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Summary

The number of offshore wind farms in the North Sea seems to increase in the coming
decades to achieve climate neutrality in the EU by 2050. Rational grid planning and
deployment seem necessary to implement this offshore renewable energy deployment
in a cost-efficient and sustainable way.
A method discussed in this thesis combines offshore energy production with a cross-
border interconnector to optimise the use of the grid, eventually creating hybrid projects.
The offshore bidding zone approachwill integrate these hybrid projects into the internal
energy market. The offshore bidding zone approach establishes a separate bidding
zone for offshore electricity generators. This offshore zone has its wholesale elec-
tricity price and is connected to markets through interconnectors, resulting in cross-
zonal flows. Denmark is already introducing such an offshore price zone (WindEurope,
2021).
These offshore bidding zones will eventually result in lower revenues for offshore wind
farm owners due to a lower electricity volume and price risk, especially when flow-
based market coupling and advanced hybrid coupling are implemented in the electric-
ity system. This results in a demand to improve the investment climate for offshore
wind farm owners. One measure that can be taken to improve this climate can be by
introducing CfD schemes.
Because of the number of different design elements, designing a CfD for a specific
situation can be seen as a complex process that considers many factors tailored to off-
shore bidding zones. This research will give an overview of some CfD design choices
that need to be taken with their consequences and will help to answer the following
research question:

”What are the advantages and disadvantages of different CfD designs for offshore
wind farms considering the offshore bidding zone approach in the North Sea?”

By answering this research question, this thesis elaborates further on the existing
literature around offshore bidding zones and CfDs with a comprehensive overview of
different CfD schemes.
For the CfD design schemes, it can be recognised that these schemes around offshore
bidding zones need to involve the following design elements:

• The strike price needs to be determined by an auction.
• The duration of a CfD scheme needs to be long, around 20 years.
• The price must be inflation-adjusted to reduce the risk for offshore wind farms.
• The CfD payment needs to be two-sided.

On the contrary, there will also be design choices for CfDs around offshore bidding
zones, which are less obvious. This thesis looks into the following designs:
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• The conventional CfD design
• The advanced CfD design
• The capability-based CfD design with a fixed strike price
• The capability-based CfD design with a cap and floor strike price
• The financial CfD design with a reference generator
• The financial CfD with weather data as reference

It can be concluded that the conventional CfD and the advanced CfD design don’t
meet all the requirements necessary for a CfD in the offshore bidding zone context.
For the conventional CfD, this is because farms are only incentivised to maximise
their production and don’t look at the value of their product. Therefore, when the
electricity price in the offshore bidding zone becomes negative, offshore wind farms
are still incentivised to produce as much as possible, which results in a large part of
the CfD payout being lost due to an inefficient market design. Offshore wind farms
face a constraint in advanced CfD due to the absence of protection against volume
risk. This means that even if the electricity price is zero, it will still be reflected in the
reference price, but the offshore wind farm cannot dispatch all its electricity, resulting
in lower revenues for the owner of the offshore wind farm. This leads to the following
CfD design that needs to be considered on a case-to-case basis:

• The capability-based CfD design with a fixed strike price
• The capability-based CfD design with a cap and floor strike price
• The financial CfD design with a reference generator
• The financial CfD with weather data as reference

When looking at the capability-based CfDs, several advantages and disadvantages
can be identified. When implementing a cap and floor strike price, OWFs are encour-
aged to produce electricity when it is mostly needed in their CfD payout. However, this
creates a double incentive, as the wholesale electricity market already incentivizes
them to produce when electricity prices are highest. This double incentive increases
the risk for investors. Because keeping this risk low is an important characteristic of
the CfD design. A fixed strike price appears to be the preferred option to achieve this
goal.
Furthermore, for the financial CfD, a physical reference generator will probably adjust
its bidding strategy, like the actual asset, due to multiple factors, such as congestion
or a safe margin, because of forecasting errors and balancing costs. On the other
hand, a financial CfD with weather data as a reference or a capability-based CfD with
a fixed strike price will not do this, which can be considered unfair and a disadvantage
over a financial CfD with a physical reference generator.
Additionally, for different CfD schemes, because of the international aspect of offshore
bidding zones, especially with flow-based market coupling and advanced hybrid cou-
pling, developments in one bidding zone can impact the CfD payout done by the gov-
ernment of another bidding zone. This results in inequalities between stakeholders
in different bidding zones, which are intensified by the uncertainties of future develop-
ments. It can be acknowledged that stakeholders have different preferences around
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offshore bidding zones and, in this case, the CfD scheme. When designing a CfD,
stakeholders should be involved to ensure the eventual system works as intended.
Furthermore, a market structure should be developed where all stakeholders, like
governmental bodies, regulatory authorities and transmission system operators, on
national and European scales, fulfil a certain role.
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1
Introduction

European industries are leading the way in developing innovative technologies to pro-
duce electricity on our seas. Offshore wind farms (OWFs) provide clean electricity that
competes with and sometimes even is cheaper than current fossil-based generation
alternatives (Kitzing & Weber, 2014). The European Commission (EC) has unveiled
the EU Strategy on Offshore Renewable Energy with the aim of reaching climate neu-
trality in the EU by 2050. The strategy calls for raising Europe’s offshore wind capacity
to 60 GW by 2030 and 300 GW by 2050. Furthermore, it aims to incorporate 40 GW
of ocean energy and floating wind and solar technologies by 2050 (European Com-
mission, 2019).

A new approach and more explicit EU regulatory framework
To implement offshore renewable energy deployment in the European Union in a cost-
efficient and sustainable way, rational grid planning and deployment seem necessary.
To achieve this, the concept of so-called hybrid projects, including energy islands and
hubs, has gained significant attention in recent years. These hybrid projects directly
connect offshore energy production to a cross-border interconnector (Nieuwenhout,
2022). In this way, the grid has a dual functionality, combining electricity interconnec-
tion between two or more Member States and the transportation of offshore renewable
electricity.
Furthermore, to integrate energy from offshore projects into the internal energymarket,
in literature, two main approaches are considered. Firstly, the Home Market approach
(HM); Where the offshore generated electricity is added to one existing onshore bid-
ding zone based on its connection point to the mainland network. Secondly, the Off-
shore Bidding Zones approach (OBZ); Where bidding zones are defined to reflect
structural congestion in the network, potentially resulting in the creation of new bidding
zones that only include offshore generation with its wholesale electricity price (Euro-
pean Commission, Directorate-General for Energy, THEMA consulting group, 2020).
In the strategy published by the EC (European Commission, 2020), OBZs seem to be
a cornerstone when integrating this offshore renewable energy into the internal energy
market when obtained in a hybrid project (European Commission, Directorate-General
for Energy, THEMA consulting group, 2020).
A consequence addressed explicitly in the master thesis will be that because of OBZs,
the producers’ surplus of offshore wind farm owners decreases, and the congestion

1
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rent for TSOs will increase (Kenis et al., 2022). Another effect of these OBZs for
OWF owners will be the volume risk due to limited transmission capacity. It results
in not all produced electricity being distributed even though the variable cost of the
offshore produced electricity will be lower than that produced in the homemarket (Laur
et al., 2022). Improving investment incentives and investment stability for offshore
wind generators seems inevitable. This will be further elaborated in this thesis.
Furthermore, On 14 March 2023, the EC published a proposal to reform the EU elec-
tricity market (Commission, 2023). The proposal, among other things, focuses partic-
ularly on enhancing market access to more stable long-term contracts and markets
due to PPAs and CfDs (Meeus et al., 2022). PPAs are long-term contracts between
renewable energy generators and private consumers (Ambec et al., 2023), and CfDs
are a form of long-term public support through which a government is guaranteed a
minimum price for the energy produced by a producer (Kitzing, 2023). There are many
different forms of CfDs with different characteristics. A design choice the proposal of
the EC mainly focuses on is two-sided CfD. These CfDs contain a minimum price
which a producer will definitely earn, and a maximum price, above which revenues
are paid back to a public actor by the producer. An overview is given of this design
in Figure 1.1. This public actor can channel money back to electricity consumers to
ease the effects of high prices. The proposal stated that these CfDs should be the
preferential support scheme for different renewable and nuclear energy forms.

Figure 1.1: Standard two-sided CfD design. By (Kitizing, 2023)

1.1. Problem Definition
In the electricity sector, several actors are therefore active with their interests. In this
report, Contracts for Differences will be discussed further as to how these CfDs influ-
ence the decisions of offshore wind farm owners. This will be further scoped to some
specific characteristics of offshore wind offered in the OBZs. Furthermore, some main
features of flow-based market coupling (FBMC) and advanced hybrid coupling (AHC)
will be discussed in this paper to give more insights into the effects of the different
CfDs for this specific case.

1.2. Knowledge gap
The OBZ approach in the context of FBMC and hybrid projects has some specific
characteristics, resulting in a need for a proactive and top-down approach in the plan-
ning and development of offshore networks (ACER & CEER, 2022a). Nevertheless,
hybrid systems aren’t extensively developed in Europe yet. Therefore, it is difficult
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to establish the rules for these systems at this early stage. For these projects, not
all challenges are known and understood, and more research in this field seems in-
evitable.
Previous research stated that when implementing the OBZ approach, the average
price for offshore generated electricity will decrease, and the congestion rent for TSOs
will increase. This will result in a transition of welfare because the revenues of offshore
wind farm owners will decrease. Furthermore, there will also be a volume risk for OWF
owners not to sell all their possible produced electricity in the day-ahead market due
to congestion on the grid. Therefore, there seems to be a demand for an improvement
in the investment stability of these OWF owners. Transmission Access Guarantees
(TAGs) are pushed forward by Laur et al. (2022), using congestion revenues to support
investments in OWFs. TAGs also have some drawbacks, as discussed by ACER and
CEER (2023) and ENTSO-E (2023). With this in mind and the fact that two-sided
CfDs seem to be pushed by the EC, the effects of different two-sided CfD designs
need further investigation. Eventually, when implementing these CfDs, there will be
a risk that the financial incentives of generators to behave in a market-efficient way
will be distorted. More research requires which scheme is optimal for OBZs and how
these schemes will influence decision-making, especially for OBZs in hybrid projects.
Furthermore, it is also notable that in the current debate around OBZs, stakeholders
have different opinions and objectives, which results in other preferences for the de-
sign around CfDs. Additionally, those actors in the electricity sector will try to maximise
their welfare and exhibit strategic behaviour around OBZs if the opportunity arises.
How this exactly affects the process also requires more research.

1.3. Research question
This research will help to answer the following research question:

”What are the advantages and disadvantages of different CfD designs for offshore
wind farms considering the offshore bidding zone approach in the North Sea?”

The research question above will be answered through a series of sub-questions as
follows:

1. ”How will the different CfD designs influence the bidding strategy of offshore
wind generators?”

2. ”How will OBZs impact the bidding of offshore wind farms in hybrid projects?”
3. ”Howwill the different CfD designs influence the decisions of generators in hybrid

projects in the OBZs?”
4. ”Which possible strategic behaviour can be recognised with the implementation

of CfDs and what are the consequences?”
5. ”How will the TSO be affected by the different designs around the OBZ?”

Sub-questions 1 and 2 will give some fundamental insights into the effects of CfDs
and the impact of the OBZs. In sub-question 3, questions 1 and 2 come together,
ultimately merging both concepts of CfDs and OBZs. Furthermore, it can also be
seen that implementing CfDs in OBZs can eventually result in strategic behaviour
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in the bidding strategy of OWF owners, which will be elaborated by answering sub-
question 4. Sub-question 5 will analyse the impact on TSOs, focusing on congestion
revenues and balancing.

1.4. Relevance for CoSEM
The master thesis works towards a system design in a given institutional setting of the
energy market. This makes the study relevant for the master thesis program, espe-
cially because the system is a complex socio-technical system with clear technology
components and technical issues. The thesis will further be specified within the en-
ergy domain within the CoSEM program. CoSEM methods and tools will be used for
creatively designing and assessing the impact of technical solutions for the future elec-
tricity market. Furthermore, complex design issues are dealt with systematically and
creatively, and the subject, addressed by CfDs and OBZs, covers values originating
from both the public and private domains.

1.5. Contribution to literature
This thesis elaborates further on the existing literature around OBZs and CfDs. When
linking those two concepts together, certain characteristics will arise. The thesis
will give certain insights through numerical analyses, followed by a comprehensive
overview of the possible CfD designs for OBZs with their advantages and drawbacks.
The main focus of this thesis will be on bringing together the effects of congestion on
the different CfD designs when implemented in OBZs.

1.6. Outline paper
In Chapter 2, a theoretical background is given. This chapter discusses some main
concepts of European electricity markets, some specific characteristics of offshore
wind, the strategy of the European Commission to harness the potential of offshore
wind and possible CfD designs with the requirements for OBZs. Chapter 3 gives the
research methodology, where the research sub-questions will be given to answer the
main research question, followed by the approaches to answer these sub-questions.
Furthermore, this section will also explain how data is collected and give some insights
into the quantitative part of the research. In Chapter 4, the institutional rules of the Eu-
ropean Electricity market will be discussed, as well as the actors involved. Eventually,
these rules and the roles and powers of the different actors will be specified for offshore
bidding zones. Then, in the next chapters, some numerical analyses of OBZs where
CfDs are implemented are executed and discussed, and a comprehensive overview
is given of the different CfD designs with their basic elements, advantages and disad-
vantages. Eventually, the paper will be finalised with a discussion and a conclusion
where the main research question is answered.



2
Theoretical background

This chapter gives an overview of some of the main concepts important to understand
when answering the main research question and how these different concepts are
linked to each other. This section first discusses key policies of electricity markets
and how these are linked to the physical network. Furthermore, some characteris-
tics of offshore renewable energy are given, followed by the strategy of the European
Commission to harness the potential of offshore renewable energy. Furthermore, dif-
ferent CfD designs will be elaborated, followed by a clarification of the requirements
of CfDs for OBZs.

2.1. Key Policies of electricity markets
Electricity has physical characteristics that make it different from other commodities.
First of all, large volumes of electricity cannot be stored economically yet. Further-
more, electricity flows follow the laws of physics, and there is a need for transmission
infrastructure.
All these physical characteristics of electricity influence the properties of generating
intermittent offshore wind and the properties of the offshore transmission infrastructure.
These characteristics of offshore wind will be further discussed in section 2.2.

2.1.1. Multiple electricity markets
Furthermore, demand and supply must match each other continuously. However, de-
mand seems to be partly inelastic, and many power stations can only change their
output slowly. Therefore, flexibility on short notice also has value. These characteris-
tics explain why there is not one electricity market but why electricity is exchanged in
several markets until delivery in real-time (Schittekatte et al., 2020). In these electric-
ity markets, different electricity components can be traded. These components can
be divided into:

• Energy
• Transmission capacity
• Reserves and flexibility

5
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These components are also traded in different time frames. Trading can start many
years in advance in so-called forward markets. These markets aim to hedge produc-
ers and consumers and continue until one day before delivery, and in these forward
markets, transmission capacity and energy are traded separately (Schittekatte et al.,
2020).
Closer in real-time, electricity is traded in short-term markets. These markets consist
of the day-ahead market, intra-day markets and balancing markets. The day-ahead
market is an auction conducted one day prior to electricity delivery. Furthermore, in
most cases within the EU, cross-zonal transmission capacity is allocated in conjunc-
tion with energy through implicit market coupling in the day-ahead market. In many
cases, the day-ahead market serves as the principal mechanism for establishing the
price of electricity. After the day-ahead market, producers and consumers can adjust
their position through the intra-day market. Afterwards, supply and demand are bal-
anced near real-time through the balancing mechanism. The balancing mechanism
is supported by two balancing markets where the TSO is the single buyer for both
markets. The first is a balancing market for capacity, which takes place from one year
to one day before real-time. The second is the balancing energy market, where bids
must be submitted before the balancing energy gate closure. In real-time, the TSO
activates the least cost resources to make sure supply and demand are in balance
(Schittekatte et al., 2020).
To conclude, the sequential electricity markets in Europe can be subdivided into the for-
ward market, day-ahead market, intraday market and balancing markets. An overview
of these markets in their specific timeframe is given in Figure 2.1.

Figure 2.1: Multiple sequential electricity markets, by (ACER, 2023)

The day-ahead electricity market will mainly determine the electricity price for the elec-
tricity sold in OBZs when there will be no support schemes, bilateral arrangements or
other measures that influence the price. Because OBZs is a day-ahead market con-
cept and the intraday market and balancing markets are mainly focused on their own
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bidding zone. Furthermore, OBZs will also influence the balancing mechanism be-
cause at these OBZs there will be no demand agents or supply that can be scaled
up.

2.1.2. Key concepts in the EU linking the markets with the grid
In the European Union, the traded electricity from the different electricity markets, as
discussed in subsection 2.1.1, are matched with the physical network due to zonal pric-
ing in the European Union. Zonal pricing in electricity markets is a pricing method that
divides the market area into distinct geographic zones, the so-called bidding zones
(Lété et al., 2022). The electricity price will be the same within these zones, and the
electricity price can differ between different bidding zones. Furthermore, are these
bidding zones connected with each other due to cross-zonal interconnectors. In Fig-
ure 2.2, an overview of the different bidding zones in Europe is given.

Figure 2.2: Overview bidding zones Europe, by (Schittekatte et al., 2020)

Furthermore, when implementing OBZs, zonal pricing is still the pricing method that
divides the market area into bidding zones. Within these zones, the electricity price
will be the same, and the electricity price can differ between different bidding zones,
including the OBZ. All these BZs will be connected due to interconnectors.
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2.2. Characteristics offshore renewable energy
A first thing to note is that renewable electricity from offshore wind generators is in-
termittent (Sovacool, 2009). This intermittency needs to be predicted, managed and
mitigated. This results in some technical barriers due to practical obstacles created by
the characteristics of the existing traditional electricity generation system (Sovacool,
2009). Looking at data provided by Energinet, (European Commission, Directorate-
General for Energy, THEMA consulting group, 2020), the forecast of wind in the time
frame of the day-ahead market will be off 10% of installed capacity on average com-
pared to the real production. This data also makes it clear that this error in the forecast
one day ahead can exceed up till 30% of installed capacity in extreme cases (Euro-
pean Commission, Directorate-General for Energy, THEMA consulting group, 2020).
Furthermore, an important characteristic of these offshore wind generators is that they
have a zero variable cost energy contribution. Therefore, these renewable energies
will automatically replace, when connected to the network, more expensive fossil-fuel
electricity production (Pérez-arriaga & Batlle, 2012).
Eventually, as a result of the ’merit order effect’ and ’intermittency’, several studies
have shown that increasing renewable electricity production increases the price vari-
ance on spot markets for electricity. In the research of Wozabal et al. (2016), a
model predicts that the overall effect of this intermittency of renewables depends on
the produced amount. A small number of renewables will decrease the price vari-
ance, but a large amount of renewable electricity from wind and solar will increase
this variance, attracting variance-absorbing technologies. Some well-known variance-
absorbing technologies are smart grids, energy storage, or grid interconnection (Woz-
abal et al., 2016). The strategy of the European Commission to harness the potential
of offshore renewable energy will be further elaborated in the next section.

2.3. Strategy European Commission to harness the po-
tential of offshore renewable energy

On 19 November 2020, the European Commission published the EU Strategy to har-
ness the potential of offshore renewable energy for a climate-neutral future (European
Commission, 2020). According to the report, the strategy sets targets for an installed
capacity of at least 60 GW of offshore wind and 1 GW of ocean energy by 2030, and
300 GW of offshore wind and 40 GW of ocean energy by 2050.

Hybrid projects
Hybrid projects are a key concept in order to step up the renewable energy and grid
infrastructure in a cost-efficient and sustainable way. Hybrid projects bring together
offshore generation and transmission capacities, connecting multiple onshore bidding
zones. This way, these projects combine the role of a traditional interconnector, al-
lowing for the transmission of power between bidding zones, as well as the ability
to produce power offshore and bring it to the onshore power grid (European Com-
mission, Directorate-General for Energy, THEMA consulting group, 2020). Because
these hybrid projects combine both tasks, they reduce the overall need for physical in-
frastructure by shortening the required offshore cabling length and reducing the need
for converter stations. This results in lower deployment costs. Additionally, these



2.3. Strategy European Commission to harness the potential of offshore
renewable energy 9

projects minimize the environmental impact because of the efficient use of maritime
space (European Commission, Directorate-General for Energy, THEMA consulting
group, 2020). One way to integrate generators from a hybrid project to the market of
the mainland can be due to the OBZ approach (European Commission, Directorate-
General for Energy, THEMA consulting group, 2020).

Offshore Bidding zone approach
With the OBZ approach, a separate bidding zone is established for offshore electricity
generators. It has its ownwholesale price, and it is connected to other markets through
interconnectors, resulting in all flows being cross-zonal flows (Nieuwenhout, 2022).
Additionally, when there is a lack of balancing units in the OBZ, balancing and redis-
patch will be a significant challenge. Because when an OBZ exists entirely out of
variable renewable generation, imbalances can only be resolved with electricity from
other zones. Furthermore, when these imbalance activities can be carried out, be-
cause there are some balancing assets in the offshore zone, there is the issue of what
imbalance price should be applied to balancing responsible parties in an offshore zone
(European Commission, Directorate-General for Energy, THEMA consulting group,
2020).
At last, with the OBZ approach, there will be a distribution of income between the
transmission and generation entities. An important characteristic is that congestion
can occur between offshore generators and the home market. The distribution of in-
come depends on the transmission capacity, the configuration of offshore assets and
the location of structural congestion. Compared with the HM approach, the generator
will receive lower revenues, while the transmission owners receive higher revenues
in the form of congestion income (European Commission, Directorate-General for En-
ergy, THEMA consulting group, 2020). The concepts FBMC and AHC will further
influence the revenues of the generators and the transmission owners and will be
further discussed in the next section.

Flow-Based Market Coupling & Advanced Hybrid Coupling
To integrate different electricity markets across borders in Europe, Flow-Based Market
Coupling (FBMC) is implemented in several countries. With FBMC, the allocation of
cross-zonal capacity is jointly done together with market clearing. Therefore, the mar-
ket decides to a certain extent on the relative availability of cross-zonal transmission
capacity for trade between different bidding zones (Schittekatte et al., 2020). Flow-
based market coupling is a method for determining the optimal exchange of electricity
between multiple electricity markets. It is a system based on algorithms and is de-
signed to increase market efficiency, reduce congestion and make the most efficient
use of existing transmission capacities. Flow-Based market coupling is implemented
in Europa’s Core Region Capacity Calculation Methodology (Core-FB, 2022). Fur-
thermore, in the Nordic region, the flow-based capacity calculation seems to go live in
2024 (Nordpool, 2023). This approach has proven to be an effective tool for promot-
ing cross-border trade and improving the overall functioning of electricity markets by
coupling different electricity markets (Van den Bergh et al., 2016).
With this flow-based market coupling on AC lines on the mainland and DC lines on the
offshore grid, an additional aspect needs to be considered. The flow-based domains
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in Europe are currently modelled due to Standard Hybrid Coupling (SHC), but the
target model of the European TSOs is Advanced Hybrid Coupling (AHC). With AHC,
TSOs include the impact of DC lines on AC lines as well as their interdependence in
the representation of the flow-based domain (Kenis et al., 2022).

70% margin available for cross-zonal electricity trade
According to ACER (2023), meeting the minimum target of 70% for available cross-
zonal capacity by 2026 is crucial for achieving the ambitious political goals of produc-
ing significant offshore renewable energy resources that would benefit a large portion
of Europe.
This 70% rule implies that 70 per cent of the capacity on the cross-zonal cable must be
available for international trade. The current 70% target is applicable only to the long-
term and day-ahead timeframe and provides a clear benchmark that bidding zones
must adhere to. The impact of one bidding zone on a neighbouring bidding zone, for
example, via loop flows, also needs to be addressed at its root. Therefore, The 70%
target can only be considered successfully achieved when all bidding zones reach it
simultaneously. If this objective is met, it will also impact OWFs in OBZs and CfD
payouts.

2.4. Contracts for Differences
As already mentioned, when implementing OBZs under Advanced Hybrid Coupling
to include off-shore DC transmission lines in Flow-Based Market Coupling, there will
be the following transfer of revenues: The revenues of offshore wind farm owners
decrease as a result of a lower average price, and the congestion rent for TSOs in-
creases (Kenis et al., 2022). Eventually, these OBZs will signal transmission scarcity
better, but because of these lower producer revenues for offshore wind farm owners,
there will be a need for supporting offshore wind developments and an improvement
of the investment stability for offshore wind developers. Considering the proposal by
the European Commission to reform the electricity market and the suggestion that
two-sided CfDs should be the preferential support scheme, the following section will
discuss Contracts for Differences (CfDs). This section will elaborate on the different
designs of CfD with their specific characteristics. Eventually, in this section, there will
also be a focus on offshore wind attributes when using the OBZ approach and their
relevance for the design of CfDs.
Traditionally, CfDs are signed through a tender between governmental bodies and
specific types of power producers (Laur et al., 2022). The contracts provide the suc-
cessful bidders with a predetermined ’strike’ price for the output they can dispatch,
as determined by regulators or Member States, effectively eliminating any price un-
certainty (Kitzing, 2023). These CfD can be seen as a financial hedge contract and
will de-risk renewable energy investments, which are capital-intensive (Jansen et al.,
2020). Eventually, prices will be reduced by bringing down financing costs which have
a much higher share in renewables compared to fossil investments (Đukan & Kitzing,
2021).
To summarize, a two-sided mechanism guarantees a fixed level of revenue based on
the pre-agreed strike price. If the wholesale market price is below the strike price, gen-
erators will receive an extra payout from the CfD counterparty, mostly the government.
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In case the revenue generated through the wholesale market surpasses the CfD strike
price, the generator is obligated to pay back the difference to the CfD counterparty
(Wild, 2017). In addition, two-sided long-term CfDs hedge against electricity price
developments by long-term contracts and, as a consequence, allow governments to
support vulnerable consumers during high-price periods because these governments
can refund the payback from generators back to consumers.
In Contrast, CfDs should be designed to avoid any decisions made by plant operators
that could impact the efficient design and operation of the plant. This refers to the
following characteristics in different stages (Schlecht et al., 2023):

• Optimal design and siting (investment stage)
• Optimal utilization (operational stage)
• Optimal retrofit and repowering (re-investment stage)

To conclude, to achieve an optimal design, price signals for plant owners are highly
relevant to support efficient decision-making and an efficient design. Since, these
price signals reflect the power system’s needs. Furthermore, it can also be noted that
investors don’t only need to maximise their output but need to be incentivised to make
choices to optimise the overall system (Schlecht et al., 2023). Therefore, price sig-
nals need to incentivize decision-making aligned with the needs of the overall system.
However, a well-designed long-term CfD should also reduce exposure towards price
and volume risks.

2.4.1. The current status of Contract for Differences
For now, the optimal design for CfDs is not exactly known yet and will therefore be
further investigated in this master thesis with a focus on OBZs. In the current literature,
some different designs of CfDs are already discussed with their specific characteristics.
In this part of the paper, the following two-sided CfD designs will be elaborated further:

• The conventional CfD
• The advanced CfD
• The capability-based CfD
• The financial CfD

The conventional CfD
The Conventional CfD can be seen as the simplest contract. This contract is similar
to the initial contract that was introduced in the UK back in 2014 (Bunn & Yusupov,
2015). This contract has the following main characteristics.

• The volumes considered are the produced volumes in every hour.
• The contract has a fixed strike price.
• The price is linked to the hourly day-ahead spot price.
• The CfD is linked to a specific physical asset.

If the strike price exceeds the spot price, generators receive payment from the gov-
ernment and vice versa. As a result, this stabilises the revenues for generators, even
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though revenues still remain uncertain because of the uncertainties in the volumes of
production. Eventually, the hour-by-hour payment is calculated as follows (Bunn &
Yusupov, 2015):

Payment = (strike price− spot price) · produced volume (2.1)

In the end, there are issues in three main categories when looking at the conventional
CfD (Schlecht et al., 2023):

• Produce-and-forget incentives
• Volume risk remains unhedged

Produce-and-forget incentives refer to the generator just wanting to maximise its out-
put and isn’t incentivised to produce when most needed. The fact that volume risk
remains unhedged refers to the uncertainty about the production of an offshore wind
farm due to weather conditions to both low wind speeds resulting in less energy pro-
duced or high wind speeds resulting in not all electricity being dispatched (Schlecht
et al., 2023).

The advanced CfD
To deal with some drawbacks of the conventional CfD, the advanced CfD is designed.
This design ensures that generators don’t produce electricity when the prices are neg-
ative because there will be no CfD payout when prices are negative. This longer
reference price is mostly based on the monthly or yearly average spot price. A re-
sult of this measure is that the uncertainty for revenue owners will increase because
their revenues will now also depend on the frequency of the positive electricity price.
To mitigate this risk, it is also an option that the fix is only applied when the price is
negative for a longer period (Bunn & Yusupov, 2015).
Another tweak to update the conventional CfD is by using a longer reference period
instead of the hourly spot price. This results in the following equation:

Payment = (strike price− reference price) · produced volume (2.2)

When using this reference price computed over a longer period, the revenues of the
generator are no longer unaffected by intra-period price differences. This incentive
optimization of dispatch and maintenance within the reference period. Unfortunately,
these longer reference periods only provide incentives to optimise within periods and
not across the different periods.

The capability-based CfD
Another CfD is the Capability-based CfD. The capability-based CfD relies on the po-
tential to be produced by a generator instead of the actual production. So, during the
auction, power plant owners compete for a fixed strike price based on the potential
volumes that ’could’ be produced by their installation, taking into account the technical
characteristics and local weather conditions. The payment is calculated based on this
estimated capacity rather than the actual amount of electricity generated (ENTSO-E,
2023). This results in the following equation:

Payment = (strike price− spot price) · production potential (2.3)
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The key feature of the Capability-based CfD payment is that the amount of revenue
generated by a project is not directly linked to actual electricity sold. Instead, the
revenue is based on the project’s ”capability”, which is a measure of its expected per-
formance under normal operating conditions. The capability is then used to determine
the amount of revenue that the project will receive under the CfD, reducing the volume
risk (ENTSO-E, 2023).
If the project generates more electricity than expected, the additional revenue will be
sold at the prevailing market price on the wholesale electricity market. If the project
generates less electricity than expected due to weather conditions, the revenue from
the CfD payment will cover the shortfall, ensuring that investors receive a stable in-
come stream. So, while weather conditions can have an impact on the amount of
electricity generated by a renewable energy project, the Capability-based CfD pay-
ment is designed to provide a stable income stream for investors, regardless of the
actual amount of electricity generated (Schlecht et al., 2023).

The financial CfD
Another CfD discussed in the literature is the financial CfD. The main difference with
the capability-based CfD is that the contract is financial rather than asset-specific.
The contract involves two payments between the government and a power generator.
One of these payments is that the government provides a fixed hourly payment to the
generator, while the generator pays the government the hourly spot market revenues
for their electricity generation. However, these revenues are not based on the actual
revenues of the specific asset, but rather benchmark revenues calculated using a
reference generator (Schlecht et al., 2023). Eventually, this results in the following
payments and revenues:

CfD Payment to generator from government = fixed hourly payment (2.4a)

Payment to the government from generator = spot price ·
output reference generator (2.4b)

The reference generator is a method used to determine an hour-by-hour generation
profile that closely matches the production of the generator but is not the actual output.
Therefore, it incentivises the generator to optimise its output. Additionally, both the
reference and actual production should be highly correlated, serving as a good proxy
hedge and leaving little remaining basis risk. The only remaining source of revenue
risk is the risk originating from the difference between the reference production and
the physical production (Schlecht et al., 2023).
Ultimately, the financial CfD uses properties from different types of contracts. First of
all, like conventional CfDs, it uses long contracts and generation volumes tailored to
specific generation types. Furthermore, it provides a hedge against volume risks, and
it is asset-independent like financial forwards (Schlecht et al., 2023).

The need for a CfD as a support scheme
In the grid, congestion occurs when the capacity of the transmission system is insuffi-
cient to transport all the electricity generated by the offshore wind farm to the onshore
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demand. As a consequence, during periods of congestion from the OBZ, wind energy
is valued at around 0 €/MWh because there is no offshore demand. Eventually, this
leads to a lower average price compared to the HM approach, where the offshore
zone is just added to an onshore bidding zone market.
As a consequence of the lower average price for electricity when implementing the
OBZ approach, the revenues of offshore wind farm owners decrease. Therefore, de-
spite the fact that an off-shore bidding zone signals transmission scarcity better, this
approach may reduce the willingness to invest in offshore wind farms (Kenis et al.,
2022). A support scheme, like a CfD, can help in increasing the willingness to invest.

The need to improve the investment stability
Furthermore, for the CfD, there seems to be a need for providing investment stability
to OBZs by mitigating the volume risk due to congestion.
This is because offshore wind farms located in OBZs face a higher risk of not be-
ing dispatched, especially when implementing the FBMC and AHC algorithms, com-
pared to wind farms connected to conventional onshore bidding zones. Laur et al.
(2022) concludes that developers in an OBZ who are experiencing operational derat-
ing should be compensated. Operational deratings of interconnectors are a measure
of pre-market congestion management to mitigate congestion of critical network ele-
ments in onshore gird. The risk is unique for generators in OBZs because, in onshore
bidding zones, grid congestion management is dealt with after the market clearing
through re-dispatch, which is compensated. These operational deratings can have a
high impact on the revenues and are very difficult to predict, creating much uncertainty
for offshore wind farm owners (Laur et al., 2022).

CfDs need to incentivize operational decision-making aligned with system needs
CfDs should be designed to avoid any decisions made by plant operators that could
impact the efficient design and operation of the plant, section 2.4. Of course, this is
also the case for CfDs used in OBZs, even if these CfDs have to deal with the volume
risk caused due to congestion. This results for an optimal design and siting in the
investment stage, optimal utilisation in the operational stage and even optimal retrofit
and re-powering in the re-investment stage.



3
Methodology

In this section, the research sub-questions will be given, with the approaches used to
answer the main research question. Furthermore, this section will give insights into
the numerical part of the research, discuss how a CfD framework can be designed,
and explain how data is collected.

3.1. Research sub-questions
During the thesis, first, the different forms of two-sided CfDs need to be investigated
and mapped out with their challenges and uncertainties. Literature research can help
clarify the current characteristics of these CfDs by using the knowledge and research
results of others.
These different CfDs will eventually impact the decision-making by the offshore gen-
erators because each generator wants to maximise its revenues. Therefore, it can be
seen that the different CfD designs affect these offshore generators in hybrid projects
differently, resulting in some specific challenges. Both literature research and elab-
orating on some numerical examples can help clarify these effects. This will help in
answering the following sub-question:

”How will the different CfD designs influence the bidding strategy of offshore wind
generators?”

As already stated before, OBZs will result in some specific challenges for the sys-
tem and the offshore wind generators. To give more insights into these particular
challenges, the OBZ approach needs to be investigated as to how this will influence
offshore wind generation. For this part as well, both literature research and elaborat-
ing on some numerical examples can help in clarifying these effects, which helps in
answering the following sub-question:

”How will OBZs impact the bidding of offshore wind farms in hybrid projects?”

Those effects of two-sided CfDs and how this influences the decision-making by gen-
erators in hybrid projects in the OBZ approach need to be linked to the characteristics
of the OBZ approach. When linking those sub-questions to each other, the following
sub-question is created:

15
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”How will the different CfD designs influence the decisions of generators in hybrid
projects in the OBZ approach?”

Furthermore, when looking at the effects of those different CfD designs in the OBZ ap-
proach, different preferences and arguments are given by multiple actors. The differ-
ent interests of the actors can explain this. Investigating policy papers and interviews
will be used to identify those different interests. Furthermore, when CfDs are imple-
mented, actors will try to maximise their interests and objectives. These interests and
objectives need to be linked to the results of the different CfD designs for offshore wind
in the OBZ approach and arguments given to push for different measures. To inves-
tigate this, interviews and modelling technologies can be used. Eventually, different
strategic behaviours can be recognised here, resulting in the following sub-question:

”Which possible strategic behaviour can be recognised with the implementation of
CfDs, and what are the consequences?”

Additionally, the effects on TSOs need to be investigated with a focus on congestion
revenues and balancing. This results in the following sub-question:

”How will the TSO be affected by the different designs around the OBZ?”

3.1.1. Research Flow Diagram
Eventually, the answers to all these sub-questions will help to answer the main re-
search question as stated in section 1.3. The research flow diagram in Figure 3.1 is a
visual representation of the steps in the research process of this thesis and elaborates
on how the different subquestions work towards the main research question. It can be
used to plan, organize, and communicate the research process and the relationships
between different steps of this thesis. The research flow diagram includes boxes rep-
resenting each step in the process and arrows showing the flow or progression from
one step to the next.
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Figure 3.1: Research Flow Diagram

3.2. Approach and data collection
A qualitative approach is chosen to explore different CfD designs pushed forward
by different actors. Different actors in the electricity market are pushing for specific
support schemes. By using numerical examples, this research gives more insights
into the effects of the different CfDs in OBZs. Within this context, each generator
participating in the market aims to maximize its revenues. By analysing the market,
the thesis seeks to analyze how CfDs and their interaction with OBZs influence the
revenue-maximizing strategies pursued by individual stakeholders and how this even-
tually impacts overall social welfare.

3.2.1. Modelling
In the case of this thesis, several specific cases aremapped out in a simplifiedmodel of
an offshore European electricity system to investigate the effects of CfDs in a specific
case. With these insights, the different suggested support schemes for OBZs and the
arguments given by strategic actors will be investigated, considering the objectives,
interests and potential consequences of the measures. This thesis will eventually
show the opportunities there are for strategic behaviour.
In short, previous studies have analyzed the economic effectiveness of different sup-
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port schemes to stimulate OBZs in the European electricity system. Unfortunately,
there are few studies on the synergies of multiple stakeholders in implementing the
different support schemes. It is not enough to ensure that one support scheme is the
preferred option, and the different actors with their preferred options and the possibil-
ities of strategic behaviour need to be investigated further.

3.2.2. Advantages and disadvantages of different CfD schemes
When looking into the CfD schemes more in-depth, it can be recognised that these
schemes are much more diverse than they may seem at first sight and that these
different schemes have their advantages and drawbacks. Kitizing (2023) stated that
the best design of a CfD scheme is highly context-specific, even though there will also
be design elements every CfD scheme used in the OBZ context needs to contain.
Therefore, it can be helpful to have a comprehensive overview of the advantages and
disadvantages of the different CfD designs.
Additionally, to help in designing a CfD scheme for an OWF in the OBZ approach next
to the technical characteristics of the possible CfD design, the institutional design and
process design also need to be considered. All three of these designs need to be
considered simultaneously and can be linked to each other as well.

3.2.3. Data collection
As stated earlier, primary data collection was done by analysing policy papers and
conducting interviews. After analysing the stakeholders involved as discussed in Fig-
ure 4.2, their preferred market design for OBZs is mapped out by analyzing multiple
policy papers published by these actors, followed up by research about the effects of
the different policy measures

Policy papers
Policy papers are crucial in informing policy and decision-making processes by pro-
viding evidence-based analysis and well-researched recommendations to policymak-
ers. In an academic context, these papers present a comprehensive assessment of
complex societal issues and reliable data sources (Young & Quinn, 2002). Moreover,
policy papers often include in-depth literature reviews, expert interviews, and case
studies. One of the primary purposes of policy papers in academic research is to
establish a bridge between theoretical research and practical applications.
Eventually, the following two main factors differentiate policy science from traditional
academia (Young & Quinn, 2002):

1. Designing solutions for real-world problems
2. Presenting value-driven arguments

To be more precise, unlike traditional academia, which focuses on building knowledge,
policy science must address real-world problems and therefore provide recommenda-
tions and a framework for their implementation (Young & Quinn, 2002). Therefore, the
most important part of the paper is the ability to convince the audience of the suitability
of the policy recommendations (Majone, 1989).
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Interviews
Interviews are among the most familiar strategies for collecting qualitative data. Qual-
itative interviews have been categorised in a variety of ways. Unlike the highly struc-
tured survey interviews and questionnaires, the interviews conducted in this research
examine less structured interview strategies in which the interviewee is more a par-
ticipant in determining how the information is received (DiCicco-Bloom & Crabtree,
2006). During the research, unstructured interviews and semi-structured interviews
were carried out.
Ultimately, no interview will be fully unstructured. However, an interview can be con-
sidered unstructured as it can be seen as a guided conversation. During this process,
the investigator identifies one or more ’key informants’ to interview on an ongoing ba-
sis and takes short notes while observing and questioning (Hampshire et al., 2014).
These key informants are selected based on their knowledge and role in the context
of the design measures.
Before commencing the interview, all interviewees were informed about the research
topic, the author’s background information and the purpose of the interview. Additional
questions from participants regarding the research and usage of collected data were
answered to their satisfaction.

3.2.4. Data analysis
The policy papers and knowledge gained from interviews were analyzed using the
qualitative content analysis approach. Eventually, from these data, some preferences
and suggested support schemes for OBZs were mapped out. Furthermore, these pref-
erences were compared to the objectives of different stakeholders as discussed in
section 4.2. Eventually, for multiple actors, possible strategic behaviour is brought for-
ward afterwards. In the modelling part of the research, chapter 5, multiple arguments
will be tested to delineate if they are justified.



4
Institutional rules and stakeholders

In this section, the current constitutional framework of the European electricity market
is first mapped out. This is followed by an overview of the actors involved and their
roles and objectives with OBZs.

4.1. Analysis of coordination issues & institutional envi-
ronment

For these OBZs, different stakeholders have their interests. An institutional design is
required to shape this and protect the system. This section gives an overview of the
transactions and coordination problems, and the section ends with a discussion of a
CfD scheme in this institutional environment.

4.1.1. Transactions
The technical system and the type of transactions within the scope of the system is
shown in Figure 4.1. Besides these transactions, there are other transactions related
to electricity trading. In Figure 4.1, the system is divided into production, distribution
and consumption. The interactions are divided from this view, and so are the transac-
tions.

20
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Figure 4.1: Overview of transactions within the scope of the system

The OWF owner will offer its capacity, and an algorithm including FBMC and AHC will
determine if the electricity will be sold and at which price (transaction type A). TheOWF
owner must also deliver this electricity if the capacity is offered and sold. If an OWF
is about to offer too much capacity, it must curtail its system to prevent imbalances
or use intraday or balancing settlement mechanisms. Furthermore, when an OWF
is about to produce insufficient capacity, extra capacity is needed in the intraday or
balancing markets (transaction type D). The stakeholder responsible for a balanced
network is the transmission system operator (transaction type E). Consumers will also
demand electricity, which will be considered in the algorithm, including FBMC and
AHC (transaction type B). Lastly, in implementing CfDs for the OBZs, there will also
be a transaction between the owner of the CfD contract, the OWF owner and the CfD
counterparty, which is mostly the government (transaction type C).

4.1.2. Coordination problems
The purpose of an institutional design is to have a solution for a certain coordination
problem. The problem depends on the transactions between different actors, which
require structure to realize a sustainable, affordable and reliable electricity system (Eu-
ropean Commission, 2019). A tailored selection of coordination problems has been
carefully chosen to address the unique aspects of OBZs in this situation. Additionally,
the formulated coordination problems are mostly related to financial risks due to the
design and the uncertainty around OBZs. Eventually, these risks have to be (partly)
solved to support the roll-out and development of these OBZs. These coordination
problems can be subdivided into:

• Responsibility of electricity production: Who is responsible for producing
enough electricity for consumers so supply meets demand?

• Responsible for a balanced network: Who is responsible for a balanced trans-
mission network? Which party needs to pay for redispatch?
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• Responsible for transmission capacity: Which party needs to ensure electric-
ity can be distributed from the supplier to the consumer? Is there an obligation
here? Which party needs to pay for this capacity?

• Managing investment risk: Is OWF owners’ investment risk too high?

– Managing investment risk I: How can OWF owners be protected from
lower electricity prices because of the OBZ approach?

– Managing investment risk II: How can OWF owners be protected against
the volume risk of being unable to dispatch all their produced electricity?

• Different interests between Member States: How can be dealt with the in-
equalities between Member States? How can be dealt with different political
views? How can be dealt with different objectives?

• Efficient market design: Are generators incentives to produce electricity when
it is most needed?

Based on the coordination problems, there is still a lot of uncertainty about OBZs and
the future offshore electricity network. This can withhold stakeholders from participat-
ing, resulting in more delay. It seems necessary to support stakeholders to participate
and ensure the market will work most efficiently. Therefore, the framework around
OBZs must be designed carefully based on a certain role’s risks and who can best
manage these.

4.1.3. CfD scheme in the institutional environment
A CfD support scheme as an intervention in OBZs will affect the market and the stake-
holders’ role in the market. There is still great uncertainty about developments in the
future, which results in financial risks. Therefore, a straightforward market design
is required where system costs and responsibilities are divided. Additionally, the in-
ternational aspect of OBZs needs to be considered with the additional features and
problems this brings. The coming sections will discuss how the CfD design can help
in this institutional environment and how they deal with the coordination problems of
OBZs.

4.2. Relevant stakeholders
The European electricity market is a complex, extensive market with many actors in-
volved. Some key stakeholders can be subdivided into the following main subgroups,
as shown in Figure 4.2:

• The European Union
• Regulatory authorities
• Transmission system operators

All three key stakeholders can be subdivided further into a European body and a body
on an Individual Member state level. For the governmental section, on the European
level, the European Commission is portrayed compared to Individual Member states
and EFTA states on the national level; for regulatory Authorities on the European level,
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ACER is portrayed compared to NRAs on the national level. Lastly, for transmission
System Operators, ENTSO-E is the European body compared to individual TSOs on
a lower scale. Eventually, these different stakeholders have other interests and roles
in OBZs. This is also reflected in their preference for the various CfD designs.

Figure 4.2: Actors in the European Electricity market

4.2.1. The European Union
The EuropeanUnion is largely based on agreements and compromises between these
member states. It has several divisions with its power and responsibilities in the EU.
The divisions in the European Union important for OBZs are (De Jong, 2009):

• European Commission
• Individual national governments
• EEA EFTA states

The European Commission
The European Union has a significant role and high interest in implementing OBZs.
They play a critical role in electricity grid policy by focusing on creating an integrated
and sustainable electricity market across member states. Its key roles include pro-
moting market integration, encouraging grid interconnection, establishing a common
regulatory framework, and supporting the integration of renewable energy sources
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(European Commission, 2020). The EC published the EU Strategy to harness the
potential of offshore renewable energy for a climate-neutral future (European Com-
mission, 2020). discussed in section 2.3, covering the definition of hybrid projects
and the OBZ approach. As a result of this strategy, (Laur et al., 2022) commissioned
and published on behalf of the EC a consultation paper discussing electricity market
arrangement and exploring some of the investment challenges facing market-based
investments in offshore renewable energy and focusing particularly on those projects
that are connected to more than one market. This study aimed to investigate the op-
tions regarding congestion income. It provides the recommendation that TAGs, sec-
tion 1.2, are the preferred design. Controversy, this is certainly not a given solution,
and in the EU, there are supporters and opponents of this support scheme. Discussing
this will be out of scope in this research.

Individual national governments
Furthermore, individually, national governments also have high power and interest
in the development of the European electricity grid and market around OBZs. While
the European Union tries to maximize the overall social welfare in Europe, this is not
necessarily the case for individual national governments who try to maximize their
welfare. In addition, implementing OBZs and the policy framework around them will
influence member states differently (Kitzing & Garzón González, 2020). This is one
of the reasons why Member States can look differently at OBZs and the framework
around them, including the possible support schemes. Furthermore, a different politi-
cal viewpoint between Member States can also influence the preferences and needs
to be considered in the decision-making process (Bocquillon & Maltby, 2021).

EEA EFTA states
Eventually, themember states of the European Union, together with the following three
EEA EFTA States, Iceland, Liechtenstein, and Norway, have an internal electricity
market governed by the same basic rules called the European Economic Area (EEA).
The agreement on the EEA entered into force in 1994 and guarantees equal rights
and obligations within the internal market for individuals and economic operators in
the EEA (EFTA, 1994).
The connection between the EEA and the offshore grid lies in their shared energy
cooperation and integration objectives. In the EEA, the energy policies of the offshore
grid, including particular OWFs, will be aligned along EU member states and Norway,
Iceland and Liechtenstein. This will also result in the same framework around OBZs.

4.2.2. Regulatory Authorities
In the European Union, all Member States have established a sector-specific national
regulatory authority (NRA). In the European Union, a national regulatory authority in
the electricity sector typically has several tasks and responsibilities, which are formal-
ized in Directive 2003/54/EC (Article 23). Furthermore, entities like ACER and CEER
connect those national authorities in the European context.

National Regulatory Authorities
A NRA is crucial in ensuring fair competition, consumer protection, and efficient opera-
tion of the electricity system with or without OBZs. They make and implement policies
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around OBZs from their viewpoint, making them powerful actors. Furthermore, they
can have an advisory role, which refers to their function as experts providing recom-
mendations and advice to governments, policymakers, and other stakeholders around
these OBZs. The preferred design, including the preferred support schemes, can dif-
fer around hybrid projects and OBZs.
It’s important to note that an NRA’s specific tasks and responsibilities may vary from
country to country. Still, because EU electricity markets have become increasingly
integrated, the impact of market decisions will not be constrained to national bound-
aries.

ACER & CEER
To improve this international aspect, in 2011, by the Third Energy Package legislation,
the European Union Agency for the Cooperation of Energy Regulators (ACER) was
established. This independent agency’s primary role is to enhance cooperation and
coordination among national energy regulatory authorities in the EU. It tries to foster
the integration and completion of the European internal energy market for electricity
and natural gas. ACER ensures that the integration of national energy markets and
the implementation of legislation align with the EU’s energy policy objectives and reg-
ulatory frameworks (ACER & CEER, 2023).
Furthermore, In 2000, the Council of European Energy Regulators (CEER) was founded
as a self-initiative of regulatory authorities, and it still serves as a platform for cooper-
ation and coordination among regulatory authorities (CEER, 2020). Through its aca-
demic research and publications, CEER contributes to decision-making by providing
valuable insights and analysis on various energy-related topics.
Around OBZs, ACER can be seen as an actor with high power and interest, among
others, due to the international scope and the market integration aspect of OBZs.
In 2022, ACER and CEER (2022b) published a paper reflecting on the EU strategy to
harness the potential of offshore renewable energy. In their reflection, they support the
approach towards the creation of OBZs, but they also discuss some critical challenges
of the OBZ model. The paper stated that the OBZ approach provides efficient price
signals to all actors involved and fully corrects interconnector flows. Furthermore, it
has more choice in selling its energy efficiently to the market where energy is most
needed, compared with the HM approach and provides incentives to connect OBZs
among themselves (ACER & CEER, 2022b). The paper finalizes with the conclusion
that the OBZ approach is preferred above the HM approach from a market design and
efficiency perspective but also highlights this needs to be balanced with the necessary
changes to ensure OBZs have equal access to trading as close to real-time, as in the
HM approach (ACER & CEER, 2022b).
Furthermore, in February 2023, ACER and CEER also responded to the European
Commission’s public consultation on the EU’s electricity market design, (ACER &
CEER, 2023), which will also influence the OBZ design. In their response, they state
that there seems to be a need for support schemes to stimulate renewables, like off-
shore wind, and CfD can be a solution here, but if Member States implement CfDs,
they need to be designed in an intelligent way (ACER & CEER, 2023). Some of the
measures given to improve traditional CfDs are:

1. Settlement based on predefined/reference volumes.



4.2. Relevant stakeholders 26

2. Replace single strike price by cap and floor.
3. Resell CfDs as financial contracts in forward markets.

When looking at offshore wind, more specifically, ACER and CEER (2023) acknowl-
edged a legal framework that needs to be developed for offshore wind. Furthermore,
ACER doesn’t support TAGs but admits that investment stability is needed, so other
options must be explored (ACER & CEER, 2023).

4.2.3. Transmission system operators and ENTSO-E
Transmission System Operators (TSOs) operate, maintain, and develop high-voltage
electricity transmission systems. Every member state in the European Union has at
least one active TSO, and the transmission networks of these TSOs are also con-
nected.

Individual transmission system operators
TSOs can be seen as an essential component of the energy sector, acting as the
backbone of the electricity transmission system. Eventually, these individual TSOs
must build the offshore grid and efficiently connect the offshore wind farms to the
mainland, making them irreplaceable actors. The design around the support schemes
of offshore wind farm owners will have an excessive impact on TSOs, even more so if
congestion revenues are used to support offshore wind farm owners or CfD designs
aren’t designed efficiently.

ENTSO-E
The European Network of Transmission System Operators for Electricity (ENTSO-E)
is the overarching organization representing TSOs in Europe. It comprises 43 mem-
bers from 36 countries, including TSOs from EU member states and other European
countries (ENTSO-E, 2020). It was established in 2008 due to the EU’s efforts to
promote cross-border trade and integrate the electricity system. ENTSO-E promotes
cooperation among TSOs and facilitates the development of pan-European electricity
transmission network codes and guidelines.
Furthermore, ENTSO-E plays a crucial role in the coordination and development of
offshore grids in Europe and the design of this transmission network. They will collab-
orate with regional TSOs and stakeholders to plan and develop offshore grid infras-
tructure. This involves identifying suitable locations for offshore generation sources,
determining efficient transmission routes, and coordinating the connection of offshore
assets to the onshore grid. Furthermore, ENTSO-E also provides policy support to
facilitate the integration of offshore renewable energy sources.
In April 2023, ENTSO-E published a position paper on the EC proposals on market
design, where they also discussed OBZs (ENTSO-E, 2023).
In this paper, they stated that the use of congestion income, like TAGs, should not be
used to finance support for generators in offshore hybrid projects because this is not
an effective support mechanism and would be an implicit and non-transparent subsidy
paid by consumers at the expense of grid tariffs (ENTSO-E, 2023). As an alternative,
they suggest two-sided capability-based CfDs or financial CfDs to give revenue guar-
antees to offshore generators. These schemes will comprehensively cover the volume
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risk of generators while avoiding market distortions and any discriminatory use of con-
gestion income (ENTSO-E, 2023). In this paper, they underline that CfDs must be
very carefully designed to avoid distortions in short-term and balancing markets or
increases in system costs.

4.3. Stakeholder requirements
As already stated, when a CfD design for an OBZ is designed, many stakeholders
come together with their interests and objectives. In conclusion, there have to be
enough incentives for OWF developers to invest in OWFs in the OBZ approach and
to produce electricity. This means that developers of offshore wind farms must have
sufficient certainty from CfDs that they will recoup their investments and generate rev-
enue with minimal risk. On the contrary, for other stakeholders, it is important that
the market will still be efficient and that the physical system can also be constructed.
This electricity must be transmitted and distributed to OnBZs where it is most needed.
This means that OWF owners must generate electricity during peak demand, and
infrastructure investments are crucial. The regulators have the responsibility of de-
signing and upholding the regulatory structure that governs the operation of the OBZs.
They establish the rules, laws, and guidelines that OWF, network operators, traders
and other stakeholders must follow. Additionally, these regulators establish rules to
protect consumers.
The institutional part of OBZs have been discussed in the previous chapters, and
regarding the societal part, it is essential that the CfD design doesn’t impact other
stakeholder negatively because multiple stakeholders are needed for the proper de-
velopment of an offshore grid, including OBZs. Some specific effects of the different
CfD designs in OBZs will be further discussed in the coming sections.



5
Analysis 1 - Numerical examples

The aim of CfDs with regard to OBZs is to stimulate investment and development in
offshore renewable energy projects within these designated zones. However, there
is a possibility that CfDs might have a negative impact on decision-making around an
efficient market. This section will explore the influence of different CfD designs on the
market by providing some specific examples using a simplified model. Furthermore,
the impact of uncertainty on available capacity due to the intermittency of offshore wind
will be examined, taking into account the different CfD designs. This will be followed
by an analysis of how congestion costs in one bidding zone affect CfD payments in
another.

5.1. Base case
In this numerical example, the models are applied to a stylized example of one OBZ
and two OnBZs, which represent a simplified version of a real-world OBZ in a fictive
power system. The bidding zones are connected by offshore DC transmission lines
between the different BZs, integrated as interconnectors. An overview of the grid is
given in Figure 5.1.

Figure 5.1: Three OBZs + three OnBZs + interconnectors
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To clarify how different scenarios will affect the electricity price, three cases are pre-
sented. In all three cases, the capacity of the OWF in the OBZ is 800 MW in the DAM.
Furthermore, in all three cases, the electricity price of OnBZ 1 is 30 €/MWh, while the
electricity price for OnBZ 2 is 50 €/MWh. The difference lies in the capacity of the
interconnectors. In the first case, both interconnectors have a capacity of 1000 MW.
In the second case, the capacity of both interconnectors is 500 MW. In the third case,
the capacity of interconnector A is 300 MW, while the capacity of interconnector B is
400 MW. An overview of the properties of the base cases is given in Table 5.1.

Table 5.1: Properties base cases

Output OWF in
DA [MW]

Electricity price
OnBZ 1 { [€/MWh]

Electricity price
OnBZ 2 [€/MWh]

Capacity interconnector
A [MW]

Capacity interconnector
B [MW]

CASE 1 800 30 50 1000 1000
CASE 2 800 30 50 500 500
CASE 3 800 30 50 300 400

The electricity price of the OBZ will be based on the electricity price of the OnBZs
that have the lowest electricity price and are connected to the OBZ. However, there
may be exceptions when the OBZ cannot dispatch all the electricity it generates due
to grid congestion (European Commission, Directorate-General for Energy, THEMA
consulting group, 2020). In this case, the electricity price in the OBZ will be zero. This
is an assumption that is made that an OWF will bid rationally, meaning it will bid an
amount that covers its operational costs, which are approximately zero for a wind farm.
An overview of the electricity flows and prices for the different cases can be found in
Table 5.2.

Table 5.2: Results base cases

Flow interconnector A [MW] Flow interconnector B [MW] Electricity price OBZ [€/MWh]
CASE 1 200 1000 30
CASE 2 300 500 30
CASE 3 300 400 0

When analysing the results of the base cases without support schemes, it becomes
evident that there is a volume risk for OWF owners because they face the risk of zero
electricity prices when all generated electricity cannot be dispatched. As discussed
in Chapter 2, a properly designed grid may experience congestion at times to avoid
over-investment in the grid. In such cases, the TSO would receive the monetary value
of investments in new transmission capacity through congestion income, as explained
in chapter 2.
The different CfD designs will influence the market and revenues of the OWFs in dif-
ferent ways. The way in which different revenues for OWF owners and the price for
the government are determined is shown for the non-congested grid, cases 1 and 2,
Table 5.3 and a congested grid, case 3, Table 5.4. It is important to keep in mind
that with conventional CfD, the OWF will always receive the strike price times its ca-
pacity and will bid even when the electricity price is negative. These formulas will be
explained in more detail and implemented in the upcoming section
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Table 5.3: CfD non-congested grid

case 1 + 2 Price electricity OBZ [€/MW] Revenues OWF [€] CfD payment from government for government [€]
Conventional CfD 30 strike price * 800 (strike price - spot price) * 800
Advanced CfD 30 (strike price - reference price) * 800 (strike price - reference price) * 800
Capability-based CfD 30 strike price * 800 (strike price - spot price) * 800

Financial CfD 30 Fixed hourly remuneration + (spot price *
(physical capacity - reference generator))

fixed hourly remuneration -
(spot price * reference generator)

Table 5.4: CfD congested grid

case 3 Price electricity OBZ [€/MW] Revenues OWF [€] CfD payment from government [€]
Conventional CfD negative strike price * 700 (strike price - spot price) * 700
Advanced CfD 0 (strike price - reference price) * 700 (strike price - reference price) * 700
Capability-based CfD 0 strike price * 800 (strike price - spot price) * 700 + strike price * 100

Financial CfD 0 Fixed hourly remuneration + (spot price *
(physical capacity - reference generator))

fixed hourly remuneration -
(spot price * reference generator)

The conventional CfD
The conventional CfD is the basic CfD design without any special characteristics or
tweaks, subsection 2.4.1. The results of the conventional CfD for the non-congested
grid, case 1 and the congested grid, case 3, are shown in Figure 5.2. For the strike
price, an amount of 52 €/MWh is chosen because this is the CfD strike price of the
Hornsea project, a large offshore project in the North Sea (Upton et al., 2014). Fur-
thermore, as the minimum bid price, an amount of -500 €/MWh is chosen even though
this number is an assumption because the minimum bid price depends on the specific
case (Swinand et al., 2019). When implementing a two-sided conventional CfD, the
OWF owner will always receive the strike price, rendering the electricity price irrele-
vant. Consequently, a rational OWF will bid the minimum bid price.

Non-
congested
grid

Congested
Grid

Capacity OBZ [MW] 800 800
Capacity intercon-
nectors A + B [MW]

2000 700

Electricity dis-
patched OBZ [MW]

800 700

Strike price [€/MW] 52 52
Spot price OBZ
[€/MWh]

30 Minimum bid
price

Revenues OWF
owner in DAM [€/h]

36400 36400

CfD payment from
government [€/h]

17600 386400

(a) Base case conventional CfD (b) Conventional CfD implemented in base case

Figure 5.2: Conventional CfD implemented in base case

When looking at these results, when the grid is not congested, the revenues of the
OWF are the CfD payout together with the revenues from the wholesale market. Ad-
ditionally, OWF owners still want to dispatch as much electricity as possible when
congestion occurs. When optimising their bidding strategy, they will bid as the elec-
tricity price is negative because they will receive the strike price times their dispatched
electricity as revenue. This inefficient market designmeans that a lot of the CfD payout
will not end up with the OWF, as shown in Figure 5.2b.
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The advanced CfD
In the advanced CfD, some modifications are made to the conventional CfD, as dis-
cussed in section 2.4. One of the significant changes is the inclusion of a reference
price that depends on the average spot price of the preceding reference period, which
will be very time-dependent. In this model, 25 €/MWh is implemented as the reference
price. By implementing this model, the system can optimize its production when the
day-ahead spot price of electricity is higher within a reference period. An overview of
the results of the advanced CfD for the non-congested and congested grid is given in
Figure 5.3.

Non con-
gested grid

Congested
Grid

Capacity OBZ
[€/MW]

800 800

Capacity intercon-
nectors [MW]

2000 700

Electricity dis-
patched OBZ [MW]

800 700

Strike price [€/MW] 52 52
Spot price OBZ
[€/MWh]

30 0

Reference price
[€/MWh]

25 25

Revenues OWF
owner [€/h]

45600 18900

CfD payment from
government [€/h]

21600 18900

(a) Base case advanced CfD (b) Advanced CfD implemented in base case

Figure 5.3: Advanced CfD implemented in base case

In contrast to conventional CfD, the advanced CfD ensures that an OWF is not incen-
tivised to produce electricity when the electricity price in the OBZ is negative, because
there will be no CfD payout at negative prices, section 2.4. Of course, this means that
the OWF will not generate electricity when the price is negative. Furthermore, in Fig-
ure 5.3a, it is evident that the revenues for the OWF owner in a congested grid will be
proportionally lower than in a non-congested grid.

The capability-based CfD
In contrast to other schemes, the capability-based Contract for Difference (CfD), as
explained in section 2.4, evaluates production potential rather than actual electricity
production. Figure 5.4 presents the outcomes for the capability-based CfD on both a
non-congested and a congested grid.
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Non con-
gested grid

Congested
Grid

Capacity OBZ
[€/MW]

800 800

Capacity intercon-
nectors [MW]

2000 700

Electricity dis-
patched OBZ [MW]

800 700

Strike price [€/MW] 52 52
Spot price OBZ
[€/MWh]

30 0

Revenues OWF
owner [€/h]

41600 41600

CfD payment from
government [€/h]

17600 41600

(a) Base case advanced CfD (b) Capability-based CfD implemented in base case

Figure 5.4: Capability-based CfD implemented in base case

The results presented in Figure 5.4b show that when electricity cannot be entirely
dispatched, and the electricity price is zero, the losses are transferred from the OWF
owner to the entity responsible for the CfD disbursement, such as the government.
This support scheme guarantees a fixed payout regardless of the capacity available
on the grid, providing certainty to the OWF owner.

The financial CfD
The financial CfD is a more complex CfD support scheme compared to other CfD
schemes. Its payout is not dependent on the asset but rather on a reference generator.
This makes it similar to a forward/futures contract, as discussed in section 2.4. For
the base cases, a fixed hourly remuneration rate of 41600 €/h is chosen. This rate is
calculated by multiplying the given strike price with the offshore wind farm’s capacity.
A value of 795 MW, which is close to the actual capacity, is used for the capacity of
the reference generator. Therefore, slight changes in the revenues and payout may
still occur. You can find an overview of the results for both the non-congested and
congested grid of the base cases in Figure 5.5.

Non con-
gested grid

Congested
Grid

Capacity OBZ
[€/MW]

800 800

Capacity intercon-
nectors [MW]

2000 700

Electricity dis-
patched OBZ [MW]

800 700

Fixed hourly remu-
neration [€/h]

41600 41600

Capacity reference
generator [€/MWh]

795 795

Spot price OBZ
[€/MWh]

30 0

Revenues OWF
owner [€/h]

41750 41600

CfD payment from
government [€/h]

17750 41600

(a) Base case financial CfD (b) Financial CfD implemented in base case

Figure 5.5: Financial CfD implemented in base case

The results presented in Figure 5.5 indicate that the effects of a congested grid are
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reflected in the CfD payout from the government rather than the revenues generated
by the OWF. As seen in Figure 5.5, the revenue earned by the OWF depends on the
difference between the physical generation and the generation of the reference gen-
erator, but only when the grid is not congested. In the case of a congested grid, such
as in Figure 5.5, the difference between the actual and reference generator becomes
irrelevant.

5.2. Scenarios base cases
The effectiveness of the CfD designs for the base cases depends on multiple time-
dependent properties that will change over time for the system. In particular, for these
specific cases, the properties are the capacity of electricity that the OWF can produce,
the electricity price of the lowest connected OnBZ, the reference price, and, due to the
implementation of FBMC and AHC, the available transmission capacity from offshore
to onshore.
To assess the impact of different variables on the revenues for the OWF and the CfD
payment from the government, three different scenarios were considered. These sce-
narios represent 80%, 100% and 120% of the base case amount. The resulting figures
are presented in the table shown in Table 5.5.

Table 5.5: Scenarios for base cases

80% (Low case) 100% (Base case) 120% (High case)
Capacity of Offshore Wind Farm (OWF) 640 800 960
Lowest Connected Onshore BZ Electricity Price 24 30 36
Reference Price 20 25 30
Available Transmission Capacity (Case 1) 1600 2000 2400
Available Transmission Capacity (Case 2) 800 1000 1200
Available Transmission Capacity (Case 3) 560 700 840

Based on the variables discussed in Table 5.5, the different CfD designs affect both
the price of the CfD and the revenues for the OWF owner in various ways. The tables
and figures in Appendix B provide a detailed overview of these results. The data
shows that changing circumstances have different impacts on the costs and revenues
of the project when different CfD designs are implemented. However, for case 1 and
case 2, the results are the same. Therefore, it can be concluded that the results are
dependent on whether or not the grid is congested. In the following sections, we will
highlight some significant observations that can be made from these results.

Difference in results for changing circumstances
When looking at the revenues for the OWF owner with the conventional CfD, as shown
in Figure 5.6a, it is clear that the revenues depend on the amount of electricity that will
be dispatched. As shown for the CfD payout in Figure 5.6b, for the non-congested grid,
the payout is also dependent on the electricity that will be dispatched. However, in a
congested grid, the payout for the CfD is proportionally lower when the transmission
capacity is higher than the capacity of the OWF. This is illustrated in Figure 5.6b.
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(a) Base case 3 - Revenues OWF conventional CfD (b) Base case 3 - Prices CfD conventional CfD

Figure 5.6: Conventional CfD scenarios

When analyzing the congested grid, the advanced and capability-based CfD are af-
fected differently by the changing circumstances of the reference price and the avail-
ability of the transmission capacity. In the case of the capability-based CfD, transmis-
sion capacity doesn’t appear to impact the revenues. However, for the advanced CfD,
an increase in transmission capacity leads to higher revenues for the OWF. Finally,
Figure 5.7 indicates that while a changing OWF production results in higher revenue
changes with the capability-based CfD, the magnitude of these changes is the same
as those with the advanced CfD, as shown in Figure 5.7b.

(a) Base case 3 - Revenues OWF non-congested grid
advanced vs capability-based

(b) Revenues OWF congested grid advanced vs
capability-based

Figure 5.7: Revenues OWF in different scenarios, advanced vs capability based

Comparing the impact of various factors on the capability-based CfD and financial CfD,
it can be observed that the changes are mostly identical for both schemes, except for
certain scenarios. Specifically, changes occur when the electricity price of the OnBZ
changes for a non-congested grid or changes in capacity that an OWF can generate
during both congested and non-congested grids. These changes are illustrated in ??.
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(a) Revenues OWF capability-based CfD focus on capacity
OWF (b) Revenues OWF financial CfD focus on capacity OWF

Figure 5.8: Revenues OWF focused on capacity OWF, capability-based CfD vs Financial CfD

The financial CfD incentivizes OWF owners to invest in their OWF and produce the
most electricity when the market needs it the most. This results in a change in rev-
enues for the OWF owner, which depends on the onshore electricity price and the
availability of transmission capacity to transport the produced electricity. This is a
feature of the financial CfD that incentivises the OWF owner to design its OWF to pro-
duce the most electricity when the market needs it. This will be further concluded in
chapter 8.

5.3. Uncertainty of available capacity because of the in-
termittency of offshore wind

As discussed in section 2.2, the day-ahead market has an average forecast error of
10% of installed wind capacity compared to the actual production in real-time. This
error in the forecast one day ahead can exceed to 30% of installed capacity in ex-
treme cases (European Commission, Directorate-General for Energy, THEMA con-
sulting group, 2020). These forecast errors imply the need for corrections after the
day-ahead dispatch solution of this order of magnitude. These ’corrections’ require
a combination of intraday market trading and redispatch measures by the TSO. It is
worth noting that in OBZs, there are no demand agents or generators that can ramp
up their generation. On the contrary, these wind farms can be curtailed after the day-
ahead market clearing.
These uncertainties and effects could possibly be taken into account in the bidding
strategy of OWFs. The different CfD designs will also impact these effects and, thus,
the bidding strategy. Given that wind farms can be curtailed but cannot be ramped
up,it is reasonable to assume that OWFs will always bid below their expected capacity.
In Figure 5.9a, an overview can be found of possible forecast errors and in Figure 5.9b.
Additionally, an overview of possible bidding strategies can be found in Figure 5.9b.
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Forecast error Actual produc-
tion [MW]

100% 800
110% 880
130% 1040
90% 720
70% 560

(a) Overview possible forecast errors

Safe margin Percentage of capacity
offered Actual bid [MW]

0% 100% 800
10% 90% 720
20% 80% 640
30% 70% 560

(b) Overview of possible bidding strategies

Figure 5.9: overview of forecast errors and bidding strategies

In Appendix C, you can find the outcomes of the various bidding strategies and fore-
cast errors. The tables reveal that purchasing additional electricity after the day-ahead
market is only necessary when the actual production appears to be lower than the ac-
tual bid, taking into account the forecast and the safe margin. Upon examining these
tables, several observations might be made.
In the congested case, the effects of a safe margin can influence the revenues dif-
ferently. If the bid amount becomes lower than the available transmission capacity
because of this safe margin, the spot price of the day-ahead market can become as
high as the OnBZ with the lowest electricity price connected. Furthermore, to ensure
efficiency in the market and maximize revenues for the OWF, the balancing costs must
also be considered in addition to the base case revenues. In Figure 5.10, an overview
is given of the different forecasting errors and what the effects will be in these scenar-
ios on the curtailed capacity and the capacity needed in the balancing market for both
a non-congested grid,Figure 5.10a, as a congested grid, Figure 5.10b. Furthermore,
it can also be recognised in Table C.1 that forecasting errors of the reference genera-
tor will not influence the curtailed capacity and the capacity needed in the balancing
market.

(a) Effects forecast errors on curtailment and balancing
non-congested grid

(b) Effects forecast errors on curtailment and balancing
congested grid

Figure 5.10: Effects forecast errors on curtailment and balancing

When observing the data presented in Figure 5.10, it becomes evident that a higher
safe margin generally leads to a greater curtailment of capacity. However, an excep-
tion to this trend occurs when the grid is congested, and a higher safe margin results in
lower bidding. Despite the lower bidding, it may still exceed the available transmission
capacity on the grid, as shown by the data for a safe margin of 10% in Figure 5.10b.
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To conclude, an OWF owner should be incentivised to curtail in a market-efficient way.
However, to an OWF owner, it can be expensive to pay for the imbalance price. This
is especially the case in OBZs because there are no demand agents or generators
that can ramp up capacity. This leads to OWFs using a safety margin, as shown in
Figure 5.10, to minimize the need for costly balancing capacity and to increase free
curtailment. For the capability-based and financial CfD payout, the safe margin is irrel-
evant in both congested and non-congested grids. Even though for all implemented
CfDs a higher safe margin means lower revenues from the day-ahead market. This
incentivises OWF owners to reduce the safe margin, even though there is a risk of the
need for expensive balancing.
It can be unfair that the focus of capability-based schemes is on the capability rather
than the actual production, which should be considered a safe margin. However, bal-
ancing can also be expensive for other schemes. Moreover, in the case of conven-
tional and advanced CfD, it is important to consider that a safe margin may result in
an increase in the spot price since the offered capacity will be lower than the transmis-
sion capacity. All of these consequences have a risk of strategic behaviour and will
be discussed further in the chapter 8.

5.4. The costs of internal congestion in one bidding zone
for the CfD payout done by the government of an-
other bidding zone

As already discussed in chapter 2, Flow-based market coupling (FBMC) is widely
used across Europe. Furthermore, when this FBMC is implemented together with
Advanced Hybrid Coupling (AHC), TSOs will include both AC lines and DC lines as
well as their interdependence in the representation of the flow-based domain. The
allocation of cross-zonal transmission capacity is decided jointly by the market clear-
ing process, which determines the relative availability of capacity for trade between
different bidding zones chapter 2. To map out how different situations, considering
different CfDs, in one OnBZ can influence other bidding zones, including the bidding
zone paying the CfD, Figure 5.1 can be extended with four more OnBZs and six extra
interconnections. This grid is displayed in Figure 5.11.

Figure 5.11: Extended grid base case, to implement FBMC and AHC
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How this will affect the different onshore zones will be expressed due to changing the
following properties as shown in Table 5.6, considering the grid used in Figure 5.11.

Table 5.6: Effects congestion in different onshore zones

Capacity OBZ
[MW]

Electricity price
OnBZ 1
[€/MWh]

Electricity price
OnBZ 2
[€/MWh]

Capacity
interconnector A
[MW]

Capacity
interconnector B
[MW]

CASE 1 800 30 50 1000 1000
CASE 2 800 30 50 450 450
CASE 3 800 30 50 200 450
CASE 4 800 30 50 450 200

5.4.1. Different possibilities of offshore bidding zones causing the
congestion on the interconnector

When considering the grid in Figure 5.11, multiple OnBZs can cause congestion. In
Table 5.7, an overview is given of eight different cases where the congestion of differ-
ent OnBZs causes at least one of the interconnectors connected to the OBZ cannot
be fully used. In Table 5.7, a distinction is made if the electricity produced by the OBZ
can be fully dispatched, cases A, B, C and D or cannot be fully dispatched, cases E,
F, G and H.

Table 5.7: Cases with onshore congestion for extended grid base case, to implement FBMC and AHC

Electricity OBZ
fully Dispatched

Electricity
price
OnBZ 1
[€/MWh]

Electricity
price
OnBZ 2
[€/MWh]

Congested
OnBZ
causing
curtailment
Interconnector

Congested
Interconnector

OnBZ disbursing
CfD-payout

Relevant
base cases

CASE A YES 30 50 OnBZ 2 Interconnector B OnBZ 2 OR OnBZ 1 + 2 1 + 2
CASE B YES 30 50 OnBZ 5 Interconnector B OnBZ 2 OR OnBZ 1 + 2 1 + 2
CASE C YES 30 50 OnBZ 1 Interconnector A OnBZ 2 No
CASE D YES 30 50 OnBZ 3 Interconnector A OnBZ 2 No
CASE E NO 30 50 OnBZ 2 Interconnector A + B OnBZ 1 + 2 4
CASE F NO 30 50 OnBZ 5 Interconnector A + B OnBZ 1 + 2 4
CASE G NO 30 50 OnBZ 1 Interconnector A + B OnBZ 1 + 2 3
CASE H NO 30 50 OnBZ 3 Interconnector A + B OnBZ 1 + 2 3

Cases A, B, C and D
When in the grid of Figure 5.11, base cases 1 and 2,from section 5.1, become relevant.
First of all, it is good to mention here that if both interconnectors connected to the OBZ
are the same size, because of the 70% rule as discussed in chapter 2, it cannot be the
case that the interconnector connecting the OnBZ with the lowest electricity price is
congested and the interconnector connected to the OnBZ with the highest electricity
price isn’t. This results in cases C and D being irrelevant. Furthermore, when looking
at how congestion in one OnBZ can influence the CfD payout in another OnBZ for
case A, case 2 is relevant, and for case B, cases 1 and 2 are both relevant.
For Case A, because of the congestion in OnBZ 2, less electricity can be dispatched to
OnBZ 2. Therefore, more electricity will be dispatched to OnBZ 1 from the OBZ, result-
ing in the need for a CFD payment for this extra electricity. This extra CfD payment will,
for all different CfD designs, be the payment for every extra MW for a non-congested
grid as discussed in section 5.1. Furthermore, OnBZ 1 can scale down its genera-
tors with the highest variable costs, and the electricity price in this bidding zone can



5.4. The costs of internal congestion in one bidding zone for the CfD payout
done by the government of another bidding zone 39

properly go down.
For Case B, it is not an OnBZ connected to the OBZ that causes congestion on the off-
shore interconnector, but it is another OnBZ affecting both the OnBZ that is connected
to the OBZ and pays the CfD. First of all, when looking at case 1, the CfD payout stays
the same. Only the amount of electricity received from the interconnector will change.
Furthermore, when looking at case 2, for OnBZ 1, it doesn’t really matter if OnBZ 2 or
OnBZ 5 causes the congestion on interconnector B. Therefore, for OnBZ 1, there is
no difference between cases A and B in the results, but for OnBZ 2, when comparing
case B with case A. For case B, the effects aren’t caused by OnBZ 2 own onshore
congestion. In this case, even though it is not by the congestion in its own bidding
zone, the CfD payout will go down, but the OnBZ will receive less electricity from the
OBZ, resulting in the need for other electricity with higher variable costs.

Cases E and F
It gets more complicated when an OBZ cannot dispatch all its electricity anymore
because of onshore congestion. In cases E and F, Table 5.7, this can be linked to
case 4 as discussed in Table 5.6. For both cases, E and F, it means that because of
the congestion, the CfD pay-out or the revenues of the OWF owner change. The only
difference here is that in case E for OnBZ 2, the change in CfD payout or revenues is
due to OnBZ 2 own onshore congestion. In all other cases, the change in CfD payout
or in revenues for the OWF owner is due to congestion in another bidding zone.
The curtailment on interconnector B means that more electricity will flow to OnBZ 1
instead of OnBZ 2 till interconnector A is also at full capacity. Of course, more electric-
ity means more demand for a CfD payout and less electricity means a lower demand
for a CfD payout. Furthermore, there will also be a change in payout and/or revenues
because the grid will become congested due to the change in the electricity price at
the OBZ. This will be the case for both OnBZ 1 and OnBZ 2. How this congestion
eventually impacts both CfD payout and revenues for every CfD design can be found
in section 5.1

Cases G and H
In Cases G and H, the congestion is caused by interconnector A connecting the OBZ
with the OnBZ with the lowest electricity price. The distribution of electricity in the
day-ahead market is organised so that electricity will be sold to the onshore market
with the highest electricity price. In cases G and H, OnBZ 2 has the highest electricity
price, but interconnector B is already at full capacity. So, then the electricity that has
not been distributed yet will be sold to the OnBZ 1. In Cases G and H, interconnector
A is curtailed, limiting the amount of electricity that can flow to OnBZ 1 and changing
the CfD payout or revenues for the different CfD designs, as discussed in section 5.1.
Additionally, for case G, this will be due to OnBZ 1 it’s own congestion. By contrast, for
case H, it will be due to congestion in another bidding zone. Furthermore, for OnBZ
2, the amount of electricity received will not change because interconnector B was
already at full capacity and has nothing to do with the curtailment of interconnector
A. The change here will be in the switch from a non-congested grid to a congested
grid as discussed in section 5.1. For OnBZ 2, in both cases, G and H, the change is
caused by congestion in another bidding zone.
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5.4.2. Conclusion FBMC and AHC
Onshore congestion can potentially hinder the full dispatch of an OWF. This can have
an impact on the payout and may differ between the OBZ and HM approach. Fur-
thermore, because of FBMC and AHC, it can occur that there is reduced transmis-
sion capacity in one bidding zone due to internal congestion in another bidding zone.
Therefore, internal congestion in a bidding zone can influence the CfD payout by the
government in another bidding zone. Eventually, this results in the taxpayer in a bid-
ding zone having to pay for congestion in another bidding zone, which will be further
discussed in chapter 8.
CfDs will increase the risks for different governments because part of the risk and
uncertainties will be covered by these governments, making them less willing to give
out CfDs. FBMC and AHC will only increase the risk because it can also happen that
a government has to pay for the internal congestion in another bidding zone. If we
look at the different CfD designs, it can be recognised that the conventional CfD will
encounter the highest risk because a congested grid will have the highest impact. The
advanced CfD will also mean risk for governments who give out CfDs because
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Analysis 2 - Comprehensive overview

of advantages and disadvantages of
different CfD designs

Based on the characteristics of offshore wind OBZs and the findings from previous
sections, this section will provide a detailed overview of various CfD designs used
for electricity generated from OWFs in OBZs. The advantages and disadvantages of
these designs will also be analyzed and compared.

As stated in chapter 2, offshore wind, specifically in the OBZ approach, has specific
characteristics. Previous research suggests that implementing the OBZ approach for
hybrid OWFs will decrease the average price of offshore-generated electricity while
increasing the congestion rent for TSOs. In addition to operational risks, there is also a
significant volume risk for OWF owners as they may be unable to sell all the electricity
they produce. In Conclusion, when we consider all the aspects of offshore wind farms
in the OBZ approach, there is a need for improving the investment climate for OWF
owners (European Commission, Directorate-General for Energy, THEMA consulting
group, 2020).
There are various support schemes available for offshore wind in OBZs, but the most
preferred options are TAGs and two-sided CfDs. There is a push for two-sided CfDs
as a support scheme for renewables in the electricity market (Commission, 2023). The
conventional, advanced, capability-based and financial CfDs designs are presented
in section 2.4, and their advantages and drawbacks will be elaborated further in this
chapter.

Reading guide
In this section, first, the possibilities of the design of a CfD will be analysed more in-
depth, followed by some requirements & dilemmas of the CfD design. The following
section outlines the results of the generation and selection phases of various CfDs for
offshore-generated electricity from OWFs in OBZs. It concludes with a recommenda-
tion for a CfD design.

41
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6.1. Analysis of the design options for a CfD
When designing a CfD for a specific project, it’s essential to follow a thorough process
that considers various factors unique to that project. A CfD support scheme is not a
one-size-fits-all solution but a customized mechanism that aligns with multiple goals.
Tailoring the CfD to the specific project is important to ensure its success.
CfD designs can vary depending on the approach taken, each with its advantages and
disadvantages. This makes CfDs more diverse than they may initially appear. Design
specifications are highly dependent on the context in which they are used. Some of
the design elements of CfD implementations include contract design, clawback design,
and strike price design (Kitizing, 2023).
In this article, we discuss four types of CfDs: conventional, advanced, capability-
based, and financial, and their specific characteristics that impact OWFs in the OBZs.
There are additional design elements that can be chosen for the CfD, and they affect
the results of the CfD. The following section delves deeper into these design elements
to provide a better understanding of their influence.

Design elements
When it comes to contract design, the strike price determination methods vary, with
auctions being the most common option. Additionally, the length of the contract can
be determined by either time or volume, and the duration may vary for each option.
Finally, Appendix D, Table D.1, provides an overview of the design choices for CfD
contracts, including the possibility of exiting a contract.
There are various options for designing the strike price, each with its own considera-
tions. The strike price can be based on a reference price, and the averaging period
can be hourly, monthly, or annual. The method of determining the averaging period
can also vary; it can be based on a settlement, a technology-specific volume-weighted
price, or a flat (base) average.
With an hourly settlement, the OWF consistently achieves the strike price, and it
serves as an incentive tomaximize production andminimize costs. Technology-specific
volume-weighted average ensures that the OWF’s production pattern is the same as
the rest of the technology. This incentivizes the OWF to perform better than other
wind farms and maximize maintenance with the averaging period.
For the flat (base) average, the OWF achieves the strike price only if its production is
the same as the rest of the technology. Therefore, there is an incentive for the OWF
to beat the market.
Further, if inflation is adjusted, the price needs to be determined in the CfD design for
both the strike and reference price. Furthermore, how the CfD responds to negative
prices can vary depending on its design. An overview of those options is given in
Appendix D, Table D.2.
The clawback design in the CfD can vary based on a few elements. Firstly, the pay-
ment direction can be either one-sided or two-sided. The clawback at low prices can
also be the entire strike price or the max spot. For a detailed overview of the different
design options in the clawback design of the CfD, please refer to appendix d, ??.
When implementing different CfD designs, issues may still arise with intraday/balanc-
ing markets, self-consumption, and hybrid plants.
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ACER & CEER suggested design elements
ACER and CEER have highlighted that while Contracts for Differences (CfDs) present
opportunities, they also come with risks that need to be addressed through a smarter
design. In response to the European Commission’s public consultation on electricity
market design in February 2023, they have suggested some measures to mitigate
these risks (ACER & CEER, 2023):

1. Capability-based CfDs: Power plant owners compete in an auction for a fixed
strike price. The payment is based on the volumes that ”could” be produced by
the installation based on technical characteristics and local weather conditions.

2. A cap and floor instead of a single strike price. The floor price can replace
the system of subsidies, whereas the cap price can replace the inframarginal
revenue cap to channel revenues excessively back to consumers. This measure
will be elaborated further in the next section.

3. Reselling of CfDs as financial contracts in forward markets closer to delivery.

System of interest
As discussed in previous sections, OBZs will reduce the revenues for OWF owners
in hybrid projects. Furthermore, these CfDs will also create a volume risk for these
OWF owners because, in an optimal design, they cannot dispatch all their electricity
at all times, chapter 2. Therefore, these CfDs must be seen as a support scheme by
increasing revenues and creating investment stability for these OWF owners, making
OWF investments more attractive.
Additionally, CfDs can also impact the decision-making of these OWF owners because
their incentives will change. When these decisions change next to the OWF owners,
other stakeholders will be influenced by the CfD. As a consequence of this, the CfD
must be designed in a way that does not underline the efficiency of the market.

Scope
When designing a CfD, there are two main things to consider in the system of interest.
Firstly, the CfDmust encourage OWF owners to invest in OWFs. Secondly, the market
must continue to operate efficiently.
The decision will impact multiple stakeholders as discussed in chapter 4. Additionally,
for OBZs, it’s important to consider the international nature of the system. Stake-
holders from various bidding zones will have different interests and will be affected
differently by the CfD for the OWF of the OBZ.
The primary objective of the European electricity system, where the CfD will be imple-
mented, is to enhance overall social welfare and promote renewable investments by
ensuring a profitable return on investment.

Conclusion of scope, system of interest and design elements
Combining the functions of the CfD with the already identified scope, system of in-
terest and possible design choices, considering both the design elements discussed
in this section and the suggested CfD designs, as discussed in section 2.4, multiple
requirements come forward.
To ensure that the CfD in the OBZ approach provides the required functionalities, de-
sign choices must be made that meet the following requirements:
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• Increase revenues OWFs because of the lower average electricity price.
• Deal with the volume risk of OWF owners.
• Incentive the market to work efficiently.
• Deal with the interest of multiple stakeholders influenced by OBZs.
• Deal with inequalities between different stakeholders because of the interna-
tional scope and the different impacts they will experience.

• Strategic behaviour that will influence the market negatively is not incentivised.

6.2. Synthesis: Artefacts, program of requirements & dilem-
mas

As explained in the previous sections, Different factors affect the design of an efficient
CfD support scheme for a specific case. This section presents an adjusted problem
statement, identifies basic design elements for every CfD in the OBZ context, and
discusses the dilemmas and trade-offs between stakeholders that arise.

6.2.1. Summary & adjusted problem statement
In Chapter 4, we talked about the institutional environment surrounding OBZs and
the challenges that a CfD design must address. One significant consideration is that
any intervention in the market, such as a CfD support scheme, must not disrupt mar-
ket efficiency. Moreover, it is necessary to have a responsible party for transporting
electricity from OBZ suppliers to onshore consumers and ensuring the balancing and
re-dispatch of the network..
In the current institutional environment, owners of OWFs located in OBZs face a cer-
tain level of risk. This is because, in the OBZ approach, the electricity price will fall
to zero if there is insufficient capacity to dispatch all the electricity generated by the
OWFs. As a result, OWF owners will not be able to deliver all of their electricity.
The complexity of the problem is due to the involvement of various stakeholders and
differences between different OnBZs. The CfD design involves several key stakehold-
ers, including OWF owners, the European Commission, individual member states, na-
tional regulatory authorities, ACER, Individual TSOs, and ENTSO-E, as described in
section 4.2. For OWF investors, the objective of the CfD scheme should be to encour-
age investment in OWFs. Currently, without any support scheme in the institutional
environment, investments in OWFs located in the OBZ approach seem unprofitable
and too risky.
Considering these factors and the initial research question about the preferred CfD
design for OWFs located in the OBZ approach in the North Sea. The following problem
statement can be developed, resulting in a standardised CfD scheme that needs to
be adjusted for every specific OWF in the OBZ because of the different characteristics
of every case:
A CfD design, to be adjusted in every case, must create a profitable business case for
OWF owners and an efficient market design with agreeable risk for all stakeholders
by implementing some basic design elements.
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6.3. Results of generation and selection phases
As explained in section 2.4, some basic CfD designs are already discussed for OBZs,
which all have their benefits and drawbacks, section 2.4 & chapter 5. Every basic
design can be adjusted for a particular case, considering multiple design elements as
discussed in section 6.1.

6.3.1. Design elements for every option
When looking at CfD design elements, for every opportunity, several design elements,
Appendix D, can be considered necessary. An overview of these design elements,
obligated for every CfD in the OBZ context, is given in Table 6.1.

Table 6.1: Basic design elements filled in

Basic design elements
Strike price determination Duration Price indexation Payout at negative prices Payment direction
Administrative 12-15 years None (fixed price) Full stop Nettled
Auctioned 20 years Inflation-adjusted Max strike Two-sided
Negotiated Volume-based Stop if 6h <0

As mentioned earlier, auctions are commonly used in the context of CfDs. They
provide a transparent and market-driven price discovery process and are generally
more efficient than administrative or negotiated processes, which benefits consumers
(Welisch & Poudineh, 2020). Additionally, it also seems wise to choose for a long-term
contract of at least 20 years. Doing so creates revenue stability and mitigates risks for
OWF owners and other stakeholders involved (Welisch & Poudineh, 2020). To further
reduce the risk for OWF owners, these contracts need to be adjusted for inflation.
Another basic element is that these CfD contracts need to be two-sided, as discussed
in chapter 2. As explained here, this is the aim of the EU market reform (Commis-
sion, 2023) because these two-sided CfDs offer benefits in terms of risk sharing and
consumer protection (Neuhoff et al., 2022). Furthermore, according to the calcula-
tions based on conventional design presented in chapter 5, a CfD payout at negative
prices would lead to an inefficient design. This means that revenues generated by the
OWFs would be zero despite the CfD payout still being present.

6.3.2. Possible designs
In addition to the design elements discussed in the previous section, some other de-
sign elements are more suitable for CfDs in the OBZ context. Five different CfD design
alternatives have been identified for an OWF in the OBZ approach using morpholog-
ical charts provided in Appendix D, section D.2. These different combinations of op-
tions are reported in Table 6.2 and are further explained in this section.
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Table 6.2: CfD alternatives to deal with different functions of CfD design

Function Advanced CfD
Design

Capability-based
CfD design

Capability-based
CfD design with
a cap and floor
strike price

Financial CfD
with a reference
generator

Financial CfD
with weather
data

Stimulate investments Reference price Strike price Strike price with
cap and floor

Fixed hourly
remuneration

Fixed hourly
remuneration

Deal with volume risk Capability-based Capability-based Fixed hourly
remuneration

Fixed hourly
remuneration

Incentivice the market
to work efficiently

Actual produced
electricity plays a
role +
Reference price

Cap and floor
strike price

Actual produced
electricity plays a
role + Difference
between actual
production and
reference generator

Actual produced
electricity plays a
role + Difference
between actual
production and
expected production
due to weather
forecast

The advanced CfD design, discussed in section 2.4, uses a reference price to deter-
mine the CfD payout. This encourages the OWF to optimize production by maximizing
output during high electricity prices and minimizing it during low prices. However, this
design has no provision to address the volume risk for the OWF itself.
The capability-based CfD, as discussed in section 2.4, mitigates volume risk for OWF
owners by assessing their capacity instead of actual production. As a result of this
support scheme, it doesn’t matter if not all electricity can be dispatched. See chapter 5.
Additionally, a capability-based CfD will use a standard strike price to determine the
CfD payout because using a reference price will not have any effects.

Capability-based CfD with cap and floor strike price
On the other hand, the strike price of the capability-based CfD can be adjusted to
include a cap and a floor price determined by the actual electricity spot price. A cap
and floor mechanism linked to the electricity price in a CfD is designed to adjust the
cap price and floor price based on changes in the prevailing market electricity price.
This approach ensures that CfD payments are tied to market conditions.

• Cap price linked to electricity price.

– The cap price, in this scenario, is set as a certain percentage or fixed
amount above the current strike price.

– For example, if the market price for electricity is €50 per MWh, and the cap
price is set at 110% of the market price, the cap price would be €55 per
MWh in this case.

– The project developer will receive payments based on the actual market
price or the cap price, whichever is lower. If the market price exceeds the
cap price, the developer will receive payments based on the cap price.

• Floor price linked to the electricity price.

– Similarly, the floor price is set as a certain percentage or fixed amount below
the current market electricity price.

– For example, if the market price for electricity is €50 per MWh, and the
floor price is set at 90% of the market price, the floor price would be €45
per MWh in this case.
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– The project developer will receive payments based on the actual market
price or the floor price, whichever is higher. If the market price falls below
the floor price, the developer will receive payments based on the floor price.

By linking the cap and floor to the electricity price, the CfD scheme ensures that project
developers are exposed to some level of market risk in their CfD payment while still
providing a safety net. This approach can make CfDs align incentives for renewable
energy projects to optimize performance. However, it also requires careful monitoring
and periodic adjustments to maintain the desired balance between risk and reward
(ACER & CEER, 2023).

Different reference technologies for financial CfD
A different design is the financial CfD, as discussed in section 2.4. In this CfD design,
a physical reference generator is used. Next to the fixed hourly remuneration, the
OWF owner receives or pays the difference between the actual production and the
expected production of the reference generator. As a result, the OWF owner tries to
maximise its own production relative to the reference generator.
It can also be possible that the financial CfD uses weather data to predict the expected
production. A mathematical model generates a reference output from weather data,
which is used for contracted wind farms. Although averaging weather data for a region
may not perfectly match a specific turbine, it can be a sufficient hedge for many wind
farms. Additionally, it is not reliant on other generators. In this case, the owner of
an offshore wind farm receives a fixed hourly remuneration along with the difference
between the actual and expected production based on weather data. Therefore, off-
shore wind farms aim to perform better than the expected revenues from the weather
data.

6.3.3. Selection of the most preferred design
To choose the most desirable CfD design, the Priority Checkmark Method (PCM) is
utilized, Table 6.3. The table presents the prioritized objectives and characteristics of
the CfD design.

• High priority → ✓✓✓
• Medium priority → ✓✓
• Low priority → ✓

Firstly, the constraints of the CfD designs are discussed. If the CfDs cannot meet
these constraints, the specific design is discarded as a possible design. In the table,
this will be displayed with a ×. The CfDs for an OWF in an OBZ will be characterised
by the following constraints discussed in Chapter 1, as the main reason for initializ-
ing a CfD. In addition to what was discussed in chapter 4, it is important to ensure
that OWF’s operations are feasible within the institutional environment. Furthermore,
Chapter 5 indicates that there will be no payout in case it would be better for the OWF
not to produce. These factors result in certain constraints that need to be taken into
consideration.
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• The presence of lower average electricity prices, which may result in less rev-
enues for OWF owners, is a challenge (partly) addressed by the CfD, Chapter
1.

• The volume risk because of congestion on the grid, resulting in not all electricity
being dispatched by the OWF, is a challenge (partly) addressed by the CfD,
Chapter 1.

• Implementing the CfD is feasible in the current institutional environment, Chapter
4.

• No CfD payout if electricity price is negative, Chapter 5.

Additionally, the objectives of the different CfD designs are elaborated. These ob-
jectives have been marked with checkmarks if they meet the objective ”satisfactory”.
Otherwise, they will be marked with a × as well. The objectives of the CfD design
are discussed throughout the thesis. Eventually, the different objectives of the CfD
schemes are as follows:

• Increase willingness to invest through CfD effect in the non-congested grid.
• Increase willingness to invest through CfD effect in the congested grid.
• CfD payout incentives the market to work efficiently.
• CfD payout does not increase risk through unnecessary incentives.
• Address inequalities between stakeholders due to international scope and differ-
ent impacts.

• The CfD payout needs to align with the actual bids and, therefore, must consider
the bidding strategy of OWFs.

Based on the findings in Table 6.3, it is evident that the advanced CfD design has been
rejected due to its inability to meet all the constraints. Specifically, the advanced CfD
design has not addressed the issue of volume risk that arises due to grid congestion,
which leads to the OWF being unable to dispatch all the electricity. This fact is also
evident in chapter 5.
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Table 6.3: Priority Checkmark Method (PCM) different CfD designs

Constraint and objectives
of CfD design Priority Advanced CfD

design
Capability-based
CfD design

Capability-based
CfD design with a
cap and floor strike
price

Financial CfD
with a reference
generator

Financial CfD
with weather
data

Constraint: The presence of lower average
electricity prices, which may result in less
revenues for OWF owners, is a challenge
(partly) addressed by the CfD.

✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓

Constraint: The volume risk because of
congestion on the grid, resulting in not all
electricity being dispatched the OWF, is a
challenge (partly) addressed by the CfD.

✓✓✓ × ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓

Constraint: Implementing the CfD is
feasible in the current institutional
environment.

✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓

Constraint: No CfD payout if electricity
price is negative. ✓✓ ✓✓ ✓✓ ✓✓ ✓✓

Objective: Increase willingness to invest
through CfD effect in the non-congested
grid.

✓✓ ✓✓ ✓✓ ✓✓ ✓✓

Objective: Increase willingness to invest
through CfD effect in the congested grid. ✓✓ ✓✓ ✓✓ ✓✓ ✓✓

Objective: CfD payout incentives the
market to work efficiently. ✓✓ ✓✓ ✓✓ ✓✓ ✓✓

Objective: CfD payout does not increase
risk through unnecessary incentives. ✓✓ ✓✓ × ✓✓ ✓✓

Objective: Address inequalities between
stakeholders due to international scope and
different impacts.

✓✓ × × × ×

Objective: CfD payout takes bidding
under expected capacity because of
forecasting errors into account.

✓ × × ✓ ×

As objectives for the CfD design, it can be seen that it is a high priority that it incen-
tivises investments in OWFs, as discussed in chapter 1. Therefore, the CfD needs to
affect the revenues positively and reduce the risk for these OWF owners in both the
non-congested and the congested grid. Both situations are a medium priority in the
PCMmethod and are partly investigated in chapter 5. On the contrary, the CfD design
must influence the market decision-making as little as possible. Therefore, the CfD
payout must incentivise the OWF to produce electricity when demand is high. This
can be seen as a medium priority. Of course, the impact of the effects here is cru-
cial, but low-scale has implications in both the day-ahead and balancing markets, in
Table 6.3.
Overall, a CfD has two main objectives. Firstly, it aims to increase the expected rev-
enues of the OWF. Secondly, it aims to reduce the risk for the OWF. Therefore, any
unnecessary risks associated with CfD payments are unfavourable.
Furthermore, it is good to note that Member States look differently to OBZs because
they are affected differently, even more so when FBMC and AHC are implemented.
A CfD design must deal with these differences and strive for maximum fairness be-
tween the different member states. In Table 6.3, dealing with the inequalities between
different stakeholders is seen as a medium priority.
Lastly, the objective is to align the CfD payout with the bidding strategy of OWFs
because of strategic behaviour. In Table 6.3, dealing with adjusted bidding strategies
because of intermittent wind can be seen as low priority.
When zooming in on the Capability-based CfD design with and without a cap and floor
strike price, it can be concluded that all constraints of the CfD designs will be met.
Furthermore, this CfD design will increase the willingness to invest by OWF owners
due to effects in both the non-congested and congested grid scenario. Additionally,
This CfD payout will not interfere extensively with the market working efficiently.
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Moreover, when the capacity-based CfD is put into practice, an OWF attempts to
increase its bid in the spot market. Introducing a cap and floor strike price would
generate two-fold incentives for an OWF to generate electricity when the prices are
high, which would not outweigh the added risks involved.
One of the drawbacks of a capability-based CfD design is that it fails to address the
inequalities that arise among Member States. Additionally, the CfD payout does not
consider bidding below the expected capacity due to strategic behaviour resulting from
forecasting errors.
When looking at the financial CfD when using both a reference generator or weather
data, it can be recognised that the following objectives will be achieved:

• Increase willingness to invest through CfD effect in the non-congested grid.
• Increase willingness to invest through CfD effect in the congested grid.
• CfD payout incentives the market to work efficiently.
• CfD payout does not increase risk through unnecessary incentives.

Financial CfDs are limited in their ability to address all the negative impacts and conse-
quences of OBZs. Firstly, regardless of the reference used, this CfD cannot address
inequalities among stakeholders due to their international scope and varying impacts.
Secondly, only a reference generator is likely to consider adjusted bidding in their CfD
payout because such a generator is expected to engage in strategic behaviour, which
weather data as a reference cannot do.

6.4. Conclusion of generation and selection phases
When implementing OBZs for OWFs in the North Sea, there will be a need to support
investments in OWFs. CfDs can be used as a support scheme to support investments
in these projects. This chapter gives an overview of the generation and selection
phases of different CfD designs considering the technical, institutional and process
design.
In the previous chapter, the Priority Check Method (PCM) is used to discard CfD de-
signs which do not deal with all the constraints a CfD design needs to deal with. The
following CfD design can be discarded because it doesn’t deal with the volume risk
constraint:

Discarded CfD designs:

• The advanced CfD design

This means that the following CfD designs need to be considered when comparing
how the different designs achieve the objectives of this support scheme:

Considered CfD designs in comparing objectives:

• The capability-based CfD design
• The capability-based CfD design with a cap and floor strike price
• The financial CfD design with a reference generator
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• The financial CfD design with weather data

When evaluating the results of both capability-based CfDs in Table 6.3, it can be con-
cluded that the capability-basedCfDwith a fixed strike price outperforms theCapability-
based CfD with a cap and floor strike price. Because the cap and floor strike price
will create a double incentive, increasing the risk for the OWF owner. Therefore, the
capability-based CfD with a fixed strike price will be preferred over the other.
It can be concluded, based on the results in Table 6.3, that a financial CfD using
a reference generator performs better than a financial CfD using weather data as
a reference, as well as a capability-based CfD with a fixed strike. This is because
the CfD payout takes safe margins in the bidding strategy into account due to the
uncertainty of intermittent wind, making it a more reliable option. However, it should
be noted that this has a lower priority.



7
Discussion

The discussion provides the platform to delve into the implications of the research find-
ings. In this section, the results will be explored and critically analyzed in the context
of existing literature, followed by different CfD designs in the offshore bidding zone
approach. This section will eventually finalise by discussing the limitations of this re-
search and possible future research.

In previous sections, the implementation of CfDs for OBZs is discussed. As this thesis
shows, CfD designs can be much more diverse than they may seem at first sight. Be-
fore delving into the discussion, it is imperative to recap the primary objectives of this
research briefly. The study sought to give a comprehensive overview of the advan-
tages and disadvantages of different CfD designs for OWFs in the OBZ approach in
the European electricity system. Throughout the subsequent discussion, an assess-
ment will be made regarding the extent to which these objectives have been met.

7.1. Findings and previous research
In this chapter, the results of the study will be compared with existing literature to
identify similarities and differences. This will position this research within the broader
context of CfDs and OBZs.
The results of Chapter 5 align with the previous research on the implications of CfD
support schemes for supporting renewable energy as can be found in the literature and
Chapter 2. Although there is not much empirical evidence to generalise all findings, a
pattern is visible. Arguably, the context of OBZs creates certain situations that aren’t
discussed extensively in the literature yet and ask for more research.
In section 5.1, for OBZs specifically, the cost of a CfD scheme and the revenues
for OWF owners are discussed for the conventional, advanced, capability-based and
financial CfD. The results of section 5.1 can be best compared to the qualitative find-
ings of Schlecht et al. (2023). The key message of this paper is that price signals
play a crucial role in guiding efficient decision-making. Therefore, long-term CfD
contracts should be well-designed to preserve these signals. This will incentivize
decision-making that aligns with system needs, while also reducing or eliminating ex-
posure to non-controllable risks, such as long-term price developments and volume
risks (Schlecht et al., 2023).
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For the conventional CfD in the paper by Schlecht et al. (2023), the following three
problems are mentioned when implementing this support scheme:

• Produce-and-forget
• Intraday and balancing distortion
• Volume risk unhedged

Without going further into these drawbacks of the conventional CfD, section 5.1 shows
for OWFs in the OBZ specifically that the revenues are dependent on how much elec-
tricity is produced and offered and not on the demand for electricity. To conclude,
the market will work inefficiently, and electricity will be sold when the market price is
negative because OWFs don’t receive the incentive not to produce.
Compared to conventional CfD, the advanced CfD system has a longer reference pe-
riod and does not offer support payments at negative prices. However, implementing
CfDs in OBZs still poses a significant volume risk for OWF owners when the grid is
congested, leading to zero revenue for them, Section 5.1 provides more details on this
issue.. Taking into account the uncertainties of future offshore developments and the
capital-intensive investments associated with the advanced CfD scheme, investment
in OWFs seems risky and unattractive. Moreover, high financing costs compared to
fossil investments add to the burden, making it difficult to justify investing in OWFs.
Moreover, the quantitative paper authored by Schlecht et al. (2023), proposes a capability-
based CfD as a way to address volume risk for OWFs. Decoupling payments from
an asset’s production is suggested and instead relying on the asset’s potential to pro-
duce, creating the capability-based CfD. Such a CfD scheme would decouple pay-
ments from an asset’s production and instead rely on the asset’s potential to produce.
However, the implementation of a CfD scheme poses several challenges, such as
intraday and balancing distortions, which have already been mentioned Schlecht et
al. (2023). Moreover, the results of the study presented in section 5.3 highlight the
problem of uncertainty in the forecast for wind availability and the consequence that
OWFs will implement safe margins in their bidding strategy (European Commission,
Directorate-General for Energy, THEMA consulting group, 2020) because balancing
costs could be high (van der Veen & Hakvoort, 2016). It is important to note that set-
ting safe margins for OWFs leads to an inefficient market design. This is because
OWF owners may choose to set disproportionately high safe margins to reduce the
risk. Additionally, with the capability-based CfD, the volume risk increases for the
party that pays the CfD payout, which is usually the government. This is because the
government has to pay extra to ensure that the OWF owner does not suffer losses
when the electricity price is zero. This is due to the fact that when the electricity price
is zero, the producers’ surplus of off-shore wind farm owners decreases and the con-
gestion rent for TSOs increases, as discussed by Kenis et al. (2022). The additional
CfD payout from the government, resulting from the market price of zero euro, will
eventually be transferred from the government to the TSOs. This is because the gov-
ernment pays the owner of the OWF, and the money that the owner would receive in
a non-congested grid will then go to the TSO. In essence, taxpayers’ money will go to
OWF owners, while tariff payers won’t be affected. Congestion rent can be utilized to
extend the offshore grid (Laur et al., 2022).
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As a CfD design where full incentives remain to design and operate plants according
to price signals and volume risk for OWF owners are covered, (Schlecht et al., 2023)
suggests the financial CfD. In this qualitative literature, by Schlecht et al. (2023), it is
mentioned that the financial CfD creates incentives for:

• Efficient generation profile
• Efficient repowering, retrofit and maintenance investments
• Efficient power plant maintenance scheduling
• Stopping to produce at negative day-ahead prices
• Continuing to produce at low prices in clawback times
• Efficient intraday dispatch

Furthermore, it will be a financial hedge for:

• Price risk
• Volume risk

The results of Chapter 5 demonstrate that financial CfDs placed specifically in OBZs
socialize the volume risk if not all electricity can be dispatched. As mentioned by
Schlecht et al. (2023), the revenues of the OWF depend on the difference between
physical generation and the generation of the reference generator. This difference
becomes irrelevant when the grid is congested because the spot price is zero (Kenis
et al., 2022).
When implementing OBZs, there will be varying effects among different onshore bid-
ding zone markets, as shown by Kitzing and Garzón González (2020). In contrast,
none of the CfD designs discussed in ?? provide any incentives to address the dif-
ferences in impacts of implementing CfDs across different bidding zones, as demon-
strated in section 5.4. Furthermore, section 5.4 suggests that congestion in one on-
shore bidding zone can have an impact on the CfD payout in another bidding zone.
As a result, member states may have different perspectives and preferences on the
appropriate CfD design, making the process of determining the right CfD design even
more complicated. According to ACER (2023), achieving the European Union’s en-
ergy objectives of a 70% margin for cross-zonal electricity trade is crucial to reducing
differences between Member States. The minimum target of 70% in 2026 is a key
tool for achieving ambitious political objectives for offshore renewable generation. If
this objective is met, it will also impact CfD payouts, as explained in section 5.4.

7.2. The different CfD designs in the offshore bidding
zone approach

CfDs are a type of support scheme that aims to encourage the adoption of renewable
or nuclear energy sources (Kitzing, 2023). As discussed in the Schlecht et al. (2023)
and concluded in chapter 6.
Because of the complexity and case-by-case dependency, it is difficult to design one
CfD design that can be implemented for every specific OBZ. On the contrary, there
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are some basic design elements that every CfD needs to contain, independent of the
specific case. To summarise, every CfD needs to be auctioned, is preferred to have
a long duration of at least 20 years, needs to be inflation-adjusted, has no payout at
negative prices and needs to be two-sided.
To conclude, when looking at some design types, it can also be concluded that the con-
ventional CfD will not work properly in the OBZ environment (Schlecht et al., 2023).
Additionally, the advanced CfD will also work inefficiently in the OBZ environment
(Schlecht et al., 2023) because it will not be able to cope with the volume risk con-
straint necessary to be implemented in OBZs, Chapter 5. Furthermore, a cap and
floor strike price will work inefficiently because it creates a double incentive, increas-
ing the risk for investors. Chapter 6 concludes that the following CfD can be best im-
plemented in OBZs because it includes safe margins in the bidding strategy because
of the balancing costs:

• The financial CfD with a reference generator

7.3. Standpoint stakeholders different policy papers com-
pared with results

As discussed in section 4.2, the European electricity market is a complex, extensive
market with many stakeholders involved. Three main types of stakeholders are out-
lined in this thesis:

• The European Union and Member States
• Regulatory Authorities
• Transmission System Operators

The different stakeholders have different preferences for OBZs, which can also differ
per Member State because this needs to be taken into account for OBZs. This differ-
ence can be caused by political preferences or different expected consequences by
CfDs, as shown in chapter 5. In this section, some policy papers of different stake-
holders will be discussed:

7.3.1. ENTSO-E
In April 2023, ENTSO-E published a position paper on the EC proposals on market
design, where they also discussed OBZs (ENTSO-E, 2023).
The paper argues against the use of congestion income such as TAGs to finance
support for offshore hybrid project generators because it is not an effective support
mechanism and would result in an implicit and non-transparent subsidy paid by con-
sumers through grid tariffs. Instead, the paper suggests two-sided capability-based
CfDs or financial CfDs to provide revenue guarantees to offshore generators. These
schemes will fully cover the volume risk of generators and avoid market distortions
and any discriminatory use of congestion income. However, the paper emphasizes
that the design of CfDs must be carefully crafted to prevent distortions in short-term
and balancing markets or increases in system costs.
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After comparing the results of Chapter 2 and Chapter 5, it becomes apparent that a
CfD must be carefully designed to ensure that day-ahead, intra-day and balancing
markets’ price signals are in line with preferred market choices. However, Chapter 5
also highlights that there will be issues with the balancing markets as there will be no
incentive for OWF owners to reduce their safe margin in their bidding strategy in the
CfD payout.
Moreover, when utilizing CfD designs, governments may be responsible for paying for
congestion in another bidding zone. This results in taxpayers paying for congestion in
another country, which is the responsibility of a TSO with which these taxpayers have
no affiliation., section 5.4.
In conclusion, after analyzing the goals and objectives of ENTSO-E as mentioned in
Appendix A and the results of Chapter 5, it is evident that TSOs prefer CfDs over TAGs
when dealing with congestion income. However, it is important to consider the neg-
ative consequences of balancing payments, which haven’t been discussed in those
policy papers but have been presented in this thesis. These consequences will be
further addressed and concluded in chapter 8.

7.3.2. ACER & CEER
In 2022, a paper was published by ACER and CEER (2022b) reflecting on the EU’s
strategy to maximize the potential of offshore renewable energy. The authors of the
paper support the creation of OBZs but also discuss some of the critical challenges as-
sociated with the OBZ model. The OBZ approach provides efficient price signals to all
actors involved and fully corrects interconnector flows. Furthermore, it allows for more
choice in efficiently selling energy to the market where it is most needed compared to
the HM approach and provides incentives to connect OBZs among themselves (ACER
& CEER, 2022b). The paper concludes that the OBZ approach is preferred over the
HM approach from a market design and efficiency perspective. However, the authors
also highlight the need to balance this preference with the changes required to ensure
that OBZs have equal access to trading as close to real-time as in the HM approach
(ACER & CEER, 2022b).
In February 2023, ACER and CEER responded to the European Commission’s public
consultation on the EU’s electricity market design, which will also influence the OBZ
design. According to their response, support schemes are needed to stimulate renew-
able energy sources like offshore wind, and CfDs can be a viable solution. However,
if Member States implement CfDs, they need to be designed in a smart way. ACER
and CEER suggested some measures to improve traditional CfDs.

1. Settlement based on predefined/reference volumes.
2. Replace single strike price by cap and floor.
3. Resell CfDs as financial contracts in forward markets.

Offshore wind power is a promising source of renewable energy. However, there is a
pressing need to develop a legal framework to regulate it, as ACER and CEER (2023)
has pointed out. Additionally, ACER does not endorse TAGs, but acknowledges the
necessity of exploring alternative options to improve investment stability (ACER &
CEER, 2023).
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Upon comparing this policy paper with the findings from Chapter 5 and Chapter 6, it
becomes evident that there is a preference for either the capability-based CfD with a
cap and floor strike price or a financial CfD in both situations. However, as demon-
strated in Chapter 5 and Chapter 6, there are some drawbacks associated with both
designs. These limitations will be further elaborated in Chapter 8.
Considering ACER’s goals, objectives andmission of achieving increased energy mar-
ket integration with low-carbon supply in Europe, as discussed in detail in Appendix A,
it makes more sense to prefer CfDs over TAGs that utilize congestion income. More-
over, when analyzing various CfD designs, ACERwill have a significant role in aligning
the NRAs with their own preferences based on the OBZ characteristics.
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Conclusion

In this final section, the thesis will be concluded. This conclusion will be subdivided
into three key subsections, In the first subsection, the main research question will be
answered, followed by the scientific contribution of the thesis, to finalise with limitations
and possible future research.

8.1. Answering the main research question
Themain research question: ”What are the advantages and disadvantages of different
CfD designs for offshore wind farms considering the offshore bidding zone approach
in the North Sea?” is answered through a series of sub-questions.

8.1.1. Answer to the subquestions
The first sub-question, ”How will the different CfD designs influence the bidding strat-
egy of offshore wind generators?”, is mainly answered in Chapter 2 and Chapter 6.
Literature review and interviews are mainly used to understand how the different CfD
designs influence OWFs.
The different designs of CfD will affect OWF generators differently. The conventional
CfD schememeans that demand no longer plays a role in the decision-making process
for OWF generators. Under this scheme, OWFs aim to maximize their production
because it is the only factor that affects their revenues. In other words, if an OWF can
dispatch all of its electricity, it will receive the same payment regardless of the market
price, but dependent on the strike price. Moreover, if the market price increases, the
CfD payment decreases to maintain the same level of revenue.
One major difference between the advanced CfD and the conventional CfD is the use
of a reference price. The purpose of this reference price is to encourage optimization
of dispatch and maintenance during the reference period by prioritizing production dur-
ing high-priced periods, thereby capturing the highest prices and making investment
decisions accordingly. However, the reference periods only incentivize optimization
within these periods and not across different periods.
The capability-based CfD have different impacts on the decision-making of OWF gen-
erators. In terms of CfD payment, the capability-based CfD considers the potential of
electricity generation rather than the actual production. This means that the amount
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of CfD payout received by an OWF generator is not based on the amount of electricity
sold, but on its ability to generate electricity. Even if an OWF generator produces less
electricity than expected, it can still receive a stable income due to the CfD payment.
Conversely, if it produces more, the excess electricity can be sold in the wholesale
market. As a result, the OWF generator’s risk and consequences are reduced, mak-
ing it less effective to optimize its bidding strategy based on actual prices, although
optimizing the OWF still has an impact.
The capability-based CfD can have a cap and floor strike price, which allows for ad-
justments. With this cap and floor strike price, the strike price of the OWF generator
depends on the electricity market price. This means that not only the wholesale mar-
ket, but also the CfD payout itself, will encourage OWFs to produce electricity when
prices are highest.
The last CfD is the financial CfD. This CfD is financial rather than asset-specific. The
scheme involves two payments between the government and the OWF generator.
The government pays a fixed hourly remuneration to the OWF generator, and the
OWF generator pays the government the hourly spot market revenues considering a
reference generator. This reference generator can be a physical reference generator
or data based on a mathematical model considering weather data. This results in that
the OWF generator wants to outperform this reference generator.

The second sub-question, ”How will OBZs impact the bidding of offshore wind farms
in hybrid projects?” is mainly answered in Chapter 1 and Chapter 2. Literature review
and interviews are mainly used to understand the impact of OBZs.
Hybrid projects combine offshore generation and transmission capacities in an effi-
cient manner. This results in a reduced need for physical transmission capacity and
converter stations. To integrate these hybrid projects efficiently, the OBZ approach
can be used. This OBZ has its own wholesale electricity price and is connected to
the mainland through interconnectors. As a result, all the flows become cross-zonal
flows.
In these hybrid projects, the OBZ will have varying effects on the OWF. First of all, the
revenues of OWF owners will most likely decrease because when congestion occurs
on the interconnectors, there will be a distribution of income between the transmission
and generation entities because of an increase in congestion rents. If FBMC and AHC
are implemented, they will likely affect congestion.
In an OBZ, managing the balance of electricity supply and demand can be difficult.
This is because OBZs usually rely on intermittent offshore generation units and do not
have any dedicated balancing units. As a result, imbalances in the OBZ can only be
resolved by accessing balancing capacity from other zones or by curtailing generators.
Even if there are balancing units in an offshore unit, there is still the issue of determin-
ing the imbalance price that should be charged to balancing responsible parties in the
offshore zone.

The third sub-question, ”How will the different CfD designs influence the decisions of
generators in hybrid projects in the OBZ approach?”, is answered by combining sub-
questions 1 and 2 and is further analysed in Chapter 5 and Chapter 6.1. To answer
this sub-question literature review, interviews and modelling are used.
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Before designing a CfD for OBZ and optimizing the decision-making for OWFs, it is
important to recognize that certain design elements can be implemented, regardless
of the eventual CfD design. The following design elements should be considered:

• The strike price will be determined by an auction.
• The duration of a CfD scheme will be long, around 20 years.
• To reduce the risk for OWFs, the price will be inflation-adjusted.
• The CfD payment needs to be two-sided.

Next, the design choices for the CfD design will depend on the specific situations of
the OBZ, which will be addressed in the following section.
When a conventional CfD is implemented for an OWF in an OBZ, it can be concluded
that the OWF will receive the strike price times the electricity that it produces and
dispatches. On the contrary, because an OWF only wants to produce as much as
possible and the level of demand doesn’t play a role. When the CfD is congested, the
CfD payoutcan become disproportionately high. To conclude, a lot of the CfD payout
will be lost due to an inefficient market design.
When comparing conventional CfD with advanced CfD, it is clear that the market price
in the OBZ will not go extremely low. However, it can be seen that the revenues for
the OWF owner in a congested grid will be lower than in a non-congested grid. This is
because the market price will be zero, reducing the reference price in the next round.
Also, not all electricity will be produced, resulting in volume risk, which can influence
the decision-making of the OWF.
The Capability-based CfD recognizes that the volume risk caused by OBZs no longer
affects the OWF owner as it does in the Advanced CfD. This means that the CfD pay-
out will cover any potential losses due to a congested grid. On the other hand, the
OWF will still aim to maximize its production and sell any extra electricity in the whole-
sale market, but this will not impact the CfD payout. Therefore, the consequences of
producing less electricity during high demand will be lower. One way to enhance this
basic Capability-based CfD design is to implement a cap and floor strike price that is
determined by the electricity price. This CfD payout would incentivize OWFs to adjust
their bidding strategy and produce more electricity when demand is high. However,
this creates a double incentive that increases investors’ risk, without the benefits out-
weighing it in the OBZ context. In conclusion, the cap and floor strike price in the CfD
scheme can lead to higher risks for investors without generating enough benefits.
The challenge of balancing and redispatch will affect the decision-making process of
OWFs that depend on different CfD schemes. In order to mitigate the costs associ-
ated with balancing and curtailment, it may be fair to implement a safe margin. While
implementing a safe margin can be market efficient in resolving congestion, it is not
included in the payout for the capability and financial CfD. However, for a physical ref-
erence generator, this safe margin is likely to be implemented in the bidding strategy.
Finally, due to the international nature of OWFs, it is important to consider the impact
of congestion in one bidding zone on the CfD payouts of another bidding zone, partic-
ularly in the case of FBMC and AHC. This applies to all types of CfDs and cannot be
resolved through design. As a result, there are disparities between stakeholders in



8.1. Answering the main research question 61

different bidding zones, which are compounded by future uncertainties. This makes
the use of CfD schemes less appealing, which can affect the decision-making of off-
shore wind farms.

The fourth sub-question ”Which possible strategic behaviour can be recognised with
the implementation of CfDs and what are the consequences?”, is mainly answered in
Chapter 5, Chapter 6.1 and Chapter 7 by investigating policy papers and interviews.
When looking at the strategic behaviour, it can be recognised that OWF will take the
differences in revenues into account with different market prices, especially when the
grid becomes congested. Furthermore, they will introduce a safe margin in their bid-
ding strategy in the day-ahead market because of forecast errors of intermittent wind.
Additionally, TSOs will also take the effects of congestion into account even though the
70% rule, which will be implemented in 2026, can solve parts of this problem because
it will reduce the effects of the internal congestion in a bidding zone on other bidding
zones.
The last subquestion, ”How will the TSO be affected by the different designs around
the OBZ?”, continues on the effects of the different CfD schemes for TSOs and is
mainly answered in Chapter 1 and Chapter 7 due to literature review and interviews.
The payments made through CfD schemes won’t directly impact TSOs. However, the
decision-making of OWF owners can affect them. Different CfD designs can encour-
age the development of OWF projects around OBZs. This means that TSOs will need
to incorporate these projects into their grid planning, which may involve upgrading
the transmission infrastructure both offshore and onshore. Additionally, coordination
between neighbouring TSOs will be more important. Because OWFs generate power
intermittently, TSOs need to look into the effect of CfD schemes on the intra-day and
balancing markets.

8.1.2. Answer to the main research question
When combining the answers from the subquestions, the following main research
question can be answered: ”What are the advantages and disadvantages of different
CfD designs for offshore wind farms considering the offshore bidding zone approach
in the North Sea?”
To sum up, implementing CfD schemes in the OBZ context can be challenging due to
a combination of financial, regulatory, technical, risk management, contractual, and
market-related factors. Successfully navigating these complexities requires a deep
understanding of the energy sector and institutional frameworks. However, supporting
investments in OWF is necessary as OWF owners face lower revenues under the OBZ
approach due to a lower average electricity market spot price and volume risk.
In Table 6.3, the constraints and objectives of the different CfD designs are shown,
making the advantages and disadvantages of the different support schemes clear.
When analysing these results, the following CfD design choices seem preferable:

• The capability-based CfD design with a fixed strike price
• The financial CfD design with a reference generator
• The financial CfD design with weather data as reference
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When looking at the intermittency of offshore wind and the effects of forecasting errors
in the balancing markets. It can be concluded that a financial CfD using a reference
generator performs better than a financial CfD using weather data as a reference, as
well as a capability-based CfD with a fixed strike price. This is because the CfD payout
considers safe margins in the bidding strategy due to the uncertainty of intermittent
wind, making it a fairer option. However, it should be noted that this has a lower priority.
A well-definedmarket structure is crucial for the effective functioning of the CfD scheme.
It is important that all the stakeholders are assigned specific roles and responsibilities.
In order to ensure that the system works as intended, it is imperative to involve stake-
holders in the design process. One of the most critical aspects to consider is the
uncertainty of financial risks that the stakeholders may face. Therefore, the institu-
tional design should aim to cover these risks partially, in order to provide stakeholders
and market participants with incentives to participate in the system with OBZs.
Ensuring certainty is a crucial aspect of implementingOBZs andCfDs, and the process
design should prioritize it. In order to prevent delays in the development of offshore
wind farms at a later stage, it’s important to involve all relevant stakeholders in the
process of designing the CfD. Early involvement and communication with stakeholders
will lead to a smoother process in the future and will help ensure certainty for all parties
involved. Additionally, trust between all parties involved in the project is crucial for
successful agreement-making. Although stakeholder involvement is important, it’s
the responsibility of governments and regulators at both national and European levels
to take the lead in designing the CfD support scheme.

8.2. Scientific contribution
Chapter 1 identifies that hybrid projects with OBZ have not yet been extensively de-
veloped in Europe, and not all challenges are known and understood. As a result, the
main scientific contribution of this study is to provide a thorough overview of various
CfD schemes, highlighting their benefits and drawbacks in the OBZ context.
The purpose of this study is to identify the potential outcomes that would arise from im-
plementing different CfD schemes in the context of the OBZ. Firstly, the study specifies
the necessary design elements that each CfD design must include when implemented
in the OBZ context. Additionally, this study provides an overview of the design choices
that can be made for the CfD design, which may not be superior to another for OWFs
in OBZs in every situation.

8.3. Academic reflection
The electricity system is a complex system with unique characteristics and many in-
volved actors. The offshore grid is something that gets a lot of attention in the sector
and can be seen as an interesting topic to discuss with the current energy transition
on its way. Additionally, OBZs are a hot topic as well to integrate OWFs.
Reflecting on my master’s thesis and internship at ACER, I can confidently say that
ACER is an ideal place to gain extensive knowledge about electricity markets, espe-
cially while working in the market codes team of the electricity department. Moreover,
this agency actively participates in the discussion around the regulatory context of
OBZs. During my internship, this involvement significantly enhanced the quality of my
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thesis and augmented my knowledge of the subject.
On the contrary, the electricity market can be seen as really complex and even though
you can learn a lot about this topic in six months it is not possible to master everything.
Therefore, for a master thesis, it seems necessary to scale down at an early stage and
to try to become good at understanding one particular field very well. Personally, I see
this as one of the hardest things about writing a master thesis, and it is something I
learnt during the process.
Additionally, to give better-substantiated conclusions when answering the main re-
search question, a more extensive model would be preferred where FBMC and AHC
are implemented. To model this will be challenging within the timeframe of a mas-
ter’s thesis, particularly when combined with quantitative research. However, it would
make a good topic for follow-up research.
Lastly, when reflecting on the process of writing this master thesis, it can be con-
cluded that when writing this thesis, knowledge has been acquired during the intern-
ship. Therefore, when looking back at the research different steps would have been
taken because the electricity system is better understood. On the contrary, this can
be seen as a normal process that shows that things were learned during the research.
Some of the changes would for example be in the research question: Can balancing
of the offshore bidding zone really be done in an onshore bidding zone without con-
sequences? Or by implementing a more extensive model with ADMM. This will be
further discussed in section 8.4.

8.4. Limitations and future research
European electricity markets can be seen as complex systems, and the implementa-
tion of OBZs results in a few specific characteristics that modify the system in a certain
way.
This thesis provides a comprehensive overview of the advantages and drawbacks of
different CfD design choices, although there may be limitations due to various factors.

8.4.1. Limitations of research
First of all, in Chapter 5 a simplified grid is used. In the future, a significant develop-
ment in offshore energy infrastructure is expected to be the creation of a large-scale
offshore grid in the North Sea. In the future, the development of offshore wind farms
(OWFs) and an expanded grid, along with the installation of interconnectors, will cre-
ate a vast network for generating and distributing renewable energy. This network will
ultimately affect the decision-making process of OWFs in OBZs, which is not consid-
ered in this thesis.
Additionally, where FBMC and AHC are discussed in this thesis, they aren’t used in
the quantitative part of the research because they aren’t implemented in the model,
limiting the results.
In Chapter 5, the electricity price in the OnBZs is assumed, instead of being a result of
analysis that considers generator capacity with variable costs and fluctuating demand.
This simplification leads to the analysis of only a few base case results, which are used
in the conclusion.
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There is uncertainty surrounding the future of electricity generation and distribution,
which can significantly impact CfDs designed to ensure revenue certainty.
The thesis does not account for certain uncertainties, such as fluctuations in electricity
prices. These fluctuations can be influenced by various factors, including weather pat-
terns, fuel costs, supply and demand dynamics, and geopolitical events. As a result, it
remains unclear how these events could impact the effectiveness of the different CfD
schemes that were not considered in this thesis.
The energy transition is surrounded by numerous uncertainties, including the direc-
tion and pace of the transition. Continuous advancements in renewable energy tech-
nologies, energy storage, grid integration, and the hydrogen market will significantly
reshape the energy sector. Consequently, the effects of CfDs and the revenues of
OWFs might be affected. However, these developments have not been considered
in this thesis.
Furthermore, government policies and regulations play a critical role in shaping the
landscape around OBZs. The international aspect of considering multiple bidding
zones enhances these uncertainties. In this thesis, changes in subsidies, tax incen-
tives, and carbon pricing mechanisms, which can impact offshore wind farms and the
value of a CfD, are not taken into account.

8.4.2. Possible future research
Although this thesis has provided valuable insights into various CfD schemes in the
OBZ environment, it is important to acknowledge that it is only a small part of the wider
academic field, and further research on OBZs is necessary.
In this section, potential areas for future research are suggested, particularly consid-
ering the limitations of this thesis and the new questions it has raised in the field.
In future research, it would be beneficial to use a more extensive model with a larger
grid, fluctuations in onshore demand, and onshore generation with variable costs. Im-
plementing FBMC and AHC can also provide further insight into the field around OBZs
and the different CfD schemes. To investigate this, researchers can use the Alternat-
ing Direction Method of Multipliers (ADMM) optimization algorithm to find the equilib-
rium solution of the market. This algorithm can be utilized to optimize the optimal
pricing strategy for the generators and understand the effects of different two-sided
CfD when implementing the OBZs approach.
It is important to remember that a bigger model has its own set of challenges, such
as increased computational requirements, data needs, and a possibility of greater
uncertainty. Therefore, in future research, it’s crucial to maintain a balance between
complexity and the research goals. However, a bigger model, when properly designed
and utilized, can significantly enhance our understanding of the complex electricity
system around OBZs and CfD schemes.
Furthermore, as previously discussed in subsection 8.4.1, the uncertainty of future
developments will have an impact on the effectiveness of CfDs schemes. Therefore,
it is important to investigate various scenarios related to the electricity sector and the
effects of different CfD schemes. This research can utilize a range of technologies
and methodologies, including energy systems modelling which can simulate different
future energy scenarios such as The Integrated MARKAL-EFOM System (TIMES)
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(Amorim et al., 2014), as well as machine learning, data analytics, and energy market
simulations. However, these technologies will need to address the future uncertainties
highlighted in subsection 8.4.1, including fluctuations in electricity prices, the pace and
direction of the energy transition, and uncertainties around government policies and
regulations.
Lastly, where this thesis focuses mainly on the different CfD designs and their effects
on OBZs. In the current political debate, there seems to be a growing interest towards
TAGs as well. Therefore, it would be a good addition to this research to compare
the different CfD designs with TAGs to give well-considered recommendations in the
current policy debate around the design around OBZs.
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A
Appendix - Institutional rules and

stakeholders

A.1. Four-level scheme of economics of institutions by
Williamson

The four-level scheme of the eco-
nomics of institutions, provided
by Williamson (Williamson, 1998),
categorizes the institutional
arrangements into four levels.
These levels are depending on
two criteria. The first one is the
frequency of change, the second
one is the opportunity to change
the institutional part to increase
economic effectiveness and/ or
efficiency. The four-level scheme
is presented on the right.

L1 Embeddedness
The first layer describes the soci-
etal norms and values due to de-
carbonising the electricity sector
and the willingness to participate
in OWFs. The European Union
has the ambition to install 300 GW
of offshore wind by 2050 (Euro-
pean Commission, 2019).

Figure A.1: Four-level scheme of economics
Williamson

In the different member states, there is a certain awareness of the need for both off-
shore wind and OBZs, but the willingness to participate is not the case for every Mem-
ber state due to political views, social acceptance and the expected benefits. Eventu-
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ally, this can take Decennia to change and to be aligned.

L2 Institutional environment
The second level describes the formal institutions that constitute legal rules around
OBZs. First, there is the EU, which can give directives to the different Member states.
Subsequently, the different member states have to implement these directives into
rules.
The second level is also related to the property rights theory. When this property rights
theory is focused on OBZs, it is about providing stakeholders with ownership of any
factors of production and goods.

L3 Governance
The third level gives more context to the play of the game. Here the rules of levels
1 and 2 are translated into specific rules, for instance, specific CfD contracts. These
contracts will specify the terms and conditions, obligations, responsibilities, tasks, and
roles of the involved parties and users of a specific OBZ. So here, the transactions
can be facilitated. The contracts can be changed much more easily than, for instance,
the institutional environment level, which gives structure to these contracts. Changes
will be made as a consequence of developments and experiences in the real world by
the involved parties and users. The main reason to change something in the contracts
is to improve the system.

L4 Resource allocation
The fourth layer is about the structure of the markets, the connections between the
involved parties and the users of the system. In general, electricity will be generated
in OWF located in OBZs and sold in OnBZs with the highest demand. This electricity
will be transported from the OBZ to the OnBZ with the highest electricity price by an
interconnector owned by the TSO to be consumed by demand agents in an OnBZ.

A.2. Description of relevant stakeholders
This section will discuss some key stakeholders, which can be subdivided into the
following subgroups.

• The European Union
• Regulatory authorities
• Transmission system operators

A.2.1. The European Union
The EuropeanUnion is largely based on agreements and compromises between these
member states. Ultimately and has several divisions with its own power and respon-
sibilities in the EU. The divisions in the European Union important for OBZs are (De
Jong, 2009):

• European Commission
• Individual national governments
• EEA EFTA states
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The European Commission
The European Union has a significant role and high interest in implementing OBZs.
They play a critical role in electricity grid policy by focusing on creating an integrated
and sustainable electricity market across member states. Its key roles include pro-
moting market integration, encouraging grid interconnection, establishing a common
regulatory framework, and supporting the integration of renewable energy sources
(European Commission, 2020). The EC published the EU Strategy to harness the
potential of offshore renewable energy for a climate-neutral future (European Com-
mission, 2020). This will be further discussed in section 2.3, which will cover the
definition of hybrid projects and the OBZ approach. As a result of this strategy, (Laur
et al., 2022) commissioned and published on behalf of the EC a consultation paper
discussing electricity market arrangement and exploring some of the investment chal-
lenges facing market-based investments in offshore renewable energy and focusing
particularly on those projects that are connected to more than one market. This study
aimed to investigate the options regarding congestion income. It provides the rec-
ommendation that TAGs, section 1.2, are the preferred design. Controversy, this is
certainly not a given solution, and in the EU, there are supporters and opponents of
this support scheme. Discussing this will be out of scope in this research.

Individual national governments
Furthermore, individually, national governments also have high power and interest in
the development of the European electricity grid and market around OBZs. Where the
European Union tries to maximise the overall social welfare in Europe, this is not nec-
essarily the case for individual national governments who try to maximise their own
welfare. In addition, the implementation of OBZs and the policy framework around
them will influence member states differently (Kitzing & Garzón González, 2020). This
is one of the reasons why Member States can look differently at OBZs and the frame-
work around them, including the possible support schemes. Furthermore, a different
political viewpoint between Member States can also influence the preferences and
needs to be considered in the decision-making process (Bocquillon & Maltby, 2021).

EEA EFTA states
Eventually, themember states of the European Union, together with the following three
EEA EFTA States, Iceland, Liechtenstein, and Norway, have an internal electricity
market governed by the same basic rules called the European Economic Area (EEA).
The agreement on the EEA entered into force in 1994 and guarantees equal rights
and obligations within the internal market for individuals and economic operators in
the EEA (EFTA, 1994).
The connection between the EEA and the offshore grid lies in their shared objectives
of energy cooperation and integration. In the EEA the energy policies of the offshore
grid, including particular OWFs, will be aligned along EU member states and Norway,
Iceland and Liechtenstein. This will also result in the same framework around OBZs.

A.2.2. Regulatory Authorities
In the European Union, all Member States have established a sector-specific national
regulatory authority (NRA). In the European Union, a national regulatory authority in
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the electricity sector, typically has several tasks and responsibilities, which are for-
malised in Directive 2003/54/EC (Article 23). Furthermore, there are also entities, like
ACER and CEER, connecting those national authorities in the European context.

National Regulatory Authorities
A NRA is crucial in ensuring fair competition, consumer protection, and efficient opera-
tion of the electricity system with or without OBZs. They make and implement policies
around OBZs from their own viewpoint, making them powerful actors. Furthermore,
they can have an advisory role, which refers to their function as experts providing
recommendations and advice to governments, policymakers, and other stakeholders
around these OBZs. Around hybrid projects and OBZs, the preferred design can differ,
including the preferred support schemes.
It’s important to note that the specific tasks and responsibilities of a NRA may vary
from country to country, but because EU electricity markets have become increas-
ingly integrated, the impact of market decisions will not be constrained to national
boundaries.

ACER & CEER
To improve this international aspect, in 2011, by the Third Energy Package legislation,
the European Union Agency for the Cooperation of Energy Regulators (ACER) was
established. This independent agency’s primary role is to enhance cooperation and
coordination among national energy regulatory authorities in the EU. It tries to foster
the integration and completion of the European internal energy market for electricity
and natural gas. Eventually, ACER ensures that the integration of national energy
markets and implementation of legislation is in line with the EU’s energy policy objec-
tives and regulatory frameworks (ACER & CEER, 2023).
Furthermore, In 2000, the Council of European Energy Regulators (CEER) was founded
as a self-initiative of regulatory authorities, and it still serves as a platform for cooper-
ation and coordination among regulatory authorities (CEER, 2020). Through its aca-
demic research and publications, CEER contributes to decision-making by providing
valuable insights and analysis on various energy-related topics.
Around OBZs, ACER can be seen as an actor with high power and interest, among
others, due to the international scope and the market integration aspect of OBZs.

A.2.3. Transmission system operators and ENTSO-E
Transmission System Operators (TSOs) are entities responsible for the operation,
maintenance, and development of high-voltage electricity transmission systems. Ev-
ery member state in the European Union has at least one active TSO, and the trans-
mission networks of these TSOs are also connected with each other.

Individual transmission system operators
TSOs can be seen as an essential component of the energy sector, acting as the
backbone of the electricity transmission system. Eventually, these individual TSOs
have to build the offshore grid and connect the offshore wind farms to the mainland
efficiently, making them irreplaceable actors. The design around the support schemes
of offshore wind farm owners will have an excessive impact on TSOs, even more so if
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congestion revenues are used to support offshore wind farm owners or CfD designs
aren’t designed efficiently.

ENTSO-E
The European Network of Transmission System Operators for Electricity (ENTSO-E),
is the overarching organization representing TSOs in Europe. It consists of 43 mem-
bers from 36 countries, including TSOs from EU member states and other European
countries (ENTSO-E, 2020). It was established in 2008 as a result of EU’s efforts to
promote cross-border trade and integrate the electricity system. ENTSO-E promotes
cooperation among TSOs, and facilitates the development of pan-European electricity
transmission network codes and guidelines.
Furthermore, ENTSO-E plays a crucial role in the coordination and development of
offshore grids in Europe and the design of this transmission network. They will collab-
orate with regional TSOs and stakeholders to plan and develop offshore grid infras-
tructure. This involves identifying suitable locations for offshore generation sources,
determining efficient transmission routes, and coordinating the connection of offshore
assets to the onshore grid. Furthermore, ENTSO-E also provides policy support to
facilitate the integration of offshore renewable energy sources.
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Appendix - Results base case

scenarios different CfD designs

Table B.1: Results scenario case 1

Base case 1

Base case
scenario

Low capacity
OWF can
produce

High capacity
OWF can
produce

Low electricity
price lowest
connected
OnBZ

High electricity
price lowest
connected
OnBZ

Low reference
price

High reference
price

Low available
transmission
capacity

High available
transmission
capacity

Changing Cells:
Capacity OWF
can produce 800 640 960 800 800 800 800 800 800

Electricity price lowest
connected OnBZ 30 30 30 24 36 30 30 30 30

Reference price 25 25 25 25 25 20 30 25 25
Available transmission
capacity 2000 2000 2000 2000 2000 2000 2000 1600 2400

Result Cells:
Conventional CfD
Electricity produced
OBZ 800 640 960 800 800 800 800 800 800

Price electricity OBZ 30 30 30 24 36 30 30 30 30
Price CfD 17600 14080 21120 22400 12800 17600 17600 17600 17600
Revenues OWF 41600 33280 49920 41600 41600 41600 41600 41600 41600

Advanced CfD
Electricity produced
OBZ 800 640 960 800 800 800 800 800 800

Price electricity OBZ 30 30 30 24 36 30 30 30 30
Price CfD 21600 17280 25920 21600 21600 25600 17600 21600 21600
Revenues OWF 45600 36480 54720 40800 50400 49600 41600 45600 45600

Capability-based CfD
Electricity produced
OBZ 800 800 800 800 800 800 800 800 800

Price electricity OBZ 30 30 30 30 30 30 30 30 30
Price CfD 17600 14080 21120 22400 12800 17600 17600 17600 17600
Revenues OWF 41600 33280 49920 41600 41600 41600 41600 41600 41600

Financial CfD
Electricity produced
OBZ 800 800 800 800 800 800 800 800 800

Price electricity OBZ 30 30 30 30 30 30 30 30 30
Price CfD 17750 17750 17750 22520 12980 17750 17750 17750 17750
Revenues OWF 41750 36950 46550 41720 41780 41750 41750 41750 41750
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Table B.2: Results scenario case 2

Base case 2

Base case
scenario

Low capacity
OWF can
produce

High capacity
OWF can
produce

Low electricity
price lowest
connected
OnBZ

High electricity
price lowest
connected
OnBZ

Low reference
price

High reference
price

Low available
transmission
capacity

High available
transmission
capacity

Changing Cells:
Capacity OWF
can produce 800 640 960 800 800 800 800 800 800

Electricity price lowest
connected OnBZ 30 30 30 24 36 30 30 30 30

Reference price 25 25 25 25 25 20 30 25 25
Available transmission
capacity 1000 1000 1000 1000 1000 1000 1000 800 1200

Result Cells:
Conventional CfD
Electricity produced
OBZ 800 640 960 800 800 800 800 800 800

Price electricity OBZ 30 30 30 24 36 30 30 30 30
Price CfD 17600 14080 21120 22400 12800 17600 17600 17600 17600
Revenues OWF 41600 33280 49920 41600 41600 41600 41600 41600 41600

Advanced CfD
Electricity produced
OBZ 800 640 960 800 800 800 800 800 800

Price electricity OBZ 30 30 30 24 36 30 30 30 30
Price CfD 21600 17280 25920 21600 21600 25600 17600 21600 21600
Revenues OWF 45600 36480 54720 40800 50400 49600 41600 45600 45600

Capability-based CfD
Electricity produced
OBZ 800 800 800 800 800 800 800 800 800

Price electricity OBZ 30 30 30 30 30 30 30 30 30
Price CfD 17600 14080 21120 22400 12800 17600 17600 17600 17600
Revenues OWF 41600 33280 49920 41600 41600 41600 41600 41600 41600

Financial CfD
Electricity produced
OBZ 800 800 800 800 800 800 800 800 800

Price electricity OBZ 30 30 30 30 30 30 30 30 30
Price CfD 17750 17750 17750 22520 12980 17750 17750 17750 17750
Revenues OWF 41750 36950 46550 41720 41780 41750 41750 41750 41750

Table B.3: Results scenario case 3

Base case 3

Base case
scenario

Low capacity
OWF can
produce

High capacity
OWF can
produce

Low electricity
price lowest
connected
OnBZ

High electricity
price lowest
connected
OnBZ

Low reference
price

High reference
price

Low available
transmission
capacity

High available
transmission
capacity

Changing Cells:
Capacity OWF
can produce 800 640 960 800 800 800 800 800 800

Electricity price lowest
connected OnBZ 30 30 30 24 36 30 30 30 30

Reference price 25 25 25 25 25 20 30 25 25
Available transmission
capacity 700 700 700 700 700 700 700 560 840

Result Cells:
Conventional CfD
Electricity produced
OBZ 700 640 700 700 700 700 700 560 800

Price electricity OBZ -52 30 -52 -52 -52 -52 -52 -52 30
Price CfD 36400 14080 36400 36400 36400 36400 36400 29120 17600
Revenues OWF 0 33280 0 0 0 0 0 0 41600

Advanced CfD
Electricity produced
OBZ 700 700 700 700 700 700 700 700 700

Price electricity OBZ 0 0 0 0 0 0 0 0 0
Price CfD 18900 17280 18900 18900 18900 22400 15400 15120 21600
Revenues OWF 18900 17280 18900 18900 18900 22400 15400 15120 21600

Capability-based CfD
Electricity produced
OBZ 700 640 700 700 700 700 700 560 800

Price electricity OBZ 0 0 0 0 0 0 0 0 0
Price CfD 41600 33280 49920 41600 41600 41600 41600 41600 41600
Revenues OWF 41600 33280 49920 41600 41600 41600 41600 41600 41600

Financial CfD
Electricity produced
OBZ 700 640 700 700 700 700 700 560 800

Price electricity OBZ 0 0 0 0 0 0 0 0 0
Price CfD 41600 41600 41600 41600 41600 41600 41600 41600 41600
Revenues OWF 41600 41600 41600 41600 41600 41600 41600 41600 41600
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(a) Case 1 - Prices with different CfD designs (b) Case 1 - Revenues with different CfD designs

Figure B.1: Case 1 - base case scenarios for different CfD designs

(a) Case 2 - Prices with different CfD designs (b) Case 2 - Revenues with different CfD designs

Figure B.2: Case 2 - base case scenarios for different CfD designs

(a) Case 3 - Prices with different CfD designs (b) Case 3 - Revenues with different CfD designs

Figure B.3: Case 3 - base case scenarios for different CfD designs
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D
Appendix - Designing of CfD

D.1. Standardised design elements
Table D.1: Design options in contract design CfD

Contract design
Strike price determination Duration Exit option
Administrative 12-15 years None
Auctioned 20 years Once
Negotiated Volume-based

Table D.2: Design options in strike price design CfD

Reference price design
Averaging period Averaging method Price indexation Payout at negative prices
Monthly Base None (fixed price) Full stop
Hourly Peak Inflation-adjusted Max strike
Annual Technology-specific volume weighted Stop if 6h < 0

Table D.3: Design options in clawback design CfD

Clawback design
Payment direction Clawback at low prices
Netted Full
Two-sided Max spot

85



D.2. Morphological charts 86

D.2. Morphological charts
Table D.4: Unfilled morphological chart

Function Mean 1 Mean 2 Mean 3 Mean 4 Mean 5

Stimulate investments Strike price Reference price Strike price with
cap and floor

Fixed hourly
remuneration

Deal with volume risk Capability-based Fixed hourly
remunartion

Incentivice market to
work efficiently

Actual produced
Electricity plays a
role

Reference price Cap and floor
strike price

Difference between
actual production
andreference
generator

Difference between
actual production
and expected
production due to
weather forecast

D.2.1. Option 1: Advanced CfD design

Table D.5: Morphological chart advanced CfD design

Function Mean 1 Mean 2 Mean 3 Mean 4 Mean 5

Stimulate investments Strike price Reference price Strike price with
cap and floor

Fixed hourly
remuneration

Deal with volume risk Capability-based Fixed hourly
remunartion

Incentivice market to
work efficiently

Actual produced
Electricity plays a
role

Reference price Cap and floor
strike price

Difference between
actual production
andreference
generator

Difference between
actual production
and expected
production due to
weather forecast

D.2.2. Option 2: Capability-based CfD design

Table D.6: Morphological chart capability-based CfD design

Function Mean 1 Mean 2 Mean 3 Mean 4 Mean 5

Stimulate investments Strike price Reference price Strike price with
cap and floor

Fixed hourly
remuneration

Deal with volume risk Capability-based Fixed hourly
remunartion

Incentivice market to
work efficiently

Actual produced
Electricity plays a
role

Reference price Cap and floor
strike price

Difference between
actual production
andreference
generator

Difference between
actual production
and expected
production due to
weather forecast

D.2.3. Option 3: Capability-based CfD design with a cap and floor
strike price

Table D.7: Morphological chart capability-based CfD design with a cap and floor strike price

Function Mean 1 Mean 2 Mean 3 Mean 4 Mean 5

Stimulate investments Strike price Reference price Strike price with
cap and floor

Fixed hourly
remuneration

Deal with volume risk Capability-based Fixed hourly
remunartion

Incentivice market to
work efficiently

Actual produced
Electricity plays a
role

Reference price Cap and floor
strike price

Difference between
actual production
andreference
generator

Difference between
actual production
and expected
production due to
weather forecast
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D.2.4. Option 4: Financial CfD with a reference generator

Table D.8: Morphological chart financial CfD with a reference generator

Function Mean 1 Mean 2 Mean 3 Mean 4 Mean 5

Stimulate investments Strike price Reference price Strike price with
cap and floor

Fixed hourly
remuneration

Deal with volume risk Capability-based Fixed hourly
remunartion

Incentivice market to
work efficiently

Actual produced
Electricity plays a
role

Reference price Cap and floor
strike price

Difference between
actual production
and reference
generator

Difference between
actual production
and expected
production due to
weather forecast

D.2.5. Option 5: Financial CfD with weather data

Table D.9: Morphological chart financial CfD with weather data

Function Mean 1 Mean 2 Mean 3 Mean 4 Mean 5

Stimulate investments Strike price Reference price Strike price with
cap and floor

Fixed hourly
remuneration

Deal with volume risk Capability-based Fixed hourly
remunartion

Incentivice market to
work efficiently

Actual produced
Electricity plays a
role

Reference price Cap and floor
strike price

Difference between
actual production
and reference
generator

Difference between
actual production
and expected
production due to
weather forecast
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