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Abstract
The contract for difference (CfD) auctions are the cornerstone of the UK electricity sector’s
decarbonization policy and were introduced as part of the Electricity Market Reform in 2013. The CfD
auctions appear to have been successful in achieving low bids for low-carbon technologies, especially
offshore wind power. However, the design of the auction increases the probability of speculative
bidding, while the one-shot nature of the auction prevents bidders from learning and from utilizing
information efficiently. We show that implementing a stringent non-delivery penalty to induce truth telling
can improve deployment rate without increasing support costs. Moreover, by holding regularly
scheduled (annual, for example) auctions, information on technology cost decreases can be better
incorporated into the bids, lowering investor uncertainty and thus having a positive effect on support
costs.
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1. Introduction
The UK Contract for Difference (CfD) auction scheme, aimed at supporting renewable energy, is an
interesting research subject. The low bid prices observed for offshore wind support have gained
significant attention from the media. For allocation of CfD contracts, offshore wind was classified as a
less-established technology, and we can already resort to two auction rounds for comparison (from
2014 and 2017). The design of the auction was left largely unchanged between these rounds and thus
provides a short time series ideal for qualitative and quantitative assessment of the outcome data.
Although a range of technologies were eligible in the less-established technology category, around 95
per cent of cleared projects in this pot are offshore wind. We therefore place our focus on this technology
in particular. In the second auction round (2017), unexpectedly low price levels for offshore wind have
been observed (£57.5/MWh – almost half the price realized in the first round). Costs of offshore wind
have been on a descending cost trajectory, but looking at international technology cost reports (such
as IRENA (2018)) there is insufficient evidence for such a steep decline.
These extremely low bid prices for offshore wind have raised several questions. Are the support levels
high enough to construct viable offshore wind projects? Does the low clearing price reflect a decline in
technology cost or an increase in efficiency across the supply chain, or are there alternative
explanations for such low prices? In any case, it remains to be seen whether the planned capacity will
actually be built and whether the UK will be able to fulfil its targets in renewables deployment. This
paper aims to contribute to the discussion by analysing the CfD scheme and the recently achieved
auction results in the UK from both a qualitative and a quantitative angle, to gain some perspective and
provide the speculations raised with some substantiated background.
A possible explanation for the observed auction outcome is that a non-stringent penalty for failure to
deliver the project, along with a long lead time, turns an awarded CfD auction into a kind of ‘real option’
for developers. Specifically, developers might expect technology costs to drop further over the next few
years, such that these projects become profitable. If bidders’ calculations turn out to be wrong, they
face no stringent penalty for non-delivery in the auctions (a similar research question was assessed
beforehand in Welisch (2018)). At the same time, the scheme’s one-shot auction design has a lot of
inherent uncertainty towards both the capacity awarded and the competition levels in the respective
delivery years (points in time at which their project should go online). For the first round, executed in
2014, planning ahead for five different delivery years came with a lot of uncertainty concerning
technology cost developments, especially for later years.
The outline of this research paper is as follows. Section 2 discusses the CfD contract allocation process
and auction design. The development of the different auction outcomes – in particular the participation
levels, bid prices, and timing of projects – are analysed in section 3.1. The empirical outcomes of the
past two auction rounds are first evaluated using findings from financing literature (3.2) and then in the
light of real options analysis (3.3). This empirical analysis provides first insights into the overall
efficiency, benefits, and potential pitfalls of the scheme. Then, in section 4, an agent-based model,
previously developed to assess the CfD auction for pot I technologies in Welisch (2018), is used to
simulate the CfD auctions, and variations of it, to understand the bidding process and the determinants
of the auction outcomes. The findings from the qualitative and quantitative analysis are taken into
account to provide an interpretation of the empirical auction outcomes. We also show variations of the
scheme aimed at improving its take-up and also its price-finding mechanism and deployment rate 1
(section 4.5). All results are discussed in section 5, to give an outlook on further developments of
offshore wind support in the UK.
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So far, one of the awarded project developers of the second pot II technology CfD auction has failed to sign a contract,
potentially due to ‘aggressive’ bidding (‘CfD2 project misses cut: Redruth energy-from-waste site fails to sign contract’,
renews.Biz, 9 October 2017. http://renews.biz/108762/cfd2-project-misses-cut/ ).
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2. Understanding the UK CfD auctions for pot II (less mature) technologies
Contracts for Difference are the UK’s main policy mechanism to incentivize investment in low-carbon
technologies; they were introduced as part of the 2013 Electricity Market Reform. A CfD is a private law
bilateral contract between low-carbon generators and the Low Carbon Contract Company (LCCC), a
government established company. The contract offers generators a fixed price over (typically) a 15year period by paying them the difference between the CfD’s strike price and a market reference price.
If the market price is above the CfD price, generators need to pay the difference to the LCCC, and this
is then passed on to consumers through their electricity suppliers. Since the introduction of the scheme,
around 47 contracts have been awarded, most of them through auctions (NAO, 2017).
Initially, the budget for CfD contracts was set on the basis of two technology categories in two pots: pot
I included established technologies (such as onshore wind and solar PV) while pot II comprised lessestablished technologies. The allowed participants in pot II are a variety of renewable technologies:
advanced conversion technology (ACT), anaerobic digestion, dedicated biomass with Combined Heat
and Power (CHP), geothermal, tidal stream, and wave. Since the end of 2015, the government has
excluded onshore wind and solar as eligible technologies for subsequent auctions 2 and thus the
majority of the budget allocated went to less-established technologies in the last auction (Lexology,
2016).
The allocation process for CfD contracts is as follows: National Grid (NG), the delivery body for the
Electricity Market Reform, invites applications for the available budget in the pot. Before being able to
send applications, bidders have to fulfil a certain number of criteria. A variety of pre-qualification criteria
are necessary, including the need for all spatial planning requirements to be met and permits issued.
Bidders also have to hold a grid connection agreement. Furthermore, the project must be shown to not
be in receipt of funds from other renewable energy source (RES) policies. If the installed capacity is
above 300 MW, a ‘supply chain plan’ which details how the project will promote competition, innovation,
and skills in the supply chain must be submitted and approved (see Fitch-Roy and Woodman (2016)
for more details).
Developers’ bids include information about technology type, their price, capacity, and the delivery year
of the project. NG ranks all projects on the basis of their strike price, irrespective of the year for which
they bid into. If the applications result in a budget breach in any year, NG will hold an auction to allocate
contracts. The auction stops if a project’s costs exceed the budget cap when it is added to the cost of
already awarded projects. Also, if the budget is not breached but the maximum capacity set for some
of the fuelled technologies (maxima technology) is exceeded, there would an auction for maxima
technology only. The bids in the CfD auction are capped upwards by technology-specific ceiling prices
known as ‘administrative strike prices’. These ceiling prices are aligned to the previous support levels
given by the Renewables Obligation (DECC, 2014). In the event that applications do not lead to a
budget breach and/or capacity breach, the contracts will be awarded in a non-competitive fashion on
the basis of an administratively set price. Successful applications then sign a contract with the LCCC.
If a developer is unable to fulfil its contract, it will be subject to a non-delivery disincentive mechanism.
This means that it would not be able to participate in the next CfD auction if it occurs in the following
two years (NAO, 2017). This penalty, however, is considered to be non-stringent.
The auction for allocation of the contract for difference is a multi-unit,3 sealed-bid4 uniform price (payas-cleared) auction format. Uniform pricing means that all successful bidders in the same delivery year
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This decision may change and these technologies might be allowed to participate in the auction again.
‘Multi-unit’ means that bidders submit bids for multiple units of a good: in this auction setting, the ‘good’ is capacity – in other
words, they submit a bid per MWh for multiple units of MW of a plant they are planning to construct. The CfD awarded
thereafter is, however, for the electricity generated (per MWh actually offered at the market).
4
A sealed-bid auction, in comparison to an open-bid format, is an auction where all bids are collected at the same time (or up
to a certain point in time); they are then ranked in a particular order (in this case: lowest to highest). Bidders only learn their
3
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receive the same remuneration, which is determined by the highest awarded bid (strike price). This bid
thus determines the remuneration that all bidders in this technology category and delivery year will
receive for each unit of electricity generated.
In the CfD auction scheme, one round takes place, inviting participants to place their bid into a selection
of delivery years. So far, two auctions have been held for less mature technologies – one in 2014 and
one in 2017 – offering the option to bid into five (2014) and two (2017) delivery years respectively. The
CfD auction in the UK has certain features that create some degree of uncertainty for both prospective
investors and power system planning. First it does not follow a fixed schedule, so developers cannot
plan in advance with the anticipation of an upcoming auction. Second, auctioned volumes are
determined by an annual budget, not by a particular amount of capacity: the budgets are capped yearby-year such that a winning bid must be comprised in the budget cap for the respective delivery year.
This means it is hard to predetermine which amount of capacity will come online at what point in time,
compared with the case where a fixed schedule exists and a fixed amount of generation capacity is
tendered. Furthermore, the contract for difference entitles project developers to the strike price, but
generators need to sell their resources in the electricity market (in other words, the CfD requires
resources to participate in the market). This secures a certain income for the generator, but does not
allow that entity to collect all revenues from the electricity market (particularly the case for independent
generators). This is because lenders require project developers who seek project finance to secure a
suitable Power Purchase Agreement (PPA). In the UK there is a market for renewable PPA contracts,
but offtakers apply a discount when offering a PPA to CfD contract holders.

3. Qualitative analysis of the auction outcomes
3.1 Empirically observed auction outcomes and expectations for offshore wind
Offshore wind made up the main share (over 95 per cent) of the awarded technologies in the past two
auction rounds for non-mature technologies. Besides this, advanced conversion technologies also
placed some successful bids in the last two rounds. All other technologies were not awarded. It is not
known whether they actually participated in the auctions or submitted invalid bids. Furthermore, only a
few large projects were awarded, while for some delivery years (such as 2019/20 and 2020/21), no
offshore wind bids were placed at all in the first round (2014). The exact reason for the lack of bids in
the aforementioned delivery years during the first round is unclear. It might be because the project sizes
submitted were still relatively small, as bidders first wanted to become accustomed to the new form of
renewable support policy (namely CfD auctions). It could also be due to the fact that competing subsidy
schemes existed at the same time (in other words, the Renewables Obligation under which more than
5 GW of offshore wind were accredited in 2017/18, see, for example, Mahoney (2018)). One could also
argue that the CfD scheme is quite complex (see, among others, Fitch-Roy and Woodman (2016)) and
contains several uncertainties for investors (such as an unfixed schedule, budget cap, and difficulty of
finding a suitable PPA offtaker). While the Renewables Obligation will cease to exist in 2019, the CfD
auctions will continue to provide support to offshore wind and other ‘non-mature’ technologies until they
reach market maturity.
From the perspective of prices, CfD auctions have been largely effective in lowering the cleared price
for offshore wind between the first and second rounds. In Figure 1, auctioned capacities (translated
from the budget using the budget impact equation provided by the Department for Business, Energy &
Industrial Strategy (BEIS), making use of the strike prices achieved) are shown, together with the share

competitors’ bid prices after the auction has ended, that is, they do not have a chance to adapt their bids according to their
competitors, as is the case in an open-bid auction. The differentiation is also often made into static and dynamic auction
formats.
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of the actually awarded capacities and the strike price. Overall, the strike price exhibited a dramatic
decrease (especially in the second auction round, which took place in 2017). Namely it went down to
£57/MWh for the delivery year 2022/23 – less than half the price of projects which are currently under
construction. According to Evans (2018), the definition of subsidy-free renewables favoured by the UK
Treasury requires a subsidy-free scheme to have a cost below the market price – currently around
£50/MWh in the UK – from day one. The most recent auction outcomes therefore place offshore wind
very close to the subsidy-free category.
Figure 1: UK CfD Pot II (non-mature technologies) outcomes of the 2014 and 2017 auction rounds

Source: BEIS, authors

Similar trends are also being observed in other European jurisdictions. Auction-based support for
renewable energy introduced by the European Commission in 2014 foresees a gradual implementation
of ‘competitive bidding processes’ for allocating public support (European Commission, 2014). In most
European jurisdictions, the support is in the form of a premium on electricity market prices, and
developers bid for the premium. This means that if market maturity of a technology is reached (given a
functioning scheme), zero-subsidy bids (meaning also bids in line with electricity market prices) would
be placed in these bidding processes, showing that additional support for the respective technology is
no longer necessary. Zero-subsidy bids have already been placed in some European countries such
as Germany (to be delivered in 2024 and 2025) and the Netherlands (to be delivered in 2022); however
(as explained in the following), this does not necessarily include hidden subsidies (Evans, 2018).
In Germany, for instance, Orsted and EnBW submitted bids to build an offshore wind farm in 2024/25
without any subsidy (Aurora, 2018). The developer expects that by the delivery year, large-scale
turbines of the order 15 MW would become available and thus create significant production and O&M
efficiency. In a similar manner, Vattenfall and Statoil have made subsidy-free bids in the recent Dutch
auction for offshore wind.
Although the trajectory of bid prices observed shows a common trend towards subsidy-free renewables,
there are some crucial differences between the UK CfD model and the European premium scheme for
supporting offshore wind. First of all, in the UK, bidders bid for a contract for difference, in other words,
in every settlement hour, they receive a specific amount, not more, not less. However, in the premium
model, in the case of high hourly electricity spot prices, generators can keep the surplus. Second,
according to Evans (2018), if the government provides the grid connection as a de-risking measure, or
other services such as site location scoping, this contains an additional hidden subsidy for the
renewables project. While in the UK generators have to pay for all these features, in Germany, the
4

Netherlands, and Denmark grid connection and other parts of the project are guaranteed by the state
(Evans, 2018) – thus making the outcomes of auctions not directly comparable. Specifically, this means
that in order to take prices in the other countries into account, the investment costs have to be reduced
by the respective part that is guaranteed by the state. As grid connection is concerned, this is quite a
substantial amount. Lastly, the duration of the support scheme is also important. While in Denmark,
Germany, and the Netherlands support is paid for 20 years, in the UK it is only guaranteed for 15.
Therefore, taking into account these additional factors, the UK CfD auction result is one of the lowest
and thus raises the question of realization potential – or rather if there is a risk of default.

3.2 The auction outcome in the light of literature: a qualitative assessment
An important question concerns the factors which may influence the bidding behaviour and investment
decision of investors in a renewable technology such as offshore wind. Such analysis is useful, as it
provides an initial interpretation of the auction outcome. The literature refers to a range of key factors
such as: uncertainty, flexibility, ability to hedge, expectations concerning the carbon price path, and
expectations of technology cost development that affect the investment decision of a project developer.
Martínez-Ceseña and Mutale (2012) and Martínez-Ceseña and Mutale (2011) argue that flexibility
concerning the timing and scope of a renewables project can help investors make the most profitable
choices. As offshore wind bidders in the UK CfD auctions can bid into different delivery years and,
furthermore, phase their projects, the CfD scheme offers a lot of flexibility that allows investors to bid
very optimistically.
Uncertainty also plays a key role in the decision making of investors. It can affect not only the
specifications of a project but also its timing. Heggedal et al. (2011) for instance, confirm that the value
of waiting is higher under shifts in political regimes. Furthermore Boomsma et al. (2012) state that
uncertainty with respect to a change of support scheme creates an incentive to defer investment – as
waiting longer increases the probability of lower technology costs and increases the level of information
on the side of the bidder. The authors also investigate how the behaviour of investors is affected by
regulatory uncertainty: an ‘option’ in their definition refers to the ability of the investor to postpone
investment until the economic environment justifies further commitment of funds. This could explain the
tendency to phase projects in the offshore wind CfD auctions in order to spread the risk over several
years.
Recent literature on financing renewables and renewable energy support shows that underbidding (in
other words, submitting bids that lie below the true costs) often takes place in expectation of higher
carbon prices (May et al., 2017) especially in places where a generator’s remuneration is linked to
power prices. The bidders expect increased carbon prices to place an upward pressure on wholesale
power market prices. The risk of factoring such expectations into the bid is that if carbon prices and
electricity prices do not develop as envisaged, projects could become unviable and would thus not be
constructed. In the case of the UK carbon price, this is not crucial, as during the terms of CfD contracts
project developers are shielded from the market price. However, CfD contracts are only awarded for 15
years and generators’ revenues post CfD are of critical importance. It could be the case that bidders
form an expectation about developments in the electricity market price beyond the 15-year horizon and
factor that into their bidding.
A recent report by WindEurope (2017) shows the importance of hedging in financing offshore wind
projects. The authors find that hedging can impact the capital structure of a project, by creating more
debt capacity and enhancing risk adjusted returns. They show that in Europe, offshore (and total) wind
investments declined for the first time in 2016 – an expected decline, due to the transition to auctionbased support schemes. Offshore wind has a much higher share of corporate finance compared to
onshore. This makes hedging crucial in both the long and the short term. For offshore investments,
therefore, increased risks due to fluctuations in income from the electricity market have a strong
influence on investment decisions. Having a steady flow of income – even if comparatively low –
secured by government contracts (CfDs) thus becomes more appealing to these investors. This could
5

potentially increase the competition in offshore wind auctions and might be among the reasons for the
very low levels of support that bidders aimed for in the second round of the CfD auctions in the UK.
Finally, Bowman and Moskowitz (2001) show that companies need to perform both strategic and
financial analysis. The financial analysis concerns all known factors (such as costs of seabed lease)
whereas the strategic analysis concerns the assessment of uncertainties (such as technology cost
developments or developments on the electricity spot market). The strategic part of the investment
strategy is crucial and seems to be non-negligible, especially when offshore wind auctions are
concerned, due to the large uncertainties when it comes to cost developments for future projects. Other
reasoning – such as first-mover advantage and securing important market shares or grid connection for
later stages – is also likely to influence bidders, in addition to the expected returns from their currently
offered projects. These factors are beyond modelling and, because of their commercial sensitivity, data
about them is not often shared by investors or electricity generation companies.

3.3 The UK auction outcomes in the light of real options analysis
One conclusion from the above literature analysis is that real options analysis can also deliver some
useful insights in the interpretation of the UK CfD auction outcomes. This approach to the capital
investment decision provides a different perspective on the valuation of projects, as it captures the value
of flexibility as well as strategic value, and provides intuition that may be contrary to popular thinking.
Commonly, a real options approach can be summarized as a two stage decision process – first, a
company makes a small investment and a few years later, when more information is known, the decision
about a large investment is made (Bowman and Moskowitz, 2001).
A company’s decision process in the UK CfD auctions has been exemplified in Figure 2, which is an
adaptation of the real options assessment made by NERA (2017). What is shown, are the following
(simplified) steps of the different investment options (phases t = 0…5).5 The phases are implemented
to represent the bidder’s liberty to decide on whether to construct all the capacity at once or, instead,
to phase the project and distribute it over more, at maximum three, construction periods. Furthermore,
very simplified assumptions are made on the revenues that can be achieved following different
developments in the market and in technology costs – and the corresponding decisions made by the
investor. As the UK CfD auctions do not foresee any substantial penalty payments for non-delivery,
bidders can easily decide if they want to construct their project under the CfD scheme or default,
depending on the technology costs in the respective delivery year. To give a very simple, made-up
example, we can assume that the sunk costs for a project to qualify are £5 million. So the decision to
participate in the auction leads to –£5 million for the investor in phase 0. The investor has a certain
estimate concerning the development of technology costs. If they fall, her project will be profitable (let’s
say £30 million). If technology costs stay high, the project would be non-profitable (for example –£15
million). In the case where technology costs are low, the investor constructs the project. When the
project is not profitable, the bidder can default and minimize the loss to the sunk costs from phase 0, or
construct only one phase at a loss and then wait for the cost developments before potentially
constructing the second phase, or deciding against it.
Overall, one can see that the scheme gives investors a variety of options and thus leads to substantial
uncertainty concerning the actual deployment that will be achieved in the long term.
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Whereas (NERA, 2017) show how the real option for auction participants is the average between the penalty and the
expected loss from constructing a project – in this particular case, no penalty exists, so the investor only accounts for the sunk
costs from prequalifying, which are comparatively low.

6

Figure 2: Simplified decision process in the CfD auction participation as according to real
options analysis

Source: authors

4. Quantitative (model-based) assessment of the auction outcomes
The previous qualitative analysis provides interesting ideas and potential first explanations of the
empirically observed auction outcomes. To see if these explanations can be quantitatively validated,
we model two variations of the auction scheme, showing how the auction participants’ behaviour is
influenced by different auction design parameters. There is some degree of uncertainty as to whether
the UK CfD auction scheme will actually lead to projects being constructed under the very low support
levels that were achieved in the second auction. We will therefore assess two variations of the scheme
with an agent-based model. First, we look at how investor rationale changes when bidders account for
a penalty in their bidding behaviour. Second, in order to look at uncertainty towards cost development,
learning effects, and investor certainty, we compare the current one-shot auction outcome with a multiannual scheme.
For the modelling part, we build on work already executed in Welisch (2018). We also take into account
the weighted average cost of capital (WACC) based on the most recently available technology cost
data and on studies on risk perception concerning renewables investments. We look into predicted cost
trajectories for technologies and find a range of expected support for cost developments, from which
we calculate a reasonable LCOE to be expected for offshore wind in the respective delivery years.

7

4.1 Methodology: agent-based simulation of a (counterfactual) CfD auction
In auction theory, the bid function maps an agent’s cost for realizing the project (or valuation of a good)
to a bid price. In uniform pricing, agents can receive 𝑏, the highest accepted, or lowest not awarded,
bid, or 0 depending on the auction’s outcome and try to maximize their profit (Krishna, 2010) The bid
function is derived from auction theory. Several studies have shown that revealing one’s true cost in a
multi-unit auction with uniform pricing (when each agent only places one bid) or in a second price
auction – the single unit equivalent – is a weakly dominant strategy (Milgrom, 2004) β is thus the bidding
strategy applied:
𝛽(𝑐𝑡𝑖 ) = 𝑐𝑡𝑖

(1)

where 𝑐𝑡𝑖 is the true cost of bidder 𝑖 in the round 𝑡. In the simulation, agents thus bid truthfully (their
exact costs 𝑐) in every round 𝑡. According to theory, the outcome of a functioning uniform pricing regime
is incentive-compatible (Klemperer, 2004) (However, a different strategy is modelled for the case where
agents have an incentive to bid strategically instead of revealing their true costs, which is shown later
on. As one auction is held for several delivery years, participants have to make an estimate on the
competition in the delivery year they bid into and calculate their strategic bid. The assumptions made
for this are outlined in the following sections. To average over stochastic elements of the simulation
(Hailu et al., 2011), all results presented are averages of 100 simulation rounds.
The auction design has been simplified: we have used the annually capped budget to calculate an
amount of capacity auctioned off in each delivery year. Participants in the UK renewables auctions have
to estimate which amount of tendered capacity is represented by the annual budget. Thus, for the
model, the same procedure was performed to transform the monetary budget cap into an amount of
MW in each delivery year. For this, we used the official valuation formula depicted in the 2014 allocation
framework (DECC, 2014). This procedure has already been validated and explained in Welisch (2018).
The model was then calibrated for an offshore wind auction with additional ACT bidders, as was
empirically observed.

4.2 Modelling of the participants (agents)
The depiction of the agents takes into account a variety of cost data and assumptions. As it is difficult
to get hold of actual offshore wind cost data or projections that generators make for future investments
(due to their commercial sensitivity), we rely largely on publicly available studies such as IRENA (2018)
or McKinsey (2018) and interpolate for missing years to receive appropriate cost estimates.
No information was available on the number of total bidders, so we assume that only the actually
awarded projects participated in the auction. 6 The budget cap (maximum volume) was not reached in
any of the delivery years. On average 500 MW of projects bid into the first delivery year, with a slight
increase in each subsequent year. The auction results were further analysed to approximate the size
of the participating projects.
Our main focus lies on offshore wind bidders. To achieve a realistic depiction of the auctions that took
place in 2014 and 2017, however, we also model those participating ACT bidders who are able, even
though they are only of negligible size, to impact the outcome of the auction. For the ACT bidders, we
draw on empirical auction outcome data and interpolate between bidding years whenever no cost
estimate is available. For offshore wind bidders, however, more complex and strategic bidding
behaviour is depicted. The assumptions taken on the participating bidders are summarized in Table 1:

6

The budget cap was not reached in any of the delivery years. This might be because the last project had submitted a bid with
a capacity that exceeds the budget for the delivery years, or because projects did not qualify at all or had submitted bids above
the ceiling price (‘administrative strike price’). As neither factor would have affected the actual auction outcome, the assumption
on participants is valid and the level of competition that is modelled is a realistic depiction of the auctions that took place in
2014 and 2017.
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Table 1: Modelling input parameters for the agent-based model replication of the UK CfD pot II auctions
Original Scheme

Risk
ACT

Cost range

Cost range

Size

Range of

Cost degression

(p/kWh)

(p/kWh)

(MW)

cost

2014

2017

(Delivery

(Delivery

year

year

2017/18)

2020/21)

9; 11.4a

5; 7.4

5; 25

(–10/10%)

as observed empiricallyc

9; 11.4

5; 7.4

5; 25

(–5/5%)

as observed empiricallyc

8.4; 13.8

6.6; 11a

300;

(–10/10%)

4% annually; 23% last roundd

(–5/5%)

4% annually; 23% last roundd

uncertainty

loving
Risk
averse
Risk

Offshore

loving

Wind

Risk
averse

1000
8.4; 13.8

7.4; 12.3b

300;
1000

Note: a Risk-loving bidders assume a discount period of 20 years (later up to 30, for the 2017 bidding round), as
they expect positive developments of the market price; b Risk-averse bidders want to write off their project in the
timely constraints of the support scheme, namely discount 15 years; c Degression as observed empirically,
interpolated for missing years; d Degression in first auction based on cost data by (McKinsey, 2018), in second
auction based on empirically observed extreme decline and predictions by (IRENA, 2018).
Source: authors

To depict a realistic range of participants, we let them differ in their respective cost distribution. Longterm bidding behaviour is also differentiated, as we assume a certain preference towards later bidding
years for some bidders, inferring that not all bidders have a sufficiently established value chain to deliver
projects within a short-term construction period. Assumptions on technology cost degression influence
bidders’ valuations of future delivery years. In the base modelling case (repeating the CfD auctions with
all parameters available in the simulation) this is implemented as five (two) delivery years with a yearby-year cost degression, but without learning from the outcome of previous delivery years.
We also assume that bidders differ in terms of risk aversion. We have one bidder type that takes more
risks and another that is risk averse. The risk-loving bidder type has positive expectations towards the
development of electricity market prices and thus discounts her investment over 20 years, assuming
that after 15 years of receiving the CfD, revenues from the market will be positive and the project
beneficial. The risk-averse type is less optimistic and wants to write off the project before it falls out of
the scheme, in other words, after 15 years of project lifetime. For the latest bidding round, for those
projects that are phased way into 2023, we can even assume that some of the risk-loving bidders expect
a project lifetime of 30 years and can thus make even more optimistic estimates towards their necessary
LCOE. Overall, we use several official cost and technology data sources to calculate the expected
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LCOE for the respective types: IRENA (2018), McKinsey (2018), and TU Wien’s Green-X Model Input
data.7
Table 2 depicts which input parameters were changed for the agents in comparison to Table 1, for the
following varied simulations of the CfD auctions. In the following, the procedure as well as the underlying
theory will be explained in more detail.
Table 2: Changed modelling input parameters for the variations of the CfD auction scheme
(with a penalty/annual auctions)
Scheme with penalty
Annual auctions
No range of uncertainty for any technology; bid

Cost degression changes (adaptation to

submission of true costs only

previous rounds and recently available cost
data (McKinsey, 2018)): 6% annually

Source: authors

4.3 Penalty vs. no penalty
In the UK CfD auction, underbidding due to a lack of penalties or pre-qualification criteria is probable.
As shown above, bidding behaviour changes, depending on whether the bidder factors in a penalty or
not. In the base case (a repeat of the CfD scheme), the auction scheme does not include a penalty (or
a financial pre-qualification that could be lost). Therefore, bidders can without consequence reject an
awarded bid if they experience winners’ curse. 8 The base case bidders are thus modelled with a
different bidding function because they are uncertain about their true costs (due to the lack of penalty)
so they might bid below (or above) them. This happens for two reasons. First, to increase their award
probability or the awarded bid price and thus their expected revenue. Second, because they are not
induced to truth telling/calculating their exact costs, as the auction scheme does not rigorously follow
up on a potential default.
In the model, this is implemented as follows: agents receive a signal on where their costs lie (in other
words, the model assigns to the participant the cost from their respective distribution). This signal lies
in a cost range, taking into account uncertainty concerning the costs of a project. This uncertainty
increases the likelihood that bidders submit a bid below (or above) their true costs. The bidder receives
a signal 𝑥 with an uncertainty factor 𝛿, which determines its bid price 𝑦:
𝑦=𝑥+ 𝛿

(2)

where 𝛿 𝜖 [−𝜀, 𝜀]

The bidding function resulting is:
𝛽(𝑐𝑡𝑖 ) = 𝑥𝑡𝑖 − 𝛿

(3)

Where 𝑖 is the agent and 𝑡 is the respective delivery year the agent bids into (a point in time). The
uncertainty factor δ is varied, to model different levels of risk aversion among bidders. As the bidder
has the option to default, she is able to submit a bid in the lower bound of the range of her signal, even
though it might result in a loss. This means that bidders in this particular setting act in a less risk averse
manner than those confronted with a cost in the case of defaulting. If the auction outcome is not
favourable for the bidder (in other words, it results in a negative profit), she does not accept the bid.

7

Energy Economics Group website, http://www.green-x.at/.
Meaning that they strategically or accidentally underbid and now cannot cover their costs, because the final strike price is too
low.
8
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The equations shown are adaptations of Board (2007). The distribution of the uncertainty factor is
assumed to be either 5 or 10 per cent above or below the cost signal [–5%, 5%], [–10%, 10%],
comparable to Welisch (2018).
We also model counterfactual schemes that apply two changes to the auction design, each reducing
the uncertainty of bidders. The first variation assumes a penalty in place that forces bidders to submit
their true costs, thus making auction participation less of a real options approach. The second variation
assumes that annual auctions take place, instead of there being a one-shot auction for several delivery
years. This enables bidders to take more recent cost estimates and the competition level of previous
rounds into account. It also gives them a better idea on the overall capacity available – potentially
attracting more participants. In short, we model a comparison of a) having bidders solely submit their
true costs and b) having bidders participate in rounds for each delivery year and thus being able to bid
more precisely. The counterfactual schemes, together with the simulation repeating the actual auctions
assuming bidder rationality, will show us if the empirical outcomes are actually counterintuitive.

4.4 Annual vs. one-shot auction
Comparing the annual and the one-shot auction in agent-based modelling gives important insights into
how a more consistent policy might improve participation rates in the auction and, furthermore, it allows
decreases in technology costs to be directly reflected in necessary levels of support.
The one-shot auctions are modelled as two separate model runs, where bidders decide on one (or
several) delivery years. As the decision has to be made long term (especially in the 2014 auction round)
and no information has been generated from previous auction rounds, these bidders are less informed
than those participating in the proposed counterfactual annual auction scheme. To model this, we make
use of the empirical auction outcomes as a starting point for the bidders’ cost distribution, and
interpolate or add additional cost data when necessary. We assume that bidders at an early stage are
not informed about later technological developments – such as wind power plants with a 30-year lifetime
or new turbine sizes.
In the annual auction scheme, bidders can adapt their expectations on technological development
annually and are able to accommodate information as described above. We assume a more consistent
cost degression, making use of McKinsey’s (2018) estimations on the developments of technology costs
for offshore wind. Positive expectations – such as the development of turbine size or overall plant
lifetime – can be reflected in the bids more easily. Furthermore, participation might be enhanced as the
policy setting becomes more reliable 9 – bidders get an idea about the capacity that is reflected in the
overall annual budget, the levels of competition, and the costs of their competitors – making the market
more transparent. This transforms the auction scheme into a means of tackling the information
asymmetry – as it was originally envisaged.

4.5 Findings from the agent-based simulation
The first important finding from (re-)simulating the auctions in the agent-based model, is that the bid
prices to cover the participant’s costs, taking into account the (albeit scarcely) available data on
technology costs, are higher in the simulation than those observed empirically – see Figure 3. Maybe
this is due to a lack of information on particular technological breakthroughs that will lower costs for
offshore wind even more drastically than expected by expert publications. The finding could, however,
also prove our initial hypothesis, that some bidders in the auctions see being awarded rather as an
option, but not as an obligation, to construct a power plant.
In the following, we show the findings from varying the auction design elements explained earlier, to
help understand the empirically observed bidding behaviour. First, we repeat the auction as it took

9

This was, however, not modelled as it would a) make the outcomes too deterministic and b) exacerbate the comparison
between the variations, as outcomes could not be attributed unambiguously to the change in the auction design.
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place, but using actual cost data to model the LCOE that offshore bidders would have needed to actually
cover their costs in the respective delivery years. Assuming limited information on technology cost
developments in 2014 and 2017, we have bidders assume linear cost degression over the five delivery
years in the first round, and in the two years of the second round. We also account for the outcomes
that were observed empirically and use all this data to construct a realistic bid price range.
We then have bidders participate in an auction scheme where a functioning penalty is in place. This
functioning penalty forces bidders to submit their true costs: defaulting because of being awarded
support costs that are too low results in a non-viable project and would therefore lead to a financial loss.
The findings from modelling are depicted in Figure 3. It can be seen that there is not a lot of difference
between the bid prices achieved in the two schemes. However, the case including a penalty shows a
smoother development and slightly lower bid prices. This might be due to modelling properties, as we
assume that the bid price variation in the case without a penalty ranges around the same level as in the
‘penalty case’. As the bid can be higher or lower (see above) and as we assume bidder rationality, this
can lead to the overall bid price being slightly higher or lower, depending on the simulation round. The
difference is, however, marginal. The important observation here is that a penalty does not increase
overall support costs. Furthermore, the simulation shows that on average 5 per cent of capacity per
year will not be constructed in the non-penalty case. This seems reasonably low, however, as this is an
average value; in an extreme case, as much as 1 GW of offshore wind power could be missing in a
certain delivery year. A penalty could thus improve the scheme in terms of deployment and also of
planning security for developers (Welisch, 2018).
Figure 3: Simulation of the given auction scheme with and without a penalty (a penalty
inducing truthful bidding) and the empirical auction outcomes as comparison

Comparison of one-shot auction simulations
14

Bid price (p/kWh)
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8
no penalty

6

penalty
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empirical results

2
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15/16 16/17 17/18 18/19 19/20 20/21 21/22 22/23

Delivery years
Source: authors

The counterfactual scheme constructed next assumes that instead of having two one-shot auctions we
have annual auctions; this enables bidders to generate information on prices from previous rounds
(competition level, total capacity auctioned) as well as on technology cost developments. 10 Figure 4
shows the results. Basically, we can see that the updated information on technology costs becoming

10

For this simulation, we depict results for the alternative scheme with a functioning penalty. Results assuming no penalty show
a similar dispersion.
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available in each year leads to lower overall bid prices when it can be directly incorporated into
participants’ bids. One-shot auctions aiming for several delivery years, at a single point in time, leave
the auction participants with greater uncertainty concerning support cost needs for later years. Overall,
the bid prices in the one-shot auctions are at a slightly higher level compared to a counterfactual scheme
of annual auction rounds. This holds even though the extreme price decrease that has been observed
empirically in the second one-shot auction has been taken as an input to construct bid prices in the
modelling for the one-shot auctions.
Aside from achieving (slightly) lower prices, an annual auction schedule is likely to attract more
participants. This is because regular auctions generate information on costs and can improve the value
chain, which can induce a more favourable investment climate overall.
Figure 4: Simulation of the given scheme (assuming a functioning penalty and truthful
bidding) on an annual vs. a one-shot basis

Comparison of annual vs. one-shot auctions
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Source: authors

5. Discussion and conclusions
This paper investigates auctions for the allocation of offshore wind CfD contracts in the UK. To interpret
the outcomes of the CfD scheme, we first account for the investment decision, namely the decision to
participate and to what extent. For this, we use a simplified Real Option approach and also analyse the
empirical auction outcomes qualitatively, making use of an extensive literature review. The scope of a
project submitted as a bid in the auction (including phasing into several partitions) and the bid price are
two important determinants that come after the initial decision to participate in the auction. Taking into
account the observed behaviour in the auctions, together with theoretical background literature, we
demonstrate that the way the CfD auctions are set up gives participants a lot of freedom and might well
lead the participation to be a ‘real option’ rather than a commitment to construct a power plant. Agentbased modelling then provides insights into the impacts that the auction design has on its outcomes.
There is also the question of whether the level of bid prices observed empirically was rational (in other
words, the amount needed by project developers to cover their costs). Our results show that the
modelled bid prices diverge from the empirically observed ones. This could be due to overly optimistic
expectations towards technology cost development by actual bidders, where the fact that the CfD
auction has no stringent penalty for non-delivery might have had an important impact.
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Two variations of the scheme are then modelled to show how changes in the auction design might
improve overall participation rates by having the auctions generate more information (with the help of a
regular schedule), while greater planning security could be achieved at the same time. Information
asymmetry could be tackled by holding annual auctions; bidders could then learn from previous rounds
and have better technology cost estimates to submit. The same holds for having a stringent penalty in
place. Bidders facing a non-delivery penalty are more likely to reveal their true costs and make an effort
to calculate their actual support needs. This design element might deliver more certainty in terms of the
capacity actually constructed; however, it needs to be evaluated with respect to its impact on
competition. With these two improvements, the auction scheme’s goals of both achieving more secure
renewable energy sources in the UK and of supporting less mature technologies until they reach market
maturity, could be better reached. At the same time, the competitiveness of the UK’s offshore wind
market would be maintained, strengthening its value chain and providing an attractive investment
climate.
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