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Abstract Against the background of several European countries implementing
capacity remunerationmechanisms (CRM) as an extension to the energy-onlymarket
(EOM), this chapter provides a quantitative assessment of the long-term cross-
border effects of CRMs in the European electricity system. For this purpose, several
scenario analyses are carried out using the electricity market model PowerACE.
Three different market design settings are investigated, namely, a European EOM,
national CRMpolicies, and a coordinated CRM. The introduction of CRMs proves to
be an effective measure substantially shifting investment incentives toward the coun-
tries implementing the mechanisms. However, CRMs increase generation adequacy
also in the respective neighboring countries, indicating that free riding occurs. A
coordinated approach therefore seems preferable in terms of both lower wholesale
electricity prices and generation adequacy.

11.1 The European Debate on Electricity Market Design1

Since the liberalization of the electricity markets in the 1990s, the prevailing market
design in European countries has been the energy-only market (EOM), in which
capacity providers are solely compensated for the amount of electricity they sell
on the markets. In this market design, according to theory, scarcity periods lead to
peak prices, which enables investors to cover their fixed and capital costs. In other
regions of the world, e.g., in several US markets, so-called capacity remuneration
mechanisms (CRMs) are a common extension of the EOM with the earliest imple-
mentations dating back to the late 1990s (Bublitz et al. 2019). These mechanisms
typically aim to reduce the investment risks by offering capacity providers supple-
mentary income on top of the earnings from selling electricity on the spot markets.

1This introductory section was previously published in Fraunholz and Keles (2019).
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The additional generation, storage, or demand side capacity may then in turn help
to improve generation adequacy, i.e., avoid shortage situations. Following the clas-
sification of the European Commission (2016), six generic types of CRMs can be
distinguished:

• Tender for new capacity. Financial support is granted to capacity providers in order
to establish the required additional capacity. Different variations are possible,
e.g., financing the construction of new capacity or long-term power purchase
agreements.

• Strategic reserve. A certain amount of additional capacity is contracted and held
in reserve outside the EOM. The reserve capacity is only operated if specific
conditions are met, e.g., a shortage of capacity in the spot market or a price
settlement above a certain electricity price.

• Targeted capacity payment. A central body sets a fixed price paid only to eligible
capacity, e.g., selected technology types or newly built capacity.

• Central buyer. The total amount of required capacity is set by a central body
and procured through a central bidding process so that the market determines the
price.

• De-central obligation. An obligation is placed on load-serving entities to indi-
vidually secure the total capacity they need to meet their consumers’ demand.
In contrast to the central buyer model, there is no central bidding process.
Instead, individual contracts between electricity suppliers and capacity providers
are negotiated.

• Market-wide capacity payment. Based on estimates of the level of capacity
payments needed to bring forward the required capacity, a capacity price is
determined centrally, which is then paid to all capacity providers in the market.

In recent years, several European countries seem to face threats in terms of the
future generation adequacy and therefore have either already implemented some
kind of CRM or are currently in the process of evaluating appropriate solutions
(cf. Fig. 11.1). These developments can be attributed to a variety of factors including
strongly increasing shares of fluctuating electricity generation from renewable energy
sources (RES), decreasing wholesale electricity prices as well as recent phase-out
decisions for certain technologies. Yet, the tendency toward applying CRMs to
increase investment incentives contradicts the European Commission’s preference
for an EOM in order to trigger new investments and provide signals for decommis-
sioning in case of overcapacities. Moreover, in a highly interconnected electricity
system like the European one, the uncoordinated implementation of local mecha-
nisms might lead to potentially adverse cross-border effects, which stands in strong
contrast to the European Commission’s goal of creating an internal electricity market
in Europe (Bublitz et al. 2019).

This chapter therefore aims to provide a quantitative assessment of the long-term
cross-border effects of CRMs in the European electricity system. The electricity
market model PowerACE is applied to a region covering Central Western European
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Fig. 11.1 Overview of the
future market designs across
Europe when all planned
CRMs are implemented.
Already today, the
mechanisms are poorly
coordinated, which might
intensify due to additional
mechanisms being
established within the next
few years. (Source
reproduced from Bublitz
et al. [2019], classification of
mechanisms based on
European Commission
[2016])

No CRM
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De-central obligation
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Targeted capacity payments

and some Eastern European countries as well as Denmark and Italy. Different long-
term simulations up to 2050 are carried out for all three REFLEX scenarios (Mod-
RES, High-RES decentralized, High-RES centralized) to derive insights regarding
the impact of national and coordinated CRM policies on amount and location of
new investments, the resulting technology mixes in the electricity sector as well as
generation adequacy.

11.2 Research Design

For the quantitative analyses on electricitymarket design carried out in the following,
the agent-based simulation model PowerACE is applied. A brief overview of
PowerACE is given in Chapter 3. Further model details can be found in the following
references:

• Coupling and clearing of the day ahead markets (Ringler et al. 2017),
• Generation and storage expansion planning under consideration of cross-border

effects (Fraunholz et al. 2019),
• Implemented capacity remuneration mechanisms (Keles et al. 2016).
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No CRM Strategic reserve Central buyer De-central obligation

cba

Fig. 11.2 Overview of the market areas modeled in PowerACE and their respective market design
in the a “EuropeanEOM” setting,b “National CRMpolicies” setting, c “CoordinatedCRM” setting.
In order to capture a variety of different design options and corresponding cross-border effects, the
regional scope covers Central Western European and some Eastern European countries as well as
Denmark and Italy. (Source own illustration)

All three REFLEX scenarios (Mod-RES, High-RES decentralized, High-RES
centralized)2 are analyzed considering three different settings with regard to
electricity market design (cf. Fig. 11.2):

• European EOM, which serves as a benchmark,
• National CRM policies, in which the market designs of each country as currently

implemented or planned are considered,3

• Coordinated CRM, which describes a market design potentially standing better
in line with the goals of creating an internal electricity market in Europe than
unilateral CRMs.

The investment methodology in PowerACE depends on the respective market
design. In market areas without an implemented CRM, the investment decisions are
solely driven by the future electricity price expectations of the investors. Contrary,
in market areas with an active central buyer mechanism, annual descending clock
auctions are carried out in order to contract a specific amount of secured generation
and storage capacity. For this purpose, the regulator first sets an arbitrary reserve
margin, which controls the desired level of generation adequacy and defines the
capacity to be procured in the auction.

2Detailed information on the different scenarios are provided in Chapter 2. For recapitulation: (i) the
electricity demand growsmoderately inMod-RES and substantially higher in High-RES, (ii) signif-
icantly more intermittent renewables are assumed in High-RES than Mod-RES, (iii) decentralized
solar power dominates High-RES decentralized, whereas higher shares of offshore wind power
characterize High-RES centralized.
3Please note, that due to the similarities of the different types of CRMs on an abstract level, the
French CRM is modeled using the central buyer implementation in PowerACE, although in reality,
a de-central obligation mechanism is used in France.
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In case of uncoordinated national CRMs, the reserve margin μnat
y is set to 1.0,

such that the residual load in the respective market area can always be covered
by the available conventional generation and storage capacity, without depending on
electricity imports. The calculation of the required capacity cnatm,y is shown in Eq. 11.1,
where d denotes the electricity demand, r the renewable feed-in, m the market area,
y the year, and h the hour of the year.

cnatm,y = μnat
y · max

h

(
dm,y,h − rm,y,h

) ∀m, y (11.1)

For the coordinated CRM, the national reserve margin is adjusted by the ratio
between peak residual load across all market areas and the sum of the national peak
residual loads (cf. Equation 11.2). This procedure is also applied by Bucksteeg et al.
(2019). Cross-border synergies obviously lead to lower reserve margins under the
coordinated CRM μcoor

y than in the uncoordinated case.

μcoor
y = μnat

y ·
max
h

∑
m

(
dm,y,h − rm,y,h

)

∑
m max

h

(
dm,y,h − rm,y,h

) ≤ μnat
y ∀y (11.2)

Contrary to the model-endogenous investment decisions, decommissioning of
existing power plants is exogenously defined in PowerACE and based on the respec-
tive age and technical lifetime of the generation units, which remain unchanged for
all scenarios. Consequently, the development of the future technology mix across
the various scenarios strongly depends on the techno-economic characteristics of
the different investment options (conventional power plants and storage technolo-
gies). Since the expansion of RES is an exogenously defined and scenario-specific
input to PowerACE, no additional investments in renewable technologies are consid-
ered. Moreover, the learning curves for storage technologies developed within the
REFLEX project (cf. Chapter 4) are implemented in PowerACE.

11.3 Development of the Conventional Generation
Capacities and Wholesale Electricity Prices

In the following, the simulation results for all three REFLEX scenarios are presented
and discussed. The impact of the differentmarket design settings on amount, location,
and technology mix of new investments as well as the resulting wholesale electricity
price developments is in the focus of the result presentation. The European EOM is
used as a benchmark, to which the national CRM policies as well as the coordinated
CRM setting are compared.

By imposing a certain capacity target and then offering payments to capacity
providers additional to the income from selling electricity on the markets, CRMs
tend to shift investment incentives in interconnected electricity markets toward the
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countries using such mechanisms. In the respective neighboring countries without
an own CRM, investment incentives may stay stable, but could as well decrease
due to the additional capacity from abroad, which also influences domestic price
expectations of potential investors. Consequently, under national CRMpolicies, both
positive and negative cross-border effects may be observed.

Contrary, in the case of a coordinated CRM, capacity targets are set for each
country, which may result in stable investment incentives across all interconnected
market areas. Moreover, as previously described, the total capacities required to
secure generation adequacy are lower in a coordinated CRM, due to cross-border
synergies and better balancing of fluctuating electricity production from RES.

With regard to wholesale electricity prices, according to theory, the introduction
of CRMs should reduce the amount of scarcity situations and related peak prices and
therefore result in lower electricity wholesale prices. However, under national CRM
policies, suppressed investments in neighboring countries of those using a CRM
may also lead to negative cross-border effects. Consequently, the implementation
of a CRM might prove to be less effective as expected when considering only an
isolated country.

A coordinated CRM should incentivize sufficient capacity to cover the elec-
tricity demand at all times and therefore reduce the wholesale electricity prices in all
interconnected market areas. However, these savings come at the price of capacity
payments for the additional capacity. These may to a certain extent compensate or
even overcompensate the savings achieved by lower wholesale electricity prices.
This effect—despite its high practical relevance—is however out of the scope of the
work presented in this chapter and should be subject to future research.

Figures 11.3, 11.4, 11.5, 11.6, 11.7 and 11.8 present the development of the
total conventional generation and storage capacities as well as resulting wholesale
electricity prices for all three REFLEX scenarios and two exemplary countries.4

Since all of these figures are structured similarly, some general remarks are provided
before discussing the obtained results in more detail.

In the top part of the figures, the respective total conventional generation and
storage capacities throughout the simulation period of 2020–2050 are shown for
each of the three market design settings (European EOM, National CRM policies,
Coordinated CRM—from left to right). Furthermore, the respective yearly national
peak residual load, excluding imports/exports and storage is depicted as a reference
point. As previouslymentioned, the capacity developments are based on exogenously
predefined decommissioning, which is identical for all investigated settings, as well
as on model-endogenous investment decisions for different technologies.

The bottom part of the figures shows the resulting impact on the development of
the wholesale electricity prices. For this purpose, the European EOM is defined as a
reference and the relative price difference�pm,y is then computed as themean yearly

4Due to space limitations, only results for France and the Netherlands are presented in this section.
These countries are chosen as representative ones in terms of cross-border effects, since France is
using a CRM under the national CRM policies, while the Netherlands rely on an EOM, but are
surrounded by countries applying some kind of CRM.
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price under the respective market design p∗
m,y divided by that under the European

EOM prefm,y as shown in Eq. 11.3, where m denotes the market area and y the year.
Consequently, by definition, the relative price differences in the European EOM are
always at 0% throughout the simulation period. For illustrative purposes, the linear
trend of the yearly price differences is also included in the respective diagrams.

�pm,y = p∗
m,y/p

ref
m,y − 1 ∀m, y (11.3)

In the following, some specific results ofMod-RES, High-RES decentralized, and
High-RES centralized will be presented and discussed.

11.3.1 Mod-RES Scenario

In Mod-RES, some general trends across all modeled countries can be identified:

• A strong fuel switch toward gas-fired technologies, which is mainly driven by
increasing CO2 prices,

• No investments in carbon capture and storage (CCS) technologies, due to
an insufficiently high CO2 price development, which doesn’t allow for cost-
competitiveness of CCS in view of the higher initial investment and variable
costs,

• Low profitability of storage investments, due to the moderate share of electricity
generation from RES in Mod-RES. Moreover, the residual load curves provided
to PowerACE as exogenous input data are already smoothed by demand side
management (DSM) measures (for details cf. Chapters 3, 6, 7 and 8).

As presented in Fig. 11.3, substantially more investments in open cycle gas
turbines (OCGT) are carried out in France under the national CRM policies than
in the European EOM. This is a direct consequence of the French CRM, which
successfully incentivizes additional peak capacity. To a lesser extent, this finding is
also true under the coordinated CRM. Since the required reserve margin in a coor-
dinated approach is lower than for a national CRM, less peak load capacity is built
in this setting than under the national CRM policies.

The additional capacity has a direct impact on the development of the wholesale
electricity prices, which decline under both the national CRM policies and the coor-
dinated CRM as compared to the European EOM. Despite lower capacity levels in
France, the price decline ismore pronounced under the coordinated CRM. This effect
is due to more capacity in the French neighboring countries under the coordinated
CRM than under national CRM policies, from which also France seems to benefit.

In the Netherlands, which rely on an EOM, investment incentives are drasti-
cally reduced under the national CRM policies as compared to the European EOM.
This finding can be attributed to negative cross-border effects caused by the Dutch
neighboring countries using CRMs.
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Consequently, substantially less investments in peak load capacity, i.e., OCGTs
are carried out under the national CRM policies, which results in increasing whole-
sale electricity prices (cf. Fig. 11.4). Contrary, in the coordinated CRM, investment
incentives are higher than in both other market design settings due to a capacity
target also for the Netherlands. This leads to additional OCGTs and lower prices.

11.3.2 High-RES Decentralized Scenario

Also in theHigh-RESdecentralized scenario, somegeneral trends across themodeled
countries can be identified:

• A strong fuel switch toward gas-fired technologies, similarly as in Mod-RES,5

• Substantial investments in CCS technologies toward the end of the simulation
period, which is a result of the higher CO2 prices than in Mod-RES,

• Low profitability of storage investments, for similar reasons as in Mod-RES.
Given the strong increase in electricity demand, electricity generation from RES
remains moderate in relative terms despite its significant increase in absolute
figures. Consequently, investments in OCGTs remainmore profitable than storage
investments even in the long run. Furthermore, the residual load curves have again
been substantially smoothed by DSM measures prior to their use in PowerACE
(for details cf. Chapters 3, 6, 7 and 8).

As shown in Fig. 11.5, similarly as in Mod-RES, substantially more investments
in OCGTs are carried out in France under the national CRM policies and the coor-
dinated CRM than in the European EOM. However, due to the significant increase
in electricity demand and the substantial smoothing of the load curve through DSM
measures, the French CRM also incentivizes additional combined cycle gas turbines
(CCGT).As a result, thewholesale electricity prices are lower under both the national
CRM policies and the coordinated CRM as compared to the European EOM.

Owing to cross-border effects of the CRMs in neighboring countries, the invest-
ment incentives in the Netherlands are reduced under the national CRM policies also
in High-RES decentralized. Yet, contrary to Mod-RES, these effects are much less
pronounced. This is due to the strongly increasing demand across all countries in
High-RES decentralized, which leads to a relatively high number of running hours
for new capacity and therefore CCGTs often being the more profitable investment
option than additional OCGTs. Since CRMs mainly affect the allocation of peak
load capacity, i.e., OCGTs, the amount of investments in countries without CRM
is less affected by cross-border effects of the national CRM policies in High-RES
decentralized than in Mod-RES.

5Although the CO2 prices are assumed to grow stronger in High-RES decentralized than in
Mod-RES, some coal-fired generation remains in the market even in 2050. This is because
decommissioning of power plants is only considered exogenously based on their respective age.



11 Impact of Electricity Market Designs … 213

In the coordinated CRM, for similar reasons as in France, substantial amounts
of additional investments in both OCGTs and CCGTs are carried out. These
capacity developments also affect the wholesale electricity prices in the Nether-
lands (cf. Fig. 11.6). Due to the small reduction in domestic capacities under the
national CRM policies and the additional capacity in the neighboring countries,
prices decrease even under this setting in the long run as compared to the European
EOM. This effect is even more pronounced under the coordinated CRM.

11.3.3 High-RES Centralized Scenario

The general trends regarding fuel switch and profitability of CCS and storage tech-
nologies, which could be identified in the results of High-RES decentralized, also
apply to the High-RES centralized scenario. Regarding the development of capacity
levels and wholesale electricity prices, the patterns in the High-RES centralized
scenario are quite similar to those of High-RES decentralized in France. However,
due to the significantly lower amount of DSM measures in the High-RES central-
ized scenario (cf. Chapters 2, 6, 7 and 8), more OCGTs and less CCGTs are built
(cf. Fig. 11.7).

In the Netherlands, less CCGTs and more OCGTs are built under the national
CRM policies than in the European EOM (cf. Fig. 11.8). This is likely due to a
reduced number of running hours for new capacity caused by the additional capacity
incentivized in theDutch neighboring countries due to theirCRMs. In the coordinated
CRM, the patterns are very similar to those in the High-RES decentralized scenario.
Regarding the development of the wholesale electricity prices, no clear trend can be
identified under the national CRM policies, while prices decline in the coordinated
CRM as compared to the European EOM.

11.4 Impact on Generation Adequacy

Generation adequacy can be defined as the ability of an electricity system to provide
sufficient dispatchable generation, storage, andflexible demand side capacity to cover
the residual load at any time. Since the electrical grid is not modeled in PowerACE—
apart from the simplified consideration of maximum cross-border transmission
capacities—grid restrictions are not considered in the evaluation of the generation
adequacy presented in the following. Yet, the focus of this work is rather on the ability
of different electricity market designs to provide adequate investment incentives to
achieve a sufficient capacity level under consideration of the respective cross-border
effects.

In order to assess and compare generation adequacy across the various settings
and for all modeled countries, a simple, but straightforward indicator is applied.
In the investment methodology of PowerACE, no restriction to cover the demand
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at all times is implemented, but the expansion planning rather emerges from the
individual actors’ decisions (cf. Chapter 3). Thus, situations may occur in which
the day ahead market cannot be cleared due to an insufficient level of dispatchable
generation and storage capacity, leading to the maximum day ahead market price of
3,000 EUR/MWh. In reality, reserve capacity would likely be activated, such that
even in these scarcity situations, load shedding would not necessarily occur. Yet, the
mean number of yearly hours with no successful clearing of the day ahead market
in a given market area is a suitable proxy to measure generation adequacy.

Figure 11.9 provides a concise overview of the generation adequacy levels in all
scenarios, market design settings, and countries. Across all scenarios, the unilateral
implementation ofCRMsunder the national CRMpolicies rather obviously increases
generation adequacy in the respective countries. However, also neighboring countries
of those using a CRM seem to benefit from the additional capacity and face an
increase in their generation adequacy levels. This finding indicates that free riding
occurs. The effect is most pronounced in High-RES decentralized. As described
before, the strongly growing electricity demand in this scenario combined with the
extensive use of DSM measures leads to CCGTs often being more profitable than
OCGTs. However, since CRMs mainly shift investment incentives for peak load
capacity, investments in countries without a CRM barely decline in this scenario.
Thus, these countries benefit from an almost unchanged level of domestic capacity
plus the additional capacity of their neighbors with CRMs.

Interestingly, generation adequacy increases even further under a coordinated
CRM, even in the countries that already use a CRMunder the national CRMpolicies.
Apparently, cross-border synergies, better balancing of fluctuating electricity produc-
tion from RES as well as reduced free riding by neighboring countries without an
own CRM, outweighs the impact of lower domestic capacity levels in the respective
countries under the coordinated approach.

11.5 Summary and Conclusions

In this chapter, the electricity market model PowerACE was applied to a region
covering multiple interconnected European market areas with different electricity
market designs. Several long-term simulations up to 2050 were carried out for all
three REFLEX scenarios (Mod-RES, High-RES decentralized, High-RES central-
ized) in order to quantitatively assess the long-term cross-border effects of CRMs in
the European electricity system. In this context, three different settings with regard to
electricity market design were analyzed. Firstly, a European EOM, which served as a
benchmark. Secondly, nationalCRMpolicies, including the unilateral introduction of
CRMs as currently planned or already implemented in reality. Thirdly, a coordinated
CRM as an approach potentially standing better in line with the goals of creating
an internal electricity market in Europe than unilateral CRMs. By comparing the
different settings, valuable insights regarding the impact of national and coordinated
CRMs on amount and location of new investments, the resulting technology mixes



11 Impact of Electricity Market Designs … 215

0 h/a 1–3 h/a 4–10 h/a 11–15 h/a >15 h/a
M

od
-R

E
S

H
ig

h-
R

E
S 

de
ce

nt
ra

liz
ed

H
ig

h-
R

E
S 

ce
nt

ra
liz

ed

European EOM National CRM policies Coordinated CRM

Fig. 11.9 Mean yearly hourswith no successful clearing of the day aheadmarket, i.e., themaximum
day aheadmarket price of 3,000 EUR/MWhdue to a shortage of dispatchable generation and storage
capacity. All values are averaged over the years 2020 to 2050 and given in h/a. Across all scenarios,
the implementation of CRMs does not only increase generation adequacy in the countries using the
CRMs, but also in their neighboring countries. (Source own calculation)

in the electricity sector, the development of the wholesale electricity prices as well
as generation adequacy could be derived.

In terms of the future technologymix, across all investigated scenarios andmarket
areas, a strong fuel switch toward gas-fired power plants can be observed as a result
of the assumed CO2 price development. Due to the more extreme assumptions with
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regard toCO2 prices in theHigh-RES scenarios, CCS technologies turn out to be prof-
itable toward 2050, while this is not the case in the Mod-RES scenario. Furthermore,
in all scenarios, storage technologies only play a minor role under the assumptions
made. This finding is related to the moderately ambitious shares of renewable elec-
tricity generation, even in the High-RES scenarios due to the strongly increasing
electricity demand. Besides, the applied electricity load curves are already smoothed
by DSM measures prior to their implementation in PowerACE.

The unilateral introduction of CRMs proves to be an effective measure substan-
tially shifting investment incentives toward the countries implementing the mecha-
nisms. The additional generation capacity in these countries in turn reduces both the
average wholesale electricity prices and the amount of scarcity situations. Depending
on the specific setting, neighboring countries of those implementing a CRMmay face
both positive and negative cross-border impacts.

In the Mod-RES scenario, which is characterized by a moderate growth of elec-
tricity demand, OCGTs often prove to be the most profitable investment option.
However, building more peak load capacity in countries with an active CRM drasti-
cally reduces investment incentives in neighboring countries without an own CRM,
leading to increasing wholesale electricity prices in these countries.

Contrary, in theHigh-RES scenarios, where the electricity demand grows stronger
over time, investments in CCGTs are often economically preferable over peak load
capacity. Yet, in contrast to OCGTs, the profitability of CCGTs in countries without
an own CRM is less affected by additional investments in neighboring countries with
CRMs. Consequently, in the long run, the average wholesale electricity prices may
decrease also in countries without an own CRM.

Despite the distortion of investment incentives, across all scenarios, CRMs
generally increase generation adequacy not only in the country implementing the
mechanism, but also in the neighboring countries, indicating that free riding occurs.

In all three scenarios, a coordinated CRM, in which capacity targets are set for
each individual country, provides adequate investment incentives in all countries.
Although individual capacity requirements are lower than in case of an unilateral
introduction of a CRM, all countries benefit in terms of lower wholesale electricity
prices and increased generation adequacy levels. This is also true for countries that
already use aCRMunder the national CRMpolicies setting. Apparently, reduced free
riding by neighboring countries without an own CRM outweighs the impact of lower
domestic capacity levels on wholesale electricity prices in the respective countries
under the coordinated approach. However, the savings in terms of wholesale elec-
tricity prices come at the price of capacity payments for the additional capacity. These
may to a certain extent compensate or even overcompensate the savings achieved by
lower wholesale electricity prices. This effect was not considered in this chapter, but
should be subject to future research in order to get a holistic picture.

Summing up,whether positive or negative cross-border effects of unilateral CRMs
prevail, depends on a variety of factors, including the future development of elec-
tricity demand and renewable electricity generation as well as the geographical loca-
tion of a given country. A coordinated approach generally seems preferable in terms
of wholesale electricity prices and generation adequacy. The European Commission
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should therefore continue to assess potential CRMs carefully prior to allowing their
real-world implementation and consider a coordinated European CRM as an alter-
native market design solution potentially standing better in line with the goals of
creating an internal electricity market in Europe.

Although the analyses presented in this chapter provide valuable insights
regarding long-term cross-border effects of CRMs in the European electricity system,
open questions for future research remain. Two aspects of particular relevance are
as follows. Firstly, the role of electricity storage would likely become more visible
in a modeling approach where DSMmeasures simultaneously compete with storage
technologies rather than smoothing the electricity load curves prior to their imple-
mentation in an electricity market model like PowerACE. DSMmeasures could then
also participate in the CRMs in the same fashion as storage technologies. Secondly,
in a real-world setting, also interconnector capacities are typically allowed to partic-
ipate in CRMs of neighboring countries. Considering this aspect would probably
reduce the cross-border effects of unilateral CRMs as presented in this chapter and
therefore bring the situation closer to that of a coordinated European CRM, yet at a
lower administrative burden.
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