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Abstract

This article analyzes the impact of feed-in tariffs in an open economy model. We

consider a situation where different types of energy sources, renewable and non re-

newable, are used in each of two countries. We then study the impact of asymmetric

feed-in policies on equilibrium production levels, prices, trade flows and social welfare.

First, we show that a non-cooperative choice of feed-in policies tends to increase the

production of renewable energy and change the international flows of energy compared

to the social optimum. Then, we derive the optimal uniform coordinated policy and

show that when interconnections are unconstrained, coordinated strictly dominates non-

coordinated policies. Lastly, we look at the impact of limited international connections

on the decision to choose uniform feed-in tariffs across countries.
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1 Introduction

The debate concerning the promotion of renewable sources of energy mainly focuses on the

policy instruments (feed-in tariffs, green certificates, quotas, . . .) that a country should implement.

However, even if the European Commission has published a legal framework1 advocating energy

cooperation between member States, the impact of international trade on the production of renew-

able energies has been understudied. Our objective is to fill this gap and to look at the merit of

cooperation when transmission capacities between countries are limited. Indeed, we assess how the

transmission capacity installed in a common market may influence the optimal degree of cooperation

on energy policy and whether the subsidiarity principle should apply or not.

We use a model where two countries are linked by a line with a fixed limited capacity. Each

country has two different sources of energy, renewable and non-renewable. Moreover, countries value

differently electricity produced by a renewable source. In one country, renewable source of energy

(RSE) production induces a positive externality, whereas in the other one RSE production has no

additional impact. We analyze the autarky case and the social optima with unlimited and limited

connections in order to provide several benchmarks. Then, we look at the decentralized equilibrium

under unlimited connections and, as a function of the externality parameter, distinguish different

market equilibria. These different situations are used to compare the gains of implementing coordi-

nated and non-coordinated policies, where coordination amounts to choose the same policy in both

countries. Finally, we assess the more common situation with limited transmission capacities. We

derive the optimal behavior of private agents in order to determine the optimal level of coordina-

tion in the promotion of renewable energy sources. We show that the optimal level of coordination

depends on the transmission capacity existing between the two countries.

In the traditional economic literature, the debate over environmental policy is treated in various

ways. In fact, our paper concerns three branches of the economic literature: i) the promotion of re-

newable energy, ii) the trade-off between centralized and decentralized policies, iii) the transmission

capacity.

First, the promotion of renewable energy has been recently addressed by Wand and Leuthold

(2009) and Garcia and Alzate (2010) who study the optimal promotion instrument. These papers

analyze the impact of promotional instruments within a country whereas our paper is based on

a two-country model and insists on the possibility of implementing a coordinated policy. Voogt

and Uyterlinde (2004) present a European-wide analysis of the international trade benefits in the

European Union knowing that the Member States have to achieve green targets.2 In their paper,

they consider the heterogeneity in the capacity to develop renewable energy sources among Member

1See for instance the directive 2009/28/EC of the European Parliament and of the Council on the promo-
tion of the use of energy from renewable sources.

2The targets mentioned are defined in the Third Energy Package. See: ec.europa.eu/energy/gas_

electricity/legislation/third_legislative_package_en.htm
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States. Hence, the international trade of green certificates (an instrument considered in their paper)

leads to cost savings, most for countries with low capacity. On the international trade aspect, the

paper by Voogt and Uyterlinde (2004) is close to our paper but does not take into account the

transmission constraints existing between countries whereas the question of transmission capacities

is a central one in the trade of electricity.

As we question the relevance of the subsidiarity principle in our context, our analysis is linked

with the literature on the centralization/decentralization debate. Oates (1972) proposes a com-

parison of centralized and decentralized policies when there exist externalities across regions. The

analysis of Oates is close to our model as he compares centralization and decentralization with

homogeneous agents. However, the externality that we have occurs in each country and not across

them. The only link between countries is the transmission line.

At last, the transmission capacity plays an important role in our analysis, as some congestion

may occur. Joskow and Tirole (2005) consider the congestion and the potential creation of market

power when the line linking two zones is congested. In the same vein, Borenstein, Bushnell and

Stoft (2000) analyze the benefits of increasing the transmission capacity between two regions in

a deregulated electricity industry. They conclude that increasing the transmission capacity may

strengthen competition in both regions. Contrary to this paper, we do not have market power in

the two regions considered and we have two different sources of energy (RSE and NRE). Moreover,

there is no international trade feature in the above-mentioned papers, since the two regions cannot

and do not choose specific and differentiated policies.

Our paper is organized as follows. The model is described in Section 2. Section 3 is devoted to

defining the benchmarks of our analysis, deriving the social optimum and the competitive equilib-

rium in the autarky case as well as the social optimum when the two countries are interconnected.

In Section 4, we assess the impact of the promotion policies in a decentralized way when there is

no connection constraint. In Section 5, we analyze the decentralized equilibrium under limited con-

nections and describe the optimal level of coordination that countries should have. Finally, Section

6 summarizes the findings of our paper and concludes.

2 The Model

In this section, we introduce the building blocks of our model and present the main assumptions

of the article.

The electricity good Although electricity is homogenous for consumers, its generation can

take several forms (biomass, nuclear, coal, oil, water, ect). For our purpose, we will differentiate

between two types of electricity generating processes: either from renewable sources (RSE) or

from non-renewable sources (NRE). We assume that those two types are produced by two different
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industries, or at least with different technics.

Market structure We assume that the market, eventually the markets since both energies can

be differentiated, is competitive. From a national perspective, this may not be obvious but in an

international market with large interconnection capacity, this simplifying assumption makes sense.

The countries We consider two countries, called domestic and foreign. All variables (produc-

tion, cost, export) with a “star” are related to the foreign country. Even if we assume that gross

consumer surplus (and hence the demand functions) are identical across countries, there exist some

differences in country’s parameters. Let us detail some points more precisely.

The demand For consumers, we consider that only the total amount of energy matters, not

the origin.3 Hence, the gross surplus from consuming q units of energy is U(q), with U strictly

increasing and concave. Let q and q∗ denote the total quantity of electricity consumed respectively

at home and abroad.

Production Let x (x∗ abroad) be the energy from NRE and y (y∗ abroad) the energy from

RSE. The production costs differ between NRE and RSE but not across countries. In the domestic

country, the cost function for the NRE is cx2/2 and the cost function for RSE is γy2/2 with

0 < c < γ. In the foreign country, the cost structure is the same as at home, then the cost function

for the NRE is c∗x2/2 and γ∗y2/2 with 0 < c∗ < γ∗ for the RSE. Most of the time, it appears that

the cost of producing an additional unit of RSE is null. Actually, the marginal cost considered in

our paper is the long run marginal cost of both types of production (RSE and NRE). By this way,

we incorporate the evaluation of the investment needed to increase the RSE generation. Moreover,

since we mainly focus on the RSE, we assume that the costs of producing the NRE are equal in

both countries, i.e., c = c∗ = 1. Finally, in order to simplify the analysis of international trade, we

assume that the RSE has the same cost in both countries, that is: γ = γ∗ > 1.

The externality RSE and NRE are not only different with respect to the costs of production

but also to the benefits (or damage) their production generates.4 We assume that every produced

unit of RSE generates a positive externality of β in the domestic country and β∗ in the foreign

country. This positive effect measures the future environmental cost avoided, or the additional job

3The number of consumers for whom the origin of the energy matters is marginal even though there exist
some contracts ensuring that the energy consumed is “green”. Moreover, consumers cannot distinguish RSE
and NRE for electricity.

4We could assume that the externality concerns the consumption of electricity. However, we think that
consuming one unit of electricity coming from NRE or consuming one unit of electricity produced thanks to
RSE has the same impact on the environment.
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created.5 One of the countries, let say the home country, has a higher externality than the other,

that is: β > β∗. To simplify the analysis, we assume that β∗ = 0.

International trade Some exchanges of energy can occur between the two countries. Never-

theless, those exchanges are constrained by the size of the interconnection capacity, denoted K. If

K increases, the constraint of the line decreases between both countries. If the domestics country’s

exports for both types of energy are (xE , yE) and the foreign country’s are (x∗E , y∗E), we must have

xE + yE ≤ K (CT1)

x∗E + y∗E ≤ K (CT2)

Even though, the standard laws of physics could accommodate less stringent rules based on net

flows, dealing with gross flows is more realistic as regulators do not integrate netting effect when

they compute the balance of the system. However, in what follows, we assume with no significant

loss of generality that one kind of energy is not traded in both directions. For this reason, when we

can define the sign of the net-effect of trade, we will put the lower variable equal to zero in order

to simplify computation.

3 Benchmark cases

3.1 Social optimum and Competitive Equilibrium in Autarky

Social Optimum Let us first derive the social optimum of this economy. Note that in this

case, it is sufficient to analyze one country, say the home country. One has to take into account

the positive externality generated by the production of RSE. The program of a benevolent social

planner is then

max
x,y

U(x+ y) + βy − x2

2
− γ y

2

2

The social optimum is therefore such that U ′(x+ y) = γy − β = x.

Competitive Equilibrium Let us now consider the situation where both types of energy are

not differentiated in the market. Therefore, there is a unique price p clearing the electricity market.

On the demand side, only the total of energy produced, irrespective of the origin, matters. Therefore,

the consumer’s utility depends on q = x+ y. The demand function is then defined by the standard

condition:

U ′(q) = p⇔ q = U ′−1(p)

5An alternative way and somewhat equivalent is to consider the negative externalities induced by the
production of NRE. Since we focus on the promotion of RSE rather than on the refrain of NRE, this modeling
seems more appropriate.
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On the supply side, two different industries produce energy but both face the same price p. For

example, the producers’ programs in the home country are given by:

max
x

px− x2

2
and max

y
py − γ y

2

2

The maximization of profits for each of them leads to x = p for the NRE and γy = p for the

RSE.

The competitive equilibrium (p, x, y) is then given by the following relationship U ′(x + y) = p =

x = γy. Since U ′ is decreasing, the industry specialized in the NRE produces more than the one

producing the RSE.

The competitive equilibrium differs from the social optimum in two dimensions. First, the

production of energy is too small compared with the social optimum. This simply comes from

the fact the positive externality of producing the RSE is not considered in a competitive economy.

Second, the way the global amount of energy is shared between RSE and NRE is not optimal, with

a bias toward the latter.

The social optimum can be decentralized by subsidizing the production of RSE, with a unit transfer

“s” equal to the marginal external benefit, i.e. s = β. The next section will show how this subsidy

affects the production and the trade of energy in a common energy market.

3.2 Social Optimum with interconnection

The case of unlimited connections When energy markets are perfectly interconnected, the

production in one country can flow “freely” to the other one. For each country, a common social

planner would choose not only the amount of energy to produce, but also which type of energy and

the amount of production to be exported or imported. Using the notations defined previously, the

social optimum program is given by

max U
(
x− xE + y − yE + x∗E + y∗E

)
+ βy

+ U
(
x∗ − x∗E + y∗ − y∗E + xE + yE

)
+ β∗y∗

− x2

2
− γ y

2

2
− x∗2

2
− γ y

∗2

2

subject to the positivity of all variables.

Suppose that the transmission capacity is large enough to avoid any congestion. Then, the first-best

optimum is given by

U ′(q) = U ′(q∗) = x = γy − β = x∗ = γy∗

Using our parameter specifications, it is straightforward to derive the main characteristics of

the social optimum. As the demand function is the same for both countries, marginal surplus and
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therefore consumptions are equalized across countries and the production levels are such that x = x∗

and y > y∗. The consumption levels are given by

q = q∗ = x+
x+ β

2γ
+

x

2γ
(1)

with U ′(q) = x

It is also clear that inter-country as well as intra-country marginal production costs are equalized.

This relationship ensures productive efficiency. At last, even if one cannot determine the gross energy

international flows, the net energy flows go from the domestic countries to the foreign one. The

reason why the energy production is greater in the domestic country than in the foreign country

is linked to the fact that the externality at home is greater than abroad. Note that the level of

exportation is defined by:

yE =
y − y∗

2
=
U ′(q) + β − U ′(q∗)

2γ
=

β

2γ

Hence, it appears that the transmission constraints are not binding as long as the the capacity

of the line K is greater than β/2γ.

The case of limited connections As interconnections are in fact limited, it is important

to consider of the transmission constraints. As the net flows go from the domestic country to

the foreign country, the binding constraint is (CT1). The optimal productions are defined by the

following expression:

q = x+ y −K > q∗ = x∗ + y∗ +K

U ′(q) = x = γy − β < U ′(q∗) = x∗ = γy∗

As soon as some limits in the interconnection capacities emerge, it is not optimal anymore to

equalize the social marginal surplus. More production occurs in the domestic country and only a

fraction of the excess supply is transferred to the foreign country. The most striking effects lie in the

organization of production. It is not possible anymore to ensure inter-country productive efficiency.

In fact, the marginal costs of production are only equalized within each country. Moreover, the

lack of transmission capacity leads the domestic country to reduce its energy production, both for

the RSE and for the NRE, and the foreign country to increase its own to compensate partially the

decrease in the import of energy.

Concerning the level of consumption, the energy consumption in the home country increases as soon

as the constraint becomes stronger whereas, abroad, having transmission capacity constraint leads

to a decrease in the energy consumption with respect to the first-best case.

As we see, the lack of transmission capacity hinders the implementation of the first-best solution.
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As long as a central planner can control the production and consumption decisions, increasing

transmission capacity raises gross social welfare.

4 Decentralized equilibrium without transmission con-

straint

In what follows, we assume that there is unlimited transmission capacity. This means that the

transmission constraints never bind and that the energy can flow freely from one country to the

other.

4.1 Promoting RSE without coordination

This section aims at analyzing the impact of national and non-coordinated policies for promoting

RSE. Even if there are different tools to support RSE, we focus here on feed-in tariffs.6 We assume

that, when choosing the feed-in tariff (a subvention to RSE), the regulator does not take into account

the financial effect on the balance of trade.

In order to promote the production of RSE, regulators choose a subvention to align private and

public incentives. This does not affect the prices faced by the consumers for the different types

of energy but constitutes an additional revenue for the producers. It is therefore as if the RSE

producers were now facing a higher price than the price actually paid by the consumers. As the

marginal benefit of producing RSE in the home country is β, the subsidized prices for this energy,

p for the domestic country and p∗ for the foreign country, are such that

p = p+ s and p∗ = p∗ + s∗

with s = β and s∗ = 0

Since there are now two types of energy that can be traded, it is necessary to look at the price

differential in both goods to know which one will be traded.

What is the market equilibrium of the uncoordinated game? Since some electricity must be

available in each country, and using the assumption that β > β∗ = 0, we must have p 6 p∗ 6 p+β.

In a market equilibrium without any constraint, producers will choose to provide their energy

in the country where the price is the highest. Two regimes must be considered: i) p+ β > p∗ = p;

and ii) p+ β > p∗ > p:

6As long as there is no uncertainty, Weitzman (1974) shows that price-based instruments, such as feed-in
tariffs or fiscal incentives, are equivalent to quantity-based instruments, as quotas or green certificates.
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i) p+ β > p∗ = p

We start by considering the situation where the NRE prices are the same in both markets

while the RSE price (the price paid to the producers) is greater in home country than in the

foreign country. In this case, all the RSE are consumed in the home country since the market

price for this type of energy is higher in this country, i.e. yE = 0 and y∗E = y∗. Meanwhile

the production of NRE is shared between countries, since markets prices are the same. The

equilibrium production is defined by the following expressions:

U ′(q) = x = γy − β = p = p∗ = U ′(q∗) = x∗ = γy∗ − β

q = y + y∗ + x− xE + x∗E and q∗ = x∗ + xE − x∗E .

Since p = p∗, it is easy to see that q = q∗ and therefore xE − x∗E = y∗E = (p+ β)/γ > 0.

Note that the higher β, the higher the net export of NRE from the home to the foreign country

is. But those exports are bounded above by the production in the home country, i.e. x.

Therefore, this case holds as long as

xE − x∗E < x ⇔ p+ β

γ
< p

⇔ p > β

(
1

γ − 1

)

Using the expressions of the equilibrium, one can show that the equilibrium price p is a de-

creasing function of β. Therefore, this situation is only valid for small values of the externality β.

ii) p+ β > p∗ > p

When β increases, the total energy production becomes too high in the home country to

maintain the same price than in the foreign country. But as soon as p becomes smaller that

p∗, all the production of NRE is consumed in the foreign country while all the RSE is still

consumed in the home country. The competitive equilibrium is then defined by

U ′(q) = γy − β = γy∗ − β = p < p∗ = U ′(q∗) = x∗ = x

q = y + y∗ and q∗ = x∗ + x.

Using the above equations, we find that the equilibrium prices (p, p∗) are such that:

U ′(2p∗) = p∗ and U ′
[(
p+ β

)(
2

γ

)]
= p
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It is clear that p∗ is now independent of β and that p still decreases with β. This regime is

valid as long as

p 6 β

(
1

γ − 1

)
.

One can show that the case where p + β = p∗ never happens. Indeed, when p + β = p∗, the

quantity of RSE that the foreign country exports is not sufficient to have q > q∗. So it is

impossible to have simultaneously p+ β = p∗ > p and q > q∗.

In the first regime (when β is small), as yE = 0 and xE−x∗E = y∗E , we have q = x+y. The energy

price (which is the same for both countries) is then implicitly defined by

U ′
(
p+

(p+ β)

γ

)
= p

It is easy to show that p decreases with β while p+ β increase with β.

In the second regime, the prices of energy are different between countries and each country consumes

only one type of energy. While p∗ is not affected by β, p depends on this parameter since it is

implicitly defined by

U ′
(

(p+ β)
2

γ

)
= p

As before, p decreases with β and p+β increases with β. After computation, we find that dp/dβ >

−1.

Note that with 0 < β∗ < β, one could have p + β = p∗ + β∗. In this case, part of the RSE could

be consumed in the foreign country. In this case, we still have that dp/dβ > −1. So the total price

received by the producer is increasing with β.

4.2 Promoting RSE with coordination

Let us now consider the situation in which a central agency controls the level of subsidies

prevailing in both countries. We assume that the central agency is bound to propose the same level

for both countries. This common level of subsidies is denoted by h ∈ [0, β].

As the subsidies are equal across countries, the equilibrium energy prices p and p∗ should also

be equal. Otherwise, the country with a lower price would receive no energy. The common price is

then simply denoted by pc.

Facing a price p for the NRE and a price p + h for the RSE, energy producers will choose

(x, x∗, y, y∗) such that

x = x∗ = pc and y = y∗ =
pc + h

γ

Knowing that prices are determined by same competitive process in both countries, the quantity
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consumed at home is the same as the one consumed in the foreign country and the price is such

that

U ′
[
pc +

pc + h

γ

]
= pc (2)

It is easy to see that pc decreases with h while pc + h increases with h. The welfare function,

incorporating the equilibrium behavior of firms can be written

W (h) = U

[
pc+

pc + h

γ

]
+β

[
pc + h

γ

]
+U

[
pc+

pc + h

γ

]
− p

2
c

2
− p

2
c

2
− γ

2

[
pc + h

γ

]2
− γ

2

[
pc + h

γ

]2
(3)

Using the envelop theorem, we can show that

W (h)′ =

(
∂pc
∂h

+ 1

)[
β

γ
− 2h

γ

]
.

We know that (∂pc∂h + 1) > 0 since p+ h increases with h. So W (h) is maximized when h = β
2 .

Incorporating this value, equation (2) writes as:

U ′
[
pc +

2pc + β

2γ

]
= pc (4)

One can see that the equilibrium quantity in this case corresponds to the first best quantities.

Indeed, we have: x = x∗ = U ′(x+ 2x+β
2γ ) and concerning the RSE:

y =
2x+ β

2γ
< yFB =

x+ β

γ
and y∗ =

2x+ β

2γ
> y∗FB =

x

γ

Therefore, the first result of harmonization is to provide the global optimal level of production even

if the quantity of RSE produced by each country is distorted.

4.3 Welfare comparisons

We now compare this centralized solution with the two previous cases of non-coordinated solu-

tions.

When β is small, the solution without coordination induces p = p∗. All firms consider the highest

subsidy to determine their production of RSE. This leads to an excess production of energy. More

precisely, there is underproduction of NRE but it is more than compensated by the overproduction

of RSE. In the coordinated solution, the average quantity of RSE is optimal even if there is too few

production at home and too much in the foreign country. It is easy to compare the welfare levels in

those two situations. Indeed, the non coordinated situation corresponds to the case where h = β,

which is less beneficial than when h takes its optimal value.
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When β is large, there is still overproduction in the home country. Indeed, the consumption is given

by q = (p+β)( 2γ ) which is greater than the first best value as long as p < 3β
2(γ−1) . From the previous

section, we know that, in the intermediate case, p is such that:

p < β

(
1

γ − 1

)
<

3β

2(γ − 1)

Hence, in this case, the level of consumption at home is always greater than the first-best value.

On the other hand, in the foreign country, it is not clear whether there will be overproduction or

underproduction. One can show that if p∗ < β
2(γ−1) , there is underproduction in the foreign country

and overproduction otherwise.

To sum up, in the case of unconstrained connections, the harmonized system of feed-in tariff must

be encouraged. This system leads to the optimal global level of production, but the way this

production is shared between the countries is not optimal. In the non-cooperative cases, there will

be not only an overproduction of RSE, but also an excessive production of energy and, as in the

cooperative case, a non-optimal locational choice of production. Therefore, in a well-interconnected

market, there is a clear need for some coordination of policies aiming at the promotion of renewable

energy.

5 Decentralized equilibrium under limited connections

In the real world, the connection between countries is limited in capacity and countries cannot

trade as much as they want. The aim of this section is to compare subsidization policies, coordinated

or not, depending on the capacity of line linking the two countries.

5.1 Behavior of the private agents

Let us first look at the behavior of the different agents when the countries decide to implement

a coordinated policy. In this case, the prices are: p = p∗ = pc for the NRE and p+ h for the RSE.

As the prices and the cost of both types of energies are the same in the two countries, the objectives

of the industry are the identical and lead to:

x = x∗ = pc and y = y∗ =
p+ h

γ

We have seen in the previous section that the optimal level of subsidy under a coordinated

policy is: h = β/2. Two remarks come here. First, under coordinated policy, both countries

produce and consume the same amount of NRE and RSE. There is no trade among countries to

equalize the consumption. As there is no energy flow between the domestic and foreign countries,
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the capacity of the line has no influence on the level of production and consumption. Then, the

social welfare associated to the coordinated policy does not depend on the capacity of the line K. In

this case, investing to increase the link between the two countries would not affect the social welfare.

Without coordination, each country will fix a subsidy equal to the externality generated by the

production of RSE. Hence, in the home country, the subsidy is equal to β, whereas in the foreign

country, as there is no externality linked to the production of RSE, there is no subsidy.

To focus on the impact of different policies, we assume that the initial prices are close. That is,

we assume that: p < p∗. Thanks to the independent policies, the prices of the RSE are such that:

p+ β > p∗

Knowing that we have a difference in price for both types of energy among countries, the inter-

country trade will concern NRE and RSE. From the previous section, the constraints are binding

as long as:

K 6 K̄ = max

{
p∗,

p+ β

γ

}
with p = U ′(2(p+ β)/γ) and p∗ = U ′(2p∗)

The level of trade is determined by the behavior of the agents. Let us first consider the home

country. The program of the producers is

max p(x− xE) + p∗xE + (p+ β)(y − yE) + p∗yE − x2

2
− γ y

2

2

under the constraint (CT1) and the positivity constraint of all variables. The constraint (CT2) has

no impact here because it only concerns flows of energy from the foreign country to the home one.

The maximization of this program leads to:

• y = (p+ β)/γ and yE = 0.

• the level of NRE production and NRE exportation depend on the value of K:

– if p < K < p∗, then x = xE = K;

– if K < p, then the constraint is too tight and x = p and xE = K.

Hence, in the home country, only NRE is exported. The volume of production and exportation of

NRE depend on the capacity of the line.

Similarly, we can define the behavior of the industry in the foreign country. We know that in

this case the RSE is traded as long as p + β > p∗. The program of the industry in the foreign

country is:

max p∗(x∗ − x∗E) + px∗E + p∗(y∗ − y∗E) + (p+ β)y∗E − x∗2

2
− γ y

∗E

2
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under the positivity constraint of all variables and the constraint of capacity (CT2). The first order

conditions of this program lead to:

• x∗ = p∗ and x∗E = 0.

• As for the NRE in the home country, the production and exportation of RSE depend on the

value of K:

– if p∗/γ < K < (p+ β)/γ, then y∗ = y∗E = K;

– if K < p∗/γ, then y∗E = K et y∗ = p∗

γ .

As before, the value of the capacity determines two different intervals associated to different

levels of production and exportation of RSE.

To have a global view of the trade between the two countries, we need to combine the two

optimization programs. Thus, we can define four cases depending on the value of the capacity of

the line K.

The first situation is the one resulting from a very low capacity of the transmission line. This

situation is close to the autarky case. Countries export all what they can and the production level in

each country is determined by the national prices. This zone (let us call it Zone 1) is characterized

by: K < min
{
p, p∗/γ

}
, x = p and y∗ = p∗/γ and the volumes of exports are xE = y∗E = K.

In zone 2, when p∗/γ < K < min
{
p, (p + β)/γ

}
, the situation is such that the capacity of

the line is too low to export all the NRE production of the home country. However all the RSE

production of the foreign country is exported because the marginal value of the exportation is

greater than the marginal value of a RSE unit sold in the foreign country.

Subsequently, in Zone 3 where K is such that p < K < p∗ and p∗/γ < K < (p + β)/γ, it

becomes profitable for the home country to export all his NRE production. In this case, all the

RSE produced in the foreign country is exported. The production and trade levels in this situation

are then such that : x = xE = K and y∗ = y∗E = K.

In the last zone (hence Zone 4) where K > K̄ = max

{
p∗, p+βγ

}
, the capacity of the line is so

large that it does not constrain the trade between countries. Hence, the levels of production are

given by: γy − β = γy∗ − β = p and p∗ = U ′(q∗) = x∗ = x.

5.2 Comparison between policies under limited connections

The goal of this section is to determine whether, in case of limited connections, the policies

promoting RSE should be decentralized (following the ”subsidiarity principle”) or, on the contrary,

fully coordinated (often by a central authority) and such that the same policy is applied in both

countries.

14



First, when K is very large (Zone 4), i.e. K > K̄, we have seen in the previous section that

the promotion of RSE under cooperation dominates decentralized policies. Social welfare, here,

does not depend on the value of K, knowing that the constraints are not binding. So, without any

transmission barriers, one should have one single environmental policy.

When instead K is small (Zone 1), i.e. K < min
{
p, p∗/γ

}
, there is very little trade. Therefore,

both countries prefer to decentralize the decision of promoting RSE. From Section 3.1, we know that

the competitive equilibrium corresponds to the decision of having independent policy of promotion.

The subsidiarity principle strictly applies.

To determine the optimal policy in the other zone, we need to rely on the following lemma.

Lemma 1. When p∗/γ < K < (p + β)/γ, the welfare of both countries when they decide to

implement independent policies is a decreasing function of K. Then, we have dWnc

dK < 0

Proof. See the Appendix.

To sum up, in Zone 1, the link between countries is so weak that both of them act as if they

were in autarky, i.e. they prefer to have different policy for promoting RSE. As K increases, the

social welfare associated to the non-coordinated case decreases until K = K̄. Beyond this point (so

in Zone 4), both countries are better off when they implement a coordinated policy. Hence, we can

establish the following proposition:

Proposition 1. There exists K̂ < K̄ such that coordination is socially optimal if and only if K > K̂.

This can be illustrated by the following graph:

Let us study the evolution of K̂ defined by W c(K̂) = Wnc(K̂) when β varies. Note that the

shape of the function Wnc(.) depends on the zone considered. Note also that K̂ may be in Zone 2

or Zone 3.

Corollary 1. If K̂ is in Zone 2, that is if p∗ < γK̂ < p+β, then K̂ is an increasing function of β.

Proof. See the Appendix.

This corollary is rather counterintuitive as one may think that an increase in β - therefore a

higher level of externality- would imply more coordination. However, this increase also induces a

higher structural difference among countries which increases the cost of the coordination (compared

to decentralized policies). It turns out this latter effect dominates which explains the negative

relationship between β and K̂.

Corollary 2. If K̂ belongs to Zone 3, that is if p < K̂ < p∗ and p∗/γ < K̂ < (p + β)/γ, and if

U ′′(.) constant and ”not too small”, then K̂ is an increasing function of β

Proof. See the Appendix.
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Figure 1: Optimal policies

Hence, if the utility function is not too concave, the level of capacity K̂ is an increasing function

of β. As in Zone 2, this result is explained by an increase in the structural difference in both

countries which induces a higher cost of the cooperation. This effect dominates the pure impact of

increasing β which tends to increase the interest of having a cooperated policy among countries.

6 Conclusion

This paper has undertaken an analysis of the pros and cons of cooperation between countries,

or equivalently questioned the relevance of the subsidiarity principle in a context of promotion of

renewable. In this perspective, a particular attention has been put on the influence of limited

transmission capacity. In a framework with two countries and two sources of energy (RSE and

NRE), we have derived the market equilibria regarding the transmission constraint and the choice

of feed-in tariffs. In particular, we have shown that the policies aiming at promoting RSE should

be coordinated if and only if the transmission capacity is large enough. This paper thus provides

useful guidelines on the relevance of coordination in a context of externality and (potentially) binding

transmission constraints.

From this initial approach, it may be interesting to enlarge the perspective and one may look

at different connected topics. First, we have assumed that each government, when choosing the

subsidy to promote the RSE, was neglecting the impact on the current account balance. Taking

into account the latter would probably decrease the difference between the policies chosen by each
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country. Second, we have assumed that the industries were competitive in both countries. It could

be interesting to consider the polar case of imperfect competition, in particular a monopoly in one

country. Lastly, we could introduce some environment-sensitive consumers that would value differ-

ently the two types of energy RSE and NSE. We leave these potentially interesting developments

for future research.

Appendices

Proof of Lemma 1.

i) Let us consider the case of Zone 2, where x = p, xE = K, y = p+β
γ and y∗ = y∗E = K. The

social welfare function is:

W (K) = U

(
p+

p+ β

γ

)
+ U(p∗ +K) + β

p+ β

γ
− p2

2
− p∗2

2
− γ

2

(
p+ β

γ

)2

− γ

2
K2

Note that the price p is such that p = U ′(q) where q = x− xE + y+ y∗E = x+ y = p+ p+β
γ . So the

price p does not depend on the value of K. Therefore, the derivative of the welfare function with

respect to K is given by:

dW (K)

dK
=

(
1 +

dp∗

dK

)
U ′(q∗)−K − dp∗

dK
p∗ − γK

⇔ dW (K)

dK
= U ′(q∗)− (1 + γ)K +

dp∗

dK
(U ′(q∗)− p∗)

Since we are in the Zone 2, p∗ = U ′(q∗) < γK. It is then direct to see that the first derivative of

W (.) with respect to K is negative.

ii) Consider now the case where max{p, p∗/γ} < K < min{p∗, (p+β)/γ}, which corresponds to the

Zone 3 with x = xE = y∗ = y∗E = K. Therefore, the levels of consumption in each country are:

q = K +
p+ β

γ
and q∗ = p∗ +K

The social welfare level is characterized by:

W (K) = U

(
K +

p+ β

γ

)
+ U(p∗ +K) + β

p+ β

γ
− K2

2
− p∗2

2
− γ

2

(
p+ β

γ

)2

− γ

2
K2 (5)
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The first derivative with respect to the capacity of the line K is:

dW (K)

dK
=

(
1 +

dp

dK

1

γ

)
U ′(q) +

(
1 +

dp∗

dK

)
U ′(q∗) +

dp

dK

β

γ
−K − dp∗

dK
p∗ − dp

dK

p+ β

γ
− γK

⇔ dW (K)

dK
= U ′(q)−K + U ′(q∗)− γK +

dp

dK

(
U ′(q)− p

γ

)
+
dp∗

dK
(U ′(q∗)− p∗)

To determine the impact of K on W (.), we have to determine the sign of: U ′(q)−K and U ′(q∗)−γK.

But, as max{p, p∗/γ} < K < min{p∗, (p+ β)/γ}, and knowing that U ′(q) = p and U ′(q∗) = p∗, we

can write that:

U ′(q)−K = p−K < 0 and U ′(q∗)− γK = p∗ − γK < 0

Hence, when max{p, p∗/γ} < K < min{p∗, (p + β)/γ}, the social welfare function is a decreasing

function of the capacity of the line K.

We have proved that, for Zone 2 and Zone 3, dW
dK < 0.

Proof of Corollary 1.

From the definition of K̂, we find that:

dK̂

dβ
=

2U ′(qc)+β
2γ − U ′(q)+β

γ

U ′(q∗)− γK̂

As U ′(q∗) − γK̂ is negative (see proof of lemma 1), the first derivative of K̂ with respect to β

is positive if and only if:

2U ′(qc) + β

2γ
− U ′(q) + β

γ
< 0 ⇔ U ′(qc)− U ′(q) <

β

2

⇔ pc − p <
β

2

In the coordinated case, the price pc is defined by

U ′
(
pc +

pc + β/2

γ

)
= pc

whereas p is defined by:

U ′
(
p+

p+ β

γ

)
= p

We remark that the two formula are similar except for the subsidy that the producer receives. In
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Section 4.1, we have seen that the price is a decreasing function of the subsidy, so we can conclude

that pc < p. This relation implies that the total quantities consumed in each case are such that

qc − q < 0. Let us look at the value of this difference.

qc − q < 0 ⇔ pc +
pc + β/2

γ
− p− p+ β

γ
< 0

⇔ pc − p <
β

2(γ + 1)

By assumptions, we know that γ > 1, thus we can write that pc−p < β/2. We just have proved

that 2U ′(qc)+β
2γ − U ′(q)+β

γ < 0, and thus that

dK̂

dβ
> 0

Proof of Corollary 2.

The value of the first derivative of K̂ with respect to β is:

dK̂

dβ
=

U ′(qc)+β/2
γ − U ′(q)+β

γ

U ′(q)− K̂ + U ′(q∗)− γK̂
(6)

From Section 5.1, we know that in Zone 3,

U ′(q)− K̂ + U ′(q∗)− γK̂ < 0

Then, it appears that K̂ is an increasing function of β if and only if the numerator of equation

(6) is negative which is equivalent to:

pc − p <
β

2

The two prices of the zone are defined by:


U ′(pc + pc+β/2

γ − pc = 0

U ′
(
K̂(p, pc) + p+β

γ

)
− p = 0

We know that at the beginning of the zone, by continuity, we have pc − p < β
2 . The idea is to

see how pc − p < β
2 evolves when β changes in Zone 3. Thus, we will determine the expressions of

the first derivative of the prices with respect to β. Let us first compute dpc/dβ:
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dpc
dβ

= −
U ′′(qc)

2γ

(1 + 1/γ)U ′′(qc)− 1

which is negative by U ′′ < 0. The computation of dp/dβ is trickier since p depends on K̂ which

depends on pc and p. So, the computation leads to:

dp

dβ
= −

U ′′(q̂)

[
∂K̂
∂pc

dpc
dβ + 1

γ

]
U ′′(q̂)

[
∂K̂
∂p + 1

γ

]
− 1

We know that K̂ comes from W c(K̂)−Wnc(K̂) = 0. Let us compute
∂K̂

∂pc
and

∂K̂

∂p
.



∂K̂

∂pc
= −

dW c

dpc
− dWnc

dpc
dW c

dK̂
− dWnc

dK̂

∂K̂

∂p
= −

dW c

dp
− dWnc

dp
dW c

dK̂
− dWnc

dK̂

Some simplifications are obvious. Indeed, we know that

dWnc

dpc
=
dW c

dK̂
=
dW c

dp
= 0

and that:

dWnc

dK̂
6= 0

The rest of the computation is given by:

dW c

dpc
= 2(1 + 1/γ)U ′(qc) +

β

γ
− 2pc −

pc + β/2

γ

= 2[U ′(qc)− pc] +
2U ′(qc) + β

γ
− 2pc + β

γ

⇔ dW c

dpc
= 0

We find the same result for dWnc/dp coming from:
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dWnc

dp
=

U ′(q)

γ
+
β

γ
− p+ β

γ

⇔ dWnc

dp
= 0

Then, the first derivative of p with respect to β is just given by:

dp

dβ
= − U ′′(q̂)/γ

(U ′′(q̂)/γ)− 1
< 0

In order to know how pc − p− β
2 evolves with β, we assume that the function U ′′(.) is constant,

hence we can write that: U ′′(qc) = U ′′(q̂). The question is to know if:

dpc
dβ
− dp

dβ
< 1/2

This relation is true if and only if:

−
U ′′(.)
2γ

(1 + 1/γ)U ′′(.)− 1
+

U ′′(.)/γ

(U ′′(.)/γ)− 1
− 1

2
< 0

⇔ −U
′′(.)

2γ
(U ′′(.)− γ) + 2U ′′(.)(U ′′(.)(1 + 1/γ)− 1)− 1

2
(U ′′(.)(1 + 1/γ)− 1)(U ′′(.)− γ) < 0

⇔ (U ′′(.))2 + U ′′(.)(γ + 1)− γ < 0

By assumption, U ′′(.) is constant. We can easily show that the inequality is satisfied iff:

U ′′(.) ∈

]
−

(γ + 1) +
√

(γ + 1)2 + 4γ

2
, 0

]

This is a sufficient condition to have dK̂/dβ > 0.
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