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1 Introduction

The purpose of this paper is to evaluate the cost effectiveness of the
combined use of various energy and climate policy instruments, in the
light of the recently adopted energy and climate policy of the European
Union (EU). Our contribution to the literature on the design of policy
instruments is to seek to identify the EU’s underlying goals for its climate
and energy policy, and take these goals as a point of departure for our
evaluation of the optimal combination of policy instruments.

In December 2008 the EU Parliament agreed on a Renewable Energy
and Climate Change Package aimed inter alia at achieving at least a 20%
reduction in greenhouse gas emissions, and up to a 30% reduction in the
event a comprehensive international climate agreement is established.
In addition the Package aims for a 20% share of renewables in overall
EU energy consumption by 2020, see EU (2009a) and EU (2009b)).

In order to evaluate the cost effectiveness of policy instruments it
is crucial to have well-defined policy goals (see Sorrell and Sijm, 2003).
We find it reasonable to assume that the underlying goal for a com-
bined energy and climate policy is to correct for externalities attached
to consumption and production of energy.

When new policy instruments are introduced, the externalities they
seek to address are not always well specified, even if their existence is
the rationale for using the policy instruments. However, the EU identi-
fied some externalities from energy production and consumption when
proposing the Renewable Energy and Climate Change Package (EU,
2008). Based on communications from the EU (see references below),
we assume that the rationale for the EU’s intervention in the energy
markets is to correct for the following three externalities.

i) There is a negative externality related to emissions of greenhouse
gases (GHG).

ii) There is a negative externality related to consumption of imported
fossil fuels, as this increases dependency on fossil fuel imports.

iii) There is a positive externality related to the production of renew-
able energy.

One of the most pronounced environmental concerns today is global
warming caused by emissions of greenhouse gases (externality i.). The
EU has on several occasions promoted the need for reducing emissions
of GHG.

In a press release from the EU (EU, 2008), it is argued that setting
a target for the share of renewables in overall energy consumption helps

IThe target for emissions reduction is not an exclusively domestic reduction target,
as the Package allows for some limited trade in emissions credits with third countries.



to decrease reliance on imported fossil fuels, which makes energy supply
more certain for European citizens. This implies that the EU attaches
a negative externality to dependence on imported fossil fuels, leading us
to externality i7) above. Measures to decrease dependence on imported
fossil fuels can, inter alia, be motivated by unstable political situations
in large exporting countries. See Loschel et al. (2010) for a discussion
about energy security.

Another argument from the EU, supporting the renewable energy
target, is an anticipated subsequent boost for high-tech industries, pro-
ducing new economic and employment opportunities (EU, 2008, 2009b
(3)). These arguments suggest that the EU attaches positive externali-
ties to the production of renewable energy, which leads us to specification
ii1) above.

Although there may be important social welfare benefits from net
increases in employment that may result from increased production of
renewables, stimulating employment through policies to increase renew-
able energy production is probably not the most cost-effective way of
preventing unemployment. Furthermore, although stimulating produc-
tion in industries can be welfare improving if there are technological
spillovers that are not taken into account by the producers (see Stoneman
and Vickers, 1988; Pizer and Popp, 2008), there may be more efficient
ways to make the industries internalize these externalities than by stim-
ulating production of renewable energy. (The relationship between tech-
nological change and environmental policy instruments has been widely
discussed in the literature; see, e.g., Jaffe et al., 2002; Kverndokk and
Rosendahl, 2007; Fischer and Newell, 2008.) However, in this study, we
do not assess the nature of (or the rationale for) the positive externality
the EU associates with renewable energy production but merely take it
as a premise for our study.? In the concluding remarks we discuss the
outcome in the absence of such an externality (externality dii).

As a starting point, we first derive the optimal combinations of policy
instruments given the externalities defined above, with no constraints on
the choice of policy instruments. However, due to international regula-
tions and/or political considerations (see Bennear and Stavins, 2007), it
is reasonable to assume that a regulator faces constraints on the use of
policy instruments. The constraints on the policy instruments we con-
sider are restrictions on the use of import tariffs, because of international
trade regulations, and restrictions on the use of subsidies to fossil fuel
production, because of political considerations.

We relate our findings to the current use of policy instruments in the

2Bohringer and Rosendahl (2010) show the inefficiency of introducing a target for
green energy consumption when the policy aim is only to limit COs emissions.



EU. In particular, as renewable energy is promoted by subsidies in some
member states and by a green certificate market in other member states,
we find it of interest to compare the features of these two instruments.
(For analysis of green certificate markets, see Amundsen and Mortensen,
2001; Morthorst, 2003; Bertoldi and Huld, 2006.)

We show that as long as there are no constraints on the use of subsi-
dies on energy production, the regulator can achieve the first-best out-
come, even if there is a constraint on the use of import tariffs. If there are
constraints on the use of both import tariffs and subsidies on domestic
fossil energy production, the regulator cannot ensure a first-best domes-
tic production of fossil fuels. The second-best optimal outcome can be
achieved by a combination of a CO, tax, an energy consumption tax
and a renewable energy production subsidy. The second-best renewable
energy production subsidy deviates from the Pigovian level as it also
captures the negative externality from fossil fuel imports. Furthermore,
we show that the introduction of a green certificate market to promote
the production of renewable energy can ensure the second-best optimal
outcome but demands a lower energy consumption tax than if renew-
able energy is promoted by a subsidy. Hence, the Renewable Energy and
Climate Change Package proposed by the EU cannot ensure an efficient
outcome if renewable energy is regulated by subsidies in some regions
and by the use of green energy certificates in other regions, unless the
energy consumption tax is adjusted accordingly.

In the next section we present the model. In section 3, we derive
an optimal combination of policy instruments when both import tariffs
and general production subsidies are allowed. In section 4, we derive
the optimal combination of policy instruments when import tariffs are
banned but general production subsidies are allowed. Given a ban on
both import tariffs and subsidies to domestic fossil energy production, we
derive the second-best combination of taxes and renewable energy sub-
sidies in section 5 and the second-best combination of taxes and green
energy certificate obligations in section 6. In the concluding remarks in
the last section, we discuss the discrepancy between our results regard-
ing optimal policy instruments and (some of) the current use of policy
instruments in the EU.

2 The model

We consider climate and energy policy in one country or a group of
countries, like the EU, seeking to maximize joint welfare from consuming
final energy and producing energy sources. We henceforth use the single
form “country” also for the case where a group of countries is subject
to the same regulatory regime. To simplify we consider only two types



of energy; fossil and renewable (green).? The country produces both
fossil and renewable energy. We do not consider any international trade
in renewable energy. Hence, domestic production of renewable energy
equals domestic consumption of renewable energy. This assumption can
be justified by constraints on transmission and distribution of electricity,
which is the main source for transport of renewable energy.? However,
fossil fuels are traded on the international market.

For consumers, we assume that both types of energy are perfect sub-
stitutes. This is a reasonable assumption if we only consider electricity
where consumers cannot separate between electricity produced by renew-
able or by fossil energy sources. Assuming perfect substitution when we
also consider other kinds of energy use is obviously a simplification, but
different kinds of energy sources become more competitive over time, for
instance through the use of biofuels and electricity as a substitute to
petrol in the transport sector.

The consumption of energy (e) is the sum of consumption of fossil
(b) and renewable energy (x), measured in the same energy units:

e=b+ux.

Let y denote domestic production of fossil energy. We assume through-
out the paper that the country is a net importer of energy. The con-
sumption gap for energy is covered by net imports of fossil energy, z:

z=e—x—Y. (1)

We assume that the country we consider is a price taker in the inter-
national fossil energy market. Hence, we ignore any strategic behavior
in the energy market in order to influence energy prices.’

We consider the three externalities described in the introduction.

We assume that the country participates in an international climate
agreement with quantified emissions targets, with possibilities for per-
mit trade, such that the cost of emissions equals the international permit
price. Other specifications of the (externality) cost of emissions would

3By considering only one type of fossil fuel we ignore any impact on the distribu-
tion of consumption across various source of fossil energy. However, this simplification
does not have any impact on the main conclusion of the paper.

4This simplification is a reasonable description of the situation in the EU. The
net export of electricity is close to zero. The gross import and export amounts
to approximately 10% of electricity production by the EU (see Eurostat (2008)).
Biomass imports in EU27 are also small. In 2008, net imports as share of total
primary biomass supply amounted to 2.4% and 4.5% of total imports (IEA, 2009).

>The design of a carbon tax when the terms of trade effects are accounted for
typically comprises an optimal tariff term (see Golombek et al. (1995) and Hoel
(1996)).



not influence the conclusions of this paper (see discussion in the con-
cluding remarks).

The country must hold permits corresponding to the emissions re-
sulting from fossil energy consumption, b:

b=1y+ 2. (2)

Let ¢ denote the international price on permits per unit fossil energy.

Let o(z) denote the negative externality of fossil energy imports,
o' > 0.. Let p(z) define the positive externality associated with the
production of renewable energy, ¢'(x) > 0.

Let B(e) denote the benefit from consuming energy, and c(z) and
f(y) domestic cost functions for producing renewable and fossil energy,
respectively. We make the standard assumption about positive and de-
creasing marginal benefit of consumption and positive and increasing
marginal cost of production; that is, B > 0, B” <0 > 0,¢" >0, f' >0
and f” > 0.

2.1 Welfare optimum

We first derive the optimal use and production of the two types of en-
ergy, given the externalities i)—iii). The welfare associated with energy
consumption and production is:

Q= B(e) —cx) = fy) = Pz +q(b =) = 0(2) +¢(z),  (3)

where b is the initial endowment of permits set by the international
climate agreement and P, is the international price on imported fossil
energy. Inserting from (1) and (2), and maximizing (3) w.r.t. e,z and
y, yields the following first-order conditions:

B' =P, +q+ 7, (4)
=P, +q+o + ¢, (5)
f'=P +0. (6)

Let x*,y*, e*, z*and b* denote the solutions to (1), (2) and (4)-(6).

As we consider a net importer of fossil energy and a given world
market price on energy, a marginal increase in energy consumption leads
to a corresponding increase in fossil fuel imports. Equation (4) tells
us that the marginal benefit of energy consumption should equal the
international price on fossil fuel plus the cost of emission permits to cover
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the corresponding emissions of CO,, ¢, and the negative externality of
fossil fuel import, o’. Equation (5) states that marginal production cost
of renewable energy should equal the marginal benefit of replacing one
unit fossil fuel import by the domestically produced renewable energy
(P, + q + o'), plus the positive externality associated with renewable
energy production, ¢’. Domestic production of fossil fuels also saves net
import costs and reduce the fossil fuel import dependency, but does not
reduce the emissions of CO,. Hence, the marginal benefit of fossil fuel
production equals P, + o'(eq.(6)).

3 Market implementation

In this section, we show how the regulator, by the use of three policy in-
struments, can induce the domestic competitive agents to internalize the
three externalities and thereby achieve the welfare optimum. The regu-
lator introduces CO, taxes, t, on fossil energy consumption, an import
tariff, m, on imported energy, and a subsidy, 7, on renewable energy pro-
duction. (The domestic regulation of COy emissions could alternatively
be ensured by tradable permits; see below.)

The domestic consumer price on imported fossil energy, z, equals
the international price plus tariffs and taxes levied on fossil fuel import.
Since all kinds of energy are assumed to be perfect substitutes, the con-
sumer price on energy cannot differ between the various types, if all
types of energy are to be consumed. This implies that the consumer
price on all types of energy (p) equals:

p=P.+t+m. (7)

The producer price on a domestically produced energy source ¢ must
in equilibrium equal the consumer price less any net taxes (taxes minus
subsidies) levied on the energy source i. Hence, the producer price on
renewable energy, P,, equals the consumer price plus the direct subsidy
(r) to renewable energy production:

P.=P +t+m-+r. (8)

Consumers also pay a CO, tax on domestically produced fossil en-
ergy. Consequently, the producer price, P, is given by:

P,= P, +m. 9)
Consumers maximize their welfare:

W = B(e) — pe. (10)



The renewable and fossil energy producers’ profits, denoted 7, and ,
are given by, respectively:

T, = Poo — c(x), (11)

Ty = Py — f(y). (12)

Inserting from (7)—(9) into (10)—(12) and maximizing with respect to
e, x and y, respectively, we find the following first-order conditions:

B' =P, +t+m, (13)
d=P,+t+m+r, (14)
f =P +m. (15)

Proposition 1 Given a positive externality associated with production
of renewable energy and negative externalities associated with fossil fuel
imports and emissions of greenhouse gases, the first-best outcome can be
achieved by the introduction of an import tax, a renewable energy subsidy
and a CO;y tax.

Proof. We see from comparing (4)—(6) with (13)-(15) that first-best is
achieved for t =t* = ¢,m =m* =o'(z*) and r =r* = ¢/(z*). m

We refer to t*, m*and r* as the Pigovian taxes (subsidy) on CO4 emis-
sions, fossil fuel import and renewable energy production, respectively.
So far, we have considered the use of domestic CO, taxes to control CO,
emissions. As we have assumed an international climate agreement with
quantified emission targets, this implies that the regulator must trade
permits on the international permit market in order to ensure compli-
ance. An identical outcome would be achieved if all domestic emitters
are obligated to hold permits corresponding to their emissions and are
allowed to trade permits on the international permit market, as t* = gq.

The use of an import tariff, m, will most likely provoke complaints
to the World Trade Organization, as it violates the Organization’s rules.
In the next section we derive the regulator’s optimal taxation schemes,
given a ban on import tariffs.



4 Optimal tax scheme under a ban on import tariffs

If the regulator is prevented from using import tariffs, the regulator can,
in addition to a CO, tax and a renewable energy subsidy, introduce a
general subsidy on all domestic energy production, s, and a tax, 7, on
energy consumption. The consumer price on energy is thus given by:

p=P +t+T. (16)

The producer price on renewable and fossil energy is given by:

P,=P. +t+s+r, (17a)

P, =P, +s. (18)

Inserting for the price functions (16)—(18) in (10)—(12) and maximiz-
ing with respect to e, z and y, we find that the first-order conditions
correspond to (13)—(15) for m in (13) replaced by 7" and m in (14)—(15)
replaced by s.

Proposition 2 By substituting an optimal import tariff with the com-
bined use of a general tax on energy consumption and a domestic general
enerqgy production subsidy, the requlator achieves the first-best outcome.

Proof. We see from comparing (4) with (13), where m is replaced by
T, and comparing (5)—(6) with (13)—(15), where m is replaced by s, that
first-best is achieved for t = t* = ¢, T = T* = m* = 0/'(2*),s = s* =
m*=o'(z") and r =r* = ¢/ (z%). =

The regulator mimics the outcome of import tariffs by the use of
production subsidies and consumption taxes, where both the subsidy
and the tax correspond to an optimal tariff. The optimal tariff increases
both the consumer price on energy and the domestic producer price
on both types of energy by m*. This price increase is now replaced
by a corresponding tax 7™ on energy consumption and a corresponding
subsidy s*on productions of both types of energy, such that both the
producer prices and the consumer prices remain the same as under an
optimal tariff. The constraint on the use of import tariffs forces the
regulator to use four policy instruments (¢*, T*, s*,m*) to ensures the
fulfillment of the three first-order conditions for the first-best outcome,
(4)-(6).

Hence, although there is no externality directly linked to the con-
sumption of energy in general, the optimal outcome can be achieved by
the inclusion of a general tax on energy consumption. Furthermore, a
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general subsidy on domestic energy production is also a part of the op-
timal tax scheme. The coal industry is subsidized in several European
countries, and this policy has been heavily criticized (see, e.g. OECD,
2005).5 We have shown that when increased dependence of imported
fossil fuels is a negative externality associated with fossil fuel import,
and there is a ban on import taxes, it is welfare improving to stimulate
domestic production of fossil fuels.

With increased environmental concern among the population it can
be harder to win acceptance for a policy that implies a subsidy on fossil
energy production. In the next section we consider the optimal out-
come given that the regulator can implement neither import tariffs nor
subsidies on nonrenewable energy production.

5 Restrictions on the use of import taxes and gen-
eral energy subsidies—Second-best optimal

If the regulator is prevented from using import tariffs, and there is a
(political) constraint on implementing subsidies on nonrenewable energy
production, the regulator cannot influence the production of y. Given
s = 0, we see from (18) that domestic production of fossil fuels is de-
termined by the (exogenous) international producer price on fossil fuels

(P.):

y(P:) = 7. (19)

Under this constraint, the regulator cannot ensure the first-best pro-
duction of fossil fuels. The second-best outcome of the welfare optimiza-
tion problem is found by maximizing (3) subject to (19):

B' =P, +q+7, (20)

d=P,+q+d+¢. (21)

Let x**, e**, 2**, 7 and b** denote the solutions to (2), (1) and (19)-
(21). Note that for a constant marginal cost of all of the externalities
(6"(z) = 0 and ¢"(x) = 0), 2** and e**are equal to the first-best out-
comes.

5.1 Implementing the second best

In this section we consider a tax scheme to implement the second-best
solution. We consider tax on energy consumption, 7', a subsidy on re-

6Subsidies to energy producers usually take the form of grants, loans and tax
exemptions (see OECD, 2005).
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newable energy production (r), and a CO, tax (), but no subsidy on
energy production or import tariff. The consumer price on energy is
given by (16).The producer price on renewable energy is given by:

Po=P,+t+r. (22)

The production of fossil energy is given by (19). Inserting for the
price functions (16) and (22) in (10) and (11), and maximizing with
respect to e and z, we find the following first-order conditions:

B' =P, +t+T, (23)

=P +t+r (24)

The equations define e(¢,T) and z(t,r). By comparing (23)—(24) with
(20)—(21) we derive the following proposition:

Proposition 3 Consider a situation where there are restrictions on the
use of import taxes and fossil energy production subsidies. The regu-
lator can achieve the second-best optimal outcome by a tax on energy
consumption, a COy tax, and a renewable energy production subsidy.
The second-best renewable energy production subsidy exceeds the positive
externality of renewable energy production.

Proof. Consider the following taxes: T'=T** = o/(2**),t =t = q,r =
r* =o' (2™) + ¢’ (™). We see from (23)—(24) and (4)—(6) that this tax
structure leads to the second-best optimal solution and 7** > ¢'(2**). =

In the absence of import tariffs and general energy production sub-
sidies, the second-best optimal renewable energy subsidy corresponds to
the sum of the externalities associated with renewable energy production
and fossil fuel import. Increasing r above ¢'(z**) leads to higher pro-
duction of renewable energy, and the import of fossil fuel falls. Hence,
the renewable energy production subsidy helps to correct for the nega-
tive externality of fossil fuel imports, in addition to correcting for the
positive externality of renewable energy production.

In EU countries’ current policies one can observe taxes on energy
consumption (in addition to CO, taxes) and subsidies on renewable en-
ergy productions, for instance, feed-in tariffs. As we have shown here, it
can be optimal to set a feed-in tariff above the external benefit from re-
newable energy production if countries are restricted from using import
tariffs and subsidies on fossil energy production.

So far we have assumed that the regulator uses a subsidy to pro-
mote renewable energy production. Another approach currently in use

12



to promote renewable energy is the green certificate system. The sys-
tem requires that consumers of energy must purchase green certificates
corresponding to a share of their total consumption. The producers of re-
newable energy have the right to issue green certificates. The market for
green certificates determines the price for certificates. This system does
not imply any governmental spending as the subsidy (green certificate
value) is financed by the energy consumers. The system ensures that the
total share of renewable energy of total energy consumption equals the
level set by the regulator. In the next section we consider the situation
where the renewable subsidies are replaced by a green certificate system

6 Green certificate market combined with a CO,
tax.

Let a be the share of renewable energy in the overall consumption:

&:EZL, 0<a<l (25)
e r+y+z

The consumers of energy are obliged to purchase « green certificates
for each unit energy consumed, and producers gain the right to sell one
green certificate for each unit of renewable energy they produce. Let 3
denote the unit price on certificates. We assume that the green certificate
system is additional to the CO, tax and a general energy consumption
tax, T'. The consumer price on energy is:

p=P.+t+T+ ba. (26)

The producer price on energy source ¢ equals the consumer price
less the green certificate cost and other net taxes on energy source i,
plus the income from generating certificates for i=x:"

P, =P, +t+p, (27)

P, =P, (28)

Consumers’ welfare function is:
W =B(e) — (P, +t+T + pa)e. (29)

The renewable producers’ profit function is given by:

TP, =p—pfa+pB = P,+t+ /. As in the previous section, domestic production of
fossil fuels is determined by the international producer price on fossil fuels (see (19)).

13



e = (P, +t+ B)x — c(x). (30)

The production of fossil energy is given by (19). Maximizing (29)
with respect to e, and maximizing (30) with respect to z, we find the
following first-order conditions:

B'=P.+t+ T+ fBa, (31)

=P, +t+p. (32)

From (31) we can write the demand for energy as a function of the
price on energy and of the green certificates expenditure per unit energy
consumption, e(P, + ¢t + T + fa). From (32), we find the supply of
renewable energy as a function of the green certificate price and the
producer price for energy, z(P, +t+ (5 ). The market clearing condition
for green certificates is therefore:

z(P,+t+0)=ae(P,+t+ T+ pa). (33)

From (33) we find the market clearance price on green certificates as
a function of ¢, T" and «, that is 5(¢, T, «).

Proposition 4 Consider a situation where there are restrictions on the
use of import taxes and fossil energy production subsidies. The regulator
can achieve the second-best outcome by a green certificate system com-
bined with a CO, tax and a tax on energy consumption. Replacing a
renewable energy subsidy with a green certificate system induces a lower
optimal tax on energy consumption.

Proof. Let the CO, tax be given by the Pigovian level t*. As B(t*, T, «)
is found from (33), the regulator has two policy instruments (7" and «) to
regulate the two variables e and = ((31)-(32)). Second-best optimality
implies that the right-hand side of (31)—(32) must equal the right-hand
side of (20)—(21). The second-best optimal outcome is characterized by
t=t"=q, 3= J’(z**)—|—<p’(a:**) and T = T9 = [1 _ a**] U,(Z**)—¢,(I**),
where a** = ‘:* Hence, TY9 < T**. m

Introducing a green certificate market in addition to a COy tax and
a tax on energy consumption can achieve the second-best allocation of
energy production and consumption, given the externalities i) - ).
However, replacing a subsidy on renewable energy production with a
green certificate system demands a downward adjustment of the energy

14



consumption tax. We cannot rule out the possibility that the second-
best optimal tax on energy consumption is negative. We see from the
proof of proposition 4 that 79 < 0 for [1 — a™]o’(2™) < ¢'(x**). In that
case, the regulator must subsidize the use of energy to achieve second-
best optimal allocation. A green certificate system implies a higher cost
of energy consumption. Although the share of renewables is set equal to
second-best (a™* = f_f*—*), the level of consumption may become too low
compared to second-best (e**) for 79 > 0. In that case the consumption
of energy must be subsidized to achieve the second-best level. As pointed
out in Aune et al. (2008), a green certificates market is not an efficient
instrument for correcting for externalities. However, we have shown
that a green certificate market can be designed to achieve (second-best)
efficiency if it is combined with optimal design of energy taxes. But it
is important to note that the second-best outcome also demands that
the share of renewables is set at the second-best optimal level. Hence,
the regulator must not only have knowledge about the externalities of
energy consumption and production, as in section 5.1, but also about
the optimal share of renewables.

Another important lesson is that the combined use of policy instru-
ments should be coordinated across all consumers. The optimal tax on
energy in case of a green certificate system differs from the optimal tax
in the case of renewable energy subsidies. This leads to the following
corollary:

Corollary 5 If all consumers face the same price on energy consump-
tion and COy emissions, an optimal outcome cannot be ensured if re-
newable energy is requlated by subsidies in some regions and by the use
of green certificates in other regions.

The EU seeks to harmonize energy consumption taxes (EU, 2003).
Our results show that a harmonization of energy consumption taxes
demands coordination of renewable energy policies across EU members
to achieve an optimal outcome for the EU.

7 Concluding remarks

In the introduction we argued that in order to discuss the cost effective-
ness of the use of policy instruments, it is crucial to have a well-defined
policy objective. In this study we assumed that the regulator wanted
to correct for three externalities; a positive externality from produc-
tion of renewable energy, a negative externality from fossil fuel import,
and a negative externality from fossil fuel consumption (CO-emissions).
These are all externalities from energy production and consumption that
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are explicitly addressed by the European Commission in its Renewable
Energy and Climate Change Package. Given these externalities, it is op-
timal to subsidize domestic production of fossil fuels in a setting where
import tariffs are banned. However, this does not mean that countries
that, for instance, subsidize their coal production, necessarily imple-
ment a cost-effective policy. The climate and energy policies in many
EU countries are typically characterized by tax exemption, reduced tax
rates or subsidized electricity contracts for specific groups. Differentiat-
ing taxes and subsidies across producers and across consumers (of one
type of fuel) is not part of an cost-effective climate and energy policy,
given the externalities we have considered in this paper.

We have assumed that the regulated country (group of countries)
participates in an international climate agreement with an international
price on emissions permits. If this is not the case, the tax on emissions
should correspond to the external cost of COy emissions, whatever that
is perceived to be. All our conclusions regarding second-best taxation of
emissions relative to the first-best will still hold.

The EU’s Renewable Energy and Climate Change Package contains
several examples of inefficient use of policy instruments and inefficient
regulations. For instance, the target for the emissions reductions in 2020
is partly achieved by emissions reductions from sources covered by the
EU’s emission trading scheme (EU-ETS) and partly by differentiated
national targets for sources not covered by EU-ETS (EU, 2009a, 2009c).
However, emission reductions can only be achieved in a cost-effective
manner if there are no constraints on emissions trading across sectors
and countries. Since the EU-ETS directive sets restrictions on the use of
emissions trading for sectors covered by the EU-ETS, cost effectiveness
will not be achieved (EU, 2009¢ (32)).

Nationally differentiated renewables targets are another example of
inefficiency. To achieve the target of a 20% share of renewables in the
EU’s total energy consumption, the Council has adopted mandatory dif-
ferentiated national targets for each of the member states (EU, 2009b,
appendix I). Obviously, without instruments to distribute the produc-
tion of renewable energy across countries cost-effectively, differentiated
national targets increase the cost of fulfilling the overall renewable target
(SEC, 2008).

This paper has pointed to yet another potential source for ineffi-
ciency. We have shown that the choice of policy instruments to promote
renewable energy production (subsidies versus green certificates) affects
the optimal level of general energy taxes. So far, this is not taken into
account in the EU as the EU member states are free to choose domestic
instruments to promote renewable energy production independently of
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their energy consumption taxation. Second-best optimum for the EU
cannot be achieved without a coordination of energy taxes and renew-
able energy policy instruments in each country, given the externalities
addressed in this paper.

We have taken as a starting point that the EU attaches a positive
externality to the production of renewable energy. This was based on
the EU’s argument that the renewable directive inter alia could give
a boost to high-tech industries, new economic opportunities and jobs.
We argued in the introduction that these consequences could probably
better be addressed by other policy instruments, more directly aimed
at supporting high-tech industries or employment. If that is done, the
remaining positive externality from renewable energy production would
perhaps be of minor value. However, domestically produced renewable
energy is a substitute for imported fossil energy, and as long as there
is a negative externality from fossil import, it is second-best optimal to
stimulate renewable energy production if there are restrictions on the
use of import taxes and fossil energy subsidies. This can be seen from
the proof of proposition 3, as r** > 0 for ¢'(z**) = 0.
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