Europe (43-72%). Lowest figures correspond to a scenario of a high penetration of the Chinese CSP 

industry in the European market. 

CSP electricity has a low carbon and water footprint 

The electricity generated in this CSP plant would generate between 14-28 gCO2 eq per kWh of 

electricity generated. The highest figure corresponds to a scenario of high penetration of the 

Chinese CSP industry. From the total emissions, only 28-55% of these emissions would be 

produced in Europe. Water consumption of the CSP power plant ranges from 0.7 to 1.1 l/kWh and 

is mainly due to the water embodied in components and not so much to the operational water 

consumption that is quite reduced. 

CSP power plants originate some social risks in their value chain 

Most of the social risks regarding fair wages and occurrence of child labour are expected to occur 

outside the European Union, especially in China and Africa, Rest of Asia and Pacific, and Middle 

East, and in sectors not directly stimulated by the investments. Hence it is of outmost importance 

to guarantee the social responsibility along the value chain of all the components of these plants 

in order to minimize the occurrence of such risks. 

The penetration of the Chinese CSP industry in the European market will worsen the 

sustainability of the CSP plants 

The scenarios that consider a higher penetration of the Chinese CSP industry in the European 

market would reduce the generation of value added at the European but also at the global level. 

Although these scenarios increase total job creation, this increment only occurs in China and 

comes at the expense of a decrease in the European employment. The participation of the Chinese 

industry in the power plants also increase the carbon and water footprints as well as the risk of 

occurrence of unfair wages and child labour. This situation could be minimized if China moves 

towards a fair, inclusive and low carbon energy transition. 
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A cooperation project using central receiver technology seems to perform best in the 

sustainability indicators analysed 

Under the assumptions used in this assessment, the central receiver technology stands as the best 

technology to deploy in the future in Europe regarding sustainability criteria under scenarios 

where either Spain or a cooperation with Germany undertake the manufacturing, installation and 

O&M stages. The latter option becomes the most appealing as it retains wealth inside the 

European Union, minimizes the Carbon and Water footprints and reduce the risks of incurring 

unfair wages child labour that may occur all along the supply chains, mostly outside the European 

Union. 

An equivalent system in terms of flexibility and dispatchability that uses photovoltaic panels and 

batteries performs worse in all the sustainability indicators analysed. 

Although the value added and employment generated by a PV+BATT system is quite higher than in 

the case of CSP, the amount of these socioeconomic benefits that remain in Europe is similar since 

most of these benefits remain in China and do not contribute to the European wealth. For the rest 

of the sustainability indicators analysed, the PV+BATT system performs worse than the CSP plant. 
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APPENDIX 

Table A 1. List of references used in the employment comparison between different low carbon 
technologies found in the literature (IOA studies) in Figure 1. 

Label in the graph Reference 

1 (Brown, Pender, Wiser, Lantz, & Hoen, 2012) 

2 (Cai, Mu, Wang, & Chen, 2014) 

3 (Caldés et al., 2009) 

4 (Breitschopf et al., 2012) 

5 (Lantz, 2009) 

6 (Llera Sastresa, Usón, Bribián, & Scarpellini, 2010) 

7 (Markaki et al., 2013) 

8 (Schwer & Riddel, 2004) 

9 (Stoddard, Abiecunas, & Connell, 2006) 

10 (Rodríguez-Serrano, Caldés, De La Rúa, et al., 2017) 

11 (Simas & Pacca, 2014) 

12 (Tourkolias & Mirasgedis, 2011) 

13 (Corona et al., 2016) 

14 (Corona Bellostas, 2016) 

15 (Komendantova & Patt, 2014) 

16 (Deloitte, 2011) 

17 (EY, 2013) 
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Table A 2. Region aggregation for MUSTEC 

Region Code EXIOBASE region EXOBASE code 

Spain ES Spain ES 

Germany DE Germany DE 

China CN China CN 

Rest of Latin America  WL Rest of Latin America WL 

Rest of the European Union REU Austria AT 

Belgium BE 

Bulgaria BG 

Cyprus CY 

Czech Republic CZ 

Denmark DK 

Estonia EE 

Finland FI 

France FR 

Greece GR 

Croatia HR 

Hungary HU 

Ireland IE 

Italy IT 

Lithuania LT 

Luxembourg LU 

Latvia LV 

Malta MT 

Netherlands NL 

Poland PL 

Portugal PT 

Romania RO 

Sweden SE 

Slovenia SI 

Slovakia SK 

Rest of OECD countries  OECD United Kingdom GB 

United States US 

Japan JP 

Canada CA 

South Korea KR 

Mexico MX 

Australia AU 

Switzerland CH 
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Turkey TR 

Norway NO 

Rest of the World ROW Brazil BR 

India IN 

Russia RU 

Taiwan TW 

Indonesia ID 

South Africa ZA 

RoW Asia and Pacific WA 

RoW America WE 

RoW Europe WF 

RoW Africa WM 
 

 

Table A 3. Sector aggregation for MUSTEC 

Sector EXIOBASE Sector Code 
Primary Sector, excluding mining and 

extraction activities 
Cultivation of paddy rice c1 

Cultivation of wheat c2 

Cultivation of cereal grains nec c3 

Cultivation of vegetables, fruit, nuts c4 

Cultivation of oil seeds c5 

Cultivation of sugar cane, sugar beet c6 

Cultivation of plant-based fibers c7 

Cultivation of crops nec c8 

Cattle farming c9 

Pigs farming c10 

Poultry farming c11 

Meat animals nec c12 

Animal products nec c13 

Raw milk c14 

Wool, silk-worm cocoons c15 

Manure treatment (conventional), storage and land application c16 

Manure treatment (biogas), storage and land application c17 

Forestry, logging and related service activities c18 

Fishing, operating of fish hatcheries and fish farms; service activities 
incidental to fishing 

c19 

Mining and extraction activities 
 

Mining of coal and lignite; extraction of peat c20 

Extraction of crude petroleum and services related to crude oil extraction, 
excluding surveying 

c21 

Extraction of natural gas and services related to natural gas extraction, 
excluding surveying 

c22 

Extraction, liquefaction, and regasification of other petroleum and gaseous 
materials 

c23 

Mining of uranium and thorium ores c24 

Mining of iron ores c25 

Mining of copper ores and concentrates c26 

Mining of nickel ores and concentrates c27 

Mining of aluminium ores and concentrates c28 

Mining of precious metal ores and concentrates c29 

Mining of lead, zinc and tin ores and concentrates c30 
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Mining of other non-ferrous metal ores and concentrates c31 

Quarrying of stone c32 

Quarrying of sand and clay c33 

Mining of chemical and fertilizer 
minerals, production of salt, other 

mining and quarrying n.e.c. 

Mining of chemical and fertilizer minerals, production of salt, other mining 
and quarrying n.e.c. 

c34 

Food manufacturing 
 

Processing of meat cattle c35 

Processing of meat pigs c36 

Processing of meat poultry c37 

Production of meat products nec c38 

Processing vegetable oils and fats c39 

Processing of dairy products c40 

Processed rice c41 

Sugar refining c42 

Processing of Food products nec c43 

Manufacture of beverages c44 

Manufacture of fish products c45 

Secondary Sector, nec 
 

Manufacture of tobacco products c46 

Manufacture of textiles c47 

Manufacture of wearing apparel; dressing and dyeing of fur c48 

Tanning and dressing of leather; manufacture of luggage, handbags, 
saddlery, harness and footwear 

c49 

Manufacture of wood and of products of wood and cork, except furniture; 
manufacture of articles of straw and plaiting materials 

c50 

Re-processing of secondary wood material into new wood material c51 

Pulp c52 

Re-processing of secondary paper into new pulp c53 

Paper c54 

Publishing, printing and reproduction of recorded media c55 

Manufacture of coke oven products c56 

Petroleum Refinery c57 

Processing of nuclear fuel c58 

Plastics, basic c59 

Re-processing of secondary plastic into new plastic c60 

N-fertiliser c61 

P- and other fertiliser c62 

Chemicals nec 
 

Chemicals nec c63 

Secondary Sector, nec 
 

Manufacture of rubber and plastic products c64 

Manufacture of glass and glass 
products 

 

Manufacture of glass and glass products c65 

Secondary Sector, nec 
 

Re-processing of secondary glass into new glass c66 

Manufacture of ceramic goods c67 

Manufacture of bricks, tiles and construction products, in baked clay c68 

Manufacture of cement, lime and plaster c69 

Re-processing of ash into clinker c70 

Manufacture of other non-metallic 
mineral products n.e.c. 

 

Manufacture of other non-metallic mineral products n.e.c. c71 

Manufacture of basic iron and steel and 
of ferro-alloys and first products 

thereof 
 

Manufacture of basic iron and steel and of ferro-alloys and first products 
thereof 

c72 

Secondary Sector, nec 
 

Re-processing of secondary steel into new steel c73 

Precious metals production c74 

Re-processing of secondary preciuos metals into new preciuos metals c75 

Aluminium production c76 

Re-processing of secondary aluminium into new aluminium c77 

Lead, zinc and tin production c78 



 

 

 

 
Sustainability assessment of future CSP cooperation projects in Europe 
(D9.1) 

49 

 

Re-processing of secondary lead into new lead c79 

Copper production c80 

Re-processing of secondary copper into new copper c81 

Other non-ferrous metal production c82 

Re-processing of secondary other non-ferrous metals into new other non-
ferrous metals 

c83 

Casting of metals c84 

Manufacture of fabricated metal 
products, except machinery and 

equipment 

Manufacture of fabricated metal products, except machinery and 
equipment 

c85 

Manufacture of machinery and 
equipment n.e.c. 

Manufacture of machinery and equipment n.e.c. c86 

Manufacture of office machinery and 
computers 

Manufacture of office machinery and computers c87 

Manufacture of electrical machinery 
and apparatus n.e.c. 

Manufacture of electrical machinery and apparatus n.e.c. c88 

Secondary Sector, nec 
 

Manufacture of radio, television and communication equipment and 
apparatus 

c89 

Manufacture of medical, precision and optical instruments, watches and 
clocks 

c90 

Manufacture of motor vehicles, trailers and semi-trailers c91 

Manufacture of other transport equipment c92 

Manufacture of furniture; manufacturing n.e.c. c93 

Recycling of waste and scrap c94 

Recycling of bottles by direct reuse c95 

Production of electricity by coal Production of electricity by coal c96 

Production of electricity by gas Production of electricity by gas c97 

Production of electricity by nuclear Production of electricity by nuclear c98 

Production of electricity by hydro Production of electricity by hydro c99 

Production of electricity by wind Production of electricity by wind c100 

Production of electricity by petroleum 
and other oil derivatives 

Production of electricity by petroleum and other oil derivatives c101 

Production of electricity by biomass 
and waste 

Production of electricity by biomass and waste c102 

Production of electricity by solar 
photovoltaic 

Production of electricity by solar photovoltaic c103 

Production of electricity by solar 
thermal 

Production of electricity by solar thermal c104 

Production of electricity by tide, wave, 
ocean 

Production of electricity by tide, wave, ocean c105 

Production of electricity by Geothermal Production of electricity by Geothermal c106 

Production of electricity nec Production of electricity nec c107 

Transmission of electricity Transmission of electricity c108 

Distribution and trade of electricity Distribution and trade of electricity c109 

Manufacture of gas; distribution of 
gaseous fuels through mains 

Manufacture of gas; distribution of gaseous fuels through mains c110 

Steam and hot water supply Steam and hot water supply c111 

Collection, purification and distribution 
of water 

Collection, purification and distribution of water c112 

Construction Construction c113 

Tertiary Sector, nec 
 

Re-processing of secondary construction material into aggregates c114 

Sale, maintenance, repair of motor vehicles, motor vehicles parts, 
motorcycles, motor cycles parts and accessoiries 

c115 

Retail sale of automotive fuel c116 

Wholesale trade and commission trade, except of motor vehicles and 
motorcycles 

c117 

Retail trade, except of motor vehicles and motorcycles; repair of personal 
and household goods 

c118 

Hotels and restaurants c119 

Transport via railways c120 

Other land transport c121 
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Transport via pipelines c122 

Sea and coastal water transport c123 

Inland water transport c124 

Air transport c125 

Supporting and auxiliary transport activities; activities of travel agencies c126 

Post and telecommunications c127 

Financial intermediation, except 
insurance and pension funding 

Financial intermediation, except insurance and pension funding c128 

Insurance and pension funding, except 
compulsory social security 

Insurance and pension funding, except compulsory social security c129 

Tertiary Sector, nec 
 

Activities auxiliary to financial intermediation c130 

Real estate activities Real estate activities c131 

Renting of machinery and equipment 
without operator and of personal and 

household goods 

Renting of machinery and equipment without operator and of personal and 
household goods 

c132 

Computer and related activities Computer and related activities c133 

Tertiary Sector, nec 
 

Research and development c134 

Other business activities Other business activities c135 

Public administration and defence; 
compulsory social security 

Public administration and defence; compulsory social security c136 

Education Education c137 

Tertiary Sector, nec 
 

Health and social work c138 

Incineration of waste: Food c139 

Incineration of waste: Paper c140 

Incineration of waste: Plastic c141 

Incineration of waste: Metals and Inert materials c142 

Incineration of waste: Textiles c143 

Incineration of waste: Wood c144 

Incineration of waste: Oil/Hazardous waste c145 

Biogasification of food waste, incl. land application c146 

Biogasification of paper, incl. land application c147 

Biogasification of sewage slugde, incl. land application c148 

Composting of food waste, incl. land application c149 

Composting of paper and wood, incl. land application c150 

Waste water treatment, food c151 

Waste water treatment, other c152 

Landfill of waste: Food c153 

Landfill of waste: Paper c154 

Landfill of waste: Plastic c155 

Landfill of waste: Inert/metal/hazardous c156 

Landfill of waste: Textiles c157 

Landfill of waste: Wood c158 

 Activities of membership organisation n.e.c. c159 

Tertiary Sector, nec 
 

Recreational, cultural and sporting activities c160 

Other service activities Other service activities c161 

Tertiary Sector, nec 
 

Private households with employed persons c162 

Extra-territorial organizations and bodies c163 
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VALUE ADDED 

Table A 4. Total, both direct and indirect, value added creation (Investment Stage). 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 PV+BATT 
ES 551 478 438 663 424 548 428 
DE 38 112 36 20 270 17 21 
REU 48 48 40 56 55 45 45 

European 695 695 564 815 825 671 761 

CN 9 9 102 11 11 108 734 
WL 148 147 148 63 60 63 23 
OECD 28 30 31 32 35 35 103 
ROW 43 41 42 52 41 49 100 
Total 
manufacturing 

866 866 837 896 896 865 1,455 

Direct 430 435 411 412 437 385 284 

Indirect 436 431 426 484 459 480 1,170 

 

Table A 5. Total, both direct and indirect, value added creation (O&M Stage). 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 PV+BATT 
ES 53 47 46 68 52 56 246 
DE 2 7 2 2 18 1 7 
REU 3 3 2 6 6 4 14 

European 0 0 0 0 0 0 0 

CN 1 1 6 1 1 12 118 
WL 1 2 2 3 3 3 5 
OECD 2 2 2 3 3 3 22 
ROW 3 2 3 5 5 5 23 
Total 
manufacturing 

64 64 62 88 88 84 433 

Direct 32 32 31 39 40 35 88 

Indirect 32 32 32 50 49 49 345 
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EMPLOYMENT 

Table A 6. Total, both direct and indirect, FTE/MW Investment Stage 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 
ES 19.5 16.8 15.6 25.8 17.6 22 
DE 1.3 3.3 1.3 0.5 7.2 0.4 
REU 1.5 1.5 1.2 1.7 1.8 1.4 

European 22.3 21.6 18.1 28 26.5 23.8 

CN 1.3 1.4 14.2 1.5 1.6 17.5 
WL 1.6 1.6 1.6 1.2 0.9 1.2 
OECD 0.9 0.9 0.9 0.9 1 1 
ROW 11.7 11.3 11.6 13.7 11.5 13.4 
Total manufacturing 37.8 36.7 44.5 45.4 41.6 53.1 

Direct 12.5 12 13 16.6 15.6 17.8 

Indirect 25.3 24.8 31.5 28.8 26 35.4 

             

Direct installation 10.2 10.2 10.9 13.5 13.5 14.4 

             
TOTAL EUROPEAN 32.5 31.8 18.1 41.5 40 23.8 

TOTAL 48.1 46.9 55.4 58.9 55.1 67.5 

 
Table A 7. Estimated total, direct and indirect, employed people at the Investment Stage 

Region 

PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 

ES 3,896.6 3,353.5 3,119.3 5,159.8 3,512.2 4,400.9 

DE 266.6 662.7 255.6 105.9 1,436.9 89.0 

REU 296.4 302.8 243.8 343.7 357.6 275.4 
European 4,459.6 4,319.1 3,618.7 5,609.4 5,306.7 4,765.3 

CN 263.5 275.1 2,457.1 301.8 327.3 2,739.2 

WL 322.6 313.0 327.5 245.3 178.8 238.0 

OECD 173.2 181.9 189.4 186.7 198.3 203.2 

ROW 2,349.4 2,253.4 2,316.9 2,739.6 2,305.5 2,680.3 

Total 
manufacturing 7,568.3 7,342.5 8,909.6 9,082.8 8,316.7 10,626.1 

Direct 2,503.0 2,391.3 2,606.0 3,313.9 3,119.0 3,550.8 

Indirect 5,065.2 4,951.2 6,303.6 5,768.9 5,197.7 7,075.3 

       

Direct 
installation 2,043.5 2,043.5 2,177.0 2,697.8 2,697.8 2,874.0 

       
TOTAL EUROPEAN 6,503.1 6,362.6 3,618.7 8,307.3 8,004.5 4,765.3 

TOTAL 9,611.8 9,386.1 11,086.6 11,780.6 11,014.5 13,500.1 
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Table A 8. Total, both direct and indirect, FTE/MW Operation and Maintenance (O&M) Stage. 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 

ES 12.8 11.4 11.1 16.9 13.0 13.8 

DE 0.3 1.2 0.3 0.3 3.1 0.3 

REU 0.6 0.6 0.5 1.1 1.2 0.9 
European 13.7 13.2 11.9 18.4 17.3 15.0 

CN 0.5 0.6 5.0 1.0 1.1 9.6 

WL 0.3 0.3 0.3 0.7 0.6 0.7 

OECD 0.3 0.4 0.4 0.6 0.7 0.7 

ROW 5.0 4.8 4.9 9.3 8.5 9.0 

Total 
manufacturing 20.0 19.3 22.5 30.0 28.2 35.0 

Direct 7.9 7.5 8.1 10.2 9.4 10.8 

Indirect 12.0 11.8 14.4 19.7 18.7 24.2 

       

Direct operation 8.7 8.7 8.7 9.7 9.7 9.7 

       
TOTAL EUROPEAN 22.4 21.9 20.6 28.0 27.0 24.7 

TOTAL 28.6 28.0 31.2 39.6 37.8 44.6 
 

Table A 9. Estimated total, direct and indirect, employed people at the O&M Stage. 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 

ES 2,561.4 2,272.3 2,221.6 3,376.5 2,595.7 2,764.5 

DE 64.7 247.4 59.4 69.2 629.6 57.5 

REU 119.7 125.3 96.8 226.5 239.2 179.2 
European 2,745.9 2,645.0 2,377.8 3,672.2 3,464.5 3,001.2 

CN 105.2 113.3 1,009.4 198.0 218.3 1,920.8 

WL 63.7 58.3 64.3 145.4 119.8 141.9 

OECD 69.9 74.6 75.9 126.8 136.7 137.6 

ROW 1,007.8 966.1 981.4 1,853.5 1,693.1 1,794.2 

Total 
manufacturing 3,992.6 3,857.2 4,508.8 5,996.0 5,632.5 6,995.6 

Direct 1,587.7 1,503.2 1,620.7 2,047.2 1,888.8 2,152.5 

Indirect 2,404.9 2,354.0 2,888.2 3,948.8 3,743.8 4,843.2 

       

Direct operation 1,733.2 1,733.2 1,733.2 1,933.3 1,933.3 1,933.3 

       
TOTAL EUROPEAN 4,479.1 4,378.3 4,111.1 5,605.5 5,397.8 4,934.4 

TOTAL 5,725.8 5,590.5 6,242.1 7,929.2 7,565.8 8,928.9 
 



 

 

 

 
Sustainability assessment of future CSP cooperation projects in Europe 
(D9.1) 

54 

 

GHG EMISSIONS 

Table A 10. Total, both direct and indirect, GHG emissions in GgCO2eq (Investment Stage). 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 PV+BATT 
ES 182.3 142.4 113.3 158.4 87.3 130.6 82.0 
DE 19.2 48.3 18.8 9.1 62.6 8.3 13.6 
REU 20.9 20.9 17.1 24.7 23.5 20.1 18.8 

European 222.4 211.6 149.2 192.2 173.4 159 114.4 

CN 24.7 24.8 237.0 30.3 28.1 236.6 1,528.5 
WL 82.9 82.6 83.5 35.4 34.0 35.6 11.4 
OECD 16.5 17.1 21.0 19.2 17.9 24.1 80.6 
ROW 62.0 58.9 62.9 74.6 58.1 70.5 140.4 
Total manufacturing 408.5 395.0 553.6 351.7 311.5 525.8 1,875.3 

Direct 159.6 151.9 125.7 61.9 55.4 61.9 20.4 

Indirect 248.9 243.1 427.9 289.8 256.1 463.9 1,854.9 

 

 

Table A 11. Total, both direct and indirect, GHG emissions in GgCO2eq (O&M Stage). 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 PV+BATT 
ES 13.7 11.8 10.8 16.6 11.5 13.8 26.3 
DE 0.7 2.1 0.7 0.9 4.6 0.8 3.3 
REU 1.2 1.2 1.0 2.4 2.4 1.9 6.0 

European 15.6 15.1 12.5 19.9 18.5 16.5 35.6 

CN 1.4 1.5 13.7 2.9 2.9 24.7 245.3 
WL 1.0 1.0 1.1 1.8 1.7 1.8 2.4 
OECD 1.1 1.1 1.3 1.9 1.9 2.4 15.4 
ROW 4.3 4.0 4.2 7.5 6.6 7.1 32.0 
Total manufacturing 23.4 22.7 32.8 34 31.6 52.5 330.7 

Direct 4.3 4.0 3.3 4.8 4.2 4.9 4.4 

Indirect 19.1 18.7 29.5 29.2 27.4 47.6 326.3 
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WATER CONSUMPTION 

Table A 12. Total, both direct and indirect, water consumption in Mm3 (Investment Stage) 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 PV+BATT 
ES 0.3 0.2 0.2 0.4 0.3 0.3 0.7 
DE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
REU 0.0 0.0 0.0 0.1 0.1 0.1 0.2 

European 0.3 0.3 0.3 0.4 0.4 0.4 1.0 

CN 0.0 0.1 0.4 0.1 0.1 0.7 7.5 
WL 0.0 0.0 0.1 0.1 0.1 0.2 1.7 
OECD 0.1 0.1 0.2 0.1 0.1 0.3 3.0 
ROW 0.6 0.5 0.7 1.0 0.9 1.2 7.6 
Total manufacturing 1.1 1.0 1.7 1.8 1.5 2.8 20.9 

Direct 0.0 0.0 0.0 0.0 0.0 0.1 0.3 

Indirect 1.1 1.0 1.6 1.8 1.5 2.7 20.5 

 

Table A 13. Total, both direct and indirect, water consumption in Mm3 (O&M Stage). 

Region PT_S1 PT_S2 PT_S3 CR_S1 CR_S2 CR_S3 PV+BATT 
ES 0.3 0.2 0.2 0.4 0.3 0.3 0.7 
DE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
REU 0.0 0.0 0.0 0.1 0.1 0.1 0.2 

European 0.3 0.3 0.3 0.4 0.4 0.4 1.0 

CN 0.0 0.1 0.4 0.1 0.1 0.7 7.5 
WL 0.0 0.0 0.1 0.1 0.1 0.2 1.7 
OECD 0.1 0.1 0.2 0.1 0.1 0.3 3.0 
ROW 0.6 0.5 0.7 1.0 0.9 1.2 7.6 

Total manufacturing 1.1 1.0 1.7 1.8 1.5 2.8 20.9 
Direct 0.0 0.0 0.0 0.0 0.0 0.1 0.3 

Indirect 1.1 1.0 1.6 1.8 1.5 2.7 20.5 

Direct plant  6.2 6.2 6.2 2.6 2.6 2.6 0.1 

Total 7.3 7.2 7.9 4.4 4.2 5.4 20.9 
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WHO WE ARE 

The MUSTEC consortium consists of nine renowned institutions from six European countries and 

includes many of the most prolific researchers in the European energy policy community, with 

very long track records of research in European and nationally funded energy policy research 

projects. The project is coordinated by Centro de Investigaciones Energeticas, Medioambientales y 

Tecnologicas-CIEMAT.  
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Medioambientales y Tecnologicas – 

CIEMAT 
ES 

 

University of Piraeus Research Center – 
UPRC 

GR 
 

Institute For Advanced Sustainability 
Studies e.V.- IASS Potsdam 

DE 

 

Technische Universität Wien - TU WIEN AT 

 

European Solar Thermal Electricity 
Association – ESTELA 

BE 

 
COBRA Instalaciones y Servicios S.A – 

COBRA 
ES 

 
Fraunhofer-Gesellschaft zur Förderung 

der angewandten Forschung e.V. – 
Fraunhofer 

DE 

 

Agencia Estatal Consejo Superior de 
Investigaciones Cientificas - CSIC 

ES 

 
Fundacion Real Instituto Elcano de 

Estudios Internacionales y Estrategicos – 
ELCANO 

ES 
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