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Abstract

Contrary to the existing literature on overlapping instruments we argue
that feed-in tariffs for renewable energy overlapping with a cap-and-trade
scheme do have a net impact on greenhouse gas (GHG) emissions. Generally
there are two channels by with support for renewables can affect emissions.
The first are leakage effects into sectors not covered by the cap and the second
are future adjustments of the cap in response to the feed-in tariff. We focus
on the former providing an important building block for a comprehensive
dynamic framework. We find the direction of the net short-term impact to
be ambiguous but emissions will only increase when the drop in electricity
demand induced by the intervention is sufficiently large.

1 Introduction

A widely held tenet among environmental economists is that feed-in tariffs (FITs)
for renewable energy have no effect on total GHG emissions if the power sec-
tor is subject to a cap-and-trade scheme (Sijm, 2005; Fischer & Preonas, 2010;
Böhringer & Rosendahl, 2010; Frankhauser et al., 2010). The argument is simple
and convincing: as long as the cap is binding, total emissions do not change. Addi-
tional instruments applied to the same sector merely reallocate emissions between
sources and hence raise total abatement costs. This has been used to argue against
e.g. existing FITs in Germany (BMWA, 2004) and the explicit targets for renew-
ables in the European Union complementing GHG reduction targets (Böhringer
et al., 2009).

There is nothing wrong with this point, other than that it ignores intra- and
intertemporal leakage effects.1 No existing cap-and-trade scheme covers all GHG
emissions in a country or region let alone of the entire world. Hence, if one takes a
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1Several authors have argued that despite the zero impact on GHG emissions, feed-in tariffs might
still be desirable if they help to achieve other objectives or fix additional market failures (Sijm, 2005;
Böhringer et al., 2009; Lehmann & Gawel, 2013). However, none of them has argued against the
zero impact hypothesis itself.

1



general equilibrium perspective where only some of the sectors face an aggregate
upper bound on emissions, then changes in factor uses in those sectors can have
knock-on effects causing emissions to leak in or out. In the context of unilateral
climate policy these leakage effects are well established.2 However, there the focus
is on changes in the cap itself rather than on the effect of overlapping instruments.

The second channel by which a FIT overlapping with a cap-and-trade scheme
can affect total GHG emissions is by inducing changes in the stringency of future
caps. Unless there is a binding long term commitment on the cap on emissions, the
changes in marginal abatement costs, industry structure and political interests in-
duced by the feed-in tariff can affect how the cap is set in future periods. Common
practice for existing cap-and-trade schemes is to fix the cap for a number of years.
However, in the context of climate change and the power sector fixing emissions
for five or ten years has to be considered short term. What matters are long-run
emissions over twenty to fifty years. Without such long-term commitments, even
policy interventions that have no impact on GHG emissions in current rounds of a
cap-and-scheme can conceivably affect the stringency of future caps. If FITs are
successful in changing the composition of the power sector by replacing a signifi-
cant share of fossil fuel based power stations with renewable energies, this implies
a reduction in the sector’s marginal abatement costs. A benevolent regulator would
hence tighten the cap when next given the change. Moreover, if banking of emis-
sion allowances is possible, then the regulator is likely able to observe the number
of allowances banked and might adjust the amount of new allowances issued ac-
cordingly. Moreover, changes in industry structure can clearly affect the political
game. Brown lobbies might become weaker while green ones grow in strength as
their vested interests increase.

To fully understand the impact of a feed-in tariff overlapping a cap-and-trade
scheme on total emissions requires identifying and quantifying these two effects:
inter-sectoral leakage and intertemporal adjustments of environmental policy. In
this paper we focus on the former by looking at a two-sector, two-goods, two-
inputs general equilibrium model. This provides an important building block for a
more comprehensive model also capturing the dynamic aspects.

We find that leakage into other sectors can be both negative and positive. While
a net reduction in total emissions seems the more likely outcome, under reasonable
parameter constellations the magnitude of the effect is considerably smaller than
the often applied «naïve» estimate reporting the emissions that would have been
generated if the same amount of electricity were supplied by the marginal conven-
tional technology (AGEE-Stat, 2013; Marcantonini & Ellerman, 2013). We also
show that if FITs are funded by a levy on electricity (like the EEG-Umlage in Ger-
many), then positive leakage, i.e. an increase in total emissions in response to an
increase in the feed-in tariff, is more likely than if financed via a lump sum tax
under a relevant set of parameters.

2See e.g. Babiker (2005); Eichner & Pethig (2011); Burniaux & Martins (2012); Baylis et al.
(2013); Fullerton et al. (2013).
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In the remainder of the paper we analyze the (leakage) effects of a FIT variation
on aggregate GHG emissions in a simple general equilibrium model with partial
coverage of a cap-and-trade scheme. We develop the basic model and present the
equilibrium conditions in sections 3 and 4, respectively. In section 5 we derive the
results. Our key finding is that leakage is negative (a small FIT increase decreases
aggregate emissions) for a large class of parameter constellations, but can be pos-
itive under conditions that induce a sufficiently large decline of demand for the
regulated good. We close the paper with some concluding remarks in section 6.

2 Institutional background

Cap-and-trade schemes are one of the most common instruments to regulate GHG
emissions. They are operating in the European Union (EU) in the form of the EU
Emission Trading Scheme (EU ETS) and in North America as part of the Western
Climate Initiative (WCI) and the Regional Greenhouse Gas Initiative (RGGI). Until
recently, Australia had plans to convert what currently in effect is a carbon tax into
a cap-and-trade scheme in 2015 and China has started a number of city-level cap-
and-trade programs for carbon emissions in 2013 to gain experience for a future
national program (Qui, 2013). These schemes generally cover only a fraction of
emissions even within their own jurisdiction because they cover only a fraction of
industries (e.g. electricity, ion and steel, refinery and coking, cement and lime,
glass and ceramics, pulp and paper). Hence, on top of the often discussed leakage
effects across jurisdictions there is scope for emission leakage within jurisdictions.

A common instrument to support the diffusion of renewable energies are feed-
in tariffs. A FIT is in effect a long-term contract that guarantees a particular min-
imum price or piece rate subsidy for output produced with a particular renewable
energy technology (e.g. solar, water, wind, and biomass). In early 2013, 71 coun-
tries had some form of FIT policy in place (REN21, 2013, p. 68).

A prominent example of such a feed-in tariff is the German Renewable Energy
Act (Erneuerbare-Energien-Gesetz, EEG). It is the successor of the first feed-in
tariff in Europe, the 1991 Electricity Feed-In Act of Germany (Stromeinspeisungs-
gesetz).3 The Act (i) compelled the then monopolistic grid-running companies that
also owned most of the generating capacity to grant any green electricity producer
access to the network and (ii) guaranteed minimum compensations for any kWh of
green electricity fed in. In 2000 the Act was replaced by the Renewable Energy Act
that included additional renewable energy technologies (e.g. geo-thermal energy
plants) and raised the feed-in tariffs significantly. The tariffs were between 6.19
and 9.10 cents per kWh for wind power and at least 50.6 cents for solar power.
Purchase guarantees were extended to 20 years. The Act commands grid-running
companies to feed-in any amount of green electricity and compensate the produc-
ers with the applicable tariff. The difference between the tariff payments and the

3Before the Electricity Feed-In Act there was one feed-in tariff introduced in the United States by
the Public Utility Regulatory Policies Act (PURPA), a part of the 1978 National Energy Act (NEA).
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proceeds from selling the electricity at the electricity exchange EPEX spot mar-
ket is financed through a levy on electricity (EEG-Umlage). The Act has been
amended several times since its inception with average feed-in tariffs across tech-
nologies reaching 17 cent/kWh in 2013 while the average spot price of electricity
was about 4 cent/kWh (BMWE, 2014). In 2014 the net subsidy will amount to
23.6 billion EUR resulting in a levy of 6.24 cents per kWh to be paid by electricity
users (Bundesregierung, 2013).4 The Renewable Energy Act has been rated as the
world’s most effective policy in accelerating the renewable deployment (Jacobs-
son & Lauber, 2006; Lipp, 2007), and many countries within and outside the EU
enacted similar policies.

However, since the European electricity sector is subjected to the EU ETS,
none of these policies has a direct impact on GHG emissions despite their some-
times remarkable success in stimulating the diffusion of renewable energies. The
emissions saved in the power sector are merely reallocated within the cap-and-trade
scheme and increase emissions in other sectors or countries by the same amount, as
long as the overall cap is binding in the long-run. The contribution of this paper is
to make a first step toward understanding the true impact of feed-in tariffs on total
GHG emissions by analyzing how they change emissions in sectors not covered
by the cap. In case of the EU ETS the latter contribute more than 50% of total
emissions in the EU.

3 The model

We consider an economy with two competitive sectors X and Y . There are two
factors of production, L and R, that are used in sector i = X ,Y in quantities Li and
Ri, respectively. Using one unit of factor R adds one unit of greenhouse gas emis-
sions to the global stock, whereas factor L is emission-free. The clean input L can
be considered as labor, capital, or a composite of the two. For ease of exposition
we call L «labor-capital» and R «fuel» in what follows. Labor-capital is in fixed
supply normalized to unity and perfectly mobile across sectors, such that it earns
the same return w in either sector. Fuel is imported from perfectly elastic supply at
the world market price z.

Sector Y is regulated by a tradable-permit scheme that limits aggregate emis-
sions produced in that sector to an exogenous and binding cap C. Permits trade
at price r. Sector X is not regulated in any way. While this assumption is stark,
what really matters is that any environmental regulation (e.g. an emission tax or
emission rate standard) in sectors X is independent of that in sector Y and does
not impose an upper bound on emissions in sector X . Most generally, sector Y
is meant to represent the part of the economy covered by the cap-and-trade sys-
tem and sector X the part that is not. This allows for at least two interpretations.
First, the model can represent a closed economy (in terms of final goods) in which
some sectors fall under the cap-and-trade system and others do not. For example,

4Consumers have to pay VAT on the levy, which adds a further 19% or 1.19 cents/kWh.
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the EU-ETS applies to electricity and some other major industries, but covers only
about 45 percent of total GHG emissions produced in the EU economy (European
Commission, 2013) and the RGGI covers only the power sector of several states5

in the eastern part of the US. Second, the model can represent an international
context where Y is produced in one country or region which has a tradable-permit
scheme and X is produced in the «rest of the world».6 Keeping those more general
interpretations in mind, for concreteness we frame the remainder of the paper in
terms of the former example: sector Y is the «electricity sector» and X the «rest
of the economy» combining several GHG-emitting industries that are not covered
by the cap-and-trade system, such as transportation, industries other than power
generation and agriculture as in the RGGI cap-and-trade scheme.

There is a single production technology in sector X described by the decreas-
ing marginal products and constant returns production function X = X

(
LX ,RX

)
.7

In the electricity sector each supplier may employ a «conventional» technology
Y d
(
LY d ,RY

)
with decreasing marginal products and constant returns and an de-

creasing returns «green» technology Y c
(
LY c
)

that uses only labor-capital, i.e. is
perfectly clean.8 We have Y = Y d +Y c. Shifting production from technology
Y d to technology Y c can be considered as abatement, i.e. reducing emissions per
kilowatt-hour of electricity by investing in e.g. wind, water or solar power. The
market price of electricity is denoted pY . In addition, there is a FIT for green
electricity: any quantity of green power can be sold at a fixed tariff t ≥ pY .9

The household sector of the economy is modeled by a large collection of iden-
tical households spending their income to maximize utility u(x,y) by demanding
quantity x of good X and quantity y of good Y , taking as given all market prices.
Their income is the sum of the proceeds from renting out their labor-capital en-
dowment (w), profits earned in the green electricity sector (tY c−wLY c), and rev-
enue from the permit auction returned via lump-sum rebate (rC), reduced by the
effective subsidy payments

(
t− pY

)
Y c.10 We assume that u(x,y) is homothetic,

satisfies non-satiation (uX > 0 and uY > 0), decreasing marginal utility (uXX < 0
and uYY < 0), substitutability (uXY > 0), and some boundary conditions (uX and
uY converge to infinity for x→ 0 and y→ 0 and to zero for x→ ∞ and y→ ∞)

5Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New York, Rhode
Island, and Vermont

6The second interpretation of course renders the assumption of a perfectly elastic supply of fossil
fuels somewhat less plausible.

7For sake of expositional parsimony we abuse notation in denoting by X the label of the good (and
sector), the quantity of that good supplied, and the production function. We do likewise in sector Y .

8Note that due to decreasing returns there are strictly positive profits in the green electricity sector.
9The case where t < pY is of no theoretical and empirical relevance because the FIT would not

be binding. Green electricity producers would fare better by selling at the market price instead of the
tariff.

10Through the FIT-program, consumers commit themselves (through the state that is not explicitly
modeled here) to buy any amount of green electricity at price t. But of course they are free to re-
sell any amount at the market price pY such that the effective subsidy is t − pY per kWh of green
electricity fed in.
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that merely assure that consumer demand is neither unlimited nor zero at strictly
positive prices.

4 General equilibrium conditions

We now derive a system of linear equations which characterizes the general equi-
librium of the economy. We employ the notation of Fullerton et al. (2013) and
Baylis et al. (2013) in denoting a proportional change in a variable a by â := da/a.

4.1 Production in the unregulated sector

First, we derive an expression for changes in inputs in response to changes in
prices. Given the production technology X = X

(
LX ,RX

)
each representative firm

in sector X demands an input bundle
(
LX ,RX

)
to maximize profit pX X −wLX −

zRX . The profit maximizing input bundle is characterized by the first order condi-
tions pX XL = w and pX XR = z, or alternatively by dividing the former equation by
the latter

XL

XR
=

w
z

where the left-hand side is the marginal rate of technical substitution and the right-
hand side the input price relation. Thus, factor intensity responds to a change in
relative input prices according to the expression

R̂X − L̂X = σ
X (ŵ− ẑ) (1)

where σX is the elasticity of technical substitution.
Secondly, competition and constant returns to scale imply that profits are zero,

pX X = wLX + zRX . Totally differentiating this condition yields

p̂X + X̂ = θ
XL (ŵ+ L̂X)+θ

XR (ẑ+ R̂X) (2)

Finally, we totally differentiate production X = X
(
LX ,RX

)
and use the first

order conditions to show how changes in inputs affect final output in sector X , and
use the «hat» notation to obtain

X̂ = θ
XLL̂X +θ

XRR̂X (3)

where θ i j is the factor share of income for input j in the production of good i.
Specifically, we have θ XL ≡ wLX/pX X and θ XR ≡ zRX/pX X in sector X . Using the
zero-profit condition it follows that θ XL +θ XR = 1.

4.2 Production in the electricity sector

First, we transform the identity Y = Y d +Y c into the following «hat» notation ex-
pression:

Ŷ = α
dŶ d +α

cŶ c (4)
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where αd ≡ Y d/Y and αc ≡ Y c/Y are the shares of clean and dirty production of
aggregate output Y , such that αd +αc = 1 holds.

Second, we totally differentiate dirty production Y d = Y d
(
LY d ,RY

)
to obtain

Ŷ d = θ
Y LL̂Y d +θ

Y RR̂Y (5)

where θY L and θY R are again the factor shares of income as above (θY L ≡ wLY d/pYY d

and θY R ≡ (z+r)RY/pYY d). We do the same with clean production Y c = Y c
(
LY c
)

to
get

Ŷ c = ϑ L̂Y c (6)

where ϑ is the scale elasticity of technology Y c, which is smaller than one by
assumption (decreasing returns).

Third, we derive an expression for changes in inputs in response to changes in
prices. Given the production technologies Y d

(
LY d ,RY

)
and Y c

(
LY c
)

each repre-
sentative firm in sector Y demands an input bundle

(
LY ,RY

)
, where LY = LY d +LY c

to maximize profit pYY d + tY c−wLY − (z+ r)RY . The profit maximizing input
bundle is characterized by the first order conditions pYY d

L = w, pYY d
R = z+ r, and

tY c
L = w. Labor-capital input in the green electricity sector can alternatively be

expressed by
L̂Y c = σ

Y c (t̂− ŵ) (7)

where σY c is an elasticity parameter. Factor input in the conventional electricity
sector can also be expressed in terms of marginal rates of technical substitution:

Y d
L

Y d
R
=

w
z+ r

This expression can alternatively be written R̂Y − L̂Y d = σY d (ŵ− v̂), where σY d is
the elasticity of technical substitution and v̂ the proportional change of the gross
fuel price. By v≡ z+ r and defining η ≡ r/v we have v̂ = ηγ̂ +(1−η) ẑ and hence

R̂Y − L̂Y d = σ
Y d (ŵ−η r̂− (1−η) ẑ) (8)

Finally, competition and constant returns to scale imply that profits are zero in
the conventional electricity sector, pYY d = wLY d +(z+ r)RY , yielding the condi-
tion

p̂Y + Ŷ d = θ
Y L
(

ŵ+ L̂Y d
)
+θ

Y R (
η r̂+(1−η) ẑ+ R̂Y ) . (9)

4.3 Consumption

The representative consumer demands the final product bundle (x,y) that maxi-
mizes u(x,y) subject to the budget constraint e ≤ m, where e ≡ pX x+ pY y are the
households’ expenditures and m≡w+rRY −(t− pY )Y c+tY c−wLY c their income,
or shorter m≡ w+ rRY + pYY c−wLY c. By non-satiation the constraint is binding
in equilibrium. Thus, in any equilibrium aggregate expenditure must match ag-
gregate income, such that for any comparative static variation ê = m̂ must hold.
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We have ê = υx
(

p̂X + x̂
)
+ υy

(
p̂Y + ŷ

)
where υx ≡ pX x/e and υy ≡ pY y/e are the

shares of expenditures for the two goods, respectively, such that υx+υy = 1 holds.
Likewise, we have m̂ = µLŵ+ µR

(
r̂+ R̂Y

)
+ µS

(
p̂Y + Ŷ c

)
− µC

(
ŵ+ L̂Y c

)
where

µL ≡ w/m, µR ≡ rRY/m, µS ≡ pYY c/m and µC ≡ wY c/m = µLY c are shares of income,
such that µL +µR +µS−µC = 1 holds. This yields the condition

υ
x (p̂X + x̂

)
+ p̂Y (

υ
y−µ

S)+υ
yŷ =

(
µ

L−µ
C) ŵ+µ

R (r̂+ R̂Y )+µ
SŶ c−µ

CL̂Y c

(10)
Decreasing marginal utility, substitutability, and the boundary conditions as-

sure that there is a unique interior maximizer of u(x,y), which is characterized by
the first order condition

uX

uY
=

pX

pY ⇔ pY uX − pX uX = 0

Differentiating the definition of this elasticity yields

x̂− ŷ = ς
(

p̂Y − p̂X) (11)

where ς is the elasticity of substitution.

4.4 Market clearance

In equilibrium all markets clear. Fuel market clearance is guaranteed due to per-
fectly elastic supply. For the final product markets X = x and Y = y must hold.
Totally differentiating those conditions we obtain

X̂ = x̂ (12)

Ŷ = ŷ (13)

Since labor-capital is in fixed supply, we have the market clearance condition
LX +LY d +LY c = 1. Totally differentiating the condition and using the hat notation
we obtain

LX L̂X +LY d L̂Y d +LY cL̂Y c = 0 (14)

or alternatively LX L̂X +LY L̂Y = 0.11

Finally, by the same procedure we get from the permit market clearance condi-
tion RY =C

R̂Y = 0 (15)

Note that we restrict attention to cases where the cap on emissions in sector
Y is binding as this is at the heart of the standard result that feed-in tariffs have
no impact on total emissions when overlapping with a cap-and-trade scheme. 15

11Note that since aggregate supply is normalized to unity, LX , LY d , and LY c are the shares of total
supply employed in the technologies X , Y d , and Y c, respectively.
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only holds if r > 0 and r̂ > −1, i.e. as long as the permit price remains strictly
positive. The latter imposes an upper bound on the size of the exogenous shocks
to the feed-in tariff our analysis applies to. For a sufficiently high FIT demand for
permits will drop sufficiently to render the cap non-binding. There is also a lower
bound on the change in FIT covered by our analysis, t̂ ≥ (pY−t)/t, implied by the
condition that t ≥ pY .

5 Results

We consider the comparative static effects of a variation in the feed-in tariff t.
Leakage is defined as the effect on emissions in sector X in response to this vari-
ation. We define labor-capital as numeraire, which implies ŵ = 0. Furthermore,
by construction we have ẑ = 0. Since unchanged input prices imply no change in
breakeven output price, we have (from equations 3 and 2) also p̂X = 0. It follows
from conditions 1, 3 and 2 that

X̂ = R̂X = L̂X (16)

We get the leakage effect by finding the labor-capital input change in sector X ,
which is by condition 14 determined by the labor-capital input change in sector Y .
The labor-capital input change in the green electricity sector in response to the FIT
variation t̂ follows directly from condition 7 and ŵ = 0:

L̂Y c = σ
Y ct̂ (17)

An increase of the FIT (t̂ > 0) unambiguously raises labor-capital input, and by
condition 6 also output (Ŷ c = ϑσY ct̂), in the clean electricity sector.

In the conventional electricity sector, condition 8 and ŵ = 0 yield

L̂Y d = r̂ησ
Y d (18)

Thus, whether labor-capital input in the conventional electricity sector increases
or decreases in response to an increase of the FIT depends on whether the permit
price increases or decreases.

We get r̂ as follows. Using equations 15 and 18, condition 5 yields

Ŷ d = r̂ησ
Y d

θ
Y L (19)

Combining conditions 4, 6, 17 and 19 we get

r̂ =
Ŷ −αcσY cϑ

αdηθY L t̂ (20)

This demonstrates that whether the permit price, and in turn labor-capital input
and output in the conventional electricity sector, increases or decreases is gener-
ally ambiguous. Direction and size of the effects depend on whether the electricity
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sector as a whole expands or contracts: in the latter case (Ŷ < 0) the permit price
decreases unambiguously (r̂ < 0); in the former case case (Ŷ > 0) the permit price
decreases if the electricity sector expands not too much (precisely if Ŷ < αcσY ct̂)
and increases otherwise. As a first step, we eliminate this complication by assum-
ing for the moment that demand for electricity is perfectly inelastic.

5.1 Inelastic demand for electricity

Assuming inelastic demand implies ŷ= 0 and (by condition 13) Ŷ = 0. In this case,
equation 20 shows that the permit price decreases unambiguously in response to
an increase of the FIT:

r̂ =−αcσY cϑ

αdηθY L t̂

In turn, labor-capital input and output in the conventional electricity sector decrease
as well

L̂Y d =−αcσY cσY dϑ

αdθY L t̂ (21)

Ŷ d =−αcσY cϑ

αd t̂

Combining conditions 14 and 16 and substituting L̂Y d and L̂Y c by our previous
results, we get the leakage effect:

R̂X =

[
σY c

LX

(
αcσY dϑ

αdθY L LY d−LY c
)]

t̂ (22)

If the FIT is increased by one percent, the relative emissions increase is given
by the term in square brackets. We can demonstrate that this effect is unambigu-
ously negative. Observe that the absolute increases of labor-capital input in the
electricity sector are obtained by multiplying equations 17 and 21 by the respec-
tive input levels LY d and LY c in the initial equilibrium. We know that the absolute
increase in the green sector is larger than the absolute decrease in the conventional
sector for the following reason: First, note that output in the conventional elec-
tricity sector decreases by the same amount in absolute terms than output in the
green electricity sector increases since total electricity output is constant by as-
sumption. Second, observe from the first-order conditions of profit maximization
that at t = pY the marginal products of labor-capital are equal in the green and the
conventional electricity sectors (since both input and output prices are equal), such
that for any t > pY the marginal product is lower in the green than in the conven-
tional sector. It follows that the output expansion in the green sector absorbs more
labor-capital than the output reduction (of same absolute size) in the conventional
sector frees up. Hence, labor-capital input increases more (in absolute terms) in the
green electricity sector than labor-capital input in the conventional electricity sec-
tor decreases, such that overall labor-capital input in the electricity sector increases.
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Formally, it must hold that

σ
Y ct̂LY c− αcσY cσY dϑ

αdθY L t̂LY d > 0⇔ t̂σY c
(

LY c− αcσY dϑ

αdθY L LY d
)
> 0 (23)

Thus, the term in brackets in equation 22 is always negative, such that the overall
leakage effect is always negative. The intuition is simple: Since labor-capital sup-
ply is fixed, the increase of labor-capital employed in the electricity sector must
come from sector X . Since sector X faces constant prices and uses a constant re-
turns technology (which implies homogeneity and in turn homotheticity) fuel use
and output will be reduced by the same percentage as labor-capital such that emis-
sions will fall. We summarize in the following proposition:

Proposition 1. If demand for good Y is perfectly inelastic, then an increase in the
feed-in tariff unambiguously reduces aggregate emissions.

5.2 Downward-sloping demand for electricity

We now consider the general case with a downward-sloping demand for electricity.
In this case we have the additional complication that a variation of the tariff also
affects equilibrium demand for electricity, that is, we generally have ŷ 6= 0, and by
condition 13 Ŷ 6= 0. To illustrate the implications for leakage we ignore the actual
equilibrium relationship between ŷ and t̂ for the moment and just exogenously vary
ŷ in order to identify conditions in which the leakage effect turns positive.

The leakage effect in response to a tariff increase is identified by the change
of labor-capital input in the electricity sector (conditions 14 and 16). By condition
18 this change depends in turn on the change of the permit price. Here is where
the change in electricity demand is critical: As indicated above by condition 20,
the direction and size of the permit price change depends on whether the electricity
sector expands or shrinks and by how much.

From condition 18 we see that whenever the permit price increases (r̂ > 0)
labor-capital demand in the electricity sector increases unambiguously, such that
leakage is unambiguously negative. This is the case (from equations 13 and 20)
whenever the expansion of the electricity sector is sufficiently strong (precisely if
ŷ = Ŷ > αcσY ct̂). In all other cases (ŷ = Ŷ ≤ αcσY ct̂) the permit price falls or
remains constant (r̂≤ 0). In the case r̂ = 0, the change in aggregate emissions is in
absolute terms exactly the negative of the increase of labor-capital demand in the
green electricity sector. But even for moderate decreases of the permit price leak-
age remains negative, as shown above in the special case of inelastic demand. The
only case in which positive leakage occurs is when the permit price decreases so
much that total labor-capital demand in the electricity sector decreases in absolute
terms, that is, if LY cσY ct̂ +LY d L̂Y d < 0. Combining this condition with equations
18 and 20 yields

ŷ = Ŷ < α
c
σ

Y c
ϑ − LY cσY cαdθY L

LY dσY d (24)
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By condition 23 the right-hand side of the inequality is strictly negative, such that
we can conclude that leakage is positive if and only if the electricity sector shrinks
beyond a certain threshold. We summarize these intermediate results in the follow-
ing lemma.

Lemma 1. An increase of the feed-in tariff leads to an increase of aggregate emis-
sions if and only if equilibrium demand for good Y declines sufficiently strong.

The remaining task is to calculate the actual (comparative static) change of
equilibrium demand for electricity ŷ in response to a tariff increase t̂ > 0. The
consumption side of the economy is characterized by conditions 10 and 11. Using
the identities ŵ = 0, p̂X = 0 and R̂Y = 0 and equation 11 to substitute x̂ in condition
10 yields

ŷ = µ
Rr̂+ p̂Y (

µ
S− ςυ

x−υ
y)+µ

SŶ c−µ
CL̂Y c (25)

The first-order effect of a tariff increase works through directly diminishing the
households’ budget: all else equal, increasing the tariff by one percent decreases
demand for electricity. This first-order effect is perturbed by possible second-order
effects working through r̂, Ŷ c, L̂Y c and p̂Y . The second-order effects working
through Ŷ c and L̂Y c are unambiguously reinforcing: from condition 17 we have
L̂Y c = σY ct̂ and Ŷ c = ϑσY ct̂, such that the final two terms on the right-hand side
of equation 25 become σY ct̂

(
µSϑ −µC

)
which is unambiguously negative since

µC > µS and ϑ < 1.
Using conditions 9, 18 and 19 we get p̂Y = r̂ηθY R, that is, the electricity market

price is an increasing function of the permit price (and vice versa), whereas the
change of the electricity price is always smaller, in relative terms, than the change
of the permit price since ηθY R < 1. Using those identities with equation 25 we get

ŷ = r̂
[
µ

R−ηθ
Y R (

µ
S− ςυ

x−υ
y)]+σ

Y ct̂
(
µ

S
ϑ −µ

C)︸ ︷︷ ︸
<0

(26)

Finally, using condition 20 to substitute r̂ yields

ŷ =−
σY c

[
αdηθY L

(
µC−ϑ µS

)
+αcϑ

(
µR +ηθY R

(
ςυx +υy−µS

))]
t̂

αdηθY L− (µR +ηθY R (ςυx +υy−µS)) t̂
(27)

From conditions 24 and 27 the following proposition follows:

Proposition 2. An increase of the feed-in tariff (decreases demand for good Y
sufficiently strong such that it) leads to an increase of aggregate emissions if and
only if

LY c

σY dLY d <
η
[
αcϑ +

(
µC−ϑ µS

)
t̂
]

αdηθY L− [µR +ηθY R (ςυx +υy−µS)] t̂
(28)

To interpret the condition, the following observations are useful.

12



Corollary 1. Let t̂ → 0, then using the definitions of αc, αd and θY L leakage is
positive if and only if

wLY c

pYY c < ϑσ
Y d .

Using 6, w = 1, the first order condition of a profit maximizing «clean» power
generator and the assumption that t ≥ pY this becomes

1
σY d < pY ·Y c

L ≤ 1.

Hence, for arbitrarily small increases of the FIT, leakage can only be positive if
the substitutability between labor-capital and fossil fuels in conventional electricity
production is elastic (i.e. greater than one). Since the right-hand side of the condi-
tion in proposition 2 is strictly increasing in t̂ in the relevant range12, the corollary
gives us a useful boundary condition: if it is satisfied then leakage is positive for
any t̂ in the permissible range but not vice versa.

5.3 Direction and size of «naïve» measures of emission reductions vs. leakage

Governments using FITs as part of their climate policy portfolio often quantify the
impact of the intervention by calculating how much GHG emissions would have
been caused if the additional green electricity would have been produced by the
marginal technology, i.e. the technology who’s output is effectively replaced by the
additional green electricity in the market, or less accurately the average technology
mix (UBA, 2013).

In our model the marginal technology is the conventional fossil fuel based one.
So the «naïve» measure13 of an emission reduction in response to an increase in
the feed-in tariff t is

R̂Y
naive =−τŶ c (29)

where τ ≡ C/Y d is the emission intensity of conventional electricity which is
assumed to be fixed for the purpose of this analysis. By conditions 6 and 17 we
have Ŷ c = ϑσY ct̂ such that R̂Y d

naive < 0 if t̂ > 0. Hence, the «naïve» climate impact
measure always reports a decrease in emissions in response to a rise in the feed-in
tariff. This is the case even if leakage is positive (proposition 2), i.e. if an increase
of t increases total GHG emissions. The «naïve» measure is therefore not always
able to capture the direction of the intervention’s climate impact correctly.

Can we say anything about the size of the difference between the «naïve» mea-
sure and the leakage given that both point in the same direction? For the sake of

12Monotonicity only holds up to the point where the denominator of 28 becomes negative. How-
ever, one can show that the restriction imposed on t̂ by the assumption that the cap is binding, i.e.
r̂ >−1, limits the relevant range for t̂ to the part of 28 where it is indeed increasing in the tariff. But
this also implies that the right-hand side has a finite upper bound and hence that there is not always
a range of tariffs for which leakage becomes positive.

13Indeed, these measures are often highly sophisticated but are naïve in the sense that they ignore
the cap-and-trade scheme.
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simplicity, and because that is what government assessments tend to do, we focus
on the case where the aggregate supply of electricity does not change (see subsec-
tion 5.1). In this case the following simple relationship between the two measures
holds (proof see appendix)

R̂X =
εX

εY d

[
t

pY −1
]

R̂Y
naive (30)

where εX ≡ RX/LX and εY d ≡ C/LY d are the emission-labor intensities of sector
X and conventional electricity production, respectively. Note that by assumption
t ≥ pY . Cap-and-trade schemes also tend to focus on sectors that are more emission
intensive than the average of the economy. The latter implies that εX < εY d . Hence,
for low FIT levels (pY ≤ t ≤ 2pY ) the «naïve» measure of GHG reductions always
overestimates the impact of an increase in the FIT.

Proposition 3. Given that electricity production is more carbon intensive than the
rest of the economy, «naïve» measures of carbon reductions overestimate the tar-
iff’s impact on total GHG emissions save for very high tariff levels. These «naïve»
measures are never able to identify cases when total emissions increase in response
to the support given to renewable energies.

According to 30, if fossil fuel based electricity production is four times as
emission intensive as the rest of the economy, then the feed-in tariff would need
to be at least five times the market price of electricity for the «naïve» measure
to under report the marginal impact on total GHG emissions. However, if either
the emission intensities of the two sectors are reversed or the FIT is very high, it is
possible that the leakage effect is larger in size than the «naïve» reduction measure.

5.4 Financing feed-in tariffs by a levy on electricity

If the subsidy required to pay the FITs is not financed by a lump sum tax but, as
is the case e.g. in Germany, by a levy on electricity, then condition 11 changes as
follows:

x̂− ŷ = ς
(
(1−ψ)p̂Y +ψ t̂− p̂X) , (31)

where ψ = Y c/Y is the share of electricity produced by renewables and pY is
the electricity price net of the levy, i.e. the price received by producers of conven-
tional electricity. Note that in the aggregate 10 is not affected but at the individual
level there is an additional charge on electricity but a lump-sum tax disappears.
Hence, an increase in t results in a higher relative price of electricity to be paid by
consumers compared to the lump sum tax for any given pY . Holding the pY and
income constant, consumers will hence substitute away from electricity compared
to the lump sum case. However, they can spend a larger disposable income since
the lump-sum tax that financed the feed-in tariff has been removed which, ceteris
paribus, increases demand for both goods. Any net change in the demand for Y
will also affect pY , i.e. relative prices, and income via the permit auction revenue
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transfer. The latter depends on the allowance price which itself moves in the same
direction as pY . What is the net effect on leakage of the revenue raising mechanism
used to finance the FIT?

We approach the problem formally. Using condition 31 instead of 11, the con-
dition in proposition 2 changes to

σY cLY c

σY dLY d <
η
[
σY cαcϑ +

(
σY c

(
µC−ϑ µS

)
+ψ

)
t̂
]

αdηθY L− (µR +ηθY R (ςυx +υy−µS− ςυxψ)) t̂
(32)

Multiplying both sides of the condition in proposition 2 by σY c we have the
left-hand sides of the condition in proposition 2 and condition 32 identical. The
right-hand sides, however, differ by an additional term added in both the numerator
and the denominator of 32. Both terms appear in the coefficients of t̂, i.e. the
difference between the two conditions disappear when we consider infinitesimally
small changes in the FIT. Hence, corollary 1 still holds.

For discrete changes in t the two financing schemes differ. Specifically, de-
noting the numerator of the right-hand side of the condition in proposition 2 (still
multiplied by σY c) by A and the denominator by B, we can express the right-hand
side of condition 32 as

A+ηψ t̂
B+ηθY Rςυxψ t̂

which is greater than A/B if and only if

ς <
B

AυxθY R (33)

If condition 33 holds, then a levy on electricity makes it more likely that leak-
age is positive.

Proposition 4. An increase of the feed-in tariff is more likely to cause an increase
in total GHG emissions if it is financed by a levy on electricity than by a lump sum
tax on consumers, given that electricity and other goods are sufficiently comple-
mentary.

With demand for electricity being relatively inelastic and the levy (EEG-Umlage)
amounting to about a quarter of the total price of electricity, the increased risk of
positive leakage is a real concern in Germany.

6 Conclusion

Feed-in tariffs overlapping with a cap-and-trade scheme do impact on total GHG
emissions even in the short-run. As cap-and-trade programs have only partial cov-
erage in terms of sectors and jurisdictions, emission will leak. We show that neg-
ative leakage, where total emissions are reduced in response to a rise in the feed-
in tariff, is more likely but also that the size of the emission reduction tends to
be smaller than predicted by measures based on the carbon that would have been
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emitted if the additional «green» electricity were produced by «conventional» fos-
sil fuel based technology. Positive leakage is more likely the higher the elasticity of
technical substitution between labor-capital and fossil fuels in conventional power
generation. The way the tariff is financed also matters for the size and direction
of leakage. If electricity and other goods are sufficiently complementary in con-
sumption, then using a levy on electricity to raise the funds increases the chances
of positive leakage compared to a lump-sum tax.

One might be concerned that the leakage effects identified are due to the lack
of environmental regulation in the sector not subject to the cap-and-trade scheme.
That worry would be justified if there is a second cap-and-trade scheme or some
other intervention that effectively imposes an upper bound on total emissions for
the «rest of the economy». However, given our results, it is straightforward to see
that other forms of environmental regulation common in climate policy such as
carbon taxes and emission rate standards (used e.g. in the US and EU for GHG
emissions of cars) would not change our findings. The actual price paid in sector
X for using fossil fuels does not matter for the nature of our results as long as this
price is exogenous and independent of the feed-in tariff as would be the case for
a carbon tax. Moreover, since the emission intensity of sector X is unaffected by
the feed-in tariff, an emission rate standard would not interfere with our results -
unless it requires perfectly clean production in sector X , that is.

The impact of feed-in tariffs overlapping a cap-and-trade scheme is ambiguous
but generally different from zero in the short run where the cap can be treated
as exogenous. Future work needs to look at how support for renewable energy
affects the stringency of future caps. They have the potential to dwarf any short-
run effects. Only if we better understand both the short and the long term impacts
of overlapping climate policies will we be in a position to properly evaluate them
and give sound advise as to whether and how they should be used. This paper has
made a first contribution to that endeavor.
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A Proof of equation 30

Given that total output of Y does not changes, it holds that

Y c
L ·

∂LY c

∂ t
= Y d

L ·
∂LY d

∂ t
. (A.34)

Using the first-order conditions of the profit-maximization problem and rear-
ranging, one gets

∂LY c

∂ t
=− t

pY ·
∂LY d

∂ t
. (A.35)

Using the market clearing condition for labor, this yields

∂LX

∂ t
=

[
t

pY −1
]
· ∂LY d

∂ t
. (A.36)
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Using 29 the leakage effect can hence be written as follows,

∂RX

∂ t
=

RX

LX ·
LY d

C

[
t

pY −1
]
· ∂RY d

∂ t

naive

, (A.37)

which is equivalent to 30.
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