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Sources: Thonig et al. (2021), Energy Sources Part B. DOI: 10.1080/15567249.2020.1811806
Lilliestam et al (2019): Policy pathways for the energy transition in Europe…, D7.3, MUSTEC.

❖ Ambitious national climate targets  

across Europe

• No big differences across 

parties/ideologies

• Trend toward climate-neutrality 

targets: newer targets more ambitious

❖ Correspondingly, countries increasingly 

set targets for 100% renewables 

targets by mid-century (except in France)

Climate targets

Renewable power targets

The future is carbon-neutral

Despite ambitious renewables 
targets, CSP is not a major option 

in any national energy strategy

The niche for CSP is largely 
determined by the development 

of the general power system

https://doi.org/10.1080/15567249.2020.1811806
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❖ Most countries have specific and detailed plans for phase-out of fossil and nuclear power

❖ Good for the climate, but it also means that existing flexible generation will disappear

❖ National plans lack goals for phase-in of flexibility options, including storage, dispatchable generation, or cross-
border cooperation

Phase-out is clear, but what to phase in?

Sources: Thonig et al. (2021), Energy Sources Part B. DOI: 10.1080/15567249.2020.1811806
Lilliestam et al (2019): Policy pathways for the energy transition in Europe…, D7.3, MUSTEC.

The niche for CSP: flexible 
renewable power

https://doi.org/10.1080/15567249.2020.1811806


Competition with PV for post-sunset supply
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Source: Schöniger, Thonig, Resch, Lilliestam (2021):Making the
sun shine at night, Energy Sources Part B

Current costs: CSP+TES 
competitive >4h storage

Strong learning expected 
for both CSP+thermal 

storage and PV+battery  
if deployed at scale

Medium term: CSP+TES 
competitive >8h storage

CSP+TES is unlikely to serve the 
evening hours, but will remain 

competitive at night and for long 
storage durations



CSP as function of tech+policy
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What is the potential future role of dispatchable 
CSP in Europe?

Cost trends
Policy decisions about future 

power mix outside CSP
Technology characteristics



2030

55% GHG reduction

2050 

Climate-neutrality

European Green Deal

Need for dispatchable renewables
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(Strong) increase in electricity 
demand (sector-coupling)

High shares of 
wind and

photovoltaics 
(PV) in the 

power system 

Dispatchable 
RES 

technologies to 
balance the 
fluctuating 
generation 

patterns of wind 
and PV

CSP

dispatchable 
renewable

power

Facilitator of a
transition 
towards a

decarbonised 
electricity

system

enabler of
PV/wind

carbon-free 
flexibility

Power mix



The case for RES cooperation
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❖ Cooperation between EU Member States can make 

Southern European solar potential also available to northern 

countries within the EU

❖ Facilitating overall energy and climate target achievements 

and CSP deployment

Expected effects of RES cooperation:

❖ shared efforts and risks (thus lower cost)

❖ cost optimised investments over all countries instead 

of separate, national strategies (e.g. cross-border renewable 

projects)

❖ High shares of energy trading (physically or statistically)

© 2019 The World Bank, Source: Global Solar Atlas 2.0, Solar resource data: Solargis.



Modeling the role of CSP
Scenario design

Two ideological worlds are represented by the scenarios: 

National 

Preferences
Cooperation

Complemented by sensitivity analyses on:

❖ low electricity demand levels, 

❖ limited availability of competing demand-side flexibility options, 

❖ limited grid extensions, 

❖ lower decarbonisation ambitions.

❖ A least-cost approach, reflecting full competition across 

technologies and corresponding sites across the whole EU. 

❖ RES technologies are deployed cost-efficient from the 

power system perspective towards 2030 (and 2050) 

(renewable) energy and climate target achievement. 

❖ Corresponds to the EU dominant (market-centred) policy 

pathway.

Enhanced “(RES) Cooperation” 

across the EU: all EU countries 

intensify cooperation in the field of 

renewables in forthcoming years. 

Modelling of the four countries 

analysed in detail (i.e. France, Italy, 

Germany, and Spain) according to 

their own (dominant) preferences. 

❖ In accordance with National Energy and Climate Plans 

(NECPs))

❖ National Perspectives can differ to a large degree 

between the countries in terms of technology choices, 

RES ambition, etc. 

… building on a detailed bottom-up analysis of policy 

pathways/preferences in the EU, Germany, France, Italy and Spain.



Results from the power system analysis, identifying the 

need for CSP in a decarbonised EU electricity system of tomorrow
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Figure: Dispatch of the energy system of Spain for a week in winter 

(left) and summer (right) for the “Cooperation – High Demand” (top) 

and “National Preferences – High Demand” (bottom) scenarios 
(Source: Enertile)

Exemplifying the hourly dispatch
The role of CSP



Results from the power system analysis, identifying the 

need for CSP in a decarbonised EU electricity system of tomorrow
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Figure: Electricity generation from CSP in the EU in 2050 

according to assessed scenarios (Source: Enertile)

→ There is a need for CSP, regardless of other 

power system developments
Drivers of the CSP niche:

• European cooperation may 

be an enabler of CSP.

• A high electricity demand 

favours CSP. 

• Higher climate ambitions 

lead to a higher share of CSP.

Barriers of the CSP niche:

• A high share of nuclear 

power can hinder the 

expansion of CSP.

• The role of the electricity 

grid with regard to the 

expansion of CSP is 

ambiguous.

Comparison of CSP deployment in the EU

• onshore wind 

dominates the picture, 

followed by offshore 

wind and PV systems

• CSP as fifth largest 

contributor to RES 

generation, serving as 

“gap filler” for the 

system flexibility

RES uptake until 2050: 
Technology trends



Results from the energy policy analysis on implications for 

and impacts of dedicated support policies for CSP & other RES
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Figure: Comparison of the resulting average (2021-2050) yearly support 

expenditures for RES technologies in the electricity sector at EU28 level 

according to selected assessed scenarios (Source: Green-X)

Key findings from the energy 

policy analysis: (i)

❖ Strong investments in 

renewables are needed 

(€ 91-100 bn per year for key scenarios)

… CSP makes up 7-8 % of the total

under default assumptions on demand 

growth and climate ambition

❖ Support is needed to 

facilitate the strong uptake of 

CSP and other RES 

technologies 

(ranging from € 10.2-29.2 bn per year) 

… CSP account for 4-14% of the total

– but new RES installations come at 

significantly lower cost thanks to 

technological progress
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Results from the energy policy analysis on implications for 

and impacts of dedicated support policies for CSP & other RES

12

Figure: Specific support per MWh RES generation 

– with and w/o RES cooperation on average at EU28 level (Source: Green-X)
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Key findings from the energy policy analysis: (ii)

Dedicated support as alternative to high carbon prices: 

❖ In the absence of high carbon prices, corresponding consumer 

cost are at a lower level than under “ETS only”.

❖ Targeted technology-specific support can be provided (e.g. via 

auctions) to avoid overcompensation for “low hanging fruits”
There is a need for and positive impact of 

RES cooperation on the cost for the uptake 

of CSP and other RES technologies:

❖ RES cooperation facilitates a levelling 

of country-specific risk for RES 

investors and redistributes the cost of 

the RES uptake across the whole EU

❖ Positive impact for both CSP & total 

RES on RES-related support 

expenditures: Without risk levelling across 

the EU support cost would increase 5-11%.

❖ A (more) fair effort sharing can then be 

triggered, so that host countries do no 

longer have to pay the whole bill.



Need it in long run – make CSP live now
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❖ CSP can play an important role in the future 

power system, in Europe and elsewhere

❖ The technology is ready for mass-deployment 

and is at or approaching cost-competitiveness 

with new fossil power

❖ Critical project drought: no new projects, 

pipeline has dried up

❖ Technology is mature, but industry is threatened

Source: Lilliestam et al (2021), Energy Sources Part B. DOI: 
10.1080/15567249.2020.1773580 

Policy support triggering a new 
and robust CSP project pipeline 

is necessary

National support, possibly 
under cooperation mechanism, 

is urgently needed

https://doi.org/10.1080/15567249.2020.1773580


Thank you!
On behalf of the MUSTEC team:

Gustav Resch, TU Wien / Energy Economics Group

Johan Lilliestam, Institute for Advanced 

Sustainability Studies 

e-mail: resch@eeg.tuwien.ac.at

johan.lilliestam@iass-potsdam.de

www.mustec.eu

Interested in the data behind
the analysis? → please visit:  

https://zenodo.org/record/3905045

https://csp.guru

http://www.mustec.eu/
https://zenodo.org/record/3905045


CSP technology has matured
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❖ CSP is doing fine in 

terms of cost reductions, 

industry diversity and 

experience

❖ The most experienced 

CSP companies are 

European 

Source: Lilliestam, J. et al (2021) The near- to mid-term 
outlook for concentrating solar power: mostly cloudy, 
chance of sun, DOI: 10.1080/15567249.2020.1773580

https://doi.org/10.1080/15567249.2020.1773580


❖ Green-X: analysis of (policy-driven) RES investments, 

RES developments and related impacts on costs & 

expenditures.

❖ (Balmorel &) Enertile: interplay between supply, storage 

and demand in the electricity market. 

Approach & Assumptions (i)
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System flexibility impact 
of enhanced market 

coupling (heat market)

Solar PV / CSP Wind Locational power plant database Transmission Grid

RES policy

Non-economic barriers

Dynamic cost-potential curves, Policy 
interaction, Investment decision

RES LRMC [€/MWh]

[MWh]

RES support expenditures

RES investments

Supply

Demand

Storage

Common electricity 
market model
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Power plant dispatch & -
commitment

Transmission grid 
expansionElectricity prices

Total system costs

• Energy/CO2-price development
• Default (2010) technology costs
• Energy demand development

• RES deployment

• Dynamic cost development 
(technological learning)

• Feedback on RES market values
• Feedback on curtailment of RES
• Feedback on electricity prices

• Need for flexibility & use of 
flexibility options (incl. CSP)

ITERATION

Yearly time resolution (2006 -2050),
years modelled: 2015 to 2050 

Hourly time resolution (8760h), 
years modelled: 2020, 2030 & 2050

Financing conditions

RES deployment 
(electricity, heat, transport)

RES system costs

Assessment of benefits 
(CO2 & fossil fuel avoidance)

Green-X Balmorel

Enertile

The applied modelling system

Green-X: renewables 
deployment and related 
costs, expenditures and 
benefits by country on a 

yearly basis (2015 to 2050). 

Country- and technology-
specific RES capacities and 

generation in the electricity 
sector for selected years 

(2030, 2040, 2050)

Enertile: optimisation of 
hourly dispatch and 

investment in
- CSP

- Natural gas … biogas
- P2G+G2P (hydrogen)

- Other storage options
- (Wind offshore)

Results: investment and 
dispatch of power plant 

portfolio, flexibility options 
and transmission grid

Market values & electricity prices, 
for final recalculation: use of dispatchable 

RES (incl. CSP)

Deployment of variable renewables (solar PV, 
wind, hydro), certain biomass fractions (biowaste, …)

Interplay & Iterations: 
Green-X & Enertile



Fuel prices 

in €2010/MWhth

Natural

gas

Hard-

coal
oil lignite nuclear

2030 28.9 7.4 48.4 3.7 3.1

2040 30.5 6.6 44.5 3.7 3.1

2050 31.2 6.2 42.5 3.7 3.1

❖ Fossil fuel price trends taken from 

IEA 450 scenario (IEA WEO 2016)

… reflecting strong climate ambition globally

… price trends are significantly lower than 

EC recommendations (PRIMES) (-40% oil, -25% gas)

❖ Aiming for full decarbonisation by 2050 as default, 

specifically in the electricity sector 

… (fossil) CCS is no option; only RES & nuclear are applicable

… strong increase in carbon prices used in modelling to achieve full 

decarbonisation

… nuclear expansion is an exogenous assumption, depending on 

policy pathway (range: 29 TWh … 466 TWh at EU level)

… natural gas is replaced by renewable/green gas by 2050 

(at a higher price)

❖ Strong increase in electricity demand as default, 
caused by increased sector coupling (e-mobility, e-heat/industry)

… assumptions on sector-coupling set in accordance with recently 

completed H2020 project SET-Nav (www.set-nat.eu)

❖ The uptake of variable RES, specifically of onshore wind & PV, 

is strong … BUT has certain limits (of social acceptance)

Key assumptions
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Assumptions on CSP 
in modelling

❖ Storage size of 11 full load hours

❖ Site-specific ratio between field and generator 
(can lead to variance in costs)

❖ Cost assumptions (11 hours storage):

Year
Lifetime

years

Specific 

investment 

[€2010/kW]

Fix O&M 

cost 

[€2010/(kW a)]

Var. O&M 

cost

[€2010/MWh]

Efficiency

2030 30 3,525 66.7 0.046 44%

2040 30 3,078 53.3 0.046 49%

2050 30 2,554 40.0 0.046 52%

http://www.set-nat.eu/

