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Summary

Investment appetite for onshore wind projects has fallen sharply in
Flanders and the Netherlands. However, according to international cost
comparisons, onshore wind remains competitive, even when system
costs' are considered. However, the profitability of onshore wind is being
undermined by falling capture rates?. The current market model is not
geared towards weather-dependent production. As a result, onshore wind
remains dependent on subsidies.

However, recent analyses by Elia show that this also applies to more than
1GW of existing gas-fired power stations and all new (gas-fired) power

stations. We are rapidly evolving towards an energy landscape in which
investments in new production capacity, regardless of the technology, are
not economically viable without support.

The lull in onshore wind is not a technological failure, but a sign that we
are approaching system limits. A redesign of the market model, witha
stronger coordinating role for the government and explicit attention to the
return of the total system rather than of individual projects, is needed to
accelerate the transition and ensure security of supply.

System costs: Integration costs of the technology into the electricity system, such as modifications to the
transmission and distribution network, network reinforcement, flexibility, balance maintenance and storage.

Capture rate: the average price that a technology effectively receives divided by the average market price in
the same period. Interpretation:
>100%: sells relatively often during expensive hours (e.qg. gas-fired power stations).
=100%: sells onaverage at market price
<100%: sells relatively often during cheap hours or is more often temporarily shut down or switched
back in the event of surplus or grid constraints(e.g. solar energy in the middle of the day,
wind when there is high supply).
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INTRODUCTION

Renewable energy is essential in any vision of our
energy future. Electricity from renewable sources
accounted for 47% of total electricity production

in Europe in 2024°. Installed renewable production
capacity has multiplied over the past decade, but
today wind projects are facing strong headwinds.
New offshore projects are attracting little or no
investment in Germany, the Netherlands, the United
Kingdom and Denmark.

The development of onshore wind projects is also
stalling. For example, fewer and fewer wind turbines
are being built in Flanders. In 2023 and 2024, 19 and
12 new onshore turbines were added in Flanders
respectively, which are the lowest figures in the

last 10 years. The situation in the Netherlands is
very similar; in 2024, 127 MW was installed onshore,
while in 2021, 1109 MW was added*.

No spectacular improvement is expected in Flan-
ders and the Netherlands for 2025. In Germany,
however, wind energy continues to grow. In 2024,
772 wind turbines were added, 745 of which were
onshore (+ 3,290 MW), which is a limited increase
compared to the growth in 2023°. However, even
in Germany, the recent increase in installed wind
capacity is well below the record level of 2017 (+
8,584 MW).

https://www.rvo.nl/onderwerpen/windenergie-op-land/monitor-wind

https://strom-report.com/windenergie/

o o~

https://ec.europa.eu/eurostat/en/web/products-eurostat-news/w/ddn-20250319-1
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The Belgian Federation of Energy Companies
(Febeg)and the Flemish Wind Energy Association
(VWEA)are warning of a total investment freeze,
whereby even approved projects will no longer be
realised. The previous Flemish government had
stopped supporting onshore wind energy, but this
decision was recently reversed by the new Flemish
government. Onshore wind energy will once again
be supported for four years in order to attract addi-
tional investment®. This support is being criticised
by critics. The expectation that renewable fossil fu-
els would automatically be priced out of the market
appears to be incorrect for the time being.

How should we interpret the decline in investments?
Iswind less economically attractive, or are we
reaching the limits of the energy transition system?
What is the economic added value of technologies
that require permanent subsidies? To answer these
questions, we will briefly examine some develop-
ments in the production costs and market value of
electricity from wind turbines. We will then consider
the system implications of additional renewable
production capacity.

https://www.febeg.be/nl/nieuws/investeringszekerheid-voor-viaamse-windenergie



Electrification as a european priority

Renewable energy has been at the heart of Euro-
pean climate policy for a quarter of a century. Until
2010, the role of wind turbines and solar panels in
European policy documents was rather limited to
reducing the CO, intensity of a fairly stable electric-
ity production. Renewable energy technologies, to-
gether with gas-fired power stations, were primarily
intended to reduce the use of coal in electricity
production.

In the 2011 Transport White Paper and, in particu-
lar, in the 2016-2018 EU Clean Energy Package, the
mass electrification of transport, domestic heating
and industrial processes was presented for the first
time as a‘generic’ climate strategy. Electrification is
also central to the 2019 EU Green Deal, which aims
to achieve EU climate neutrality by 2050.

Renewable production capacity will have to increase
significantly to keep pace with the expected growth
in electricity demand. If electrification is success-
ful, electricity demand in the European Union could
more than double between now and 2050.

Three years after the Green Deal, Europe was
confronted with an energy crisis and a new geopo-
litical reality. Europe wants to drastically reduce its
external energy dependence by 2030 and is once
again looking to local renewable energy production
to achieve this. The electrification of industrial
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Renewable generation capacity
needs to increase significantly to

keep pace with the expected growth
in electricity demand.”

processes is also central to the Net Zero Industry
Act (NZIA)and the Clean Industrial Deal of February
2025. These policy objectives require a very strong
expansion of renewable production capacity in all
Member States.

Renewable and competitive

As aresult of the Russian invasion of Ukraine,

the energy price gap with the US doubled and the
output of European energy-intensive sectors fell by
15%. The 2024 Draghi report maintains the ambi-
tions of the EU Green Deal but explicitly states that
European climate policy must strengthen our eco-
nomic competitiveness rather than undermine it.

Mario Draghi also emphasises that European
households and businesses must be able to enjoy
the (price) benefits of renewable energy production:
‘Without a plan to transfer the benefits of decarbon-
isation to end-users, energy prices will continue to
weigh on growth (Draghi, 2024).

These ambitions were also incorporated into the
Clean Industrial Deal, but neither the Draghi report
nor the Clean Industrial Deal contain a roadmap for
achieving the latter ambition. The implicit criticism
of the European electricity market model in the
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“The European market model dates
from an era of limited renewable
enerqgy production and little interest
in storage capacity and demand

f/exibility.”

Braghi report does suggest that a radical overhaul cannot be reduced to a few technological choic-

of energy and climate policy is no longer taboo’. es. In any case, we will have to combine different
The organisation of the European energy markets technologies for a long time to come. More impor-
will also have to be radically adjusted. After all, the tant are better governance of the energy transition
European market model dates from an era of limited and strong policy coordination at European level to
renewable energy production and little interest realise this ambition.

in storage capacity and demand flexibility®. In the
market model of the future, storage and demand
flexibility will have to play a crucial role.

The goal of climate neutrality by 2050 is a highly
challenging transformation and investment project.
Europe is opting for a new low-carbon infrastruc-
ture with inherent uncertainties, while the Amer-
icans can use the existing energy infrastructure

for their fossil fuel expansion strategy. The energy
transition must not widen the price gap with the US.
That is why we must focus on system efficiency and

B . . v
cost-effective technologies. Governance and EUI’ODGOH

o : coordination are crucial to keep the
Competitiveness is at the heart of the European pol-

transition offordob/e.”

icy agenda today. The Competitiveness Compass®
of January 2025 illustrates this point. The Draghi
report rightly emphasises that competitiveness

7 Albrecht, J.(2025). Energy costs and competitiveness. An alternative reading of the Draghi report. Itinera Analysis

8 Demand flexibility: The ability of users to shift consumption over time or reduce it temporarily. Reduces peaks, lowers system costs and increases the value
of renewable energy production.

9 EC(2025). A Competitiveness Compass for the EU(COM(2025) 30 final)



Market seeks returns

European context

The transformation ambition

The intended transformation of the European en-
ergy landscape is not only driven by policy choic-
es. Policy objectives regarding renewable energy
production and electrification have a major impact
on market forces and translate into ‘market results’
such as market prices and investment opportuni-

ties.

Excellent weather conditions are currently leading
to very low or negative prices, but this was not the
case in 2010. In 2010, for example, it was expected
that the private sector would invest heavily in new
gas-fired power stations, whereas today investment
in new gas-fired power stations is only possible with
subsidies.

By 2040, major investments will be needed in
renewable capacity, storage and demand flexibility.
Without this wave of investment, the EU targets will
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"

Ultimately, a situation arises where
subsidizing one category of assets

leads to a need to subsidize other
types ofossets.”

be unachievable. Normal market forces cannot de-
liver this pace, which is why policy is being adjusted
with instruments such as Contracts for Difference
(CfD)®. This adds capacity but depresses prices and
causes profit cannibalisation.

The challenges surrounding gas-fired power
stations

Gas-fired power stations still play a very important
role in European electricity production. The Draghi
report emphasises that gas-fired power stations
were still setting prices in Europe 60% of the time in
2022. Gas-fired power stations derive their returns
from hours when electricity prices are high. Addi-
tional investments in renewable capacity, storage
capacity and flexibility mean that gas-fired power
stations are setting prices less frequently and the
number of ‘expensive’ hours is falling.

This dynamic threatens to push gas-fired power
stations out of the market. However, when these
power stations are essential from an adequacy and
security of supply perspective™, asis currently still

10 Contracts for Difference (CfD): Support contracts that work with a reference price (‘strike price’). If the market price is lower/higher, the producer receives/
pays compensation. This makes project revenues more predictable and therefore reduces financing costs.

11 Adequacy: the structural availability of sufficient production capacity to meet expected demand, averaged over the year. It is therefore a quantitative esti-

mate of the risk of shortages(e.qg. x hours per year chance of shortage’).

Security of supply: the extent to which the electricity system has sufficient production and flexibility at any given moment to meet demand, even during
peaks or bad weather. It includes adequacy, but also: network reliability, fuel availability, import dependency and geopolitical risks, as well as operational
safety. This isimportant because shortages can lead to blackouts, and avoiding that scenario often requires additional investment or support.



the case in our country, subsidies are necessary to
keep them operational. To this end, we often use
capacity payments such as a capacity remuneration
mechanism (CRM), a capacity payment that com-
pensates for availability.

Ultimately, this creates a situation in which sub-
sidising one category of assets - so-called poli-
cy-driven assets - leads in the long term to a need to
subsidise other types of assets. In our country, even
our nuclear power plants are subsidised so that they
can be used for longer. Without these subsidies, the
nuclear power plants would be closed. Nuclear ener-
gy therefore also falls within the expanding group of
‘policy-driven’ assets with a potentially market-dis-
torting impact.

Belgian context

The issue of gas in our security of supply

In the "Adequacy and flexibility study for Belgium
2026-2036" of June 2025, Elia™ presents an analysis
of the economic viability of current production and
the necessary production capacity in our country
for the next ten years. To carry out such an analysis,
very specific assumptions are required, including
‘perfect foresight’. We must take this into account
when interpreting the results.

Regardless of this, Elia concludes that the expected
market prices will be too low to maintain more than

12 Elia(2025). Adequacy and flexibility study for Belgium 2026-2036
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1GW of existing gas capacity (CCGT®)in our country
in a cost-effective manner for further use. Without
adjusted subsidies, these existing gas-fired power
stations will leave the market in the relatively short
term, which will naturally have an impact on our
country’s security of supply.

At the same time, Elia's analysis shows that new
assets will also be unviable in the market envi-
ronment from 2028 onwards: ‘'no new capacity is
deemed economically viable, on top of the already
contracted new capacities under the CRM". Without
subsidies, existing gas-fired power stations are at
risk of being driven out of the market, while without
subsidies it is not possible to invest in new gas-fired
power stations. However, we do need gas-fired
power stations to guarantee security of supply.

The looming capacity gap

According to Elia, this will create a capacity gap of
500 to 3,300 MW (derated™) between 2028 and 2036.
This capacity will be lacking in the expected market
environment between 2028 and 2036. Figure 1is
taken from the above-mentioned Elia report and
shows in the third column the capacity shortfall that
is likely to arise without specific support mecha-
nisms.

Without market interventions such as a general
remuneration for new and existing capacity (CRM),

13 Combined-Cycle Gas Turbine (CCGT): Gas-fired power station with two coupled turbines (gas + steam). Efficient and often setting prices during expensive

hours, but increasingly requiring support to remain profitable.

14 Derated capacity (MW derated): The theoretical capacity adjusted (derated) for realistic availability. For planning purposes, ‘effective’ MW is used instead of

the theoretical maximum.
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Figure 1- Economic viability and capacity shortfall 2026-2036

Existing non-viable capacity New economically Resulting non-viable GAP LOLE EENS
(MW, nominal) viable capacity (MW) (MW, derated) (h) (GWh)
2026 -1650 [ | ° -600 2.3 16
2028 -1650 [ | © 500 3.4 3.0
2030 -850 [ | © 1,500 4.6 5.9
2032 1650 [ | 2,000 45 5.4
2034 -1650 || | © 2,800 4.8 6.9
2036 -1650 [ | ° 3,300 6.0 10.4

B ccor Il ocer T

Bron: Elia(2025). Adequacy and flexibility study for Belgium 2026-2036

security of supply cannot be guaranteed in our
country in the relatively short term. More than ever,
governments will have to supervise and correct
market dynamics. And that in a liberalised market
environment!

After 2036, we expect further expansion of total
capacity - including storage and flexibility - so that
market cannibalisation can continue. Whether this
will actually happen remains to be seen. However,
investors are not interested in this and will rightly
demand guarantees.

Insufficient returns without subsidies
We note that not only new onshore wind projects
need subsidies to be profitable, but this also ap-

©

plies, a fortiori, to new gas-fired power stations.
Without subsidies, even existing gas-fired power
stations will disappear, even though we cannot do
without them for our security of supply.

There is growing interest in new nuclear capaci-
ty, small or large, for example in the form of small
modular reactors (SMRs). However, this only seems
viable with government support. Our existing nu-
clear power plants also only remain open thanks to
subsidies.

So today we are seeing a market environmentin
which all technologies apparently need to be sup-
ported. No wonder no one is investing in onshore
wind projects without support.



How expensive is onshore wind?

Cost competitiveness per

technology

European reference data(2020)

The prospect that all technologies will be subsidised
does not mean that cost competitiveness per tech-
nology is no longer relevant. What is the role of on-
shore wind in the European energy landscape with
cost competitiveness as a rediscovered priority?

A concise answer to this question often starts with
LCOE comparisons®™. Traditional LCOE comparisons
take a‘stand-alone’ perspective and ignore the sys-
tem implications of certain technologies.

This approach dates from an era when renewable
energy production was very limited, so that po-
tential system implications were of little relevance
and were ‘'socialised’, for example through network
costs. This perspective is difficult to maintain with
a high share of renewable energy production, so
that system components - such as the need for
storage capacity - are increasingly being included in
LCOE comparisons'®.

A basic source for LCOE analyses is(still)the IEA's
‘Projected Costs of Generating Electricity 2020’
report, which compiles virtually all available data on
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existing production capacities per continent. Table
1shows the median LCOE values for Europe based
on three discount rates.

According to this LCOE comparison per MWh by the
I[EA for 2020, onshore wind in Europe is ‘on average’
the cheapest production technology. This Euro-
pean average can conceal significant differences
between countries. Table 1compares wind and
other production technologies with large solar parks
- Solar PV (utility) - and therefore not with small
installations on private roofs, whose LCOE is many
times higher.

Table 1- LCOE per technology in Europe
(median, $/MWh)

Discontovoet 3% 7% 10%
Gas (CCGT) 68 71 74
Nuclear 45 7 97

Wind onshore 44 55 63
Wind offshore 68 90 108
Solar PV (utility) 55 70 83

source: IEA 2020, Median technology costs by region; Europe

15 LCOE (Levelised Cost of Energy): a method for calculating the total electricity production costs of an energy technology over its entire lifetime. This consi-
ders the initial investment costs, maintenance costs, fuel costs, financing costs, decommissioning costs and the expected total energy production over the

lifetime.

16 The International Energy Agency (IEA) uses the so-called value-adjusted LCOE or VALCOE for this purpose.

https://www.iea.org/reports/projected-costs-of-generating-electricity-2020

10



Developments since 2020

Costincreases

Since 2020, the coronavirus crisis, the war in
Ukraine and rising interest rates have had a major
impact on the capital costs of energy projects.

This also applies to the wind sector. As a result, the
structural decline in investment costs per kW ended
abruptly.

After 2020, the LCOE of wind projects did not fall,
but this also applies to other energy technologies
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/

The cost of renewable energy is
rising due to higher interest rates

and material prices, but will remain
competitive compared to fossil fuel
alternatives in 2025.”

and network components. Wind turbines have
become more expensive in absolute terms, but this
does not mean that they have become less econom-
ically attractive in relative terms.

Interest rates may fall relatively quickly, but the cap-
ital cost of wind turbines may rise in the long term
because of the Carbon Border Adjustment Mecha-
nism (CBAM). With CBAM, the European Union wants
to prevent carbon leakage. From 2026, CBAM will
lead to a significant price increase for imported
steel, among other things. European importers will

Figure 2 - Impact of higher material costs and interest rates on the LCOE of onshore wind

2019

Commodities and logistics price change

Technology improvement

2022

Commodities and logistics price change

Technology improvement

Weighted average cost of capital increase

2023

Technology improvement

2024

I

]
2020 |

-

—

-

50 100 150

Source: https://www.iea.org/data-and-statistics/charts/wind-onshore-Icoe-index-based-on-average-annual-input-costs-2018-2024



have to submit CBAM certificates, which will also
involve considerable administrative costs. Ac-
cording to the European Wind Energy Association,
this could increase the investment cost per wind
turbine by just over €300,000 in the long term'. This
increase is nothing short of spectacular and comes
at the wrong time.

CBAM will also make the components for producing
electric motors in Europe more expensive, while
the levy does not apply to imported electric motors.
After all, it is not possible to calculate the footprint
of complex finished products. CBAM thus encour-
ages the import of complex finished products from
China, while competing European companies face
additional costs on the input side.

LCOE developments since 2020

Since 2020, the cost of electricity generation
(LCOE) has been strongly influenced by raw mate-
rial prices, interest rates and geopolitical devel-
opments. Nevertheless, renewable technologies
remain the cheapest optionsin Europe. A brief
overview':

«  Onshore wind: After years of declining costs,
the LCOE rose slightly between 2020 and 2024
due to higher turbine prices, inflation and inter-
est rates. In Germany, the range increased from
€39-83/MWh (2021) to €43-92/MWh (2024).
Costs are expected to fall again towards the end

17 https://www.europarl.europa.eu/doceo/document/E-10-2025-000774_EN.html

18 Fraunhofer ISE, Levelized Cost of Electricity - Renewable Energy Technologies
Wood Mackenzie, Global Wind and Solar Market Outlooks
NedZero, Renewable energy cost developments
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of 2025 due to the recovery of supply chains
and lower inflation.

Offshore wind: Costs fell dramatically until
2020, but since then supply chain problems,
higher material prices and financing costs have
caused a temporary increase. In 2024, the Eu-
ropean LCOE was around €55-100/MWh. Larger
turbines and more full-load hours are driving
down costs, but policy and market factors are
tempering further declines for the time being.

Solar energy (PV): Large-scale solar parks
achieved record low LCOEs around 2020. After
peaking in 2021-2022 due to expensive raw
materials (including polysilicon)and transport
costs, costs fell again. In 2024, the LCOE in
sunny locations was around €41/MWh, with a
further decline of approximately 10% by the end
of 2025 due to cheaper modules and economies
of scale. PV thus remains the cheapest source
of electricity in Europe.

Gas-fired power stations (CCGT): The LCOE
rose sharply since 2020, mainly due to explosive
natural gas prices in 2021-2022 and the high
CO, price. In 2024, the LCOE of new CCGTs was
around €110-180/MWh. Fuel and emission costs
dominate these values; investment and mainte-
nance costs play a smaller role.



«  Nuclear energy: New nuclear power plants are
among the most expensive options. Recent
analyses estimate the LCOE at €136-490/MWh,
mainly due to extremely high construction
costs, long lead times and expensive financing.
No naoticeable decline is visible between 2020 and
2025. Policy support(e.g. guarantees or fixed-
price contracts)remains necessary to realise
projects.

Developments in and limitations of the
LCOE approach

LCOE extension: Integrating storage costs

More recent LCOE comparisons integrate storage
costs and arrive at a ranking of technologies that
is very similar to the IEA's 2020 analysis. In Lazard's
widely cited LCOE comparison for the US, onshore
wind - also in combination with storage capacity -
appears to be very attractive.

Onshore wind plus storage has a lower LCOE in the
US than gas-fired power stations (CCGT)and large
solar parks with integrated storage capacity (see ap-
pendix). And the price of gas in the US is much lower
thanin Europe. An LCOE comparison for 2024 by the
German Fraunhofer Institute also shows that onshore
wind is economically attractive (see appendix).

The inclusion of storage capacity is definitely an
added value, but this quickly leads to a complex
discussion about the optimal size of this storage
capacity. From a system perspective, the total stor-
age capacity must be organised as economically as
possible and there is no reason to link local storage
capacity to every solar park or small wind project.
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Adding local storage capacity is particularly relevant
for countries with few or no hydroelectric power
stations. In Norway, for example, local battery stor-
age makes little economic sense, as their hydroe-
lectric reservoirs already offer large-scale flexibility.

Continuous developments and refinements in the
LCOE approach

The LCOE methodology is constantly evolving in or-
der to better map the system implications per tech-
nology. Thisis no easy task, as the total system cost
depends on many interactions - including interac-
tions with other countries - and cannot always be
clearly attributed to a single technology. Moreover,
the total system cost is constantly changing - after
all, we are in the midst of an energy transition - and
not necessarily in a linear or predictable way.

In 2013, a group of German economists published a
widely cited analysis simulating the evolution of the
system cost of wind and solar energy as a function
of their relative share in the production mix. Figure
3 shows that with arelatively high’ share of wind
energy in total production, the system cost per MWh
would actually be higher than the ‘stand-alone’ LCOE
cost per MWh.

This type of analysis faces significant endogeneity
problems because the system cost of a single wind
turbine depends on the local energy landscape and
a great deal of (dis)investment in related economic
sectors that are currently barely coordinated, if at
all.

For example, Figure 3 does not provide any infor-
mation about the evolution of electricity demand
in Germany. The system cost per wind turbine with
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stable electricity demand cannot be compared with
the system cost with a tripling of electricity de-
mand, and so on. The system cost also depends on
investments in network infrastructure and requ-
latory measures. If these investments and policy
measures are not synchronised, this can lead to
inefficiencies and avoidable system costs.

Today, a technology must be competitive, but it

is not so easy to correctly compare the total pro-
duction costs of different energy technologies.
However, we can assume that the total cost of
onshore wind lies between the results of traditional
‘stand-alone’ LCOE analyses and the rather ‘dramatic’
projections shown in Figure 3.

Important blind spot in the LCOE approach:
delivery times

LCOE comparisons do not take delivery times into
account. However, these are a crucial element in
the policy mix. Anyone ordering wind turbines today
knows that they can be available in a relatively short
period of time. This is not the case for gas-fired
power stations today. The number of suppliers of
gas-fired power stations is limited, so gas-fired
power stations ordered today cannot be delivered
until around 2029 or even later.

For nuclear projects, the lead times are even longer.
For both Qlkiluoto 3 in Finland (open since 2023) and
Flamanville 3 in France (open since 2025), the lead
time was 18 years. Small Modular Reactors (SMRs)

Figure 3 - Production and system costs of wind power as a function of the generation mix (Germany)

Wind: system LCOE

System LCOE 140
------ Short-term System LCOE 20
................ LCOE 100
I Long-term capacity adjustment g 80 4

Grid costs # 60

Balancing costs 40
I Profile costs 20
I Generation costs

| Integration
costs

Generation
costs

5 10 15 20 25 30 35 40

Final electricity share of Wind (%)

Source: Ueckerdt, F. et al. (2013). System LCOE: What are the costs of variable renewables? Energy 63, 61-75

14



aim for 8 to 12 years, including permits, but this

remains theoretical for the time being: no European
SMR project is yet in commercial operation.

Why are the system costs for renewable
energy so high?

Analyses of the system costs of renewable energy
are highly relevant, but we must also ask why these
system costs are 'so high”and how we should inter-
pret this. The electricity systems into which we now
want to integrate weather-dependent technologies
have been built up over the last century around con-
trollable or ‘firm capacity’ based on fossil fuels.

Coal has a high energy density and is easy to trans-
port and store. To rapidly increase the demand for
electricity in the last century, reliability and ease

of use were paramount. The electricity system was

designed to perfectly match highly variable demand.

This worked well, but it also meant that, to this day,
many households and businesses have never con-
sidered spreading their consumption over time or
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reducing their peak demand. This is an understand-
able attitude, but it does increase the cost of the
system. If we do not organise our total consumption
more flexibly, the need for storage capacity will in-
crease, and so will the system cost per wind turbine.

The system cost of renewable energy is rising
because the current energy system is not designed
to make optimal use of weather-dependent tech-
nologies. This explains the complexity of the energy
transition. Based on European ambitions, a funda-
mental system reform is necessary to maximise the
potential of weather-dependent technologies.

Currently, we are adding renewable components to
a system that was designed with different and at
the time very legitimate objectives in mind. How-
ever, the crucial question remains: who will take
responsibility for this radical system transformation
or who will provide the architectural blueprint? An
additional complication is the need to greatly accel-
erate overall decarbonisation. After all, the energy
transition in Europe is progressing too slowly.



The economic brake on renewable

production: capture rates

The importance of capture rates

What are capture rates?

LCOE comparisons are best linked to analyses of
the creation of economic value per technology.
Support mechanisms such as the unprofitable top
(OT)with banding factor (Bf)° or Contracts-for-Differ-
ence (CfD)consider the market value of the realised
production.

The capture rate compares the realised revenue per
MWh per technology with the evolution of wholesale
prices during a calendar year. To this end, the aver-
age price received by a technology is compared with
the average market price. In practice, the capture
rate can be calculated in very different ways, for
example by considering or disregarding imbalance
costs? for certain technologies.

Capture rates per technology

Regardless of all kinds of technical considerations,
gas-fired power stations in particular have a high
capture rate because they enter the market when
electricity prices are relatively high. Electricity from
PV installations (photovoltaic solar panels)is often
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sold at relatively low market prices, which leads to
alow capture rate. The higher the share of PV in
total electricity consumption, the higher the risk of
overproduction and the lower the capture rate of PV.

Arecent analysis for Belgium in 2024 arrives at
capture rates of 55% for PV, 87% for offshore wind
and 83% for onshore wind. Based on average day-
ahead prices?, the capture rate for gas-fired power
stations in our country is 125%. The capture rate of
almost 100% for Belgian nuclear power stations is
striking. These recent values are comparable to an
average capture rate of 86% for onshore wind in an
analysis for the period from 2016 to 2021?? . During
this period, the market value of onshore wind aver-
aged €39/MWh, with arange of €29 to €53 per MWh.

Expected developments for Belgium

Elia's recent modelling shows that the capture rate
for onshore and offshore wind will fall from 86% in
2028 to 64% in 2036 (see Figure 4). The increase in
renewable production capacity will lead to a fall in
wholesale prices in ideal weather conditions. Elia
forecasts a capture rate for PV of only 45% for 2026,
assuming that production will not be halted in the
event of negative prices.

In the long term, more and more installations will
cease production when negative prices are fore-

19 Unprofitable peak: the portion of investment or operating costs that cannot be recouped through market revenues. Governments often use this concept to
determine the level of subsidies: the support must cover exactly the unprofitable peak, so that the project is economically viable without excess profits.
Banding factor (Bf): Adjustment factor within some support schemes that adjusts the level of support per technology. Objective: to prevent too much or too

little support.

20 Imbalance costs: Costs incurred because actual production/consumption deviates from what was planned in advance. More relevant for weather-depen-

dent production. Reduce net revenue.

21 Day-ahead market & prices: Wholesale market where electricity is priced and traded hourly one day in advance. Reference for many yield and capture rate

analyses.

22 3 E(2023). Investment security for wind energy in Flanders post-2023. Study commissioned by VWEA (ODE)and FEBEG
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cast. According to Elia, the capture rates of gas-
fired power stations will remain above 100% until at
least 2036, which will not prevent the market from
generating insufficient revenue to keep old gas-
fired power stations that need major maintenance
in operation for longer.

Figure 4 - Capture rates for onshore and offshore wind

Wind Onshore Capture rates

2016 2018 2020 2022 2024

2026 2028 2030 2032 2034 2036

Wind Offshore Capture rates

Source: Elia(2025). Adequacy and flexibility study for Belgium 2026-2036
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Figure 5 - Capture rates for onshore and offshore wind in five European countries
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Europe

Comparison with our neighbouring countries and
Denemark

These capture rates for Belgium are consistent with
a similar analysis by the Danish EIF0? for our neigh-
bouring countries and Denmark. Figure b shows

the capture rates for wind energy in five countries.
Offshore and onshore wind projects have been com-
bined for this figure.

The impact of arising market share on capture rates
The EIFO analysis concludes that capture rates for
wind vary from 80 to 80% as long as the share of
wind remains limited to 30% of total consumption.
With a higher share, the capture rate falls to 50% to

60%. but there remain significant differences from
country to country. For PV, the capture rate falls to
around 20% with a high market share.

When wind energy accounts for a high share of total
consumption, the capture rate of offshore projects

is usually 4 to 5% higher than that of onshore wind
projects. According to EIFQ, the prospect of a lower
capture rate has a clear impact on investment senti-
ment for renewable energy: ‘Declining capture rates
can potentially make investors hesitant to commit
sufficient capital to renewable energy projects, and
ultimately, this may be a factor in how much renewable
capacity will be built in commercial terms (EIFO, 2023)."

23 Export and Investment Fund of Denmark (EIFO): is a public investment company specialising in renewable energy projects. For more information, see

https://www.eifo.dk/en/
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System and profitability transformation?

The current market modelis

efficient, but has blind spots and
perverse effects

The current market model is robust and always
ensures balance in the short-term markets, even
under extreme conditions. However, allocative
efficiency is no guarantee of adequacy and security
of supply. Elia's analysis concludes that virtually all
assetsin the current system receive some form of
support. This has long been the case for new gas-
fired power stations.

Additional investments in renewable capacity

lead to higher system costs, lower capture rates

and more hours with very low to negative prices.
Renewable energy cannibalises its own profitability.
Profitability here is a market result for a stand-alone
technology within a market environment that does
not yet correctly value new social objectives such as
energy independence and climate neutrality.

In the current market model, the CO2 challenge is
reduced to adjusted pricing - via EU ETS? - while
ambitious climate and geopolitical objectives re-

quire a combination of different policy instruments.
Arapid transformation of the market model - with
more capacity payments - is not a priority in policy
documents for the time being. For now, stand-alone
solutions take precedence.

The economic puzzle of investing in

storage capacity

One might think that if demand for electricity in-
creases sharply and we invest heavily in storage ca-
pacity - for example, through battery parks - we will
solve a lot of problems. However, massive invest-
ments in storage capacity eliminate the hours with
the highest electricity prices, so that the remaining
market prices attract even less investment than is
currently the case.

Furthermore, large battery parks #*pose a network
challenge, especially in regions that are already
prone to grid congestion?® . Supporting investments
in storage capacity helps the energy transition but
is also risky from a technological perspective.

24 EU Emissions Trading System (EU ETS): Cap-and-trade system for CO, emissions in the EU. The EU sets a cap on total annual emissions. Each tonne of CO,
requires an emission allowance. Allowances are auctioned (and partly allocated for free). Companies can buy/sell allowances (trade). The cap decreases
each year, increasing scarcity and the incentive to invest in cleaner processes. Applicable to: electricity and heat production, energy-intensive industries,
aviation within the European Economic Area (EEA) and large seagoing vessels calling at EU ports. A second ETS system is in preparation (ETS2) for buildings
and road transport (fuel suppliers), which will be rolled out separately. Start planned for 2027, with a possible postponement option until 2028 in the event of

exceptionally high energy prices.

2

[ea]

Battery park: Large battery installation that stores electricity at low prices/surpluses and supplies it back when demand is high. Helps to compensate for

fluctuations in solar and wind production, prevent blackouts and can stabilise prices by better matching supply and demand. However, it can also place

additional strain on the grid and thus require additional investment.

26 Grid congestion: occurs when there is insufficient transport capacity at certain locations or times. Leads to temporary shutdowns of production and delays
in projects due to insufficient guarantees of the saleability of production capacity.



The world of battery technology is also evolving at
arapid pace. Today, new electric cars with arange
of up to 1,000 kilometres are being announced,

with batteries that can be largely recharged in just
15 minutes. These new battery technologies are
initially reserved for expensive electric cars but are
quickly seeping into the storage market. This means
that those who invest early run the risk of being
stuck with outdated technology relatively quickly.

The invisible hand misses its target

Anyone investing today or tomorrow in onshore
wind, a battery park or a gas-fired power station

is counting on some form of support. Here, we are
working on the assumption that each technology
must find its own return in the market, regardless of
interactions with other technologies that may have
amajor impact on market prices.

This economic logic is self-evident in stable mar-
kets with clear and limited interactions between
different categories of assets - think, for example,
of the market for owner-occupied homes and the
market for rental homes - but is proving increasingly
difficult to maintain in the uncertain and complex
electricity landscape.

20
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Falling wholesale prices and new forms of profit
cannibalisation are not conducive to investment
appetite. We can therefore ask to what extent in-
vestors can be expected to try to recoup their initial
investment in the market.

Need for an active government with

a systemic perspective

Why should every investment in wind turbines, a
solar park, a large battery or a small gas-fired power
station have to pay for itself in a highly uncertain
market? Ultimately, these investments are building
blocks of a new energy landscape that we do not

yet know, but which contributes to important social
objectives.

What matters is that these building blocks are put
in place in a coordinated manner. And this requires
a portfolio perspective, in which the return of the
total portfolio - or of the system - takes precedence
over the return of individual componentsin the
portfolio. And that is where we quickly turn to the
government. A rapid system transformation with an
eye for system efficiency cannot simply be left to
the market.



The classic assumption that every(small)in-
vestment must pay for itself from a stand-alone
perspective through market revenues points to a
tension between current market logic and system
requirements. In time, this gap calls for a review of
both the market model and the role of the govern-
ment in the future energy landscape. Better gov-
ernance of the energy transition must address four
bottlenecks:

« Arecalibration of the market model with an ex-
pansion of capacity mechanisms, the develop-
ment of flexibility markets and location-specific
incentives (in line with grid congestion and local
objectives);

« Thegovernmentis evolving from market reg-
ulator to system architect, i.e. the government
is developing a consistent long-term vision
and investment security, is responsible for the
public coordination of strategic investments
and risk-sharing with private investors(through
investment guarantees, public co-investments
or PPP constructions).

« Integration of social value: the market model
must not only recognise traditional economic
value based on market prices, but also social
priorities such as energy security, climate

21
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objectives, inclusiveness, innovation and local

entrepreneurship.

« Adaptive and transparent market supervision,
based on a portfolio perspective: a forward-look-
ing market model requires continuous monitor-
ing of market forces and investment dynamics.

Limits of the liberalised energy

market

The above bottlenecks contrast sharply with the phi-
losophy of liberalised’ energy markets. The market
mechanism cannot transform itself because it is
designed to organise efficient production choices in
arelatively static environment. Markets function effi-
ciently under conditions that are difficult to reconcile
with our energy ambitions.

After all, market efficiency presupposes complete
markets, which implies that all requested services
or goods are traded on the markets. However, in
uncertain environments, we cannot yet trade future
solutions today for the simple reason that we do not
know which combination of assets, institutions and
market mechanisms will enable climate neutrality in
2050. It is therefore up to policymakers to shape this
future within a pragmatic transformation process.



Europe liberalised its energy markets for various
reasons. The dismantling of vertically integrated
monopolies was supposed to bring about a revolu-
tion in efficiency. However, this overlooked the fact
that electricity is a network product in which system
efficiency takes precedence over the maximum
efficiency of a single link in a complex chain. The
national monopoly companies were, incidentally, reg-
ulated monopoly companies, so that low efficiency in
practice was mainly the result of weak regulation by
policymakers.

Liberalisation freed policymakers from these tasks,
allowing them to sit back and watch the free market
find its own equilibrium.

Reforms are necessary and feasible

While liberalisation was still ongoing, it became clear
that Europe needed a different energy landscape. A
transformation of the energy system was conceptu-
ally prepared in the final phase of liberalisation.

That transformation is far from complete today, but
our policymakers realise that they cannot simply
leave the decarbonisation targets to the market. Pol-
icy will have to shape new markets and make increas-
ingly difficult decisions.

System transformations are rarely easy, but they

are possible. The digital transformation is current-
ly changing almost all systems while we are using
them extensively. Furthermore, we must continue

to monitor the impact of the Al boost. Of course, it

is not appropriate to compare the electricity system
with streaming services or applications such as Tax-
on-web.

22
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However, we are all users of electricity, and we in-
vest in homes, vehicles, household appliances, and
so on. Today, the energy transition is manifesting
itself for the first time as a collective project, which
is reflected in social engagement, entrepreneur-
ship, and innovation by market players and citizens
who, a few years ago, hardly thought about their own
energy consumption. Good policy can also capture
and reinforce this energy.
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CONCLUSION
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Renewable energy is central to European climate and energy policy. Neverthe-
less, the wind sector is facing a relative lull, particularly in terms of invest-
ment appetite for new onshore wind projects.

« Onshore wind remains cost-efficient: International LCOE comparisons
confirm this, even when system components (grid, flexibility, storage) are
considered. The recent cost increase is sector-wide, not technology-spe-
cific.

- Declining capture rates are depressing project returns: More weather-de-
pendent production increases the number of cheap or negative hours. Due
to insufficient storage capacity and demand flexibility, the average yield
per MWh for onshore wind is falling below the market price. This is a system
characteristic, not a technological failure.

« Gas-fired power stations remain critical to the system but are no longer
economically viable: In 2022, they were often still price-setting and earned
most of their revenue during expensive hours. However, due to the growth
of renewable production, storage and demand flexibility, there are fewer
and fewer ‘expensive hours'. Gas-fired power stations are no longer profita-
ble but remain necessary for security of supply.

«  Security of supply requires explicit capacity mechanisms: Without tar-
geted support, a capacity gap will arise. Elia shows that >1 GW of existing
CCGT would disappear without support and that new capacity will not be
profitable from 2028 onwards, with an estimated gap of 500-3,300 MW
(derated).

« Support trickles through to other assets: Supporting one asset class often
creates the need to support other classes as well. Recent nuclear pow-
er plants are also receiving support to remain open longer. As a result, a
growing part of the fleet is policy-driven, with potential market distortions
if the market model does not evolve accordingly.

«  The current market model is reaching its design limits: Support is not
limited to gas and wind; other forms of energy production (e.g. nuclear)are
also increasingly policy-driven. CO, pricing is not sufficient to achieve the
required investment mix and timing.
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Recommendations

- Focus on system efficiency, not project efficiency. Price externalities and
reward what makes the system stronger.

- Explicitly discount social value (security of supply, climate targets, innova-
tion, etc.).

- Expand capacity mechanisms and build mature flexibility markets (de-
mand response, storage, interconnection, controllable capacity).

- Uselocation incentives to combat grid congestion. Differentiate tariffs
and incentives per bottleneck area; link licensing and support mechanisms
to system value at that location.

- Government as system architect. Provide long-term security and risk
sharing through investment guarantees, public co-investments and PPP
(public-private partnership) constructions. Coordinate strategic invest-
ments across the portfolio.

- Adaptive and transparent market supervision. Continuously monitor mar-
ket forces and investment dynamics from a portfolio perspective with clear
KPIs (adequacy, flexibility, congestion, COR intensity, costs). Publish regular
‘state-of-the-system’ updates and iterate policies accordingly.

- Harmonise with EU frameworks (ETS, network codes, NZIA) so that nation-
al interventions increase investability rather than creating fragmentation.

Bottom line: keep the pace of the transition high by steering the system, while
looking beyond individual projects. This will ensure that energy security, af-
fordability and emission reduction remain achievable at the same time. @
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Appendix

Figure 1- LCOE for energy technologies in the US: Lazard version 17

Selected renewable energy generation technologies remain cost-competitive with conventional generation technologies under certain circumstances
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Figure 2 - LCOE for renewable and conventional energy technologies in Germany (2024)
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