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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.  

 

Project information 

Project Number 764626 

Project title Market uptake of Solar Thermal Electricity through Cooperation - MUSTEC 

Starting date 01/10/2017 

Duration in months 36 
Call identifier H2020-LCE-2017-RES-CSA 
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HIGHLIGHTS 

• Trade of concentrating solar power – including intra-European CSP imports – can happen in 

two ways 

o Because national policy-makers decide they want it, to increase the share of 

renewables and meet targets and/or to help balance their increasingly renewable 

system 

o Because the choices for other renewables, grid expansion or various demand-side 

flexibility options are insufficient to balance the system: CSP is needed to maintain 

stability, and/or to increase the economic efficiency of the system 

• We investigate the need for CSP as a function of specific, actual or proposed, policy decisions 

and base our considerations and modelling on the qualitative and quantitative aims 

expressed in these decisions 

• The main output from WP7, to be used in the modelling in WP8, is a set of tables with 

quantitative data for those variables that affect the power systems’ need for flexibility 

• That data will, to the extent possible, replace the initial input of Green-X in the WP8 model 

loop (in DoW: Green-X → Enertile, HiREPS → Green-X; now: WP7 (and in part Green-X) → 

Enertile, HiREPS → Green-X) 

• After entering the model loop, the data should be used to answer (at least, of course) two 

questions: 

o What will be the effect of the sum of all the investigated decisions: will the system 

be stable and, if not, what would be the best additions/alterations to make it stable; 

are there ways to make it more efficient? 

o Are there trade-offs between balancing a system with CSP (traded or domestic) and 

other flexibility-enhancing measures – can they replace each other and, if so, which 

alternative is best (e.g. cheapest, requiring the least physical assets added, etc.)? 
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1 INTRODUCTION 
In the scenarios of MUSTEC, which are modelled in WP8 based on the pathway data from WP7, we 

explore the potential future role of renewable electricity cooperation, especially cooperation and 

trade of CSP, as a function of a wide range of different near- to mid-term policy decisions regarding 

electricity system parameters other than those directly concerning CSP. We define and quantify, 

especially in terms of cost, power mixes and physical assets (e.g. power lines, storage), the futures 

in which the renewable flexibility of CSP can be useful or necessary, as a function of other 

technologies causing a need for flexibility that is unfulfilled by other flexibility options. We seek to 

both inform policy and industry with results that are based on specific and actual policy decisions, 

and to bring new perspectives into scientific power system modelling, bringing it closer to reality by 

basing the modelling parameters on issues that policy-makers actually discuss at the moment, or 

have recently decided upon. 

This changes the scope of the modelling, away from the traditional optimisation of systems towards 

estimating how systems could look given a set of (optimal or far from optimal) decisions, and it will 

give a richer view of how and why an electricity future may develop (see also Trutnevyte et al., 

2016). It also allows us to analyse the impact of specific policy decisions and trade-offs between CSP 

and other flexibility options: which decisions increase or decrease the need for European CSP 

(especially including trade of CSP between Member States), and are there critical decisions; which 

of these decisions can be made by national and which by foreign policy-makers; which energy policy 

decisions do not affect the need for CSP at all; and for which system functions can CSP replace other 

measures (and vice versa)? 

A demand for CSP in Europe can arise in two ways: because policy-makers decide that they want 

CSP (domestic or imported), or because a technical need for balancing in increasingly renewables-

based systems arises, forcing policy-makers to push for CSP (again domestic or imported).  

First, a CSP expansion in Europe can be caused by a government decision that it wants to have CSP 

in its power system. This can be either a decision of a southern European government to support 

and expand CSP domestically, because it wants to access its renewable dispatchability and balance 

the domestic, increasingly renewable system, or because it wants to simply add another renewable 

technology to meet long-term targets. Or CSP can be expanded by decision of a non-southern 

European government to import CSP, either directly via HVDC (if it seeks to access the 

dispatchability of CSP) or indirectly as statistical transfer (if it merely seeks to increase the share of 

renewables; the power is then fed into the importer’s grid). The second case would be the 

cooperation case as discussed in several past research projects (Dalla Longa & Raimundo, 2012; 

Resch et al., 2015; Santamaria & Caldes, 2012; Veum et al., 2015) or in the Desertec context, albeit 

we in MUSTEC consider only CSP sources in the EU and not in North Africa (Desertec, 2015). Such 

CSP expansion cases would be identified in WP7, especially Task 7.2. 
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Second, a need for CSP as a flexible option to handle imbalances may arise from mismatches in the 

fluctuating demand and fluctuating supply, forcing policy-makers to make of the two types of 

decisions described above: here, CSP would be necessary (to stabilise a high-renewables system) or 

beneficial (by offering the cheapest balancing option), because other measures cannot provide the 

same level of flexibility, not at the scale needed, or only at a higher cost than CSP. This “need for 

CSP” is a function of other policy decisions, which may either increase the need for power system 

flexibility (e.g. decisions to increase wind power or PV) or provide flexibility (e.g. grid expansion, 

storage deployment, demand-response schemes). Because of its high potential (also within Europe) 

and high degree of dispatchability, CSP can act as a backstop technology, providing the flexibility 

needed after all available flexibility options (e.g. grid expansion, demand-response, batteries) have 

been used. Alternatively, if CSP flexibility shows to be cheaper, it can also take over some (or most, 

possibly including all services in extreme cases) flexibility services from other segments (e.g. there 

could be a trade-off between CSP and pumped hydro storage, etc.). Such cases would be identified 

in WP8, emerging in the modelling as solutions and improvements for unbalanced or unnecessarily 

expensive power mixes identified in WP7. 

 

In this deliverable, we determine the scope of the variables and the analysis (section 2), and define 

the variables for further analysis in Tasks 7.2 and 7.3, to be used in WP8 (section 3), including an 

overview of how the variables will be quantified. We also specify the linkages between WP7 and 

WP8, especially how the data from WP7 is to be used for the WP8 scenarios and how WP7 will enter 

the loop foreseen between the different models in WP8 (section 4). 

The central assumption of WP7 is that there is no “one need” for CSP and cooperation, but that this 

is the outcome of a large number of other energy policy decisions. This has several epistemological 

and ontological implications. First, we assume that the (electricity) future is made by the decisions 

of humans and does not simply happen; neither does it happen as a function of economic “laws”. 

We here view policy as a prime mover, the cause of all investigated changes, and we assume that 

the enacting actors (e.g. market actors etc.) react the way they are “supposed to”: a planned 

expansion of 20 GW wind power will bring 20 GW wind power, a decision for more interconnectors 

will lead to more interconnectors, a decision for a nuclear phase-out will lead to nuclear phase-out, 

and so on (see Hughes et al., 2013). 

Second, the space of possible futures becomes larger than if we had viewed the future as one that 

is optimised for its cost: in our setting, also far-from-cost-optimal futures are equally “realistic” as 

fully optimal ones. Our pathways are driven by political and social agency, which is in turn normative 

and not merely seeking economic optimality, reducing the importance of economic and increasing 

the weight of non-economic parameters that stakeholders might find appealing, compared to many 

other scenario-building and modelling exercises. This means that for the scenarios in WP8, relying 

on the variables as defined and quantified in WP7 (including in cooperation with WP8 partners), 

particular options may need to be forced in to the models although they are, economically speaking, 
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suboptimal (Geels, 2016). It also allows us to include and describe (by narrative, Task 7.3), various 

acceptance variables which can be informed by (but not quantified) the storylines of the policy 

pathways. But it also means that the power systems outlined in WP7 will likely be over-specified 

and be unstable when entered into the power system models of WP8: it is highly unlikely that policy-

makers will define expansion corridors and flexibility options that satisfy all demand in an 

economically efficient way – most likely, the system will be over- or under-supplied, and thus 

unbalanced, and inefficient. To identify such over-specifications, avoid presenting unfeasible 

systems and especially to identify cases where CSP or CSP trade can play an important role to 

stabilise the system or decrease system cost, the WP7 data will enter the model loop of WP8 at the 

first stage, replacing and complementing initial the Green-X input (see section 4). 

Third, it is not certain that the policies of single countries will be “consistent” with the others; for 

example, as history has shown, it is possible that one country decides to phase out nuclear power 

while a neighbouring country decides to expand it. Assuming that humans with agency and different 

beliefs construct the future implies that the future can be messy. 

The construction assumption also has implications for the variables we use for the modelling, 

requiring us to differentiate between actor-contingent variables (i.e. factors that can be determined 

or greatly influenced by system actors) and non-actor contingent and predetermined elements (i.e. 

developments which cannot, or to a minor extent, be affected by system actors; Hughes et al., 

2013). For the actor-contingent variables, we will quantify sets of case-specific variables based on 

actual or proposed policy decisions, and that will be the main work of WP7 (see sections 3-4). The 

resulting quantitative policy pathways will consist only of variables that directly correspond to a 

specific policy decision and are under the (roughly) direct control of European policy-makers; they 

will be supported by qualitative policy narratives. For variables that are not directly controllable by 

(European) policy-makers, for developments referring to broader developments that are 

fully/largely exogenous to the European power system, we use one standard setting for all scenarios 

(see section 2). An example of the first could be technology cost of solar PV and wind power, as 

these costs are determined by learning curves, demand and supply on a global level, and not directly 

by European policy decisions. An example of the last could be oil and gas prices, which are 

determined on markets outside the electricity system; although European electricity generation 

consumes gas, the effect of changing Europe’s power system on global gas prices is small.  

In this Deliverable 7.1, we thus separate two sets of variables for the modelling of WP8: the ones 

kept constant across scenarios (section 2) as we need them, but do not investigate their impact on 

the need for CSP, and the variables accessible to change by European policy-makers (section Error! 

Reference source not found.), as we seek to analyse the impact of individual policy decisions on the 

future potential role for CSP. 
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2 BOUNDARIES AND NON-ACTOR CONTINGENT, CONSTANT ELEMENTS 

2.1 Temporal and geographic boundaries 
In MUSTEC, we analyse the European – meaning EU28 – electricity system, but do not consider other 

energy system aspects. We do, however, allow for electrification of particular sectors, namely 

heating (heat pumps, direct heat) and mobility (electric vehicles). The time horizon of all scenarios 

is 2020-2050, with particular emphasis on the years that currently have policy targets, 2030 and 

2050. 

 

2.2 Decarbonisation and renewable electricity shares in 2030-
2050 

All scenarios will be fully decarbonised, as this is an unambiguous consequence of the 2 degrees 

target as agreed on at the COPs in Bali, Copenhagen, and as the central aim of the Paris Agreement 

(IPCC, 2014; Patt, 2015). Within that aim, there are many ways in which the electricity system can 

be decarbonised, by any combination of renewables such as solar, biomass and wind power, nuclear 

power, and CCS (if a part of the CCS power is biomass-based, offsetting the less-than-perfect capture 

rate). In particular the CCS-based and nuclear technologies could, at least conceivably, provide the 

same or similar degree of dispatchability as CSP, and there could be a competition between them.  

Hence, and to investigate the trade-off between conventional (with CCS) power and CSP, and to 

investigate if conventional power is beneficial to the system at all, we will construct scenarios for 

90, 95, and 100%, possibly with more steps between, renewable electricity supply by 2050: is it true 

that “the last kilowatt-hour is the hardest” – i.e. do costs and possibilities really increase with 

tougher requirements for renewables, and how does this requirement affect the role for CSP? As 

the renewables share will be given by the policy decisions (Table 1 below) for each case, the 

renewables target share 90, 95 and 100% will require us, in the modelling step of WP8, to either 

add more renewable capacity (especially dispatchable CSP) or allow for non-renewable capacity 

(especially dispatchable conventionals). 

For the intermediate goals, we only use lower bounds: it is possible to overshoot renewables targets 

(which are, in turn, consistent with decarbonisation targets and the Paris Agreement) in 2030 and 

2050, but it is not possible to fail the target. As there are no renewable electricity targets for 2030, 

we will interpret a currently debated (at least) 27% overall RES share as 50% RES share in the 

electricity sector by 2030, based on previous works in for example the IEE project towards2030-

dialogue (www.towards2030.eu).  
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2.3 Renewable electricity technology cost 
In all scenarios, Europe is a price-taker for renewable technologies (i.e. learning curves and cost 

trajectories are global and are exogenous to the models used in MUSTEC). The variation in European 

renewable power expansion across scenarios (from 90-100% renewables by 2050) are not large 

enough to have any mentionable impact on global learning curves: regardless of which expansion 

goal Europe follows, the learning effect for renewables will be practically identical. 

The trajectories for solar PV, wind power, and biomass power (without CCS) – being the most 

important renewable technologies for Europe – are taken from the most recent IRENA cost report 

(IRENA, 2018).  

For CSP, which is still a niche technology, the price trajectory is affected by European actions, and 

the learning rate will be informed by exogenous trajectories but also influenced by the capacities 

added in Europe – including capacities added for cooperation projects (e.g. a station in Spain for 

consumption in France). The determination of learning rates and cost trajectories for CSP has been 

shifted to be part of Task 4.2 (due in M8, April 2018). In this, we will perform the same type of 

learning rate analysis as previous studies (Lilliestam et al., 2017), but distinguish more for expansion 

and industry development in different countries, especially considering CSP market and industry 

development in China. 

 

2.4 Non-renewable energy prices 
The model results are affected by broad, non-electricity related issues, prominently economic 

growth, demographic development, and the price of fossil fuels. These will be taken from the most 

recent EU reference scenario derived from PRIMES modelling in the run-up for Task 8.1,  and will be 

common to all scenarios; only the gas price may vary between scenarios (as this could affect the 

relative attractiveness of CSP). 

 

2.5 Cost and performance of non-renewable low-carbon 
generators 

We consider the cost trajectories of nuclear power and biomass/gas power with CCS as exogenous 

to the modelling of MUSTEC, both as Europe is likely to be a price taker (expansion elsewhere, 

especially in Asia, will be faster, and hence their actions will influence the learning more than 

European decisions). Nonetheless, these costs still play an important role in their competition with 

CSP: if, say, CCS is cheap and CSP expensive, the role for CSP may be diminished (and vice versa).  

As there are too few third (and no fourth!) generation reactors, and as CCS is not yet available at 

scale, it is not possible to define a credible cost trajectory for these technologies: both the current 
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cost and possible future trajectories are currently unknown and unknowable. To accommodate this 

and enable analysis incorporating these technologies at all, we do a rigorous sensitivity analysis, 

focusing on finding the points at which CSP becomes the flexible technology of choice. 

Similarly, the degree to which new nuclear reactors can modulate their output to fit fluctuating 

renewables is disputed, ranging from small and slow ramping potential (tens of per cents of the 

load, over many hours-days; e.g. Huber et al., 2014; Pfenninger & Keirstead, 2015), to up full load-

following capability (20-100% generation) and fast ramping (up to ±2%/min; EdF, 2013; EnBW, 

2013). Existing coal power is about as flexible as the optimistic nuclear numbers, whereas gas 

turbines can ramp considerably faster (Hentschel et al., 2016), but it is not clear how CCS operation 

affects the ramping possibilities; recent analyses suggest that the effect on ramp rates of adding 

CCS is small compared to the differences between different fuels and combustion technologies 

(Brouwer et al., 2015). 

As the types of reactors and CCS stations that could carry part of the future power system do not 

yet exist, the choice of numbers for costs and flexibility of these technologies is largely normatively 

and politically driven: there is no empirically proven “correct” answer. We are not interested in that 

discussion here: we only seek to find out under which conditions CSP will be competitive and the 

cheaper flexible supply option. 

Here, we will investigate the impact of decisions mandating flexibility any new reactors and all CCS 

power stations, within what seems technically possible (ramping speed, ramping frequency), and 

the impact on generation cost of the different resulting load factors. For the investment costs, we 

use common ranges, already included in the system models, to accommodate for possible (low end) 

and realistic costs (higher end) of these technologies. We do not use the very highest investment 

cost estimates but deem these as unfeasible – not because they are unrealistic or “wrong”, but 

because if such costs are true, no expansion will happen. As mentioned, Europe is a price-taker for 

both CCS and nuclear investment and fuel costs. Concerning input parameters for nuclear we build 

on a recent assessment, to be completed during the first half of 2018 in the course of the H2020 

project SET-Nav (www.set-nav.eu).  

 

http://www.set-nav.eu/
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3 POLICY PATHWAYS AND ACTOR-CONTINGENT VARIABLES 
As described in the introduction, a central assumption is that the power system trajectory of Europe 

is constructed and determined as the sum of all electricity system policy decisions made by EU-level 

policy-makers, and by decisions in three large western systems (Germany, France, Spain). We 

choose these three countries, as they are the largest ones (the French and German systems are the 

by far largest national power systems in Europe): the three country cases represent 46% of current 

EU28 power generation (52%, for EU27 after the Brexit; Eurostat, 2016), so decisions made in these 

countries have great effect on the European power system as a whole. The Spanish system is large 

(although smaller than the Italian system), and it is the main country in which CSP expansion at scale 

is possible: CSP can, in principle, be built in Italy and the southern Balkans, but the potential is much 

more limited; the Mediterranean island states can also build CSP, but because of their isolated 

geography and small size, such developments will hardly affect the European power system 

trajectory. 

The central output of WP7, and especially Task 7.2, and the central input to WP8, will be four 

pathways (in the quantified format as described in Table 1), for the EU-level, Spain, Germany, and 

France. For the other countries, we assume that they are consistent with the EU-level pathway, 

given the actions of the three national cases: the actions of the remaining countries will thus be 

fulfilling the requirements of Brussels perfectly – not going further or less far, but effectively “doing 

what Brussels says”. In a nutshell, the pathways of the other 24 Member States will be the EU targets 

minus what the big three do. The specification of this “rest of EU” will be done in Task 8.1. 

 

3.1 Policy pathways 
Through analysis of current and past policies – in particular the national energy and climate plans – 

including rejected proposals, we identify for each country and for Europe: 

a) the dominant policy pathway – the sum of all currently valid or decided policies affecting 
the need for flexibility – of each of the three countries and Europe as a whole; and  

b) one (at least) or two (if possible) minority pathways consisting of policy proposals which 
are/were discussed and were rejected, but may return if power and/or coalitions shift. 

To limit the number of pathways, while still covering the whole spectrum of possible policy futures, 

we select these so that each country/EU-level has one state-centred, one market-centred, and one 

grassroots pathway (for theoretical and empirical analysis of these classifications, with different 

terminology, see Foxon, 2013; Hughes et al., 2013; Verweij et al., 2006 and Geels et al., 2016). 

Hence, there will be 1 dominant path for each country/Europe, and 2 minority pathways; for the 

EU-level, with its weak political opposition and party structure, it is possible that there are no 

discernible minority pathways, or only one (see Figure 1).  
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Our analysis will focus on concrete decisions directly affecting the future power system and its 

requirements for flexibility, either by increasing the need (e.g. adding intermittent power) or 

decreasing it (e.g. increasing flexibility of demand). All variables (except the phase-out of non-

renewables) are included and quantified in the template for the National Energy and Climate Plans 

(NECP) will be greatly useful: The NECPs holds detailed targets for 2030 for all relevant variables 

except phase-out of fossil fuels, and will hold data for the time up to 2050 as far as such national 

aims exist (EC, 2017a, b). Further, the selection of variables was done based on experiences about 

the key variables for the system models Enertile, Green-X and HiReps (Fraunhofer ISI and TU Wien, 

respectively) and Calliope (Climate Policy Group, ETHZ; the latter input sources is part of another 

collaboration, outside MUSTEC). This ensures both that we have covered the most important 

variables and that the quantification of these policy variables can be modelled with these (as well 

as other) cutting-edge power system and energy system modelling tools. 

 

Figure 1: Dominant and minority policy pathways for the national and European levels. 
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national

Currently minority

Currently dominant

Dominant 
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European (1x)
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3.2 Combining the national/EU-level pathways into European 
pathways 

The final, European pathways will consist of the combination of the three national and the European 

pathways. In this, the dominant European pathway will be the combination of the dominant national 

and EU-level pathways. Similarly, the main alternative European pathways will be the combination 

of the grass-root and market-centred pathways, respectively. That gives three main European 

pathways. 

In further analysis, these national/EU-level pathways will be mixed and matched, reflecting the 

possibility of different policy developments in different jurisdictions: for example, it is conceivable 

that one country goes for decentralisation and autarky whereas another opts for interconnections 

and cooperation. Exactly which combinations appear appealing will be determined by WP7 and WP8 

partners in the run-up for the modelling in WP8, latest during Task 8.1. 

 

3.3 Policy pathway narratives 
The core of each pathway will be captured in the narrative – the qualitative “story” of the pathway. 

The pathways will be on a national scale (or EU-wide for the EU-level analysis), and subnational 

issues will only appear when they inform national strategies (e.g. structural support for renewable 

generators or renewables industry location in remote areas). These pathways will be created based 

on two types of input. 

The first input is the three ideal-typical logics for energy transitions (grass-root, market-centred and 

state-centred) from Foxon (2013) (see also Verweij et al., 2006). Here, we will create generic 

narrative elements that will be common for each of the three pathway types in all cases.  

The second, and more detailed, input is the narratives and frames used to justify decisions 

concerning any of the variables in section 3.4 (dominant pathway) or to justify rejected policy 

proposals of non-governmental entities, especially opposition parties (minority pathways). For each 

of the four cases, the ideal-typical narratives will be amended based on empirical observation of 

representative organisations’ view of power decarbonisation strategies, so as to tie our analysis 

close to actual policy positions and actual decisions. We will identify to which of the three ideal-

typical narratives the dominant narrative belongs – or, more likely, to which one it is closest. 

Following this, we will seek other organisations that advocate solutions following two other ideal-

typical logics, or are as near as possible to ground the narratives (and subsequently the quantitative 

variables, see below) in actual, empirically observable policy positions. Typically, this will be political 

parties currently not in government; a starting point for the search will among green parties for 

grassroot pathways, liberal parties for market-centred and social democrat and/or conservative 

parties for the state-centred pathway narratives. In case no such parties exist, if they are not a 
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mentionable political, or if they have no clear energy policy position, we must deviate from political 

parties to nationally influential NGOs and use their position as empirical base for narratives and 

variable quantification. Here, the motivation for increasing some variable will be the key: e.g., does 

a country expand renewables (incl. CSP) in order to meet a renewables target (i.e. increase the 

renewable power share) or does it do so to meet the target AND to create a solid home market for 

a growing renewable power component export industry?). 

 

The output from this step of the analysis will be three sets of narratives – one for each pathway and 

case; possibly, the EU analysis will give only one or two narratives – describing the main rationale: 

the general direction a country/EU-level is taking (dominant) or should take (minority) with respect 

to both the general decarbonisation/renewables expansion and each of the variables listed below. 

For example, the narratives will describe why countries may want to import CSP: a state-centred 

pathway could pursue such an option to balance and secure its increasingly renewable power 

system, and would want to import the CSP physically; a market-centred pathway could seek to 

increase efficiency of the overall system by allowing CSP resources to be shared union-wide, in 

which case physical imports are not necessary; a grass-root pathway would probably not seek to 

have CSP imports at all, but to rely on the resources available locally. 

These narratives will be defined in a rudimentary fashion in Task 7.2, where they will be used to 

guide the quantification of variables (section 3.4) in conjunction with the Green-X model when 

quantitative statements are lacking, and will be refined in Task 7.3. 

 

3.4 Policy pathway variables 
As shown below in Table 1, we focus on several categories of variables, each of which will be 

quantified to the degree possible for each year 2020, 2030, 2040 and 2050 and enter the modelling 

loop of WP8. In cases where full quantification based on stated policy aims is impossible (especially 

for the minority pathways), we will do the final quantification of remaining variables in cooperation 

with TU Wien and their Green-X model. To the extent possible, these quantified variables as 

described in Table 1 below will replace the initial input into the modelling loop of Green-X and feed 

directly to the system models (the results of which will, as described in the DoW, feed back into 

Green-X) (see also section 4).  

The variables are: 

a) Intermittent renewables, which are the key driver for flexibility: the more fluctuating 
generation a system holds, the greater are its need for dispatchable sources or flexibility-
providing systems, such as batteries or demand-response. Here, we use the trajectories 
decided in the national renewable action plans and/or renewable energy support laws, as 
well as minority proposals. This is part of the template (point 2.1.2.iv) for the National Energy 
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and Climate Plans (NECP), to be prepared by the Member States and submitted to the 
European Commission, so all countries are expected to have such highly detailed plans, or 
to be currently developing them. 

b) Dispatchable renewables. Some countries can also increase the amount of dispatchable 
renewables, or choose to import dispatchable renewables from other countries. This would 
be one way to achieve a fully renewable and yet stable power system. Also this is included 
in the NECP template (point 2.1.2.iv), as is a requirement for flexibility provision in the energy 
(but not power) system (point 2.4.3.ii). 

c) Dispatchable conventionals. Although the EU and its Member States have de facto decided 
to make the power system carbon-neutral (at least 95%, see above), it is possible that 
countries choose to keep fossil fuel generators as back-up or to equip these with CCS (if part 
of that is with biomass, to compensate non-captured CO2) or that they decide to 
keep/expand nuclear power (which is carbon neutral). We will specify these plans 
concerning conventionals as far as possible from related documents; depending on the 
climate/RE target share, it will also be possible to allow for conventionals (if needed with 
CCS) as balancing power (see above). 

d) Storage. The investigated countries have some electricity storage capacity (pumped hydro), 
and may decide to invest in more pumped hydro, or in other, new storage technologies, such 
as batteries, heat storage, or pressurised air. Storages provide flexibility, as they can charge 
during excess electricity times and discharge at low supply times, but the characteristics of 
different types of storage differ widely: whereas batteries are suitable for fast and frequent 
charging cycles, heat storage may be more suited for longer and fewer cycles. We thus 
differentiate between different types of storage in the table. The national objectives for 
storage capacities are to be specified in the NECP (point 2.3.i) 

e) Interconnections. This variable describes the ability of a country to exchange electricity with 
specific neighbouring countries (should the neighbouring country momentarily be able to 
accept excess renewable power, or have excess renewable power to export). For each 
country, the NTC to each neighbour is specified, if available; for Europe, only general 
interconnection aims are defined (typically quota NTC/peak demand). The objectives for 
interconnections, where applicable down to the single project level, are to be specified in 
the NECP (point 2.4.2); equally, the plans for market integration and coupling are to be 
published (point 2.4.3.i). 

f) Renewables cooperation. Countries may choose to meet their targets by importing, 
physically (via point-to-point HVDC or via the general grid) or statistically (via transfer of 
Guarantees of Origin, or similar), renewable electricity produced in another EU country. We 
allow for three sorts of renewables cooperation: 1) CSP imports or 2) dispatchable 
renewables other than CSP (either physical import with feed-in in the importer country, or 
statistical transfer), which can be used to both increase the share of renewables and to 
balance the power system, and 3) statistical transfer of fluctuating renewables, which cannot 
be used to stabilise the importer system. In some national policy pathways, cooperation will 
not be a desired option (especially grass-root pathways, which seek decentralisation) and 
will then be ruled out as an option, allowing us to investigate the non-cooperation corners 
of the electricity future space. For every country case, however, we will ensure that at least 
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one pathway includes cooperation, at least at the minimum level required by the new EU 
Renewables Directive. The NECP template foresees that Member States specify how much 
energy is domestic, and whether/how much energy is imported from outside the EU (point 
2.3.i and 2.3.iv). The Member States must also make explicit how regional cooperation with 
other countries has been considered (point 1.4). 

g) Demand-response. This variable describes the flexibilisation of demand, and how (and how 
much) it can be adapted to the momentarily and anticipated upcoming demand. The data 
here will refer to the types of customers (e.g. households, commercial sector, industry) that 
are equipped with smart meters and hence at least potentially able to participate in demand-
response. We will draw on a socio-technical analysis describing the potential for demand-
response in households as a function of both technical suitability of single demand processes 
and social acceptance of centrally controlled load shedding to specify the demand-response 
potential and maximum duration (Aryandoust & Lilliestam, 2017). The degree of demand-
response is to be specified in the NECP (point 2.3.i). 

h) Sector coupling and demand-reducing policies. The electricity demand and the flexibility it 
can provide in terms of demand-response is strongly influenced by electrification/de-
electrification decisions in the heating and mobility sectors 

a. Heat. In many countries, direct electric heating is banned (e.g. Germany, 
Switzerland), whereas it is prevalent in others (e.g. France) without plans for its 
abolishment. At the same time, most countries seek to increase the share of heat 
pumps, which are highly efficient but consume electricity. Both these types of electric 
heat may increase or decrease, and both would increase the demand response 
potential, allowing system operators to effectively use the thermal inertia of building 
as a storage (e.g. increase temperature in anticipation of an upcoming capacity 
shortage; delay the operation of heaters if capacity is momentarily short). The NECP 
template does not require Member States to make statements about electrification 
of heat, but they must specify the heat generation and the renovation rate (point 
2.2.iii). 

b. Cooling. Especially in southern Europe, cooling of buildings is an important driver of 
demand. With progressing climate change and increasing economic wealth, this 
demand will likely increase, both in the south but possibly in the north; improved 
insulation and prevalence of passive/near-zero energy buildings would counteract 
this and decrease the cooling need. For the NECP, the same requirements as for heat 
apply. 

c. CHP and insulation. Many countries, among them Germany, seek to greatly increase 
the share of CHP in heating, or to insulate houses and reduce/eliminate the heating 
need. The Building Directive mandates all new buildings to be near-zero energy 
houses, but no such regulation exists for the building stock. Efficiency measures will 
reduce the use of fossil fuels (and energy in general) in buildings, but it will also 
reduce the need for electric heating (or the space available to increase it), and thus 
also affect the demand response potential for electric heat. The NECP foresees 
specification of the amounts of heat generated by CHP stations 
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d. Electric mobility. Most European countries seek to electrify their car fleets. Especially 
France is pushing for this, having banned the sale of new gasoline cars from 2040. 
This will greatly impact the electricity sector, both by increasing the overall demand, 
and by adding another flexible sink (batteries can be charged at any time, given 
constraints on when they must be full) and possibly source (if countries allow/force 
car batteries to participate in grid balancing). Any long-term transport electrification 
targets are to be described in the NECP (point 2.5.ii). 

i) Efficiency. Many countries pursue aggressive energy efficiency targets, and some aim to 
reduce not only the primary energy demand but also the electricity demand (e.g. 
Switzerland and Germany). This will affect the overall demand level, but it will also affect 
the demand-response capability: meeting aggressive efficiency targets will require specific 
electricity-consuming processes – especially the flexibility-enhancing ones, like heating and 
water boilers, as these can be substituted (e.g. by insulation, solar panels) relatively easily 
– to be greatly reduced or eliminated. In the NECP, Member States must specify their 
planned energy (final or primary; electricity is voluntary) demand. 
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Table 1: Variables for the policy pathway analysis. 

 

 

Variables End 2017 2020 2030 2040 2050 

Renewable Electricity Generation Capacity 

Total [GW] 
     

Intermittent renewables 

(PV, Wind, Wind off-shore) [GW] 
     

Wind On-shore      

Wind Off-Shore      

Solar PV       
 of which rooftop PV      

Dispatchable renewables: [GW]      

Biomass      

Hydro      
of which dam hydro      

of which run-of-river      

CSP domestic      

Others renewables 
(Waste & Landfill gas, Geothermal) 

     

Fossil / Nuclear / Non-Renewable [GW]      
Lignite      

of which with CCS      

Hard Coal      
of which with CCS      

Nuclear      

Gas      

of which with CCS      
Petroleum      

Others  non-renewable (Waste, non-specified)       

Efficiency [% demand reduction and/or 

TWh/year consumption] 
     

Demand-side management [% of demand 

shiftable] 
     

Households      

Commercial sector      

Industry      

Other      

Sector coupling      

Heat [GW or TWh/year]      

Of which heat pumps      

Of which direct electric heat      

Cooling [GW or TWh/year]      
CHP [TWh el]       
Electric Mobility 
 [Number BEV & Hybrid vehicles, or TWh/year] 

     

Storage [GW and TWh]      

Decentralised Battery      

Pumped Hydro      

Other storage type [specify]      

Cross-border interconnection TC [GW]      

NTC – country A à country B      

NTC – country B àcountry A      

NTC – country A à country C      

etc      

Renewables cooperation [GW and TWh]      

Direct physical import CSP      

Statistical transfer CSP      

Direct physical import other dispatchable 
renewables [specify] 

     

Statistical transfer other dispatchable renewables 
[specify] 

     

Statistical transfer fluctuating renewables      
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3.5 How the variables will be quantified in Task 7.2 
The key output in Task 7.2 will be the policy variable tables, for three pathways per case (possibly 

less for the EU-level). To the degree possible, we will quantify the variables with actual decided or 

suggested policy aims, either from the government/Commission (dominant pathway) or from 

political parties/strong advocacy groups (minority pathways). We will fill gaps based on semi-

quantitative (from the policy documents) or qualitative data (from documents and/or the ideal-

typical narratives) by simulating realistic parameters with Green-X in collaboration with TU Wien. 

 

3.5.1 Dominant pathways 

For the dominant pathways, a main source will be the National Energy and Climate Plans (NECPs), 

together with national energy strategies and laws; for the EU, the Council decisions on pathways 

will act as prime source, together with the Commission Communications on 2030 and 2050 aims 

and strategies. 

Originally, as foreseen at the time of the MUSTEC proposal writing, the final NECPs were to be 

published by 1 January 2019, which would be just barely on time for Task 7.2 (deadline Month 16, 

i.e. 31 January 2019); and the drafts were to be published in January 2018. As the adoption of the 

Regulation for the Governance of the Energy Union was delayed, which is unfortunate but beyond 

our control, the current timeline foresees publication of the drafts by December 2018 (BMWi, 2017). 

Hence, we expect that the draft plans are available on time for Task 7.2, and these will serve as 

prime input for the dominant pathway variable quantification. For remaining gaps, should such exist 

– most likely only for the time beyond 2030 – we will rely on currently government programmes 

and aims. We expect that this will allow us to fill Table 1 with fully quantified data for all, or almost 

all, variables. 

For the European pathway(s), there are no quantified aims for power mixes (as the EU has no 

competence for that). Instead, we will identify the bounds for what the EU deems reasonable based 

on its own (scenario) publications, given combinations of supply mixes with (90-100% renewables) 

fulfilling the Paris Agreement obligation of complete decarbonisation. There are quantitative aims, 

decided or suggested, for other variables, including demand-response, interconnections, and 

transport decarbonisation. The lack of specific, quantitative data on the EU-level will give the 

modellers a larger degree of freedom to work with the EU power mix, within the 

decarbonisation/renewables aim bounds and tied to the narratives, and will allow us to test the 

impact on CSP of specific possible measures (e.g. using fines for missed national renewables targets 

to fund CSP in remote southern regions for intra-European trade; or increased European R&D 

funding to push down costs/increase performance of CSP and keep European technological 

leadership). 
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3.5.2 Minority pathways and missing data 

For the minority pathways, and possibly for single variables or post-2030 entries in the dominant 

pathways, we expect that full quantification will be difficult. Whenever this happens, we will deviate 

from the direct collection of quantitative statements for the variables, in two steps. 

First, for the minority pathways, we will collect statements of their relation to the dominant 

pathway: for example, whether a minority pathway should be faster/slower, or a roll-out will be 

larger/smaller than the dominant pathway. This will often be present in the minority actors’ 

statements, as they react to the current government programme. If such larger/smaller statements 

are possible based on the sources used, this will be the input to the variables table, and used as a 

strict rule in the simulation and final variable quantification with Green-X. 

Second, for the minority pathway and for gaps in the dominant pathway, we will rely on the basic 

narratives underlying each ideal-typical pathway (these narratives will be refined and specified in 

Task 7.3). These narratives will help us justify quantitative assumptions that maintain external 

consistency (between the pathways of each country/Europe) and as far as possible keep each single 

pathway internally consistent. These narratives will give indications of which choices (e.g. allowed 

technologies) and degrees (e.g. how much of a technology) are feasible and will be quantified 

through simulation in cooperation with TU Wien, using their Green-X model. 
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4 THE LINK BETWEEN WP7 AND WP8 
There will be two very strong types of linkages between WP7 and WP8. First, the models of WP8, 

especially Green-X, will be part of the quantification of variables in WP7, based on the narratives of 

Task 7.2 (and later 7.3) in the cases where no explicit policy aims exist; this will in particular be for 

the minority pathways, and possibly for parts of the dominant ones. This was described in the 

previous section. 

Second, the data output of WP7 will serve as input for the modelling loop of WP8, to the extent 

possible replacing the initial input (the first Green-X run): the data from WP7 will (possibly after 

being complemented in collaboration with the Green-X team) go to the system models (Enertile and 

HiREPS), and the output of these models will be fed back into Green-X, as described in the MUSTEC 

DoW. In particular, in order to assess the impact of single policy decisions on the need for and 

usefulness of CSP in Europe, we will also use the dominant pathways and replace single variables 

with the values from the minority ones: the minority values represent the extremes of what is 

politically reasonable concerning each variable, allowing us to investigate the entire policy space for 

each variable. 

Hence, the quantified variables based on specific policy decisions identified in WP7 serve as base 

for the modelling, and the narratives will guide the subsequent modelling steps in WP8.  

 

This means that WP7 puts constraints on WP8, limiting the degrees of freedom in the modelling. In 

particular, it does so for reasons of external and internal consistency: the scenarios must be 

consistent with their narratives, and the differences in scenarios must be consistent with the 

differences in narratives. In the cases where we run the dominant scenario with single variables 

replaced with values from the minority pathways, a main output is to simply see what the effect of 

the change – but also to see what options exist and their relative attractiveness for stabilising the 

system and making it more efficient. Hence, there is much modelling freedom left, especially with 

regards to the central question of MUSTEC – under which conditions what type of CSP trade can be 

useful, beneficial or necessary. 

In the pathways, the specification of variables will be very far-reaching, in most cases including 

capacities of single technologies, interconnections, the availability of demand-response, etc. It is 

unlikely that these variables, when put together and tested with actual weather data and subjected 

to real-world power system constraints, will lead to a stable and efficient power system (see e.g. 

Trutnevyte et al., 2014). This is one key area where the modelling efforts must complement and 

improve the pathways: if a country or all of Europe achieve the aims as decided, will the system be 

stable, and will it be efficient? Even more relevant for the MUSTEC project aim, we also need to see 

which measures could make the system stable and/or more efficient? What are the trade-offs, 

especially with respect to CSP: what measures can be done to stabilise the system, how large are 

they (e.g. how many GW of interconnectors; how much more batteries) what do they cost – and, 
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importantly, how do these measures compare in terms of costs and additional physical assets to 

measures including CSP? Can we “save” unpopular interconnections or expensive batteries by 

instead trading CSP within Europe?  

In this, practically all variables can change from their original state: the necessary and beneficial 

changes in variables compared to the politically decided/desired values is a key result of MUSTEC. 

At the same time, there is value with staying as close to the initial variable values as possible, and it 

is always necessary to remain within the bounds of the narratives: for example, a grassroot scenario 

will be inconsistent if it has massive CSP trade, and a market-centred scenario will be inconsistent if 

it opts for local autarky. Similarly, each scenario is constrained by a decarbonisation aim (e.g. 99% 

compared to 2005) and a renewable power aim (e.g. 97%), and these cannot be violated. If the 

quantified variables do not add up exactly to the minimum share of renewables, this leaves leeway 

for the modelling team to add further capacities, especially dispatchable CSP, nuclear power, fossil 

fuelled CCS or, if there is room for that under the climate target, dispatchable conventionals without 

CCS. Practically, this means that the further down in the table one goes, the more can we play with 

the variables: we should work more with stabilising the system by interconnections and 

cooperation, especially by CSP trade, than with altering the domestic fluctuating renewables, as 

these will make up the bulk of the power mix in all, or most, European cases. 
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