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Abstract
In this paper we analyze interactions of a White Certifi cates 
scheme and existing energy taxation. We examine the eff ect 
of these policy instruments in the electricity sector, focusing 
on electricity producers and suppliers in a competitive market. 
With microeconomic theory we identify the total eff ect on the 
electricity price when suppliers internalize producers’ reactions 
in their profi t maximization decisions. Th e cases examined con-
sist of electricity producers with carbon tax, electricity suppliers 
with sales tax and WhC obligations. Furthermore, we present a 
parallel implementation of WhC for electricity suppliers with 
carbon tax on producers, and a sales tax with WhC obligations 
to electricity suppliers. In addition, the paper analyzes the mar-
kets of energy effi  ciency projects and of White Certifi cates. Th e 
aim of this analysis is to discover the policy elements that aff ect 
the fi nal price of electricity purchased by end-users. A basic 
fi nding is that in a merit order several parameters of these poli-
cies can increase fi nal electricity price: demand for electricity 
and electricity supply cost at a large scale, followed by the level 
of sales tax, actual level of electricity sales, level of obligation 
for energy saving, and price of WhC (marginal costs of energy 
effi  ciency projects). Th e magnitude of impacts depends on val-
ues chosen and on initial positions of suppliers (if their actual 
behaviour deviates from full target compliance).

Introduction
In the past various national and international policies have 
been implemented in EU countries in order to improve energy 
effi  ciency (Oikonomou and Patel 2004). A traditional policy 
instrument for energy effi  ciency improvement is energy taxes 
and carbon taxes, which have been applied widely in many EU 
countries under diff erent forms1. An important distinction of 
taxes and their eff ects based on Zhang and Baranzini (2004) is 
made between energy and carbon taxes. Energy taxes are excise 
taxes and target both fossil fuels and carbon free sources of 
energy production (or consumption) with an exemption of re-
newable energies. Energy taxes cover many economic sectors, 
mainly energy production (electricity generation), transport, 
industry, and electricity and natural gas end use. According 
to OECD/IEA statistics (2005), with regard to energy taxes on 
energy production and electricity use, the majority of EU coun-
tries possess a diff erentiated tax that consists of the energy tax 
itself and the VAT. Th ey resemble more to sales taxes imposed 
on energy suppliers (or producers) and do not target CO2 emis-
sions reduction. A carbon tax is also an excise tax imposed on 
the carbon content of fossil fuels, therefore it addresses directly 
CO2 emissions. An increase in the level of energy tax will be 
required in order to achieve the same emissions reduction in 
comparison to a carbon tax. A bottleneck in the EU internal 
energy market is that energy taxes are basically levied on elec-

1. More information on energy and carbon taxes in the EU can be found in the 
following studies: (Alfsen et al. 1995; Baranzini et al. 2000; Birkelund et al. 1994; 
Bosello and Carraro 2001; Christiernsson 2004; ECOTEC 2001; EEA 2004; Ghal-
wash forthcoming; Heijdra and van der Horst 2000; Manne and Richels 1993; 
OECD 2001; OECD/IEA 2000; Pearce 2006; Quirrion 2005; Schlegelmilch 2000; 
Vehmas 2005)
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tricity consumption, rather than on the carbon-content of the 
fuels used for electricity production (OECD 2001). Countries 
that have introduced carbon taxes, although with many rebates, 
are Denmark, Finland, Ireland, Italy, the Netherlands, Norway 
and Sweden and more specifi cally concerning electricity pro-
duction are still in place in Norway, UK and the Netherlands 
(Italy and Switzerland have abandoned them).

A relatively new policy instrument is White Certifi cates 
(WhC), named also as Energy Effi  ciency Titles. Th e basic idea 
underlying this policy instrument is that energy saving targets 
are set for energy suppliers (namely retailers) or distributors 
(in Italy), which must fulfi l these requirements by implement-
ing energy effi  ciency measures among their clients within a 
specifi c time frame. Th e fulfi lment is acknowledged by means 
of (White) certifi cates. Energy suppliers or distributors, which 
overfulfi ll their targets, can sell their unused energy effi  ciency 
equivalents in the form of White Certifi cates to suppliers/dis-
tributors which have implemented fewer measures than ac-
cording to their target. In the EU, only the UK and recently Italy 
and France have implemented WhC schemes, with diff erent 
targets and design characteristics. In fact, electricity is mainly 
addressed but in order to avoid market distortions, policymak-
ers can impose such obligations also on gas, fuel for domestic 
use and heat suppliers. 

Literature has dealt in depth with economic analysis of 
various energy policy instruments (Baumol and Oates 1988; 
Boonekamp forthcoming; Bovenberg and Gurney 2005; Ekins 
and Barker 2001; Pezzey 2003; Pizer 1999; Pizer 2002; Weitz-
man 1975; Williams 2002). For the case of White Certifi cates 
most studies deal with analysis of the instrument and possible 
interactions, basically in the area of implications (Bertoldi and 
Rezessy 2006; Bertoldi et al. 2005; EU SAVE “White and Green” 
project; EuroWhiteCert project; Farinelli et al. 2005; Guardiola 
et al. 2004; Harrison et al. 2005; International Energy Agency. 
2006; Langniss and Praetorius 2006; Mundaca and Santi 2004; 
Pagliano et al. 2003). Nevertheless, with the exception of Quir-
ion (2005) an economic model of White Certifi cates with other 
policy instruments and implications to energy supplier’s behav-
iour are not present. 

Th e purpose of this paper is to create a framework that re-
veals possible interactions in the market structure and players’ 
behaviour aft er the implementation of carbon taxes and White 
Certifi cates. Th is framework consists of profi t maximization 
decisions of electricity producers and electricity suppliers when 
facing diff erent policy instruments. Th rough the use of micro-
economic theory we identify the total eff ect on the electricity 
price when suppliers internalize the behaviour of producers in 
their decisions. Our focus lies mainly on the parameters that 
infl uence fi nal electricity price. 

In section 2 we introduce the methodology used that consists 
of a microeconomic model alongside with some important as-
sumptions. In section 3 we present the behaviour of electricity 
producers with and without carbon tax. Section 4 deals with 
two cases of electricity suppliers with and without an obliga-
tion of WhC, including a description of the WhC and energy 
effi  ciency markets. In section 5 a WhC scheme interacts with 
a carbon tax on electricity producers and fi nally in section 7 
discuss our results and present some conclusions. 

Methodology
We make use of a small microeconomic model depicting the 
business behaviour of energy suppliers in response to the ac-
tions of other stakeholders in the energy market, when both a 
WhC scheme and carbon tax (on input) is applied. We try to 
answer for each case what are the parameters that aff ect retail 
electricity market price and at what direction. 

In our model we compare the WhC scheme for electricity 
suppliers with a carbon tax for electricity production, since tax 
for gas and other domestic fuels use is not yet present at least in 
most EU countries. Furthermore, we do not refer to electricity 
distributors, which have natural monopoly elements and can 
be subject to economic regulation. Th e reason is that we focus 
on competitive markets and we depict the business behaviour 
of energy suppliers that is determined by market provisions. 
Some basic assumptions of our model in the following sections 
are presented below:

Electricity suppliers under an energy effi  ciency obligation are 
assumed to function in a competitive market according to the 
principles of electricity market liberalization. Similar assump-
tion holds also for electricity producers. We acknowledge that 
in many countries this is not the case so far, but following the 
electricity market liberalization targets set by the EU Commis-
sion (EC 2003), all EU countries must comply with. Given the 
reconsolidation tendencies in energy production and supply in 
the EU the market maintains an oligopoly character with lim-
ited production capacity and competitive prices. For the sake of 
simplicity and detail of analysis, we confi ne ourselves to com-
petitive energy suppliers and producers2. Another assumption 
in our model is that electricity market is open and suppliers/ 
producers can export/ import electricity. Furthermore, there is 
no presence of electricity price regulation from authority.

End users’ demand function for electricity in the model 
can also determine the level of energy effi  ciency due to price 
changes. Cost functions for producers and suppliers are not 
presented in detailed components and are aggregated to sim-
ple cost parameters. A detailed bottom up analysis can reveal 
numerous cost elements but our analysis focuses on how these 
market parties react in a general cost increase induced by poli-
cies. 

Electricity producers
An average load electricity producer (generator) in a hypotheti-
cal competitive market faces the optimisation problem of maxi-
mizing his profi t through selling electricity to energy suppliers 
at a market price, under fi xed and variable costs. Fixed costs in-
clude the fi nancing of plant construction and equipment leases, 
but their contribution to the market price is a small fragment 
due to their dispersion in the longer term. Variable costs consist 
of fuel expenses (namely fossil fuel) and operational costs. Op-
erational costs refer to non-fuel, plant maintenance, and other 
capital costs. Total production cost that aff ects an electricity 
producer’s profi t over a given tie interval is obtained by multi-
plying the sum of electricity produced in each unit in megawatt 

2. Otherwise the number of cases and the results would double and game theory 
should be employed, which would change the scope of this paper.
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hours (MWh) with the operational cost (EURO/MWh)3. We 
assume also that there is a carbon tax on the fossil fuel input on 
production of electricity. With an imposition of a carbon tax on 
production, electricity producers optimize their behaviour by 
internalizing the tax rate in their decisions. Th e tax increases 
average and marginal costs of production, given that cost of 
other production factors remains stable. Th e producer’s profi t 
function can be presented as:

where: 
Qp is MWh of electricity produced from fossil fuels
CF is the uniform market price of fossil fuels (determined 

by the effi  ciency of the plant and quantity of fuels, given that 
no “two tiered oil pricing” for imported and domestic oil takes 
place)

tF is the level of carbon tax and 
CV is the summation of all other variable costs. 

We also assume a linear marginal cost function similar to 
Quirion (2005) and Ciarreta and Espinosa (2005), where plants 
have diminishing returns, due to limited availability of cheap 
sources4.

In a competitive market, a producer’s profi t in the equilib-
rium market price is zero. We extract this result through the 
partial derivative of the profi t function with respect to the 
quantity of electricity produced.

, where         (1)

Equation 1 satisfi es the fi rst order condition of profi t maximiza-
tion under a competitive market, where price equals marginal 
profi ts and also equals marginal costs of electricity production. 
Th e second order condition is given by

In this case, an individual energy producer sells electricity at 
a market price, which reduces his optimal profi ts at the level 
of the tax. An increase in the tax level will result in a loss of 
profi tability (compared to the case where no carbon tax was im-
posed) but electricity producers will all react and increase the 
market price, since the tax is uniform and does not allow cost 
competitive positions. In an open market however, with a mar-
ket price increase, domestic producers face a threat of cheaper 
imports of electricity (not taxed), reducing hence their domes-

3. Furthermore, as presented in Pepermans and Willems (2003) a clear distinc-
tion takes place between the base load plants and peak load plants, based on the 
highly variable demand and the non-storability of electricity. The former entail low 
marginal costs of production and high investment costs, while the latter the op-
posite. In our model we consider base load generation plants, since the analysis in 
the other case would require extra constraints in the quantity (namely production 
refrained to peak demand) and would blurry our policy objective.

4. This cost structure facilitates the solution of differential equations for electricity 
generation (Ciarreta and Espinosa 2005).

tic market shares. To sum up, a carbon tax can reduce profi ts 
from electricity generation especially to producers that cannot 
cover the increased variable policy induced costs. Sijm et al 
(2005) and Reinaud (2007) present also similar results in the 
sense that whether energy producers are in a competitive mar-
ket or an oligopoly or monopoly, in principle the pass through 
rate of increased carbon costs (whether it is tax or emissions 
trading) from production to supply will be almost 100%.

Electricity suppliers
In this section we present a microeconomic analysis of the 
maximization problem of electricity suppliers with and without 
the implementation of energy savings through a WhC obliga-
tion.

Electricity suppliers purchase electricity from producers in 
a separate market, even though in reality many companies are 
still vertically integrated. Th ey then sell purchased electricity 
to end-users (households, industry and tertiary sector). Both 
suppliers and producers are assumed not to possess any market 
power that could change the structure of the competitive mar-
ket. Electricity suppliers diff er from distributors and the trans-
mission in terms of network management, since suppliers do 
not deal with the transport of electricity (given that electricity 
companies are not vertical) and can function in a competitive 
environment (while transmission and distribution are mostly 
natural monopolies). Sale of electricity includes metering, bill-
ing, marketing, and can be wholesale (large users) or retail (in-
dividual users) (Harris 2006; Steiner 2000). Relevant labour and 
capital costs during this procedure can be aggregated to energy 
supply cost (represented as EURO/MWh) used for electricity 
sold. We assume a linear marginal cost function for the same 
reasons stated for electricity producers in the previous section. 
Th e supplier’s profi t function can be presented as: 

 (2)

where: 
PS is the fi nal price of electricity, 
QS is the quantity of electricity sold and 
CS is the energy supply cost.

Th e fi rst component of the Equation are the revenues and the 
second the costs of suppliers. Note that the quantity of elec-
tricity that suppliers purchase from producers QP (see eq. 1) 
is internalised into their decisions. Th e fi nal price PS can diff er 
from the original P due to a competitive market in the energy 
retail sector. Suppliers can sell electricity below the purchase 
price in order to maintain or increase their market shares ini-
tially and diff erentiate also their product (e.g. energy effi  ciency, 
renewable electricity).Th e ratio of electricity produced/sold is 
QS=aQP

5. Moreover in excess demand conditions (i.e. when 
a>1), in order to cover domestic demand suppliers have to 

5. If a>1 then suppliers need to purchase energy from abroad in order to guarantee 
security of domestic supply. Parameter a can be also related to the effi ciency of the 
whole electricity system, since grid loss takes place from production to transmis-
sion and distribution. This effi ciency loss ratio in transmission and distribution can 
reach often up to 10% (EC 2006)
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purchase electricity from abroad, or stimulate energy effi  ciency 
actions to their customers. 

In a competitive market, a supplier’s profi t in the equilibrium 
market price is zero. We extract this result through the partial 
derivative of the profi t function with respect to the quantity of 
electricity sold.

, where 

In this case, electricity suppliers charge a market price deter-
mined by their marginal cost of supply. It is clear that the latter 
also originates at a great extent from the marginal cost of elec-
tricity production. If demand rises (i.e. higher a) supply price 
rises and if prices of fossil fuels rise then supply price might 
increase, due to the reaction of all producers that increase the 
price. An individual supplier cannot aff ect directly the market 
price due to external factors that determine it (namely behav-
iour of competitive producers) and the large numbers of com-
petitors.

If we assume a residential demand function for electricity 
we can extract the market equilibrium. We make use of a de-
mand function from Fischer and Kayen (1962), where quantity 
of electricity demanded is a function of retail electricity price, 
income and stock of household appliances in use. Given that 
in the short and medium term demand responses to price of 
electricity are quite low (low elasticity of demand) the function 
can be written as:

where:
QD is the quantity of electricity demanded (in equilibrium is 

the same with QS)
u is the utility rate of household appliances
Y is the household’s income
K is the stock of appliances in use

An increase in income is expected to increase the overall in-
crease in energy demand, while an increase in the electricity 
price (due to the price inelastic demand) will not decrease sub-
stantially electricity demand. 

THE CASE OF WHITE CERTIFICATES
A White Certifi cates scheme for achieving higher energy ef-
fi ciency is oft en imposed on electricity suppliers. Bertoldi et al 
(2005) and International Energy Agency (2006) present several 
variations in terms of design and targets set in Italy, France and 
the UK. As far as design is concerned, WhC can function in a 
simple form (i.e. suppliers fulfi l their obligations, receive WhC 
and can trade them in a certifi cate market), or more complex, 
involving also fi nancial mechanisms, such as taxes and subsi-
dies, for stimulation of energy effi  ciency actions and involving 
more actors, like Energy Service Companies (ESCO) that can 
be issued white certifi cates coming from their day-to-day activ-
ity and sell them in a certifi cate market to the obliged actors, 
such as energy distributors or suppliers. Th e scheme is based 
on an obligation imposed on energy suppliers that must imple-

ment energy effi  ciency projects to their customers and by doing 
so they fulfi l their target and receive WhC.

Target allocation can be uniform (same for all suppliers) 
or diff erentiated (individual for each supplier). In both cases 
moreover a target can be absolute (i.e. fi xed amount of energy 
savings) or relative to electricity sales (i.e. proportioned to the 
sales of the supplier, considering the weight of the supplier 
in ratio with the national amount of energy sold yearly by all 
the national suppliers). Th e price of WhC in theory refl ects 
the marginal costs of implementing energy effi  ciency projects 
(shadow price) or the relevant value of energy saved.

In our model we assume a uniform target relative to elec-
tricity sales, where energy effi  ciency actions must take place 
among domestic end users. A supplier can sell electricity but a 
proportion of these sales must correspond to implementation 
of energy saving projects (obligation), where he receives WhC, 
aft er projects are accredited. We consider that suppliers prefer 
implementing energy effi  ciency projects mainly to their own 
electricity customers, since already established relationships 
exist and information, communication and negotiation costs 
can thus be lower. Furthermore, a supplier’s implementation 
of specifi c energy effi  ciency projects can create a market lock-
in for other suppliers that will shift  their investments towards 
similar competitive products. Th e actual percentage of electric-
ity that a supplier sells on the market can diff er from his obliga-
tion, depending on market strategies and profi tability margins. 
A supplier faces hence two options: a) purchasing WhC in 
order to fulfi l his target or b) implementing energy effi  ciency 
projects to end users. If the target is overfulfi lled, the supplier 
can fi nance part or all the cost of his energy effi  ciency projects 
by selling WhC to suppliers that cannot meet their targets. If 
a supplier cannot fulfi l his target or purchase WhC, a sanc-
tion in the form of fi nancial penalty is imposed. In theory, that 
penalty should be higher than WhC market price, in order to 
induce supplier’s behaviour towards implementing energy sav-
ing projects or purchasing WhC6.

Th e supplier’s revenues and costs from electricity sales (mod-
ifi ed from eq.2) are:

where the new parameters are:
β is the baseline percentage of electricity sales upon which 

the mandatory energy effi  ciency target is set, 
(1-β) is the percentage of energy saving that is required for 

the fulfi lment of the target (represents the actual target), 

Th e supplier’s revenues and costs from the WhC obligation 
are:

where:
PWhC is the price of WhC as a shadow cost of energy effi  ciency 

projects, 

6. Nevertheless, the penalty can take various forms, as a fi xed ceiling price or as a 
percentage of a supplier’s turnover (Energy Effi ciency Commitment in the UK).
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PPEN is the level of penalty and 
γ is the actual sales behaviour of the supplier, which is endog-

enous in the model and depends on PWhC and PS

δ1 is the supplier’s opportunity cost on buying/selling WhC
δ2 is the supplier’s opportunity cost on paying the penalty. 

Th e supplier’s new profi t function can be presented as:

 

(3)

Th e fi rst two elements in this Equation are the revenues from 
electricity and from WhC sales and the last two are costs of the 
supplier (supply costs and penalties). As can be understood, if a 
supplier cannot fulfi l his target, the second element is negative 
and transforms to cost, through purchasing WhC. We distin-
guish three cases of compliance:

if 1- β < γ the target is lower than the actual level of electric-
ity sales, then the target is overfulfi lled, i.e. generated energy 
savings provide a surplus of WhC that can be sold 

if 1- β > γ the target is higher than the actual level of elec-
tricity sales, meaning that a supplier needs to implement 
more energy effi  ciency projects, purchase WhC or pay the 
penalty 

if 1- β = γ then the target is achieved, so all WhC acquired 
from energy effi  ciency actions are redeemed and no surplus 
or shortage is present

A basic conceptual diff erence between β and γ is that the 
former is imposed by government while the latter demonstrates 
the supplier’s strategy. In one more detailed step, we express 
furthermore the tradeoff  of a supplier on buying WhC (alter-
natively implementing energy effi  ciency projects) or paying the 
penalty with the symbols δ1 and δ2 (δ1=1- δ2, with values 0 to 1). 
If δ1=1 the supplier prefers to cover his obligation with WhC 
and avoid paying penalty, while if δ2=1 he does not participate 
in the process of implementing energy saving projects and pre-
fers to pay the penalty7.

In a competitive market, market equilibrium is where profi t 
derivative equals to zero, which leads to the Equation of suppli-
er’s marginal costs with a competitive market price. We extract 
this result through the partial derivative of the profi t function 
with respect to the quantity of electricity sold.

7. Another strategy for the supplier, in theory, could be the partial fulfi lment of 
the target through purchase of WhC and the remaining part through paying the 
penalty. In reality nevertheless that WhC trading periods are relatively short (yearly 
basis), a supplier chooses the lowest compliance price and decides to cover his 
obligation with the same cost. Still, a tradeoff between these two options can take 
place and a supplier can choose a portfolio of options (e.g. 1 and 2 simultane-
ously at a certain rate).

•

•

•

, where 

We can deduce from this relationship that if demand rises (i.e. 
higher a) or other costs rise, supply price rises due to the reac-
tion of all producers that increase their price. A supplier can-
not aff ect directly the market price due to the external factors 
that determine it (namely behaviour of competitive produc-
ers). With a WhC scheme, price of supplied electricity is also 
determined by the relative diff erence of penalty with certifi cate 
price, level of target (β), and tradeoff s of purchasing WhC (δ1) 
or paying the penalty (δ2). 

When a supplier meets his energy effi  ciency target up to the 
level of the obligation, it is clear that no extra costs are incurred. 
If all suppliers manage to achieve this result, then price of elec-
tricity is in equilibrium and no pressing eff ect is present. In 
this situation, no trade of WhC takes place since the targets 
are achieved (i.e. there is no demand or supply for WhC), and 
the added value of the scheme towards an obligation without 
trading is not present anymore. If an energy effi  ciency obliga-
tion is lower than a supplier’s actual electricity sales, then he 
can decide to sell more electricity up to the maximum allowed 
level, or sell electricity more than his target because his oppor-
tunity cost of paying the penalty (for not complying with the 
obligation) is lower than selling more electricity, or to achieve 
more energy savings than his target, which grants him with a 
surplus of WhC that can be sold in the market. If an obliga-
tion is higher than actual electricity sales, then a supplier faces 
the option of reducing his electricity sales while performing 
energy effi  ciency projects to achieve the target, maintain his 
relatively high electricity sales and purchasing WhC, or paying 
the penalty. 

At an initial phase, when no-regret energy effi  ciency poten-
tials exist, energy effi  ciency projects are expected to carry a low 
cost. Th is cost in a competitive energy effi  ciency products mar-
ket will determine also the price of WhC (as a marginal shadow 
price of the next least expensive energy saving project). A low 
PWhC infl uences moderately the optimal price. When PWhC in-
creases it presses optimal PS upwards, which in fact can increase 
the incentive for energy effi  ciency actions, since fi nancing of 
such projects can be fulfi lled through an increased market 
electricity price (given that suppliers will react and formulate 
a new market equilibrium). An increase in penalty price will 
also press PS upwards, while it will have no eff ect if a supplier 
fulfi ls his obligation solely through WhC trading. Further-
more, an increase of the target can lead to an increasing eff ect 
to the equilibrium price of electricity, assuming that suppliers 
cannot comply with the new target. A failure of compliance, 
(refl ected in high values of γ) aff ects PS positively, while an 
overcompliance lowers the PS. A fulfi lment of the target (either 
with energy effi  ciency measures or purchase of certifi cates) in 
equilibrium can aff ect PS in both directions, depending on the 
initial point of a supplier. We could expect that most probably, 
suppliers should increase PS in order to carry over increased 
policy costs. 
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Nevertheless, in all the above mentioned eff ects, an indi-
vidual supplier’s competitive position does not allow him to 
raise the price and therefore he can optimise his revenues or 
cost parameters or combinations of them. More specifi cally, 
supplier’s extra costs should be fi nanced through his increase 
in sales (QS), his implementation of least cost energy effi  cien-
cy projects, his lowering of inputs cost (QP), by choosing the 
least cost producer who sells below market price), his lowering 
supply costs (CS), or by selecting a network with the least grid 
loss (minimize a). Another strategy a supplier can follow is the 
contracting of Energy Service Companies (ESCO’s) or other 
market parties in order to implement energy saving projects 
in a more profi Table way and increase his share in the energy 
service market. Such projects consist of technologies with a 
high market potential and cost eff ectiveness8. 

Based on the residential demand function we expect that an 
energy effi  ciency obligation will change the quality of the stock 
of appliances in use (K), while an increase in PS will not have a 
strong eff ect on their utility rate (u). Th e net total eff ect in this 
case will be a reduction in the quantity of electricity demand-
ed. Nevertheless we must take into account the rebound eff ect 
(originating from an income eff ect), where the relative increase 
of income (due to lower electricity bill) can possibly stimulate a 
higher utility rate and the positive eff ect can be reduced. Final-
ly, if we consider information campaigns as an extra measure 
implemented by electricity suppliers, this can stimulate a more 
energy effi  cient behaviour of the end users, which leads to a 
lower u and hence a lower electricity demand.

 MARKET OF ENERGY EFFICIENCY PROJECTS
We demonstrate in this section how a market of energy effi  cien-
cy projects can function, based on the decisions of an energy 
supplier for the fulfi lment of his energy effi  ciency obligation 
under a WhC scheme. 

Energy effi  ciency projects are supplied as showed in Fig 1. 
Th e step supply function represents unit costs for such projects: 
using unit costs instead of marginal is not orthodox but gives a 
more realistic view of the market. Th e units of energy savings 
from such projects are symbolized as z and in fact is the actual 
behavior of energy suppliers (γ-(1-β))QS, as expressed above.

Cost eff ective energy effi  ciency projects are provided in the 
market given that their marginal costs do not exceed the price 
of electricity (ps). For points z1 and z2 in Fig. 1, all areas between 

8. In reality, a typical measure that dominates market potential in such schemes 
(especially in the UK) is insulation, see for instance OFGEM (2003).

the ps and the supply curve of energy effi  ciency projects repre-
sent the total savings in the electricity bill of end-users. 

Departing from Figure 1 we obtain the symmetrical Figure 2 
with the costs of energy effi  ciency projects running from right 
to left . Th e x axis in this case refl ects quantity of electricity sold 
(Qs) and two cost curves are present: the highest for energy ef-
fi ciency projects managed by suppliers, the lowest for ESCO’s. 

Starting with the business as usual energy consumption (Qs0), 
a project by an ESCO could reduce it to (Qs1), given the price of 
energy (ps), with a private benefi t amounting to the diff erence 
between price line and cost curve. If the project is managed 
by an electricity supplier the energy effi  ciency project’s cost 
curve shift s upward: in fact, a part contains the direct cost of 
the project, if the project is implemented in the area served by 
the supplier we should also consider the reduced income due 
to lower bills. Th e average supplier facing mandatory targets of 
energy effi  ciency with a white certifi cate scheme would reason-
ably try to minimize the overall cost of the policy. 

Linking up to the electricity supplier’s behavior as described 
above, by inserting in the profi t maximization problem the 
costs of energy effi  ciency projects CEE, we modify Equation 3. 
Th ese costs do not refl ect the shadow prices of WhC, hence 
assuming that a price of WhC is dependent on the market de-
mand and supply of energy effi  ciency projects as expressed in 
Figures 1 and 2. In this sense CEE is not derived from the model 
but is imposed exogenously and modifi es suppliers’ behaviours. 
Th e new market equilibrium is:

We can deduce that the costs of energy effi  ciency projects press 
price of electricity upwards and must be counterbalanced by 
a relative increase in the price of WhC, where suppliers can 
compensate their incurred costs.

A MARKET ANALYSIS OF WHITE CERTIFICATES
In this section we analyze the behaviour of demand and supply 
forces in the market of WhC. Th e basic component of the sup-
ply curve of WhC is the availability of cost eff ective energy ef-
fi ciency projects. Th eir implementation generates WhC attrib-
uted to electricity suppliers and ESCO’s. Th e behaviour of these 
market players is diff erentiated in terms of trading WhC. 
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Figure 1: Supply of energy effi ciency projects
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As far as electricity suppliers are concerned, the amount of 
certifi cates corresponding to mandatory targets is surrendered 
at the end of every policy period to demonstrate compliance. 
If suppliers have exceeded their target, the possible surplus can 
be stored for future periods or supplied in the market of WhC 
through offi  cial exchange or private contracts.

ESCO’s and other market parties, on the contrary, sell all 
the basket of WhC obtained from eligible projects to electric-
ity suppliers or other parties interested in arbitrage, since they 
cannot carry over their savings for next periods. Th e option 
hence of selecting δ1 and δ2, as well as the PPEN for ESCO’s are 
non-existent, therefore their maximization problem is substan-
tially diff erent.

Based on our analysis so far, the supply curve of WhC will 
react positively to policy targets, ps, subsidies and technology 
improvement, negatively to transaction costs. Diff erences in 
short and long-term reaction are not considered.

Th e overall demand curve for WhC (DWhC ) take form ac-
cording to two main components: mandatory and free demand. 
Th e mandatory demand stems out from suppliers for the part 
of energy effi  ciency cap not realized in households (vertical de-
mand). Th e free demand stems out from third parties and de-
pends on expectations about prices and technologies. Figure 3 
presents this situation in the market of WhC.

Microeconomic analysis with policy interaction
In this section we analyse the normative behaviour of electric-
ity suppliers under a WhC scheme that incorporate the costs 
of electricity production, when a carbon tax on producers is 
applied.. Finally, we present the degree of signifi cance of each 
parameter on the fi nal decisions of the market, as refl ected by 
their impact on the fi nal price of electricity.

ELECTRICITY SUPPLIERS WITH WHC OBLIGATION WITH 
ENERGY PRODUCERS WITH CARBON TAX
In a competitive market with a carbon tax electricity producers 
optimize their behavior by internalizing the tax rate in their 
decisions (eq.2). An electricity supplier under an energy ef-
fi ciency obligation in a WhC scheme can sell electricity and 
must fulfi l an energy effi  ciency obligation as a proportion to 
his electricity sold through implementing energy effi  ciency 
projects, purchasing WhC, or paying the penalty. In the case 
where both instruments are being implemented simultaneous-
ly, a supplier’s profi t function, when taking into account the 
eff ect on producer is:

A supplier internalizes the producer’s tax burden in his deci-
sion and sells electricity at the competitive price. We extract 
this result through the partial derivative of the profi t function 
with respect to the quantity of electricity sold.

, where  

(4)

Similar to the previous cases, we can demonstrate that if de-
mand rises (i.e. higher a) supply price rises but with higher 
prices of fossil fuels due to the carbon tax, supply price in this 
case will defi nitely increase, due to the reaction of all produc-
ers that increase the price. A supplier cannot aff ect directly the 
market price due to external factors that determine it (namely 
behaviour of competitive producers). An increase in producer’s 
fossil fuel cost will tend to increase the price of fi nal electric-
ity sold in the retail market or increase imports from cheaper 
sources.

 When PWhC increases it presses the optimal market PS even 
more upwards, which jeopardizes the incentive for energy ef-
fi ciency actions, since suppliers might prefer not to lose their 
market shares in electricity competition and hence sell from 
cheaper sources at lower prices. A counterargument is that 
if supplier’s market positions are guaranteed then they could 
indeed reduce their electricity sales and promote energy effi  -
ciency. In all senses this behaviour depends on the level of the 
price increase due to the carbon tax and on the supplier’s initial 
position. Furthermore, a determinant parameter is the diff er-
ence of carbon tax with price of WhC in the market. If prices of 
WhC are higher than the tax, then the tax acts as a lower bound 
price for energy effi  ciency, which is not necessarily favourable, 
since energy effi  cient solutions that are initially economically 
effi  cient might be locked out. In this case, a carbon tax could 
distort the market for energy effi  ciency stimulated by WhC. 
If prices of WhC are lower than the tax, then the increase in 
the costs will stimulate a lot of cost eff ective energy effi  ciency 
actions in a merit order, which could exhaust the low hanging 
fruits, but most probably the allocation of costs would not be 
effi  cient. Finally, another determinant parameter is the diff er-
ence of the penalty with the level of carbon tax. When the tax is 
much lower than the penalty, the relative impact on the price of 
electricity will not be substantial and energy effi  ciency projects 
can be locked up due to their lack of competitiveness. If the 
tax is higher then eventually energy effi  ciency actions will be 
stimulated and become profi table, as long as their costs for the 
suppliers still remain under the level of the penalty. If fi nally, 
the carbon tax is higher than the penalty, then the price of elec-

pS, pWhC

pS

DWhC Supply of
WhC

ßQS

Growing in house
projects

Growing costs,
stricter capspS, pWhC

pS

DWhC Supply of
WhC

Growing in house
projects

Growing costs,
stricter caps
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tricity can rise a lot and suppliers might just pay the penalty and 
maintain their profi ts (through higher revenues).

An increase in penalty price will press also PS upwards, while 
it will have no eff ect if the supplier fulfi ls his obligation solely 
through WhC trading. A failure of compliance, (refl ected in 
high values of γ) aff ects PS positively, while an overcompliance 
lowers PS. Th rough the imposition of a carbon tax on the pro-
ducer, electricity supplier’s input is more expensive, therefore 
a percentage of this cost will be passed on to energy effi  ciency 
projects or directly to electricity price, based on cost pricing. 
Since supplier’s competitive position does not allow him to 
raise the price and since his input is already more expensive, 
his extra costs should be fi nanced through increasing sales 
(QS), implementing least cost energy effi  ciency projects (e.g. 
contracting ESCO’s), lowering of inputs cost (aQP), choosing 
the least cost producer who sells below market price, lowering 
supply costs (CS), or by selecting a network with the least grid 
loss (minimize a). 

As far as electricity demand is concerned, we expect that an 
increase that no substantial added value will take place from the 
introduction of a carbon tax upon the electricity consumption, 
given that a WhC obligation also takes place. Th is is due to the 
fact that price elasticity of demand for electricity is rather low 
and hence the eff ect on a price increase cannot stimulate only 
by itself an extra energy effi  cient behaviour. Th is gap can be 
covered by energy effi  ciency measures implemented through 
a WhC scheme.

INFLUENCING FACTORS ON THE PRICE OF ELECTRICITY
As depicted in this section, diff erent sorts of taxation when 
combined with WhC lead electricity suppliers to diff erent 
optimizing behaviours. Electricity suppliers in a competitive 
environment receive market signals and incorporate prices, 
taxes and their energy effi  ciency obligations to their decisions. 
Parameters that infl uence the fi nal market price are: price of 
WhC, level of obligation, actual percentage of electricity sold, 
level of sales tax, level of penalty, electricity demand, and cost 
of supply. 

In Table 1 we present the infl uence of the above mentioned 
parameters on the price of the WhC, on the price of electricity, 
and on the volume of WhC that is an inverse factor of realiza-
tion of energy effi  ciency projects (less demand for certifi cates 
because obligations are achieved through projects). In terms 
of policy interaction, we identify that a tax on fossil fuels on 
producers provides a better incentive for energy effi  ciency than 
a tax on sales to suppliers that cover policy costs with an in-
crease of electricity market price. An increase of the level of 
the obligation under WhC or of the cost of electricity supply 
will reduce PWhC and suppliers will prefer to purchase certifi -
cates than implementing projects. Th e magnitude of impacts 
of parameters depends on the values chosen and on the initial 

position of suppliers (i.e. if their actual behavior deviates from 
full compliance with targets)9.

Discussion and conclusions
In this paper we have analyzed interactions of two energy 
policy instruments, namely a WhC scheme as an innovative 
policy instrument for energy effi  ciency improvement and exist-
ing energy taxation. Due to the multiplicity of energy taxes, we 
confi ne ourselves to a tax on fossil fuels as an input for electric-
ity production (carbon tax). WhC and carbon taxes diff er in 
terms of objectives and fi nal impacts on the price of electricity. 
WhC are implemented recently in the UK, France and Italy, 
under various forms, and carbon taxes in few EU countries, 
with diff erent rates and rebates.

We examine the eff ect of these policy instruments in the 
electricity sector, focusing on electricity producers and sup-
pliers in a competitive market. All other market parties (e.g. 
electricity end-users) are considered exogenous to our analysis. 
Th rough the use of microeconomic theory we demonstrate the 
total eff ect on the electricity price when suppliers internalize 
the behaviour of producers in their profi t maximization deci-
sions. Our focus lies mainly on the parameters that infl uence 
fi nal electricity price that electricity suppliers charge on the 
market. 

We present some basic assumptions in our economic model, 
mainly in the context of competition and electricity demand. 
We acknowledge however that our model refers to an ideal 
market situation of full liberalization, which in most countries 
is not the case so far. Oligopolistic or monopolistic tendencies 
through vertical integrations of energy companies still domi-
nate the fi eld. We make use of these simplifi cations in order to 
convey market behaviour of electricity suppliers when facing 
diff erent policies.

Th e cases we have examined consist of electricity produc-
ers with and without a carbon tax, and electricity suppliers 
with and without WhC obligations. Furthermore, we present a 
parallel implementation of WhC for electricity suppliers with 
carbon tax on electricity producers. In this case, we present the 
diff erences in optimization behaviour of producers and suppli-
ers and how the optimal decisions (alias profi t maximization 
decisions) of electricity producers are incorporated in the opti-
mization decisions of electricity suppliers. Given also that WhC 
refer to undertaking of energy effi  ciency actions, we present 
possible tradeoff s in business strategies between reducing elec-
tricity supply costs and implementing energy saving projects. 

A basic fi nding is that in a merit order several parameters 
can increase fi nal electricity price when diff erent policies are 
implemented: demand for electricity and electricity supply cost 

9. We have identifi ed some threshold values in the model, which can act as restric-
tions, for instance very low prices of electricity result in negative WhC prices. 

Table 1: Parameters affecting price of electricity, price and volume of WhC

PWhC PS CS tF
PWhC X + - + - +
PS + X + + + +
WhC - - + - + -
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at a large scale and then follow the actual level of electricity 
sales, level of obligation for energy saving, and price of WhC 
(representing the marginal costs of energy saving projects). 
Some parameters that infl uence positively the price of WhC 
are: price of electricity, level of demand, and the level of carbon 
tax, while negative impact is found on the level of obligations 
and electricity supply cost. Finally, energy savings (represented 
indirectly by quantities of WhC traded) are aff ected positively 
by the level of obligation and cost of electricity supply, while 
negatively by the price of WhC, price of electricity, level of elec-
tricity demand, and the level of carbon tax. Th e magnitude of 
impacts of parameters depends on the values chosen and on 
the initial position of suppliers (i.e. if their actual behaviour 
deviates from full compliance with targets).
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