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We study (energy) markets with dirty incumbents and costly entry by clean producers. For 
intermediate entry costs, the market outcome exhibits inefficient production and inefficient 
entry. A policy mix of three popular regulatory instruments—taxation on polluters, feed-in 
tariffs for clean entrants, and taxation of consumption—cannot correct these two market 
failures. Feed-in tariffs and consumption taxes are ineffective instruments for implementing 
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of production, the instruments are ineffective in influencing the overall budget, but may be 
effective for other budgetary concepts. 
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1 Introduction

We point out that a currently popular1 combination of regulatory instruments — taxation

on polluters, feed-in tariffs for clean entrants, and taxation of consumption — is unable to

achieve the joint policy goal of internalizing externalities of dirty incumbents and inducing

efficient entry of clean producers. These instruments are therefore imperfect. As a result, we

contradict the current policy debate, which argues that it represents the right policy mix for

attaining these goals.

At first sight our results may seem surprising, because the classic Tinbergen rule of “one

instrument per policy objective” suggests that the mentioned policy mix should be able to

reach the two policy goals. Because there are actually three instruments, one may even see

room for a third policy goal: balancing the budget to finance the intervention scheme. Indeed,

the policy debate offers the following intuitive reasoning how to obtain these three goals: Use

the tax on the polluting incumbent to address the externality problem, use the feed-in tariff to

alleviate the entry problem, and, finally, use the consumption tax to balance the budget. The

policy mix, therefore, seems to supply the perfect tool box for dealing with the two market

imperfections.

We caution that the above reasoning is misleading and argue that the set of instruments is

much less effective. We derive our results in a market setup with dirty incumbents and costly

entry by clean producers. In this setup, the entrant’s incentives to enter are suboptimally low,

simply because he disregards the contribution to social welfare that is appropriated by the

consumer surplus. Consequently, our market setup represents a minimalist setup for modeling

the problem discussed in the policy debate: the externality problem of the dirty incumbents

and too little incentives for entry by clean producers.

For this market setup, we first of all show that feed-in tariffs and consumption taxes are

ineffective instruments for inducing the first best. More precisely, we show that a social plan-

ner is just as well off between using only a tax on polluters or only using a combination of

feed-in tariff and consumer taxation. Put differently, if the social planner can attain the effi-

cient outcome with the three instruments, she can also reach it with only a tax on polluters (or

alternatively, only with a combination of feed-in tariff and consumer taxation). Hence, com-

1Feed-in tariffs are currently applied by more than 50 countries, including the US, Canada, most of the

European countries, and China.

2



plementing a tax on polluters by a feed-in tariff, a consumption tax, or a combination of the

two is redundant. The reason for this failure is a market interaction of the instruments, which

prevents their use as independent policy instruments. As a consequence the usual Tinbergen

logic fails.

We further show that, for intermediate entry costs, no set of instruments exist that in-

duces efficient production and efficient entry. This establishes the imperfectness of the set of

instruments for addressing the two policy goals. Since these policy instruments are in gen-

eral unable to achieve the first best, we further study the second best. Intuitively, it trades

off reductions in the incumbent’s dirty production against inducing entry. In order to induce

entry, the second best distorts upwards the production of the potential entrant to enable it

to recover its entry costs. Interestingly, the second best overcorrects the polluter’s output by

inducing a production level below the efficient one. Overall production in the second best is

nevertheless distorted upward. A social planner can achieve this second best with a tax on

the incumbent’s production and a feed-in tariff that subsidizes entry. Hence, only with regard

to the second best, the feed-in tariff becomes an effective, albeit suboptimal instrument. In

addition to these two instruments, the consumption tax is however still redundant in that it

does not enable the social planner to attain a higher welfare than using only the polluter tax

and the feed-in tariff. Since the second best allocation uniquely determines the budget, we

also obtain that the consumption tax is also ineffective in balancing the budget of the overall

set of instruments.

Our results caution against putting too much hope in the set of instruments as currently

used in one way or another by many governments. For instance, the Scandinavian countries

implement an explicit emissions tax, while the European Union implemented such a taxation

scheme indirectly through its three phase program of tradable emissions permits. An alter-

native scheme with similar effects is a tax on energy produced by the polluters from which

renewable sources are exempted. The latter has been implemented in the United Kingdom,

Germany and the Netherlands. Quota obligations equivalent to market share requirements

were established in Italy, Denmark, Belgium, Australia, Austria, Sweden, the United King-

dom and many U.S. states (Fischer and Newell, 2008). In the context of our setup, all these

schemes are equivalent to the introduction of an explicit polluter tax.

Regarding the entry problem of the clean producers, the European Commission (2008

p.3) views feed-in tariffs as most effective dealing with entry costs: "Well-adapted feed-in
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tariff regimes are generally the most efficient and effective support schemes for promoting re-

newable electricity".2 Underscoring this view, European Commission (§116b, 2013) proposes

as a guideline for aiding immature technologies that "Aid is granted by way of a feed-in-

premium".3 Nowadays, feed-in tariffs are applied by more than 50 countries such as the U.S.

where the individual states set their own tariffs, Canada, most of the European countries, with

Germany being the leader, and China.4

Finally, the political arena is also much concerned about the funding of these intervention

schemes and especially the feed-in tariffs. Some countries use a revenue-neutral system which

recovers tariff expenditures by either a surcharge on the electricity price, or alternatively, by

a general government tariff (Lehmann, 2013). The first has been applied by most of the

countries and puts the burden solely to the electricity consumers. The second one, which has

been implemented in the Netherlands, translates to a burden to all taxpayers.

Related literature: Although policy makers stress the common policy goal of efficient pro-

duction and efficient entry of clean producers, environmental economics has not really fo-

cused on these two issues simultaneously. Studies on feed-in tariffs abstract from the discrete

zero-one decision of entry and do not model a cost of entry of the clean energy producers (e.g.,

Schneider and Goulder, 1997; Fischer and Newell, 2008; Acemoglu et al., 2012; Reichenbach

and Requate, 2012; Lehmann, 2013). These papers focus, instead, on the marginal effects on

investment incentives and analyze how feed-in tariffs mitigate externalities due to learning

by doing and spill-over effects in R&D.5,6 Although we view these additional externalities as

important, we point out that they capture a different problem than entry.

2See de Jager and Rathmann (2008), International Energy Agency (2008), and Deutsche Bank (2012) for

similar views.
3Some authors distinguish feed-in tariffs from feed-in premiums, viewing a tariff as a guaranteed price of

production, whereas the premium is a fixed markup over the market price. Although there is an important

difference in its practical implementation, there is no real economic difference between the two and we use the

wording "tariff" indiscriminately.
4A detailed view of these policies across the U.S. states and several European countries can be found on the

following links: <http://www.dsireusa.org/index.cfm>, <http://176.9.160.135/search-by-country>.
5Although not mentioned explicitly studies by Jaffe et al. (2005) and Helm and Schöttner (2008) also support

promoting policies for similar reasons.
6Using data from OECD countries, Nesta et al. (2014) find empirical support for the hypothesis that current

renewable energy policies foster green innovation. In a Nordic case study based on wind power, Boomsma et al.

(2012) verify that the feed-in tariff encourages earlier investment.
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In contrast, studies like Spulber (1985), Katsoulacos and Xepapadeas (1995) and Requate

(1997) focus specifically on the problem of optimal entry under negative production exter-

nalities. They however do not address the role of different policy instruments in stimulating

the entry of clean versus dirty producers.

Given our focus on the entry problem, we follow the latter approach (and much of the

literature in industrial organization) and explicitly model the entry cost of clean producers.

These entry costs may comprise the development costs of new technologies, the costs of setting

up the new production facilities, or some alternative fixed costs.7 In contrast to the existing

literature on feed-in tariffs, we abstract from any spill-over effects. This enables us to attribute

our results and insights about the underlying economic mechanisms unambiguously to the

joint problem of efficient production and efficient entry, on which the policy debate focuses.

It further allows us to differentiate our paper clearly from the aforementioned studies on feed-

in tariffs. We however point out that spill-over effects would actually exacerbate our entry

problem. Because next to the consumer surplus, the entrant will also not take into account

the positive spill-over effects of its entry, spill-overs distort the entrant’s entry decision further

away from efficiency.

There is a vast literature in public economics on the effectiveness of different Pigou-tax

bases when dealing with both single and multiple market failures. In the context of envi-

ronmental externalities, Palmer and Walls (1997), Walls and Palmer (2001) and Fullerton

and Wolverton (2000; 2005) point out that instead of taxing the polluter, a social planner

may equivalently tax other participants. Fullerton and Wolverton (2005) combine this with

revenue considerations of the government. This result is much in-line with our result that in

order to implement the first best, the regulator may either only tax the polluter or equivalently

use a combination of feed-in tariff and consumer taxation.

In line with the classic Tinbergen rule, dealing with multiple market failures usually re-

quires a mix of different policy instruments. In the context of environmental externalities,

Fischer and Newell (2008), Goulder and Parry (2008) and Garcia et al. (2012) for instance

7For example in the specific context of energy markets, practitioners view these fixed entry costs as taking

the lion share of overall production costs of clean producers. For instance, US Energy Information Administra-

tion (Table 1, 2013) reports that the geothermal, wind, or solar generation of electricity involve no substantial

variable costs and mainly fixed costs. Similarly, the European Wind Energy Association (2009) computes that

the setup costs for establishing a wind powered plant typically accounts for the 75% of its total costs.
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argue that multiple instruments are needed to address all the relevant dimensions. This stands

in contrast to our insight that, when the first best is feasible in the presence of two imperfec-

tions, a single emission tax suffices to correct both market imperfections at the same time.

Since this result no longer holds in the second best, our results are more in line with the lit-

erature on the second best use of multiple policy instruments such as Bennear and Stavins

(2007).

Finally, there is a growing literature on the dynamic implications that may arise from the

introduction of these policies (e.g., Grafton et al. 2012 and Hintermann and Lange 2013).

Such dynamic considerations are however orthogonal to the issues we address and our model

therefore abstracts from those ones. As already argued by Petrakis et al. (1997), entry in a

dynamic environment effectively implies that the firm and the social planner compare the dis-

counted profits to the entry costs. Hence, if the social planner and the entrant have a common

discount factor, then adding dynamics to our framework would not lead to any additional ef-

fects. If, in contrast, the social planner has a smaller discount factor than the firm, then the

entrant’s entry choice is further distorted downwards, which, in our framework, effectively

means that the entry problem is intensified.

2 Setup

Consider an industry that produces a homogeneous good x , for instance electricity. The rep-

resentative consumer has a quasi-linear utility and obtains a utility Ψ(x) from consuming a

quantity x . His utility is increasing in consumption at a decreasing rate, i.e., Ψ ′(x) > 0 and

Ψ
′′(x)< 0. We normalize Ψ(0) = 0.

The industry consists of an incumbent sector. This sector produces the good with a cost

function Ci(x i), which is increasing and convex, i.e., C ′
i
(x i) > 0 and C ′′

i
(x i) > 0. Moreover,

as an incumbent there are no entry costs, i.e., Ci(0) = 0. The incumbent sector uses a dirty

technology in that a production x i imposes a negative externality E(x i), which is increasing

at a (weakly) increasing rate, i.e., E′(x i)> 0 and E′′(x i)≥ 0. Moreover E(0) = 0.

In addition to the dirty technology, a new, clean technology is available, but its use requires

an entry cost of F ≥ 0. The clean sector produces with a cost function Ce(xe), which is

increasing and convex, i.e., C ′
e
(xe) > 0 and C ′′

e
(xe) > 0.8 Since F represents the fixed cost of

8Note that convex cost functions also describe correctly production technologies with a constant marginal
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production, we have Ce(0) = 0.

In order to guarantee internal solutions, we adopt the Inada conditions, Ψ ′(0) = C ′
i
(∞) =

C ′
e
(∞) =∞, Ψ ′(∞) = C ′

i
(0) = C ′

e
(0) = E′(0) = 0.

Focusing on the externality and entry problem, we abstract from any competitive problems

and assume that competition policy is effective so that firms act as under full competition.9

Before analyzing the market outcome, we first characterize the efficient outcomes.

3 Efficient Outcomes

In this section, we derive the efficient production levels and an upper bound on the cost of en-

try below which it is efficient. In order to obtain these results, we compute, and subsequently

compare, the levels of output that maximize social welfare with and without entry.

Given consumption x , production x i of the incumbent, and production xe of the entrant,

social welfare gross of entry costs is

W (x , x i, xe)≡ Ψ(x)− Ci(x i)− Ce(xe)− E(x i).

Since feasibility requires x = x i + xe, efficient, first best production levels (x
f b

i , x f b
e
) solve

max
x i ,xe

W (x i + xe, x i, xe)− F · 1xe>0

with 1xe>0 the indicator function, denoting whether the entry costs F are paid, which depends

on whether entry (xe > 0) takes place or not.

Hence, if entry is socially desirable, then the first best levels (x∗
i
, x∗

e
) satisfy

Ψ
′(x∗

i
+ x∗

e
) = C ′

i
(x∗

i
) + E′(x∗

i
) and Ψ ′(x∗

i
+ x∗

e
) = C ′

e
(x∗

e
). (1)

If, in contrast, entry is not socially desirable, then the first best levels (x̂∗
i
, x̂∗

e
) satisfy

Ψ
′(x̂∗

i
) = C ′

i
(x̂∗

i
) + E′(x̂∗

i
) and x̂∗

e
= 0. (2)

Defining

F ∗ ≡W (x∗
i
+ x∗

e
, x∗

i
, x∗

e
)−W (x̂∗

i
, x̂∗

i
, 0),

a direct comparison of the welfare levels under (x∗
i
, x∗

e
) and (x̂∗

i
, 0) yields the following result:

cost up to some fixed capacity.
9Clearly, this is an idealized starting point, but presents a clear benchmark and allows us to isolate the

problems that are only due to the externality and entry problem and not confounded by other economic problems

such as imperfect competition.
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Proposition 1 Entry is socially desirable and first best levels exhibit (x∗
i
, x∗

e
) if F ≤ F ∗. Otherwise

entry is not desirable and first best levels exhibit (x̂∗
i
, 0), where

x∗
i
< x̂∗

i
< x∗

i
+ x∗

e
= x∗.

Hence, entry is only socially efficient if the cost of entry is small enough and F ∗ represents

the exact threshold level below which this is the case. Moreover, the efficient level of the in-

cumbent is smaller with entry than without entry, whereas overall efficient level of production

is larger with entry. These results are all in line with standard intuition.

4 Inefficient Market Outcome

In this section we consider the outcome of an unregulated market and identify the distortions

from the first best.

Let p represent the market price for electricity. Consumers maximize their net consumer

surplus Φ(x) ≡ Ψ(x) − px . Hence, the consumers’ demand function D(p) obtains from the

first order condition p = Ψ ′(x). The incumbent maximizes Πi(x i) = px i − Ci(x i). Conse-

quently, the supply function Si(p) obtains from the first order condition p = C ′
i
(x i). Given

entry, the entrant maximizes Πe(xe) = pxe − Ce(xe). The supply function Se(p) follows from

the first order condition p = C ′
e
(xe). Our Inada conditions together with our convexity as-

sumptions imply that the first order conditions are sufficient and lead to well-defined and

positive demand and supply for any p > 0.

Given that entry occurs, the competitive equilibrium price pc satisfies D(pc) = Si(p
c) +

Se(p
c) and the equilibrium outcome is x c = D(pc), x c

i
= Si(p

c), x c
e
= Se(p

c) with

pc = Ψ ′(x c) = C ′
i
(x c

i
) = C ′

e
(x c

e
). (3)

In this market equilibrium, the profit of the entrant is Πc
e
= pc x c

e
− Ce(x

c
e
)− F and is positive

if F ≤ F c, where

F c ≡ pc x c
e
− Ce(x

c
e
).

Proposition 2 A competitive market equilibrium with entry exists only if F ≤ F c. In this equi-

librium, the incumbent’s output is larger than in the first best (x c
i
> x∗

i
); the entrant’s output

is smaller than in the first best (x c
e
< x∗

e
); and the overall output is larger than in the first best

(x c > x∗). Moreover, it holds F c < F ∗.
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The proposition identifies the usual distortions in a market with a negative externality.

Overall production x c is too large compared to the first best, because the market fails to

internalize the negative externality. Consequently, the polluting firm produces too much at

the expense of the entrant, which produces too little from an efficient point of view. The

proposition, moreover, shows that the entrant’s incentives to enter the market are distorted

downward (F c < F ∗). The reason of this downward distortion is that the entrant’s profit is

smaller than its contribution to total welfare. In particular, it cannot extract its contribution

to the consumer surplus.

Depending on the entry costs F , we may therefore classify the different market failures as

follows:

1. For low entry costs, F ≤ F c, the market leads to an externality problem, but not an entry

problem.

2. For intermediate entry costs, F ∈ (F c, F ∗), the market leads to both an externality prob-

lem and an entry problem.

3. For high entry costs, F ≥ F ∗, the market leads to an externality problem, but not an

entry problem.

5 The Policy Instruments

In this section we introduce the policy instruments by which the regulator can address the

externality and entry problem. In particular, the regulator may use three regulatory instru-

ments: 1. a (specific) tax tc on the incumbent’s production; 2. a feed-in tariff te to subsidize

the entrant’s production; 3. a (specific) tax, tc, on the consumer’s consumption. We discuss

first the effect of the policy instruments (t i, te, tc) on the market outcome.

The instruments affect the market outcome, because they change the effective prices which

market participants face. Given a market price p, the tax t i on the incumbent implies that the

incumbent effectively faces a price p− t i for each unit sold. As a result, his profit maximizing

supply is Si(p − t i), where C ′
i
(Si(p − t i)) = p − t i. Similarly, the feed-in tariff te effectively

raises the entrant’s return to p+ te for each unit so that, conditional on entering the market,

it optimally supplies Se(p + te), where C ′
e
(Se(p + te)) = p + te. Finally, the consumption tax
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tc raises the consumers’ price to p + tc. Hence, market demand is D(p + tc) and satisfies

Ψ
′(D(p + tc)) = p + tc. For a given set of regulatory instruments (t i, te, tc), the equilibrium

price with entry, pr , satisfies

D(pr + tc) = Si(p
r − t i) + Se(p

r + te).

Consequently, we say that the instruments (t i, te, tc) implement an allocation (x i, xe) with

xe > 0 if and only if there exist some price pr such that

x i+xe = D(pr+ tc); x i = Si(p
r− t i); xe = Se(p

r+ te);Π
r
e
(xe) = (p

r+ te)xe−Ce(xe)−F ¾ 0. (4)

As discussed in the introduction, a social planner may also have budgetary concerns. Given

a set of instruments and an equilibrium price pr , the overall budget of the policy mix is

B ≡ t c D(p
r
+t c) + t iSi(p

r
−t i)− teSe(p

r
+te). (5)

Condition (4) restricts the policy outcomes (x i, xe) that are implementable, and thereby

limits the effectiveness of the instruments. The following lemma gives a characterization of

these limitations. It will play a crucial role for our subsequent results.

Lemma 1 Instruments (t i, te, tc) implement the allocation (x i, xe) with xe > 0 if and only if

(i) tc = Ψ
′(x i + xe)− C ′

i
(x i)− t i = Ψ

′(x i + xe)− C ′
e
(xe) + te;

(ii) Entrant’s profits are Πr
e
= C ′

e
(xe)xe − Ce(xe)− F ≥ 0;

(iii) Consumers’ net surplus is Φr = Ψ(x i + xe)−Ψ
′(x i + xe)(x i + xe);

(iv) Incumbent’s profits are Πr
i
= C ′

i
(x i)x i − Ci(x i);

(v) The budget equals B = [Ψ ′(x i + xe)− C ′
i
(x i)]x i + [Ψ

′(x i + xe)− C ′
e
(xe)]xe.

The lemma follows directly from condition (4) and expresses the remaining degree of

freedom in the use of the instruments when implementing a certain allocation. The result

obtains because given a set of instruments (t i, te, tc) the equilibrium price pr adapts so that

demand equals overall supply. Hence, the market interaction of the instruments limits their

use for implementing certain allocations.
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Figure 1: Efficient and Market Outcomes

6 First Best: Failures and Redundant Instruments

In this section we show two of our main results. First, the three regulatory instruments are

imperfect in that they are unable to achieve the efficient solution in general. Second, the

feed-in tax and the consumption tax are redundant in that they do not help to achieve efficient

outcomes. To establish these results, we first define

F r ≡ C ′
e
(x∗

e
)x∗

e
− Ce(x

∗
e
).

We may then adapt Lemma 1 to obtain the following result.

Proposition 3 It holds F c < F r < F ∗. Moreover,

(i) For F ∈ (F r , F ∗) a set of instruments implementing the efficient outcome fails to exist.

(ii) For F 6∈ (F r , F ∗) a set of instruments which implements the efficient outcome exists. For

any such set of instruments, it holds t∗
c
= t∗

e
= E′(x∗

i
)− t∗

i
and the net consumer surplus, profits,

and the budgets are uniquely determined. Moreover, one such set of instruments exhibits t i =

E′(x∗
i
) and te = tc = 0.

The proposition states first of all that the entrant’s incentives to enter are higher in a regu-

lated market that implements the efficient outcome than in the unregulated market, but still

too low from an efficiency point of view. As already explained in our discussion of Propo-

sition 2, the entrant’s incentives to enter the market are too small as compared to the first

best, because its profits are smaller than its contribution to total welfare. Figure 1 illustrates

this more clearly. The market equilibrium in an unregulated market obtains where demand

D equals the aggregate supply function Si + Se. This yields the equilibrium price pc and total
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output x c. At this outcome, the entrant’s profit gross of entry costs, F c, is the area between

the curves Si+ E′ and Si+Se+ E′ up to pc, because the difference between these curves equals

the entrant’s marginal costs. For the efficient outcome however, the demand curve D equals

the sum of aggregate supply function Si + Se plus the marginal externality E′. As a result,

the efficient output x∗ is smaller than the unregulated market outcome x c and the efficient

outcome obtains for the larger price p∗. The entrant’s gross profit, F r , corresponds again to

the area in between the curves Si + E′ and Si + Se + E′ but now up to the higher price p∗. As

a result, F c < F r . Yet, also at the price p∗, the entrant does not extract its entire contribution

to overall welfare. As illustrated by the triangle in Figure 1, the consumers extract a part of

the entrant’s contribution in the form of a larger consumer surplus. Consequently, it follows

F c < F r < F ∗.

Statement (i) of the proposition substantiates our claim that the three regulatory instru-

ments are imperfect. They are, in general, unable to achieve the joint policy goals of efficient

production levels and efficient entry. In particular, the first best outcome can only be achieved,

when the entry problem is non-existent F 6∈ (F c
e
, F ∗) or small F ∈ (F c, F r).

Statement (ii) of the proposition explains the sense in which the feed-in tariff and the

consumption tax are redundant for implementing efficient outcomes. First of all, if the ef-

ficient outcome is not attainable with only an incumbent tax t i, it is also not attainable by

using the feed-in tariff and the consumption tax as additional instruments. Moreover, these

two instruments do not help in alleviating the budget or adjusting the profits or net consumer

surplus.

These results follow because when implementing the efficient outcome, the instruments

leave only a small degree of freedom in their use. In particular, the feed-in tariff must coincide

with the consumption tax. Moreover, the feed-in tariff and the incumbent’s tax must add up

to the marginal externality at the first best output level. Hence, the freedom in the use of

instruments to induce efficient outcomes is highly restrictive. In particular, any set of policy

instruments for which the feed-in tariff differs from the consumption tax, does not induce an

efficient outcome.

Consistent with usual results, efficiency obtains with the usual tax scheme where only the

incumbent is taxed by the marginal externality, t i = E′(x∗
i
), while consumers are not taxed at

all and the entrant receives no feed-in tariff, te = tc = 0. Yet, an alternative way to implement

the efficient outcome is not to tax the incumbent at all, t i = 0, but equate the consumer tax
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and the feed-in tariff to the marginal externality: te = tc = E′(x∗
i
).10 Hence, if the efficient

outcome is attainable, then a regulator may also dispense with taxing the externality and

attain it by using only a feed-in tariff with a matching consumption tax. In addition, when

the incumbent tax, for some reason, does not match the marginal externality, a regulator may

use an appropriate feed-in tariff and matching consumption tax to correct for this.11

For intermediate entry costs, F ∈ (F r , F ∗), the instruments fail to implement the efficient

outcome. We therefore conclude that the set of instruments is imperfect. There are two

possible ways to pursue. First, we can ask whether there exists a different set of instruments

which enables the implementation of efficient outcomes. Second, we can lower our goals and

change our focus from first best efficiency to second best outcomes by asking the question

what is the constrained optimal use of these imperfect instruments.

7 Second Best: Characterization

In this section, we study the constrained efficient use of the three instruments, when they

cannot implement the efficient outcome but no alternative set of instruments exist. We char-

acterize second best outcomes, which maximize social welfare over those outcomes that are

implementable by the three instruments. The second best outcome solves a trade-off between

inducing entry and regulating the externality and we derive it by comparing the welfare max-

imizing implementable allocation without and with entry. We show that also with respect to

the second best the three policy instruments exhibit a redundancy. The second best is attain-

able by using only two of the three instruments. Moreover, the redundant third instrument is

ineffective in regulating the scheme’s budget.

It is straightforward to see that the second best without entry (x̂ sb
i

, x̂ sb
e
), coincides with the

efficient outcome without entry as defined in (2): (x̂ sb
i

, x̂ sb
e
) = (x̂∗

i
, 0). Indeed, this outcome

maximizes social welfare among all outcomes without entry. It is attainable, because the

regulator can always prevent entry by a negative feed-in tariff.

10In a different setup, this degree of freedom is also noted in Walls and Palmer (2001) and Fullerton and

Wolverton (2005).
11For instance, the draft of the Guidelines on environmental and energy aid for 2014-2020, mentions in para-

graph (108) that "the EU ETS and national CO2 taxes internalise [...] may not (yet) ensure the achievement

of the related, but distinct EU objectives for renewable energy [...] the Commission therefore presumes that a

residual market failure remains, which aid for renewable energy can address."
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We next address the welfare maximizing implementable outcome with entry, (x sb
i

, x sb
e
).

This outcome is a solution to the constrained maximization problem

max
x i ,xe

W (x i + xe, x i, xe) s.t. C ′
e
(xe)xe − Ce(xe)− F ≥ 0.

Disregarding the constraint yields the outcome x i = x∗
i

and xe = x∗
e

as defined in (1). It

violates the constraint if F > F r . Since the problem is concave, the constraint then binds at

the optimum. From this observation we obtain the following insight.

Proposition 4 For F ∈ (F r , F ∗), the second best allocation (x sb
i

, x sb
e
) with entry exhibits

(i) C ′
e
(x sb

e
)x sb

e
− Ce(x

sb
e
) = F;

(ii) Ψ ′(x sb
i
+ x sb

e
) = C ′

i
(x sb

i
) + E′(x sb

i
);

(iii) x sb
e
> x∗

e
, x sb

i
< x∗

i
and x sb = x sb

i
+ x sb

e
> x∗

i
+ x∗

e
= x∗;

(iv) it is implementable with the set of instruments (t sb
i

, t sb
e

, t sb
c
), where t sb

e
= C ′

e
(x sb

e
) −

Ψ
′(x sb

i
+ x sb

e
) + t sb

c
≥ t sb

c
= E′(x sb

i
)− t sb

i
.

For F > F r , the output x∗
e

is too small to yield enough profits to compensate for the entry

costs F . The second best with entry, therefore, exhibits an output of the entrant that is dis-

torted upward so that the fixed costs is covered, (x sb
e
> x∗

e
). It then remains to determine the

incumbent’s output level that given the entrant’s output x sb
e

, deals with the externality effi-

ciently. As the quantity of the entrant rises, the marginal benefit from consumption decreases.

As a result, the output of the incumbent is lower than in the first best (x sb
i
< x∗

i
), because at

the incumbent’s efficient production level, the marginal benefit from consumption equals the

social marginal costs. Finally, overall production in the second best with entry is larger than

the corresponding one in the first best.

Proposition 4(iv) further characterizes the set of policy instruments that implements the

second best allocation. In particular, it shows that a polluter tax t i alone is unable to attain

the second best. Consequently, a positive feed-in tariff is needed. A specific set of instruments

which achieves the second best, is the usual incumbent tax that equals the marginal externality

(t sb
i
= E′(x sb

i
)) together with a positive feed-in tariff (t sb

e
= C ′

e
(x sb

e
) − Ψ ′(x sb

i
+ x sb

e
) > 0). A

further consumption tax is not needed (t sb
c
= 0) so that the second best is attainable with only

two of the three instruments. Moreover, it is interesting to note to what extent the required set

of instruments differs from the set of instruments that implements the first best as described

in Proposition 3(ii). Under the second best the optimal mix between the consumption tax

and the tax on the incumbent follows the same rule as in the first best, i.e., the sum of the

14



F ∗F sbF rF c0

efficiency entry no entry

market outcome entry no entry

1st best regulation possible impossible possible

optimal use 1st best

entry

2nd best

entry

2nd best

no entry

1st best

no entry

F ∗F sbF rF c0

Figure 2: Outcomes

two taxes must be equal to the marginal externality at the targeted pollution level. Yet, the

feed-in tax must exceed rather than equal the consumption tax.

Defining

F sb ≡W (x sb
i
+ x sb

e
, x sb

i
, x sb

e
)−W (x̂∗

i
, x̂∗

i
, 0)< F ∗,

we can compare the welfare levels associated with (x̂∗
i
, 0) and derive the optimal regulation

(x sb
i

, x sb
e
) in the second best.

Proposition 5 For F ∈ (F r , F sb] the optimal use of instruments is to induce entry and outcome

(x sb
i

, x sb
e
). For F ∈ (F sb, F ∗) the optimal use does not induce entry and outcome (x̂∗

i
, 0).

Figure 2 collects our results. Comparing the first and second row reveals how the market

distorts entry downward. The reason for this downward distortion is that, in a market, the

entrant can extract only a part of the efficiency gains from entry while incurring its full cost.

It is therefore less willing to enter. The third line shows that the three instruments are unable

to achieve the first best for intermediate entry costs, while the fourth line demonstrates for

these intermediate costs, whether under an optimal use of the instruments entry occurs.

8 General effectiveness of the policy mix

Until now we considered the effectiveness of the instrument mix to implement either first or

second best allocations. In this section, we study the general effectiveness of the instruments

15



to induce some market outcome with entry. This study allows us to argue that the at first

sight intuitive argument presented in the introduction — the tax on the polluting incumbent

is to address the externality problem, the feed-in tariff is to alleviate the entry problem, and

the consumption tax is to balance the budget — is misleading, because the three instruments

exhibit an inherent dependency.

To show this, the next proposition states to what extent the restrictions of Lemma 1 limit

the effectiveness of the policy instruments with entry in general.

Proposition 6 Suppose an outcome (x i, xe)with xe > 0 is implementable by a set of instruments

(t i, te, tc) and yields net consumer surplus Φ, profit levels Πe, Πi, and a budget B. Then,

(i) (x i, xe) is also implementable by only a tax t ′
i

and a feed-in tariff t ′
e

and yields the same

net consumer surplus Φ, profit levels Πe, Πi, and budget B.

(ii) (x i, xe) is also implementable by only a tax t ′
i

and a consumption tax t ′
c

and yields the

same net consumer surplus Φ, profit levels Πe, Πi, and budget B.

The proposition shows a general redundancy in the policy instruments. With respect to the

market outcome, net consumer surplus, individual profits, and the overall budget, it suffices

to use only two of the three instruments. Given that the regulator uses a tax t i either the

feed-in tariff te or the consumer tax tc is superfluous. Hence, the regulator can do just as well

by using only two instruments instead of three.

The proposition, moreover, implies that we cannot use the three policy instruments inde-

pendently for regulating the externality, ensuring entry, and budget concerns. The proposition

therefore explains in what sense the Tinbergen logic of the introduction fails and that the in-

tuitive argument presented in the introduction — the tax on the polluting incumbent is to

address the externality problem, the feed-in tariff is to alleviate the entry problem, and the

consumption tax is to balance the budget — is incorrect.

Finally, we want to note that the budget irrelevance of the instruments as identified in

Proposition 6 depends on the exact concept of the budget. In some countries that implement

the incumbent tax through a permit system, politicians seem more concerned with financing

only the feed-in policy through the consumption tax. To address this concern we define a

policy mix (t i, te, tc) as feed-in budget balanced if it implements an allocation (x i, xe) so that

te xe = tc(x i + xe). (6)
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For a policy mix that is feed-in budget balanced, the total expenditures associated with the

feed-in tariff match the overall revenues from the consumption tax.

For policy instruments that are feed-in budget balanced, we obtain the following charac-

terization.

Proposition 7 Suppose a schedule (t i, te, tc) implements an allocation (x i, xe)with x i > 0. Then

there exists a policy mix (t ′
i
, t ′

e
, t ′

c
) which is feed-in budget balanced and implements (x i, xe). In

particular, a policy mix with consumption tax t ′
c
= (te − tc)xe/x i, polluter tax t ′

i
= t i + tc − t ′

c
.

and feed-in tariff t ′
e
= te − tc + t ′

c
represents such a policy mix.

Although the proposition holds for any allocation (x i, xe) with x i > 0, its interpretation

is markedly different depending on whether or not it is applied to the first best allocation

(x∗
i
, x∗

e
). With respect to the first best allocation, the proposition effectively implies that feed-

in budget balanced policy instruments cannot use feed-in tariffs or consumer taxation. To

see this, recall from Proposition 3(ii) that any set of instruments which implements the first

best requires tc = te. Given x∗
i
> 0, such policy instruments only satisfy the feed-in budget

balanced condition (6) if tc = te = 0. Hence, any feed-in budget balanced set of policy

instruments that implements the first best must use only a tax t i (which then equals the

marginal externality) and does not use a feed-in tariff or consumer tax.

In contrast, the proposition identifies a specific role for consumer taxation when imple-

menting an allocation (x i, xe) for which Ψ ′(x i+ xe) 6= C ′
e
(xe). Such allocations are necessarily

inefficient, but restricting to feed-in budget balanced instruments, they do require a specific

non-zero consumer tax. This consumer tax is at most as large as the feed-in tariff.

9 Concluding Remarks

The currently popular combination of regulatory instruments — taxation on polluters, feed-

in tariffs for clean entrants, and taxation of consumption — is, in general, unable to solve

both externality and entry problems. Consequently this set of instruments is not the right one

for addressing these two problems. In contrast, a tax on polluters that equals the marginal

externality together with a lump-sum subsidy conditional on entry that covers the entry costs

is an example of a set of instruments that induces the first best. From a policy viewpoint
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such fixed, quantity independent transfers may seem suspicious and difficult to implement.12

It would however be naive to view the feed-in tariff as an adequate alternative to such a

lump sum transfer. The feed-in tariff is distortive, because it affects marginal considerations

whereas the lump sum payment does not.

If regulation is restricted to the exclusive use of the three aforementioned instruments,

then regulation will, in general, only be second best. This second best policy is suboptimal

in that it either distorts entry downwards or overshoots in reducing production of the dirty

incumbents together with overproduction by the entrants.

We stress that we obtain such results already in our surprisingly parsimonious setup that

captures the essence of the externality and entry problem in a most elementary way. The

plainness of our setup allows us to identify clearly the basic economic force that the mar-

ket interaction of the policy instruments restricts their effectiveness as independent policy

measures.

We also point out that entry costs are an essential part of any framework where entry

is a problem; the fact that potential entrants do not enter must mean that the benefits of

entry – the profits – do not outweigh some kind of entry costs. For our arguments it does not

matter whether these profits or costs are uncertain or dynamic. It is also immaterial whether

the entry costs reflect the development cost of some new technology or some other more

mundane entry cost.

Introducing additional aspects, such as for example imperfect competition, asymmetric in-

formation, spill-over externalities, or transboundary pollution, may lead to additional effects

which, when strong enough, can affect our results. We consider any such extensions worth-

while, but point out that our insight of the basic limitations of the instruments due to their

market interaction is a robust feature that will also play a role in more complicated setups.

12As already noted in the introduction, the European Commission (§116b, 2013) advocates the use of feed-in

tariffs to promote immature technologies and discourages the use of direct subsidies.
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Appendix

This appendix collects the formal proofs.

Proof of Proposition 1: Follows from a straightforward comparison of the optimal welfare

level with and without entry. In order to show x∗
i
< x̂∗

i
< x∗, define the function x̃ i(a)

implicitly by

Ψ
′(x̃ i(a) + a) = C ′

i
(x̃ i(a)) + E′(x̃ i(a)). (7)

Note that x∗
i
= x̃ i(x

∗
e
) and x̂∗

i
= x̃ i(0). By the implicit function theorem it follows

Ψ
′′(x̃ i(a) + a)(∂ x̃ i/∂ a+ 1) = C ′′

i
(x̃ i(a))∂ x̃ i/∂ a+ E′′(x̃ i(a))∂ x̃ i/∂ a (8)

so that
∂ x̃ i

∂ a
=

Ψ
′′

C ′′
i
+ E′′ −Ψ ′′

< 0,

where the inequality follows because Ci and E are convex and Ψ is concave. Hence, x̃ i is

strictly decreasing so that x∗
i
= x̃ i(x

∗
e
) < x̃ i(0) = x̂∗

i
. Note that since C ′′

i
> 0, E′′ > 0 and

∂ x̃ i/∂ a < 0 the right hand side in (8) is negative. Since Ψ ′′ < 0 we must have ∂ x̃ i/∂ a+1 > 0.

Hence, the term x̃ i(a)+a is increasing in a so that it follows x̂∗
i
= x̃ i(0)+0< x̃ i(x

∗
e
)+ x∗

e
= x∗.

Q.E.D.

Proof of Proposition 2: We first show x c
i
> x∗

i
. We distinguish two cases: 1. If x c

e
> x∗

e
,

then it follows by applying (3), convexity of Ce(xe), and (1) the chain of inequalities C ′
i
(x c

i
) =

C ′
e
(x c

e
)> C ′

e
(x∗

e
) = C ′

i
(x∗

i
)+ E′(x∗

i
)> C ′

i
(x∗

i
). This inequality implies by the convexity of Ci(x i)

that x c
i
> x∗

i
. 2. If, instead, x c

e
≤ x∗

e
, then x c

i
≤ x∗

i
would imply x c ≤ x∗, by which we obtain

the contradiction

0= 2Ψ ′(x∗)−C ′
e
(x∗

e
)−C ′

i
(x∗

i
)−E′(x∗

i
)< 2Ψ ′(x∗)−C ′

e
(x∗

e
)−C ′

i
(x∗

i
)≤ 2Ψ ′(x c)−C ′

e
(x c

e
)−C ′

i
(x c

i
) = 0,

where the last equality follows from the FOCs which define (x c, x c
i
, x c

e
).

We next show x c
e
< x∗

e
. Suppose not, then x c

e
≥ x∗

e
and x c

i
> x∗

i
imply x c = x c

i
+ x c

e
>

x∗
i
+ x∗

e
= x∗ so that Ψ ′(x∗) = C ′

e
(x∗

e
) ≤ C ′

e
(x c

e
) = Ψ ′(x c), which due to the concavity of Ψ can

only hold if x∗ ≥ x c, a contradiction.

To show x c > x∗ note that, due to x c
e
< x∗

e
and the convexity of Ce, it follows Ψ ′(x c) −

Ψ
′(x∗) = C ′

e
(x c

e
)− C ′

e
(x∗

e
)< 0. Hence, Ψ ′(x c) ≤ Ψ ′(x∗). Concavity of Ψ then implies x c ≥ x∗.

To show F c < F ∗ define p∗ ≡ Ψ ′(x∗) = C ′
i
(x∗

i
) + E′(x∗

i
). Since x̂∗ > x∗

i
and x∗

i
is such

that C ′
i
(x∗

i
) + E′(x∗

i
) = p∗, we have C ′

i
(x) + E′(x) > p∗ for all x ∈ (x∗

i
, x̂∗) due to convexity.
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Moreover, since x̂∗ < x∗ and x∗ is such that Ψ ′(x∗) = p∗, we have Ψ ′(x) > p∗ for all x ∈

(x̂∗, x∗), due to the concavity of Ψ. Consequently
∫ x∗

x̂∗

[Ψ ′(x)− p∗]d x +

∫ x̂∗

x∗
i

[C ′
i
(x) + E′(x)− p∗]d x > 0.

Using this inequality it then follows

F c = pc x c
e
− Ce(x

c
e
)< p∗x c

e
− Ce(x

c
e
) ≤ p∗x∗

e
− Ce(x

∗
e
) =

∫ x∗e

0

[p∗ − C ′
e
(x)]d x (9)

= p∗x∗
e
−

∫ x∗e

0

C ′
e
(x)d x = p∗(x∗ − x∗

i
)−

∫ x∗e

0

C ′
e
(x)d x (10)

< p∗(x∗ − x∗
i
)−

∫ x∗e

0

C ′
e
(x)d x +

∫ x∗

x̂∗

[Ψ ′(x)− p∗]d x +

∫ x̂∗

x∗
i

[C ′
i
(x) + E′(x)− p∗]d x (11)

=

∫ x∗

x̂∗

Ψ
′(x)d x +

∫ x̂∗

x∗
i

[C ′
i
(x) + E′(x)]d x −

∫ x∗e

0

C ′
e
(x)d x (12)

=

∫ x∗

0

Ψ
′(x)d x −

∫ x∗
i

0

[C ′
i
(x) + E′(x)]d x −

∫ x∗e

0

C ′
e
(x)d x −

∫ x̂∗

0

Ψ
′(x)d x +

∫ x̂∗

0

[C ′
i
(x) + E′(x)]d x

(13)

=W ∗ − Ŵ ∗ = F ∗, (14)

where the two inequalities in the first line follow from p∗ > pc and revealed preferences,

respectively. Q.E.D.

Proof of Lemma 1: By definition, the instruments (t i, te, tc) implement an allocation (x i, xe)

with xe > 0 if and only if there exist some price pr such that (4) holds. The conditions in (4)

are equivalent to the set of conditions

Ψ
′(x i + xe) = pr + tc (15)

C ′
i
(x i) = pr − t i (16)

C ′
e
(xe) = pr + te, (17)

Π
r
e
(xe) = (p

r + te)xe − Ce(xe)− F ¾ 0. (18)

"⇒" Suppose (t i, te, tc) implements the allocation (x i, xe). Then there exists a pr such that

(15)- (17) holds from which it follows:

Statement (i) follows from rewriting and combining (15) and (16) as follows tc = Ψ
′(x i+

xe) − pr = Ψ ′(x i + xe) − C ′
i
(x i) − t i and rewriting and combining (15) and (17) as follows

tc = Ψ
′(x i + xe)− pr = Ψ ′(x i + xe)− C ′

e
(xe) + te.
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Statement (ii) follows because entrant’s profits areΠr
e
= (pr+te)xe−Ce(xe)−F = C ′

e
(xe)xe−

Ce(xe)− F ¾ 0, where the equality follows from (17). Non-negativity follows by (18).

Statement (iii) follows because consumer’s net surplus is Φr = Ψ(x i + xe)− (p
r + tc)(x i +

xe) = Ψ(x i + xe)−Ψ
′(x i + xe)(x i + xe).

Statement (iv) follows because incumbent’s profits areΠr
i
= (pr−t i)x i−Ci(x i) = C ′

i
(x i)x i−

Ci(x i), where the last equality follows from (16).

Statement (v) follows from using statement (i), since it thereby follows B = tc(x i + xe) +

t i x i − te xe = [tc + t i]x i + [tc − te]xe = [Ψ
′(x i + xe)− C ′

i
(x i)]x i + [Ψ

′(x i + xe)− C ′
e
(xe)]xe.

"⇐" Suppose (i) to (v) holds, then (18) holds by (ii). We therefore only have to show

existence of a price pr so that (15)-(17) hold. Take pr = Ψ ′(x i+ xe)− tc so that (15) holds per

construction. By (i) it then follows pr − t i = Ψ
′(x i + xe)− tc − t i = Ψ

′(x i + xe)−Ψ
′(x i + xe)+

C ′
i
(x i) = C ′

i
(x i) so that also (16) holds. Moreover, by (i) it follows pr+te = Ψ

′(x i+xe)−tc+te =

Ψ
′(x i + xe)−Ψ

′(x i + xe) + C ′
e
(xe) = C ′

e
(xe) so that also (17) holds. Q.E.D.

Proof of Proposition 3: F c < F r < F ∗ follows from the proof of Proposition 2, since the

right hand side of equation (9) equals F r . Statement (i) follows directly from Lemma 1(ii).

Statement (ii) follows directly from Lemma 1(i) and (ii) combined with the conditions for

efficiency described in (1). Q.E.D.

Proof of Proposition 4: (i) follows directly, because of the binding constraint at the optimum.

(ii) is the first order condition of maximizing W (x i + x sb
e

, x i, x sb
e
) with respect to x i.

To show (iii) note first that for F > F r the constraint at xe = x∗
e

is violated. From this

it follows x sb
e
> x∗

e
, because the left hand side of the constraint is increasing in xe, due to

C ′′
e
(xe)xe + C ′

e
(xe) − C ′

e
(xe) = C ′′

e
(xe) > 0. It follows moreover x sb

i
= x̃ i(x

sb
e
) < x̃ i(x

∗
e
) = x∗

i

with x̃ i(.) as defined in (7), where we showed that x̃ i(.) is decreasing but by less than 1. As

a result x sb = x sb
i
+ x sb

e
> x∗

i
+ x∗

e
= x∗.

It remains to show (iv). From Proposition 4(ii) and Lemma 1 it follows t sb
i
= Ψ ′(x sb) −

C ′
i
(x sb

i
)− t sb

c
= E′(x sb

i
)− t sb

c
and t sb

e
= Ψ ′(x sb)− C ′

i
(x sb

i
) + t sb

c
. Hence, by Lemma 1, the set of

instruments (t sb
i

, t sb
e

, t sb
c
) implements (x sb

i
, x sb

e
). Recall that x sb

e
> x∗

e
and x sb > x∗ and x∗

e
is

such that C ′
e
(x∗

e
) = Ψ ′(x∗). Convexity of Ce and concavity of Ψ then imply C ′

e
(x sb

e
) > Ψ ′(x sb)

so that t sb
e
> t sb

c
. Q.E.D.

Proof of Proposition 5: Maximum welfare without entry equals W (x̂∗
i
, x̂∗

i
, 0), whereas max-

imum welfare with entry equals W (x sb
i
+ x sb

e
, x sb

i
, x sb

e
) − F . Hence, optimal regulation in-
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volves entry when F < F sb. Since W (x sb
i
+ x sb

e
, x sb

i
, x sb

e
) < W (x∗

i
+ x∗

e
, x∗

i
, x∗

e
) we have F sb =

W (x sb
i
+ x sb

e
, x sb

i
, x sb

e
) −W (x̂∗

i
, x̂∗

i
, 0) = W (x sb

i
+ x sb

e
, x sb

i
, x sb

e
) −W (x∗

i
+ x∗

e
, x∗

i
, x∗

e
) +F ∗ < F ∗.

Q.E.D.

Proof of Proposition 6: Suppose (t i, te, tc) implements the outcome (x i, xe) with net con-

sumer surplus Φ, profit levels Πe, Πi, and a budget B. By Lemma 1 any other set of instru-

ments (t ′
i
, t ′

e
, t ′

c
) that implements (x i, xe) must also yield the same net consumer surplus Φ,

profit levels Πe, Πi, and a budget B. We therefore only have to show that the specific set of

instruments exist.

To see instruments exist that satisfy (i). Set t ′
c
= 0, t ′

i
= Ψ ′(x i + xe) − C ′

i
(x i) and t ′

e
=

C ′
e
(xe)−Ψ

′(x i + xe). It then follows by Lemma 1 that also (t ′
i
, t ′

e
, 0) implements (x i, xe).

To see instruments exist that satisfy (ii). Set t ′
e
= 0, t ′

c
= Ψ ′(x i + xe) − C ′

e
(xe), and t ′

i
=

Ψ
′(x i + xe) − C ′

i
(x i) − t ′

c
= C ′

e
(xe) − C ′

i
(x i). It then follows by Lemma 1 that also (t ′

i
, 0, t ′

c
)

implements (x i, xe). Q.E.D.

Proof of Proposition 7: Since (t i, te, tc) implements (x i, xe), it follows by the definition of

(t ′
i
, t ′

e
, t ′

c
) and Lemma 1 that

t ′
i
= t i + tc − t ′

c
= Ψ ′(x i + xe)− C ′

i
(x i)− t ′

c
and t ′

e
= te − tc + t ′

c
= C ′

e
(xe)−Ψ

′(x i + xe) + t ′
c
.

It then follows from Lemma 1 that also (t ′
i
, t ′

e
, t ′

c
) implements (x i, xe). It remains to show that

(t ′
i
, t ′

e
, t ′

c
) is feed-in budget balanced. This follows from t ′

e
xe = (te − tc + t ′

c
)xe = (t

′
c
x i/xe +

t ′
c
)xe = t ′

c
x i + t ′

c
xe = t ′

c
(x i + xe). Q.E.D.
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