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Abstract Feed-in tariffs have been the key support system for electricity from
renewable sources in Spain and other European countries. However, given the
growing criticism of this incentive scheme mainly due to its financial burden, the
Spanish government has recently cancelled subsidies for any new electricity from
renewable sources (RD-l 1/2012 2012). Since tariffs do not benefit from market
signals, subsidies to some technologies may be either too high or too low to attain
the regulator’s objectives. Existing literature on tradable green certificates suggests
that a switch to a green certificates setup could be an efficient solution when
substantial investments in renewable energy are already in place and technologies
are at a mature stage. This chapter analyzes the implementation of a green certif-
icates scheme as an instrument to foster renewables. We solve a sequential game
where we analyze the interaction between the electricity pool and the tradable green
certificates market. We focus on the retailer regulation design that would give lead
to a decreasing green certificates demand and simulate the effect of such regulation
on the price of certificates.
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1 Introduction

New or emerging electricity from renewable sources (RES-E) is not profitable in a
free market, due to relatively high production costs, and support instruments are
hence introduced to help the penetration of renewable technologies (Menanteau
et al. 2003). This promotion seeks to improve market efficiency, internalize external
costs, accelerate investments in research and provide temporary incentives for early
market development as such new technologies approach commercial readiness
(Sims et al. 2003). Additionally, RES-E support systems increase the amount of
RES-E produced through the merit order effect, since electricity production from
conventional fossil-fuel sources (marginal plants) is then substituted by RES-E and
the wholesale price of electricity drops.1 However, the net effect on the consumer
price level will depend on the way in which the RES-E support system is financed
(Rathman 2007). The burden of RES-E deployment usually rests on final con-
sumers and the choice of the promotion instrument and how it is implemented is
crucial (Haas et al. 2011).

In this sense, RES-E has been promoted in some countries through feed-in tariff
(FIT) schemes, or its variant feed-in premium (FIP). Under this system RES-E
producers may sell their entire output at a guaranteed price that is set above the
wholesale market clearing price. This higher price allows the generators of some
renewable sources of energy to cover the higher costs of this type of energy and
stay in the market.

A different way of promoting green sources of energy is the creation of tradable
green certificate (TGC) markets. The regulator may create a demand for the
renewable energy through the distributors’ obligation to meet a specified share of
green energy. Green certificates, which are also referred to as renewable energy
certificates (REC), tradable REC (T-REC), tradable renewable certificates or credits
(TRC), renewable portfolio standards (RPS), green tickets or green tags, rely on
market mechanisms for resource allocation. These markets aim at the promotion of
green energy sources through the separation of electricity as a commodity (traded in
the wholesale market) from the ecological attributes of electricity (avoiding CO2

emissions, etc.), which are traded as a different product on the green certificate
market. Indeed, both markets are separated but there are strong interactions between
the determination of the price of the certificate, the price of the electricity and the
role of regulation (Jensen and Skytte 2002).

Comparing both systems in Europe, the FIT approach (price-based mechanism)
is generally more popular than the TGC approach (quantity-based mechanism), as it
guarantees the price and removes the risk from investors in renewable generation;
whereas the TGC scheme may involve higher uncertainties, due to market out-
comes, and investors consequently require higher payments (Neuhoff 2005).

1 For an analysis of the effect of renewable electricity production in the Spanish electricity market
see Ciarreta et al. (2012a, b) and for an analysis of the effect of regulation in the electricity prices in
Spain see Ciarreta and Espinosa (2012).

262 A. Ciarreta et al.



This conclusion may partly rest on the European experience, where FIT regimes in
Germany or Spain outperformed the TGC scheme in other countries, such as the
United Kingdom (Buttler and Neuhoff 2008). However, it is argued that FIT may
serve mainly to shift the risk to other agents (i.e. consumers) but does not reduce it
to society as a whole. Moreover, the problem with FIT is the need to set the tariff at
an appropriate level, risking that it may be too high, creating excessive rents for
some generators, or too low, restricting investment (Green and Vasilakos 2011). In
fact, as has been seen, regulatory uncertainty is one of the main problems of the FIT
system.

Although a TGC system provides less market certainty than price-based
mechanisms, price fluctuations and market dynamics can be partly influenced by
the design of the regime (Gan et al. 2005). Another source of evidence in favor of
TGC is effectiveness in the achievement of the goal to secure a certain share of
renewables in electricity consumption (Bye 2003). It is expected that competition
between producers and increasing supply of green certificates will lead to a decline
in the price of electricity from renewable sources, so in this respect, the green
certificate system is considered as a cost effective way to meet the renewable energy
target (Schaeffer et al. 1999). One more argument in favor of a TGC market is the
issue of equity, i.e. the fairness of the distribution of costs and benefit between
different actor groups (Bergek and Jacobsson 2010). The market decides the level of
support given to renewable electricity production, so apart from guaranteeing the
production of a certain quantity of RES-E, green certificates are added to the
revenue that the producer can get for the electricity itself. Additionally, the intro-
duction of market forces on the ‘non-electricity’ attributes of energy is supposed to
bring about greater efficiency. The transition to market based solutions leads to
effective competition between different forms of power from renewable energy
sources, since producers must try to benefit from technical progress due to the
pressures of bidding processes in the certificates market (Menanteau et al. 2003).

At present there is no general agreement on the appropriateness of the different
schemes. Existing literature supports that the type of allowance given to each
renewable technology must be adapted according to their stages of maturity
(Christiansen 2001; Meyer 2003; Jacobsson and Lauber 2006). Technological
maturity is closely related to the cost per MWh of each technology. In this sense,
three main categories may be distinguished according to their merit order (Jensen
2003):

• Cost-competitive technologies. These technologies are not eligible for policy
support, since their production cost is similar to (or even lower than) conven-
tional sources. This category includes large hydro.

• Moderately non-competitive technologies. These technologies are to be com-
plemented with a relatively modest support system. The production cost of RES-
E included in this category is higher than the cost of electricity generated by
some conventional sources. Such technologies may include small hydropower,
some biomass-based technologies and onshore wind power.
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• Non-competitive technologies. Those technologies that are still far from being
market-ready, but have the potential to join the first category in the longer term,
should be supported by incentive schemes. These technologies would not sur-
vive without incentives, since the investment in R&D needed to make them
competitive would never take place. Expensive technologies and technologies in
the technical development phase, such as solar-photovoltaic or offshore wind
power technologies, are included in this category.

When designing appropriate renewable energy support frameworks, one of the
main criticisms of TGC markets concerns the competition between renewable
technologies at different stages of development. On the one hand, if the certificate
price corresponds to the most expensive renewable technology included in the
system, all technologies with lower costs would receive an extra profit (Verbruggen
2004) and the promotion of the total renewable portfolio would be more expensive
than necessary. On the other hand, if the certificate price corresponds to the
moderately non-competitive technologies, one possible solution is to reserve the
green market for the most mature renewable technologies (Meyer 2003); and so,
photovoltaics being at an early stage could benefit from a FIT approach, while wind
or biomass would be ready for competition in a TGC market (Midttun and Gautesen
2007). Moreover, instead of FIT, additional investment subsidies for solar power
could be available, improving the economic incentives for investments in solar
electricity.

In this chapter, we therefore suggest that, since many renewable technologies are
nowadays at a quite mature stage (moderately non-competitive technologies, e.g.
wind, biomass or small hydro), green certificates could work properly as a promotion
instrument in a country such as Spain. Additionally, the European Commission
considers the model of green certificates as the preferable candidate for a European
common support scheme for renewable energy (Ringel 2006). The Commission also
claims that the existing promotion framework should be improved in order to reach
the target of a 20 % share of renewables in the EU’s total energy consumption by
2020 at the lowest possible cost (European Commission 2011). Moreover, some
authors claim that allowing for EU-wide trade in green certificates can ensure a cost-
effective distribution of renewable energy production (it cuts the overall cost of
achieving the EU’s renewable target by almost 70 %), but differentiated renewable
targets across countries reduce the cost-effectiveness of the TGC system as national
targets prevent a cost-effective distribution of energy (Aune et al. 2012). We
therefore examine, both theoretically and empirically, using actual data of the
Spanish electricity market, the feasibility of a TGC market in Spain and conclude
that it may help to reduce the financial burden derived from the FIT-FIP system.

Regarding the instruments for the promotion of RES-E, price-driven instruments
(i.e. FIT) are designed to support the costs of electricity production, whereas
quantity-driven instruments (i.e. TGC) fix a capacity target to be met. Generally,
those instruments are implemented separately, but there are three cases in which the
combination of them could be relevant for the promotion of RES-E (Schaeffer et al.
1999):
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• During the transition phase from one instrument to another.
• When a country with a certain promotion scheme decides to allow producers to

take part in a trading system with other countries, where another promotion
scheme is implemented.

• In order to compensate for the disadvantages of one instrument, a permanent
combination of instruments could be useful.

In the first case, a gradual introduction of the TGC market should be applied and
transition schemes for existing plants should be established to ensure that the new
investors have stable economic conditions until the market is fully functional.
Regarding the second case, international trade with certificates can exploit com-
parative resource advantages and lower costs, as long as common rules for the trade
of certificates and the period of validity are implemented. In the latter case, com-
bining two different instruments may help to offset some of the disadvantages of
each instrument. For instance, the market-based nature of TGC helps to reduce the
regulatory uncertainties of the FIT scheme, but at the same time, non-competitive
technologies might not be ready for a TGC system, so they would need a FIT to
survive.

The chapter is structured as follows. Section 2 develops a theoretical model to
analyze the interaction between the electricity pool and the TGC market. Simula-
tions and results for the Spanish electricity market are presented in Sect. 3. Finally,
Sect. 4 summarizes the main conclusions of this work.

2 The Model

In this section, we set up a model for the certificates market, the electricity market
and the interaction between them. Electricity considered as a commodity is a
homogenous good, independently of the energy source, and it is sold as such in a
liberalized physical electricity market. The eco-services provided by some sources
of energy are sold separately on the green certificates market. The ecological impact
of different renewable energy sources may be different, along with the cost asso-
ciated to the electricity system management. However, we assume here for sim-
plicity that the ecological services of the renewable sources of energy are also a
homogeneous good, ignoring for example differences between hydro and wind
sources of energy.

We present a two-stage model under autarky (we consider a one country closed-
economy without international trading) and we assume that both markets work
under perfect competition. The game takes place in two stages:

• Stage 1: Electricity generators take supply decisions at the pool, retailers take
demand decisions and the wholesale market clears. Generators are awarded
certificates depending on their green production.

• Stage 2: Generators decide how many green certificates to sell. Retailers buy
certificates to fulfill their obligations. The market for certificates clears.
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Here it is assumed that the TGC are issued at the end of stage 1 to be sold at
stage 2. We solve the game using backwards induction, i.e. we solve first the market
for certificates (stage 2). We assume that each generator produces both renewable
and non-renewable electricity and that each producer is endowed a certain amount
of TGC depending on the clean electricity delivered to the network. We assume a
one-to-one link between the number of green certificates endowed and the number
of MWh produced by renewable technologies (i.e. 1 MWh = 1 TGC). Those TGC
are assumed to have a regulator’s defined life of one period2 so banking is not
allowed in our model and unused certificates are withdrawn from the market when
the period expires.

With regard to the technology mix of RES-E, some authors are in favor of a
technology neutral design in order to promote competition between the certificate-
eligible technologies, so that the market decides which technologies are preferable
to achieve the target, which encourages a cost-efficient deployment of renewable
energy sources (Nilsson and Sundqvist 2007). On the contrary, other authors
(Schmalensee 2011) suggest that technology-specific multipliers could be used to
penalize some intermittent technologies, such as wind, for the costs they impose on
the electric power system or even to reward some technologies because of the
perceived external effect of induced learning-by-doing if their production is
increased, such as biomass. For the sake of simplicity, we consider the technology
neutral design and we treat all renewables as a whole in our analysis.

All things considered, there are three main actors in our model: the regulator,
retailers (demand side), and generators (supply side); and two interacting markets.
We do not consider any uncertainty for the sake of simplicity. Since retailers and
generators behave competitively in both markets, they are unable to affect the price
of electricity.

The notation used in the model is compiled in Table 1.

2.1 The Tradable Green Certificates Market

2.1.1 Regulation in the TGC Market

The market for TGC should be regulated due to information asymmetries: the
energy attribute being sold in this market is not observable for the end-use con-
sumer. The regulator therefore needs to certify the resources used in the energy
production process and to assign the property rights of a TGC for each MWh
produced by a generator (for example, issuing a certificate with a serial number).
These certificates can then be marketed and their sale and use should be closely
monitored.

2 Certificates may have a longer life, and there may be certificates in the market with different
lifespans and different trading prices. We ignore this issue for the moment.

266 A. Ciarreta et al.



Certificates are generally issued by government decision. This obligation could
be transferred to the supply side (e.g. Italy) or to the demand side (e.g. retailers in
the UK or end-users in Sweden). Our model considers that the obligation to buy
TGC is set on retailers (calculated on the basis of the desired share of renewable
consumption), in order to avoid the free-riding problem due to the public-good
nature of the ecological benefit of green electricity (Menanteau et al. 2003). Relying
renewable electricity demand on consumer choice has also been proposed as an
alternative to obligatory schemes, but this option seems to have little impact on the
deployment of renewable energy technologies (EWEA 2004), since most

Table 1 Notation of the model

Generating sector

cb Intercept of the marginal cost function of black electricity

cg Intercept of the marginal cost function of green electricity

h Parameter of the cost function of each generator ðh[ 0Þ
H Parameter of the aggregate cost function

qb Quantity of black electricity (non-renewable) sold by one generator

qg Quantity of green electricity (renewable) sold by one generator

qG Total quantity of electricity (non-renewable + renewable) sold by one generator
ðqG ¼ qb þ qgÞ

Qb Aggregate supply of black electricity

Qg Aggregate supply of green electricity

QG Aggregate supply of electricity ðQG ¼ Qb þ QgÞ
xG Amount of TGC sold by one generator

XG Aggregate supply of TGC

Retailing sector

a Parameter of the demand function for electricity ða[ 0Þ
b Parameter of the demand function for electricity ðb� 0Þ
qR Total quantity of electricity bought by one retailer

QR Aggregate demand for electricity

xR Amount of TGC bought by one retailer

XR Aggregate demand for certificates

Market prices

pc Price of the certificates at the TGC market

pe Price of electricity at the pool

Policy variables (regulated)

a Quota of green electricity imposed by the policy maker ð0� a� 1Þ
d Parameter of the penalty function of one retailer � 1

2\d� 0
� �

D Parameter of the aggregate penalty function

f Parameter of the penalty function of one retailer ðf [ 0Þ
F Parameter of the aggregate penalty function

s Price to the end-users of electricity

x Retailers’ obligation to purchase TGC ðx ¼ aqRÞ
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consumers prefer renewable energy but are not willing to purchase it at higher
prices (Rader and Norgaard 1996). Moreover, we would expect the demand coming
from end-use consumers to be so low that the equilibrium price would not reflect
the social value of the ecological benefit of green energy. Thus, a mandatory quota
of TGC for retailers may solve this market failure.

Clear consistent government policy is thus needed to set a stable green certificate
system (Schaeffer et al. 1999). In order to protect both TGC producers and con-
sumers, minimum and maximum prices could be established. Minimum values are
secured when the government itself also acts as a buyer of green certificates (e.g.
the Walloon region in Belgium), whereas maximum values are set through a
penalty system for non-compliance. The role of policy makers in our TGC model
lies in the establishing of (i) the amount of certificates that each green producer
receives in relation to the proportion of green electricity produced (here one-to-one
relationship), (ii) the retailers’ obligation to purchase a minimum number of TGC
(quota α) and (iii) the payment penalty if retailers do not meet their obligation.

2.1.2 The Role of Retailers in the TGC Market

Two parties are involved on the demand side: the end-users of electricity and the
retailers. Retailers get their margins from buying wholesale and selling to end-users.
We model demand for TGC as reflecting the retailer’s obligation to pay for the
environmental attributes of energy, which are related to the way it has been pro-
duced. Regulation may establish the obligation for retailers to meet some renewable
energy requirements, and these obligations determine the demand on the TGC
market. Each retailer must buy a fraction of total consumption.

In our analysis, electricity retailers have an incentive to buy certificates from the
producers, because penalties are set if they are not able to meet their obligation.
Retailers must pay a non-compliance fine depending on the number of certificates
not bought. Our analysis models the penalty as a linear-quadratic loss function that
leads to a decreasing demand for TGC. Therefore, the demand function has a price-
cap, since no retailer would demand green certificates at a higher price than the
penalty incurred for non compliance. Retailers not complying with the target would
pay depending on the number of certificates not acquired. Retailers buying more
than the target would neither pay for it nor receive any reward for the extra cer-
tificates acquired. The penalty function for a retailer is then given by:

PðxRÞ ¼ f 1
2 ðx� xRÞ2 þ dðx� xRÞ
h i

if xR\x

0 if xR � x;

(

where f [ 0 and � 1
2\d� 0 are the parameters of the penalty function, x is the

retailers’ obligation to purchase TGC and xR is the amount of TGC bought by the
retailer.
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By allowing retailers to choose the amount of TGC they want to buy in the
market, we give an active role to demand. The elasticity of the demand for cer-
tificates will depend on the obligation x and the parameters of the penalty function,
f and d. If we set f ¼ 0, there would be no penalty in case the obligation to purchase
certificates is not met. Retailers decide xR in the second stage and the number of
TGC traded is determined endogenously. Thus, the optimization problem for
retailers is defined as follows:

max
xR

pR ¼ qR s� peð Þ � xRpc � f
1
2
ðx� xRÞ2 þ dðx� xRÞ

� �
;

where qR is the total amount of electricity bought by one retailer, s is the price to the
end-users of electricity, pe is the price of electricity at the pool and pc is the
certificate price at the TGC market.

Since the retailer’s obligation to acquire TGC depends on the demand for
electricity in the previous period and the government target, the relation x ¼ aqR
holds, where α is the quota of renewable electricity imposed by policy makers and
0� a� 1. Hence, the optimization problem is equivalent to the following one:

max
xR

pR ¼ qR s� peð Þ � xRpc � f
1
2
ðaqR � xRÞ2 þ dðaqR � xRÞ

� �

Notice that the price s that end-consumers pay is perceived by the retailer as
given. Likewise, the demand for electricity qR and the selling price pe are given at
this stage, since when the TGC market opens, the energy production decisions have
already been made and the energy market has cleared.

The first order condition reads:

opR
oxR

¼ �pc � f ðaqR � xRÞð�1Þ � d½ � ¼ 0

It follows that a retailer’s demand for certificates is:

xR ¼ aqR þ d � pc
f
;

where 0� a� 1 and f [ 0.
The certificate system therefore is steered by the two parameters of the penalty

function f and d, but also influenced by the regulated obligation α.
Aggregate demand for TGC is the total demand for certificates in the retailing

sector:

XR ¼ aQR þ D� pc
F if pc\FðaQR þ DÞ

0 if pc �FðaQR þ DÞ;
�

ð1Þ
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where XR ¼ P
xR is the aggregate demand for certificates, QR ¼ P

qR is the
aggregate electricity consumption by end-users, D ¼ P

d and 1
F ¼ P 1

f .
We therefore may conclude that retailers’ demand for TGC depends on the total

amount of energy sold to the final consumer, the price of the certificates, the TGC
percentage requirement α and the parameters of the penalty function D and F. The
number of TGC that a retailer is willing to buy depends negatively on the certificate
price. Zero demand occurs when pc �FðaQR þ DÞ, while there is a positive
demand for certificates as long as pc\FðaQR þ DÞ holds. Since the price of the
certificates cannot be negative, the condition FðaQR þ DÞ[ 0 must always hold.

2.1.3 The Role of Generators in the TGC Market

Since generators hold the property rights on the energy they produce and the
renewable attribute of energy, TGC supply is determined by the optimal generators’
decisions concerning the selling of green certificates. Each generator can produce
both renewable and non-renewable electricity and it is endowed a certain amount of
TGC depending on the clean electricity delivered to the network. Hence, total
supply of certificates is constrained to the production of green electricity. We
assume a one-to-one link between the number of green certificates endowed and the
number of MWh produced by renewable technologies.

Regarding costs, we assume additively separable cost functions with respect to
the quantities of conventional and renewable energy sources. We also assume
linearly increasing marginal costs. Total costs for black and green generation are
respectively:

Cb qbð Þ ¼ cbqb þ 1
2
hq2b;

Cg qg
� � ¼ cgqg þ 1

2
hq2g;

with cg [ cb, since the technologies subject to green certificates are classified as
moderately non-competitive (see Sect. 1). By assuming the same parameter
h ðh[ 0Þ for both cost functions, we ensure that the marginal cost function of
renewable electricity is always higher than the marginal cost function of fossil
electricity (the marginal cost curves do not cross).3

We assume that there is perfect competition in the certificates market, so firms
are not able to modify the market price by means of changing its own certificates
production or demand.

3 Other authors have modelled these cost functions with two different parameters to allow for
differences in the level of marginal costs of black and green electricity (Ciarreta et al. 2011).
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The maximization problem that each generator solves reads as follows:

max
xG

pG ¼ peðqb þ qgÞ þ xGpc � ðcbqb þ 1
2
hq2bÞ � ðcgqg þ 1

2
hq2gÞ

subject to:

xG � qg;

where qg and qb are the quantity of green and black electricity sold by one gen-
erator, xG is the amount of TGC sold by the generator and h, cg and cb are
parameters of the cost function.

Perfect competition in the certificates market ensures that xG ¼ qg and XG ¼ Qg,
so the aggregate supply of certificates under perfect competition is the electricity
produced by green sources.

2.1.4 Market Balance for Green Certificates

In order to determine the equilibrium certificate price we use the condition of
market balance for tradable green certificates. The total number of certificates has to
be equal to the demand for certificates: XG ¼ XR. From (1), the market balance
equation for the TGC market is therefore given by:

Qg ¼ aQR þ D� pc
F

Hence, the price of certificates may be written as:

p�c ¼ F½Dþ aQR � Qg�

The higher the deviation aQR � Qg, the higher the price. With no deviation,
aQR � Qg ¼ 0, the certificate price is pc ¼ FD. The price increases with the
deviation from the objective and therefore provides the incentives for investment in
green energy sources.

Finally, since QR ¼ Qg þ Qb, the TGC price and quantity in equilibrium can be
expressed as:

p�c ¼ F½aQb þ Dþ ða� 1ÞQg� ð2Þ

X�ðp�cÞ ¼ Qg ð3Þ

This means that the certificate price would be zero if the quantity of green
electricity ðQgÞ were higher than the target ðaðQb þ QgÞÞ. Remember that by the
time the certificate market meets, the electricity market has already cleared, so the
volume of green energy produced will be known.
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2.2 The Electricity Market

2.2.1 The Generators’ Behavior in the Electricity Market

We assume that each generator has renewable (green) and non-renewable (black)
energy production (qg and qb, respectively) and that both types of production plants
are necessary to satisfy the demand for energy. We also consider that there are no
capacity constraints and that production costs are higher for renewable energy
production. The generator decides about its level of electricity supply in stage 1.
Hence, the optimization problem to be solved by each generator is:

max
qb;qg

pGðqb; qgÞ ¼ peðqb þ qgÞ þ pcqg � ðcbqb þ 1
2
hq2bÞ � ðcgqg þ 1

2
hq2gÞ

The first order conditions are:

opG
oqb

¼ pe � cb � hqb ¼ 0

opG
oqg

¼ pe þ pc � cg � hqg ¼ 0

Generators are assumed perfectly competitive4 in both markets and they produce
green electricity so that marginal revenue ðpe þ pcÞ equals marginal cost ðcg þ hqgÞ.

The supply functions of black and green energy are respectively:

qb ¼ pe � cb
h

qg ¼ pe þ pc � cg
h

Under a TGC system the payment received by green producers for each cer-
tificate should cover the extra costs involved in producing green electricity in
comparison with fossil fuel-based electricity. Thus, the certificate price corresponds
to the difference between the marginal cost of renewables ðcg þ hqgÞ and the market
price for electricity ðpeÞ. As long as firms are able to cover their costs they will be
willing to stay in operation.

The aggregate supply is:

Qb ¼ pe � cb
H

Qg ¼ pe þ pc � cg
H

QG ¼ Qb þ Qg ¼ 2pe þ pc �ðcbþ cgÞ
H ;

where 1
H ¼ P 1

h.

4 For an analysis of market power in electricity markets see Ciarreta and Espinosa (2010a, b).
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2.2.2 The Retailers’ Behavior in the Electricity Market

We assume a linear demand function for electricity with parameters a ða[ 0Þ and
b ðb� 0Þ:

QR ¼ a� bpe

We assume that b is not large and that the condition bðH � aFÞ þ 2[ 0 holds.

2.2.3 Market Balance for Electricity

In equilibrium, total supply of electricity ðQG ¼ Qb þ QgÞ has to be equal to the net
demand for electricity ðQRÞ:

QG ¼ Qb þ Qg ¼ QR

And, thus, we get the following electricity price in terms of the expected cer-
tificate price:

p�eðpcÞ ¼
aH þ cb þ cg � pc

2þ bH
ð4Þ

This result shows that there is a negative relationship between the electricity
price and the certificate price: the higher the expected certificate price, the lower the
electricity price.

Similarly, the quantity of electricity in equilibrium is as follows:

Q�
bðp�eÞ ¼

p�e � cb
H

Q�
gðp�eÞ ¼

p�e þ pc � cg
H

Q�ðp�eÞ ¼ Q�
bðpcÞ þ Q�

gðpcÞ ¼
2p�e þ pc � ðcb þ cgÞ

H

Inserting the price (4) in the quantity functions yield:

Q�
bðpcÞ ¼

aH � pc þ cg � cbð1þ bHÞ
Hð2þ bHÞ ð5Þ

Q�
gðpcÞ ¼

aH þ pcð1þ bHÞ þ cb � cgð1þ bHÞ
Hð2þ bHÞ ð6Þ
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Q�ðpcÞ ¼ Q�
bðpcÞ þ Q�

gðpcÞ ¼
2aþ pcb� bðcb þ cgÞ

2þ bH
ð7Þ

Equations (5)–(7) show that the price of certificates increases the production of
green electricity and decreases the production of black electricity. But this effect
seems to be stronger in the green production and, hence, the total production of
electricity is positively affected by the price of certificates, showing a greater
influence as parameter b of the demand function rises. Regarding costs, the supply
of non-renewable electricity is positively affected by the cost parameter of
renewable energy, whereas the supply of green electricity is increased by the cost
parameter of black production. Both supplies are negatively affected by their own
generation costs.

2.3 Equilibrium in the Electricity Market and the Green
Certificates Market

As stated before, the game is played sequentially (electricity market clears first and
TGCmarket second), sowe proceed using backward induction.We thus start from the
demand for certificates Eq. (1), determined in stage 2, andwe substitute the expression
for the equilibrium quantity of electricity (7). Since QR ¼ QG ¼ Qb þ Qg, the
demand for certificates can be expressed in terms of the certificate price as:

XRðpcÞ ¼ Fa½2a� bðcb þ cgÞ� þ DFð2þ bHÞ þ ðbFa� 2� bHÞpc
Fð2þ bHÞ ð8Þ

In order to have a negative relationship between the number of TGC and the
certificate price, we need bðH � aFÞ þ 2[ 0, which holds by assumption. Note
that for values of b close to zero, this inequality always holds.

Additionally, from the equilibrium of the TGC market (3) we get that
X�
Rðp�cÞ ¼ Q�

gðpc�Þ, so using (8) and (6) we get the final expression for the certificate
price in equilibrium.

p�c ¼
aFHð2a� 1Þ � cbFð1þ bHaÞ þ cgF½1þ bHð1� aÞ� þ DFHð2þ bHÞ

bFHð1� aÞ þ Hð2þ bHÞ þ F
ð9Þ

Equation (9) shows that a decrease in the costs of renewable electricity decreases
the certificate price. Therefore, any efficiency improvement in the production of
green electricity would have the effect of decreasing the price of the certificates,
even if the regulator were not aware of the efficiency gain. This is an advantage of
TGC versus FIT.
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3 Quantitative Analysis of the Effect of TGC in Spain

We simulate the implementation of a TGC incentive scheme in this section. In
Spain, renewable producers are under a pure FIT or a FIP scheme, which is a fixed
premium on top of the market price (RD 661/2007 2007). Under the FIT system,
renewable generators sell their electricity under a guaranteed fixed tariff, whereas
under the FIP option they take part in the daily market and get the price of the pool
plus a guaranteed premium. In case of FIP, a cap and floor system has been
introduced in order to protect renewable generators when the market price is too
low and prevent excessive gains when the price is high enough. The floor is the
lowest level of premium plus the electricity price, whereas the cap is the maximum
electricity price to where a premium is still paid (Interactive EurObserv’ER Data-
base 2012). The FIT approach isolates renewable generators from market prices and
risks and consumers carry the price risk. In contrast, the FIP option let RES-E
producers face some market risk. Generators are then exposed to market price
signals and the premium is adjusted to keep both generators’ risks and revenues
within a particular range (Klessmann et al. 2008).

As Table 2 shows, only a minor part of the solar electricity is sold under the FIP
scheme in Spain, whereas the majority of wind uses this promotion option rather
than FIT. The high financial support level given to solar generators under the FIT
scheme induced solar producers to choose the FIT system rather than FIP. How-
ever, due to the great burden of the current tariffs in the deficit of regulated
activities,5 FIT-FIP to new capacity have been removed, affecting all technologies.
It is commonly argued that solar energy may not be competitive enough to take part
successfully in a TGC system, but the market participation shares also show that
there are other technologies that may be able to compete in a TGC market, such as
wind power.

We simulate a switch to a TGC system in this section. The correct definition of
the regulation parameters could lead to an efficient TGC system, achieving a cer-
tificate price that could send the correct signals for investment in renewable energy
sources.

We calibrate our model according to the data of the year 2010 (see Table 3). For
the sake of simplicity, as final price we take the sum of the price of the pool ðpeÞ
and the premium ðpFIPÞ, even though there are other components in the final price
of the Spanish electricity system.6 The price pFIP is computed as the equivalent
premium divided by the total renewable electricity sold in the pool and under tariff
(provided by the CNE).

We compute the costs of renewable and non-renewable electricity by applying
the equilibrium condition marginal revenue equals marginal cost. The relationship

5 See Espinosa (2013a, b) and (Espinosa and Pizarro-Irizar 2012).
6 Electricity costs include the daily market (pool, bilateral contracts and intraday market) (OMIE
2007) and other costs such as restrictions, capacity payments, transport and distribution costs,
diversification and security of supply and other access costs (Mejía 2010).
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pe ¼ cb þ HQb provides the intercept of the marginal cost function of black elec-
tricity is cb ¼ 28:09. From the expression pe þ pFIP ¼ cg þ HQg we get the
parameter for green electricity cg ¼ 106:73. The value for the parameter H ¼ 10�7

is chosen in order to scale the cost functions for green and black electricity.
We assume an inelastic demand for electricity for the year 2010, taking a ¼

193; 345 and b ¼ 0. We fix D ¼ �0:01 and F ¼ 50 and see how the certificate
price would have been for different values of the obligation and cost of green
electricity. The values for the parameters have been selected so that the certificate
price is high enough to promote investment.7

If the regulator knows the cost function for each generator, the TGC system is
equivalent to the FIT-FIP in the sense that F can be set at a value that replicates the
outcome of the FIT-FIP system (see columns (1) and (2) in Table 4). The advantage
is that the TGC market reacts to efficiency gains in the production of green energy
even if the regulator does not observe these gains or react to them (see column (3)
in Table 4). If the decrease in cg, from 106.73 to 82,8 is unobserved to the regulator,

Table 2 Share of the energy sold under FIP in the pool over the total energy sold (FIT + FIP) by
the Special Regime (%)

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Cogeneration 4.90 37.56 42.02 54.06 77.44 60.58 62.52 66.82 15.23 17.55

Solar 0.00 0.00 0.00 0.00 93.46 0.48 0.59 1.03 9.72 0.00

Wind 0.00 0.00 2.51 63.80 37.98 93.77 92.66 92.99 90.52 77.37

Small hydraulic 0.00 0.00 4.36 24.46 55.62 53.52 67.10 65.74 50.74 49.51

Biomass 0.00 0.00 2.05 44.82 47.57 68.21 68.59 62.83 31.74 28.67

Waste 0.00 0.00 11.10 34.75 24.42 60.11 87.20 95.42 80.31 82.21

Waste treatment 0.00 0.00 0.00 15.38 24.42 14.75 0.00 0.00 0.00 0.00

Source Own elaboration using data from the National Energy Commission (CNE)

Table 3 Electricity market in
Spain

Q ¼ Qb þ Qg 193,345

Qb 99,243

Qg 94,101

Qg=Q 0.49

pe 38.01

pFIP 78.13

pe þ pFIP 116.14

Actual data 2010. Energy in GWh and prices in €/MWh
Source Ciarreta and Espinosa (2012), premium computed from
CNE (2011)

7 However, changes in the value of the parameter D do not affect the price substantially.
8 According to Sallé et al. (2012), average costs of wind power are 82 €/MWh.
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the FIT-FIP would not reflect this efficiency gain in the cost of promoting renew-
able energy. The TGC market however would translate the lower cost into a lower
price of the certificate and the cost to the system of producing a green MWh (from
116.14 to 91.41 €/MWh).

Additionally, if the regulator increases the obligation for renewable electricity,
say from 0.49 to 0.60, the TGC market would determine the price of certificates
necessary to implement the new share of renewables (see column (4) in Table 4).
With such an ambitious renewable target, considering actual costs for green pro-
duction and the values chosen for the penalty function, the FIT-FIP system would
be more cost-effective (the certificate price would be 82.51 €/MWh, higher than the
price for the FIT-FIP system). This proves the importance of the correct setting of
the regulation parameters and the renewable target. However, as the renewable cost
falls, the TGC system once again shows this efficiency gain and the certifcate price
drops without changing the penalty function (see column (5) in Table 4).

Finally, our analysis assumes that agents are price takers and behave competi-
tively. In particular, the supply of certificates must be competitive. For this reason,

Table 4 Simulations of the TGC market in Spain

a ¼ 0:49 a ¼ 0:60

FIP TGC TGC efficiency
gain

TGC TGC efficiency
gain

Parameters

a – 0.49 0.49 0.60 0.60

cb 28.09 28.09 28.09 28.09 28.09

cg 106.73 106.73 82 106.73 82

H – 10�7 10�7 10�7 10�7

F – 50 50 50 50

D – –0.01 −0.01 −0.01 −0.01

a – 193,345 193,345 193,345 193,345

b – 0 0 0 0

Energy traded (GWh)

Qb 99,243 99,243 99,243 77,338 77,338

Qg 94,101 94,101 94,101 116,007 116,007

Prices (€/(MWh)

pe 38.01 38.01 38.01 35.82 35.82

pFIP 78.13 – – – –

pc – 78.13 53.40 82.51 57.78

pe þ pFIP 116.14 – – – –

pe þ pc 116.14 91.41 118.33 93.60

pe þ pc � pFIP – 0 −24.73 2.19 −22.54

Preferred
technology

– – TGC FIP TGC

Source Own elaboration with market data for 2010
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the proposal of a TGC market would not be appropriate if the number of producers
of a given technology is not large enough. Thus, a FIT-FIP could be more adequate
for the initial stages.

4 Conclusions

We have analyzed the interaction between the TGC market and the electricity
market when both markets work under perfect competition, even though a high
concentration in generation and a low demand elasticity may indicate the presence
of market power (Green and Newbery 1992; Cardell et al. 1997; Fabra and Toro
2005). The analysis of these markets with price-maker agents is left for future
research.

We have modelled a decreasing demand for TGC and we have shown, both
theoretically and empirically, that a decrease in the costs of renewable electricity
may decrease the certificate price. Therefore, any efficiency improvement in the
production of green electricity would have the immediate effect of decreasing the
price of the certificates, even if the regulator were not aware of the efficiency gain.
This transmission of market signals makes the TGC more efficient when compared
to the FIT system.

However, the certificate price may be too low for the non-competitive tech-
nologies. In order to avoid this problem, we propose the combination of TGC and
FIT, even if there is a wide variety of promotion schemes. The combination of a
certificate system and a feed-in scheme could be used for a more efficient promotion
of RES-E. It is known that the FIT scheme helps to maintain investor confidence, so
technologies not being competitive under a TGC system (e.g. solar energy),
because of their high cost and their need of R&D investments, could adopt a FIT
regulation; whereas competitive renewable technologies (e.g. wind power) would
work under a purely TGC setup. With this approach, the less mature technologies
will be protected and gradually integrated into the certificate market. Moreover, the
TGC scheme is more cost-effective, because the certificate price would be set by a
low-cost technology rather than a high-cost one, avoiding the windfall profits for
low-cost technologies that could offset the potential efficiency gains of a TGC
system when the price is set by a high-cost technology. Thus, instead of separating
FIT and TGC, an interesting possibility for solar energy could be the implemen-
tation of a complementary FIT added to the TGC price. This regulation could help
to finance solar technologies, since they would receive a higher price than the
certificate (FIT + TGC), and at the same time it would help to reduce the actual
burden, because one component of the incentive would be market-based (TGC) and
would adjust easily to the efficiency gains of the technologies. This system that
combines both renewable promotion schemes tries to take advantage of both TGC
and FIT.
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