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Abstract

This thesis consists of three independent research papers. Using both applied
econometric methods and theoretical models, they study the functioning of elec-
tricity markets, including those for green certificates, and auction markets in the
presence of policy and market imperfections.

The first paper empirically examines the effect of regulatory uncertainty in
quota-based green certificate markets, a market-based subsidy scheme for re-
newable energy. This policy has received criticism for exposing investors to high
risk as the subsidy is determined by the market price of certificates. Using data
from the Swedish-Norwegian market and a two-step econometric procedure, this
paper shows that regulatory interventions in green certificate markets further
exacerbate price risk by resulting in periods of higher price volatility, which in
turn defers wind power investments.

The second paper theoretically analyses strategic behaviour in the electricity
market when incorporating the effect of a coexisting quota-based green certific-
ate market. Using a two-stage duopoly model, I find that when the subsidised
technology has a higher expected marginal cost than the conventional techno-
logy, the policy can improve competition and efficiency in the electricity market.
Conversely, if producers have the same expected marginal cost, the advantage
the policy creates enables the subsidised producer to bid higher for a given cost.
This is harmful to competition and results in high consumer prices of electricity.

The third paper theoretically analyses search frictions in decentralised markets
where sellers post sealed-bid auctions to sell a homogeneous good. The model
incorporates search by assuming that buyers can locate only one of two sellers in
the market unless they engage in costly search before the auctions start. I find
that this leads to price dispersion because only buyers with valuations above
a certain threshold are willing to search and attend the less visible auction. A
simulation study of the model predictions also shows that search costs lead to
ex post welfare losses by reducing aggregate consumer surplus and efficiency.
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Introduction

This thesis consists of three self-contained papers. A common theme among
them is that they are all somehow connected to electricity markets and partic-
ularly green electricity certificates, either explicitly or implicitly. Green certi-
ficates are electronic documents used in a growing number of countries to track
the origin of electricity and promote renewable energy.! These are issued to
producers of renewably sourced electricity in proportion to their generation and
can be sold in a market separate from the physical market for electricity, provid-
ing additional revenue on top of the wholesale electricity price. As such, green
certificates make it possible to put a value on the ‘greenness’ of electricity from
renewable sources, since it is impossible to distinguish the origin of electricity
once it is fed into the public grid. For example, member states of the European
Union are required to use green certificates — called guarantees of origin (GOs) —
when making claims about the use of renewable energy (European Parliament,
2018). By purchasing GOs, retailers can thus offer green electricity contracts to
consumers, and businesses can make green energy claims to reduce their carbon
footprint.

Some countries also have politically enforced quota obligations in place, where
electricity providers are obliged to procure a certain amount of green certific-
ates in proportion to their total sales. This is often promoted as a cost-effective
policy to stimulate investments in renewable energy technologies to meet cli-
mate targets, as it leaves it to the market to determine the support level in
terms of the price of certificates. However, the first two papers identify circum-
stances that can reduce the cost effectiveness of this policy and lead to higher
energy costs for consumers. The first paper empirically analyses the effect of
regulatory uncertainty in quota-based green certificate markets, using data on
certificate prices and wind power investments in the Swedish-Norwegian market.

!These certificates are sometimes also referred to as energy attribute certificates, renewable
energy certificates, guarantees of origin, among other names.



The second paper theoretically examines how the policy affects competition in
the electricity market, noting that producers should rationally incorporate the
revenues from green certificates when forming their pricing strategies in the elec-
tricity market. In a perfectly competitive market, certificates should therefore
put downward pressure on electricity prices as they reduce the net marginal cost
of producing green electricity. However, as I show in this paper, this effect may
be mitigated if there are dominant producers that strategically bid above their
marginal cost.

The second and third papers are related in that they both rely on theoretical
analysis using auction models, but they differ in the underlying assumptions re-
garding the organisation of the markets under consideration. The second paper
considers a centralised market where producers submit bids through a central
exchange, which corresponds to the organisation of most wholesale electricity
markets. Other markets, such as those for green certificates in the EU and
the US, are decentralised. The third paper focuses on a friction common in de-
centralised markets: the often time-consuming search buyers and sellers have to
undertake to locate each other as there is no central exchange to turn to. Unlike
the first two papers, this paper does not explicitly focus on electricity markets.
Rather, it aims to provide some first insight into the effects of search frictions
in competing sealed-bid auctions for homogeneous goods within a simple frame-
work. Nevertheless, the findings of the paper could have implications for green
certificate markets, especially the European market for GOs where high search
costs have been reported.

Overall, this thesis contributes to our understanding of the functioning of elec-
tricity markets, including those for green certificates, and auction markets in
the presence of real-world imperfections such as policy instability, asymmetric
information, market power, and costly search. T hope that this research can help
inform the policy, regulation, and design of such markets. In the remainder of
this introduction, I briefly summarise the motivation, main results, and contri-
butions of each paper separately.

Summary of the thesis

Paper I: The effect of regulatory uncertainty in green certificate
markets: Evidence from the Swedish-Norwegian market

Market-based climate policies are often promoted as cost-effective and for being
aligned with the principles of liberalised electricity markets. Meanwhile, quota-
based green certificate schemes have received criticism for exposing investors to



high risk as they face volatile market prices of both electricity and certificates.
In this paper, I show that price risk can also be amplified by policy instability,
such as frequent or unpredictable changes in the regulatory framework governing
the certificate market, based on a case study of the Swedish-Norwegian market.

In particular, by endogenously testing for structural breaks in the variance of
certificate prices, I identify several regimes of increased volatility that can be
traced to regulatory interventions. Two of them relate to the expansion of the
Swedish market to include Norway in 2012, where the market went through a
temporary regime of higher volatility during the negotiations leading up to the
introduction of the joint market, as well as in the period following the start of
the joint mechanism. A third relates to the uncertain political environment in
2016, which created ambiguity about when the inclusion of new plants in the
scheme should be stopped and thus about the termination of the market.

Increased volatility exacerbates the uncertainty about expected revenues from
the support policy. The study therefore proceeds to conduct a survival analysis
to investigate how investors respond to price uncertainty, using registry data on
Swedish onshore wind power investments. I find that a one standard deviation
increase in certificate price volatility reduces the probability of project develop-
ment by 12%, indicating that investors delay investments when uncertainty is
high. This can reduce the cost effectiveness of the policy, as wind power is a
low-cost renewable technology and new production may not arrive in time to
meet an increasing demand when investment decisions are delayed, pushing cer-
tificate prices upward. This could in turn trigger an overinvestment, resulting
in periods of very low prices, further reducing investor confidence. I am not able
to say whether it is regulatory interventions specifically that defer investments,
but the connection between high-volatility regimes and political deliberations
identified in the first part of the study points in this direction. Regardless, reg-
ulators should aim to diminish policy instability that results in price volatility
to avoid disrupting the investment climate.

The findings of this study demonstrate the value of transparency and the provi-
sion of clear information in political deliberations to create cost-effective market-
based support schemes for renewable energy. The paper extends the work of
Fagiani and Hakvoort (2014), the first paper to investigate the link between
policy instability and price volatility in green certificate markets, by directly in-
vestigating the effect of uncertainty on investments. In doing so, it adds to the
small existing empirical literature on investment behaviour under uncertainty
in green certificate markets, as well as to the larger literature on the evaluation
of support schemes for renewable energy.



Paper II: Bidding behaviour in interdependent markets for elec-
tricity and green certificates

Understanding how subsidies for renewable energy affect producers’ pricing in-
centives in the electricity market is key in evaluating the costs and benefits of
such policies. The second paper addresses this question, focusing on quota-based
green certificate schemes. I develop a stylised two-stage duopoly model in which
producers first compete to serve electricity demand in a setup similar to that in
von der Fehr and Harbord (1993), the first paper to adopt an auction approach
to model electricity markets. However, I assume that one producer is green
and receives revenues on top of the wholesale electricity price from selling green
certificates. Thus, the relevant cost measure that this producer should place its
bids in the electricity market upon is the net marginal cost after subtracting the
certificate price. Certificates are traded bilaterally in the second stage of the
model between the green producer and a retailer that is obligated to purchase
certificates.

The findings of the paper indicate that regulators should be concerned about
dominant producers entitled to certificates, especially when they compete against
technologies with a similar cost range. This could be the case in markets that
already have a considerable share of non-subsidised mature renewables with low
variable costs, like in hydro-dominated markets, or if the cost of biofuels should
fall to a similar range as fossil fuels, or vice versa.

Specifically, focusing on producers that are large enough to satisfy the entire
electricity demand, I find that, when they have the same expected marginal cost,
the advantage the certificate policy creates enables the subsidised producer to
bid higher for a given cost. I estimate numerically that 57% of the cost reduction
caused by the revenues from certificates is reflected in the bids of this producer,
while the remainder is added markup. This is bad news for consumers, since
the consumer price of electricity is based on the sum of the wholesale electricity
and certificate prices. Meanwhile, I identify circumstances where this effect
is mitigated when the subsidised technology has a higher expected marginal
cost than the conventional technology. In particular, the results suggest that
careful specification of the penalty for non-compliance — which implicitly caps
the certificate price — as well as the lower price bound on certificates (if it
exists) is important to avoid considerable markups and unnecessary harm to
competition and efficiency when there are strategic producers of green electricity.

Previous theoretical research on the effect of green certificate schemes on electri-
city market outcomes is predominately based on assumptions of perfect compet-
ition. Some studies account for the possibility of strategic behaviour, a realistic



feature of electricity markets, but assume Cournot-like competition and com-
plete information. The main contribution of this paper is therefore that it relies
on an auction model, which more closely resembles the organisation of electri-
city markets, and relaxes the assumption of commonly known generation costs.
Meanwhile, this comes at the cost of some other simplifying assumptions, and
more research is needed to fully address the welfare effects.

Paper III: Search frictions in competing sealed-bid auction mar-
kets

In modern markets, trade can be organised in a variety of different ways. This
makes it an important concern to understand the search behaviour of consumers,
and any frictions encountered in this process, not only in markets where sellers
post fixed prices but also more sophisticated mechanisms like auctions. Indeed,
the use of auctions in decentralised markets is becoming increasingly common-
place as more trade moves online (Vulkan and Neeman, 2013; Malamud and
Rostek, 2017). Motivated by this, the third paper develops a stylised model in
which two sellers post uniform-price auctions to sell a homogeneous good. It
incorporates search by assuming that buyers are aware of the location of only
one of the sellers. Before the auctions start, they may engage in costly search
to locate the other seller and thereby have a choice of which of the two auctions
to bid in.

I identify negative effects on market outcomes and welfare because only buyers
with valuations above a certain threshold may engage in costly search. In par-
ticular, due to the inability to coordinate participation between auctions, the
only equilibrium of the model involves these buyers randomising between at-
tending the ‘high-visibility’ auction and incurring the search cost to locate and
attend the ‘low-visibility’ auction. This can result in a low degree of efficiency,
especially when the search cost is high, as buyers with high valuations of the
good may end up going to the same seller. Furthermore, to sustain this equi-
librium, the expected price in the low-visibility auction must be lower than in
the high-visibility auction to compensate for the search cost. Such price disper-
sion not only generates winners and losers, but can make it difficult for market
participants to estimate the value of the good due to conflicting price signals.

Modelling the decentralised market as competing auctions also allows for a direct
comparison of market outcomes in a centralised exchange, by simply merging
the single-unit auctions in the model into one multi-unit auction. A similar
comparison would be less robust in a model that considers decentralised trade



as a series of bilateral negotiations because it would be difficult to distinguish
the effect of centralisation from the effect of simply changing the rules of trade.
When it is optimal for buyers to bid their true valuation of the good, like in this
model, centralisation not only eliminates search costs but also ensures an efficient
allocation of the goods. A simulation study based on the model predictions also
shows that the aggregate consumer surplus is larger in the centralised exchange,
compared to the decentralised market, when there is a small number of buyers
or the search cost is sufficiently high. Likewise, the simulations suggest that
measures to reduce search costs in decentralised markets may be particularly
effective in relatively small markets, as the effects of search (and coordination)
frictions on key welfare measures appear to stagnate as the number of buyers
in the market increases. These findings could have relevant implications for
the European GO market, where significant search costs have been reported
(especially for technology-specific GOs where the market remains small), and
there have been calls for more centralised trade (Hulshof et al., 2019; EPEX
Spot, 2024; Oslo Economics, 2017; Nord Pool, Granular Energy and AFRY,
2023).

This paper adds to the literature on competing auctions by incorporating search
costs. In doing so, it contributes to our understanding of the effects of search
frictions in decentralised markets. To my knowledge, there exist only a few
studies that explicitly incorporate search costs into dynamic auction models.
Meanwhile, in this paper, I consider static, sealed-bid auctions where buyers
cannot use information revealed during the auction process to potentially co-
ordinate how and where to bid. This type of auction format is commonly used
to trade electricity, green certificates, and many financial instruments.
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