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Abstract

Several countries have recently impulsed biofuel policies to miti-
gate Greenhouse Gas (GHG) emissions of fossil fuels and also to secure
their energy supply. The price increase due to this new demand for
feedstock reduces the need for farm support programs. Subsidy poli-
cies aiming at reaching relatively low production levels of biofuel may
actually lead to a decrease in the total public outlay. For larger bio-
fuel production objectives, the total public spending is more likely to
be larger, but the social cost of the biofuel programs is lower than
the corresponding public spending. Diminishing the cost of farm sup-
port programs induces relatively low levels of imports of agricultural
feedstocks and larger subsidies for biofuel produced from domestic
feedstock than from imports.
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1 Introduction

In the European Union (EU) as in the United States (USA), new programs
aim at developing biofuels signi�cantly. As pointed out by several studies
(see, e.g. Togkoz et al., 2006 and Dronne and Gohin, 2006), subsidizing the
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biofuel industry raises the price of the agricultural feedstock.1 In the EU,
the development of biofuel production will allow the agricultural sector to
bene�t from a dual support (taken in a broad sense): on the one hand, states
hand out decoupled payments to farmers (Single Farm Payments), and on the
other, states give a large support to the biofuel industries, whose production
costs exceed the price at which they can sell their output. The price increase
in the agricultural commodities raises the farmers�revenues, and reduces the
need for direct income support. Hence, for a given objective of agricultural
income, the regulator is able to operate a partial substitution between direct
agricultural income support and subsidies to the biofuel industry. Owing to
the importance of the Common Agricultural Policy (CAP) in the EU budget
(50 billion euros per year, i.e. 46% of the EU budget), the question of a
partial substitution of biofuel subsidies for CAP payments could be on the
EU political agenda very soon. In the USA, the ethanol program might lead
to a long-lasting price increase for corn, wheat and soybeans, which could
temporarily stop the counter-cyclical and loan de�ciency payments (Babcock,
2006). Of course, this competition with biofuel �rms for the same input is
harmful for the European agro-food industry, which stands up against the
policy in favor of the �rst generation of biofuels (see Unilever, 2006, Forbes,
2006 and Confederation of the food and drink industries of the EU, 2006).
Goldman Sachs (Financial Times, 2006) also points to a possible decrease in
agro-food �rms�pro�ts owing to biofuel production. With rising revenues for
farmers, decreasing pro�ts for the agro-food industry and a reduced consumer
surplus, the net e¤ect on the European welfare is unclear.
We develop a model that examines the possible decrease in the decoupled

payments that the biofuel subsidy may trigger. We show that without con-
straint on biofuel production (coming, e.g., from security of energy supply
concerns), the total public expenditure (i.e. biofuel subsidies and decoupled
payments) may be lower than the public spending corresponding to the initial
farm support program. From this policy shift, the taxpayer gains, the farmer
is indi¤erent while the agro-food �rms and the consumer lose. However, it
may be socially bene�cial to implement such policies if public funds are costly.
This result may explain why biofuel programs have been in place in the EU
and the US for more than a decade. For constraining biofuel production ob-
jectives, the total public spending is more likely to be increased, but because

1The so-called �rst generation of biofuels is produced using crops identical to those
used by the food processing industry. Hence, a competition is likely to take place between
food and energy crops for the agricultural feedstock. In the EU, this competition mainly
involves rapeseed, which is valuable both for the agro-food and the biodiesel industries.
In the USA, the main biofuel being corn ethanol, the competition concerns the ethanol
processing industries and cattle breeders.
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of the substitution e¤ect between the two subsidy policies, the cost of the bio-
fuel programs is lower than the corresponding public spending. Considering
the possibility of importing the agricultural feedstock, the government may
still take advantage of the substitution between the farm support program
and the biofuel subsidy policy. This e¤ect leads to a domestic price of the
agricultural commodity higher than the world price, relatively low import
levels, and biofuel produced from imported agricultural feedstock bene�ting
from a lower subsidy than biofuel produced from the domestic input. When
the biofuel production constraint is binding, we also obtain that the optimal
domestic production of feedstock exceeds the optimal (unconstrained) level
of supply of agricultural raw product that prevails in autarky.
The e¤ects of biofuels on environmental policies are double-edged. On the

one hand, biofuels are one of the main features of the GHG mitigation poli-
cies in the transportation sector. On the other hand, the sizeable production
of energy crops will have major implications on environmental policies for
the agricultural sector. Hence, the environmental externalities are positive
for the GHG emissions, but negative for the agricultural production. There
is thus an essential contradiction between setting a prominent objective for
biofuel production that will lead (through higher prices) to higher yields and
thus to an intensi�cation of the agricultural production, and the adoption
of sound agricultural practices.2 The positive environmental externalities
of biofuels regarding GHG emissions ought to be weighed against the nega-
tive externalities generated by the production process of the agricultural raw
material. We analyze the optimal trade-o¤ between GHG mitigation and a
sound agricultural production. We show that because of the social cost of
public funds, the optimal standard is stricter than the Pigovian level. In-
deed, by setting a stringent environmental standard, the regulator increases
the marginal cost of production, hence the price of the agricultural feed-
stock, which reinforces the substitution e¤ect between the biofuel subsidy
policy and the farm support program. However, this standard is less strin-
gent taking account of the cost of enforcing the environmental policy. We
analyze the e¤ects of monitoring cost on the biofuel production (assuming
that production levels are not constrained) and on the agricultural environ-
mental standard. We also characterize the distortions induced by the cross
compliance provisions of agricultural support programs.
The paper is organized as follows. First, our model is presented and

the optimal production of energy crop is derived. The following section
deals with the import scenario. Last, the environmental consequences of the

2The increased production of corn might well lead to local pollution problems, as well
as soil erosion concerns (Marshall and Greenhalgh, 2006).
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increased agricultural production is addressed, notably in what pertains to
the enforcement of the environmental policies directed to agriculture.

2 The model

Consider two sectors of an economy, a food sector and an energy sector
(referred to as �F� and �E� respectively) that use the same homogeneous
agricultural feedstock in order to produce their own outputs (food products
and biofuels, respectively). Hence, the total quantity of the agricultural
product, X , is split between the food (xF ) and the energy (xE) sectors:
X = xF +xE. The representative �rm in the food industry has a production
function given by: yF = f(xF ) = K1�axaF ; where K is the capital level and
a a positive parameter, 0 < a < 1. The production function of the energy
sector is fE(xE) = 
ExE; where 
E < 1 is a positive parameter. All agents
in this economy are price-takers, with an agricultural inverse supply function
w(X), with w0(X) > 0, and prices pF (yF ) and pE for the food and the
energy sectors. pE is supposed una¤ected by the production of biofuel. We
assume that energy �rms cannot operate without subsidy, i.e. that we have
pE
E < w(X0), where X0 is the total quantity of crops produced and bought
by the food industry when no biofuel is produced. If the regulator desires
to reach a given minimum biofuel production level Q (for GHG mitigation
objectives or security of supply concerns), which corresponds to an input
demand xE = Q=
, it has decided to grant energy �rms a per unit subsidy3

given by
�E = w(X)=
E � pE

which allows biofuel �rms to break even.4 As w0(X) > 0, the subsidy should
rise with the desired quantity of energy crops, as the price of the domestic
crop becomes higher. However, an higher price should lead to a decrease
in the demand coming from the food industry. It is easily seen that the
net e¤ect of an increase in the biofuel production level is that the aggregate
quantity of agricultural production X increases while xF decreases. Indeed,
solving the program of the representative �rm of the food industry given by

�F � max
x
pF (yF )fF (x)� w(X)x; (1)

3Of course, other policies are possible, like mandatory blending or, �rst of all, a Pigovian
tax on fossil fuels. Focusing on the currently favored subsidy policies, we shall not discuss
these alternative policies in the following.

4We assume that the energy �rm has no private information: its technology and cost
structures are perfectly known to the regulator.
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where pF (yF ) and w(X) are considered as constant, the equilibrium condition
on the input market leads to an optimal input demand xF satisfying

apF (yF )yF=xF � w(xF + xE) = 0; (2)

for all xE � 0, which implicitly de�nes xF as a function of xE. Applying the
implicit function theorem to (2), we get:

dxF
dxE

=
�w0(X)

w0(X) + w(X)=xF � a2yF=x2F [pF (yF ) + p0F (yF )yF ]
= �

�
1 + (1� a+ a=�dF )�sAX=xF

��1
where �sA = w(X)=[w

0(X)X] is the elasticity of the agricultural supply and
�dF = �pF (yF )=[p0F (yF )yF ] the elasticity of the demand for agro-food prod-
ucts. We thus have 0 > dxF=dxE > �1 and consequently

dX

dxE
= 1 +

dxF
dxE

> 0.

Hence, an increase in the biofuel demand increases the total demand for
the agricultural raw product while the demand coming from the food sector
decreases. The e¤ects on the agricultural surplus, the pro�t of the food sector
and on the consumers are derived straightforwardly. The agricultural surplus
is given by:

�A =

Z X

0

[w(X)� w(x)]dx

and we have
d�A
dxE

= X

�
1 +

dxF
dxE

�
w0(X) > 0

For the food sector, applying the envelop theorem on (1), we arrive at:

d�F
dxE

= p0F (yF )a
y2F
xF

dxF
dxE

� xFw0(X)
�
1 +

dxF
dxE

�
=

�(1� a)w0(X)w(X)[p0F (yF )yF=pF (x) + 1]
w0(X) + w(X)=xF � a2yF=x2F [pF (yF ) + p0F (yF )yF ]

which is positive when �F � 1 and negative otherwise. Finally, for the
consumer�surplus, given by CS =

R yF
0
[pF (y)� pF (yF )]dy, we have:

dCS

dxE
= �p0F (yF )a

yF
xF

dxF
dxE

< 0

The following lemma summarizes these results:
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Lemma 1 As the quantity of energy crops subsidized by the regulator in-
creases, the agricultural surplus becomes higher while the consumer�s surplus
decreases. The agro-food industry may gain (�F < 1) or lose (�F > 1) de-
pending on the elasticity of the demand. The energy sector makes no pro�t:
�E = 0 (as the subsidy is perfectly adjusted).

2.1 The Social Welfare Function

The objective of the regulator in to maximize the sum of the surpluses of
the di¤erent agents in the economy: the farmers, the food and the energy in-
dustries, the consumer, and the taxpayers. It also accounts for a guaranteed
income �A for the farmers. Hence, the taxpayers must �nance the biofuel
program on the one hand and the direct payments to the farmers. The total
cost for subsidizing the energy crops is given by 
ExE�E, while the parity
income constraint lead to a spending equal to �A � �A. The total public
spending is a¤ected by 1 + � in the Social Welfare Function (SWF), where
� is a positive parameter representing the opportunity cost of public funds.
Last, an environmental bene�t stemming from the GHG mitigation e¤ects of
biofuels is also accounted for in the SWF: let B(xE) be this environmental
bene�t and assume that B0(xE) = q, where q is a positive parameter. As ex-
plain above, the pro�t of the biofuel industry is equals to zero. The program
of the regulator takes the following form:5

max
xE
fW = �A+CS+�F�(1+�)[
ExE�E+�A��A]+B(xE) : xE � Q=
Eg

Neglecting the constraint on the biofuel level, the optimal input demand
of the energy sector, x�E, satis�es the following �rst-order condition:

�xFw
0(X)dX=dxE + q � (1 + �)[w(X)� pE
E] � 0 (x�E � 0): (3)

To interpret (3), consider the case � = 0. We would have

q � [w(X)� pE
E]

i.e., the Pigovian rule that the optimal subsidy should equalize the marginal
bene�t of GHG mitigation. With � > 0, (3) states that the optimal subsidy
for biofuel (which entail the shadow cost of public funds) must exceeds the
marginal bene�t of GHG mitigation. Indeed, absent any constraint on the
biofuel production (i.e. Q = 0), the regulator must choose a quantity of

5We assume that this problem is unambiguously concave.

6



energy crops up to the point where the marginal social loss of subsidizing
the biofuel sector equals the sum of the GHG positive externality and the
marginal social gain of the transfer of revenue from the food sector to farmers.
Indeed, the increase in the price of the agricultural raw product allows to
diminish the direct payment to farmers: a marginal increase dxE in the
biofuel demand transfer a revenue equal to xFw0(X)dX=dxE from the food
industry to the farmers. This transfer allows to reduce the extend of the farm
support program, hence the corresponding tax distortions caused in the rest
of the economy. The reader can readily verify that for large level of xF , the
total subsidy outlay may e¤ectively diminish. We have

d

dxE

�

ExE�E +�A � �A

�
=

d

dxE

�
xE(w(X)� pE
E)�

Z X

0

[w(X)� w(x)]dx
�

= w(X)� pE
E � xFw0(X)
dX

dxE

= w(X)

�
w(X)� pE
E

w(X)
� dX

dxE

xF
X

1

�(X)

�
where �(X) is the price elasticity of the agricultural crop supply, given by
�(X) = w(X)=[Xw0(X)]. Hence, the variation of the total tax may be nega-
tive provided that the elasticity of the agricultural supply is low and xF=X,
the share of the food demand in the total demand of crops, is large. Hence,
a su¢ cient condition to have a strictly positive level of biofuel at the opti-
mum of the government�s program is that (3) being strictly positive when no
biofuel program is in place and all the agricultural crops serves as an input
for the food industry (i.e., xE = 0 which implies xF = X0):

q + �X0w
0(X0)(dX=dxE)jxE=0 � (1 + �)[w(X0)� pE
E] > 0

Leaving apart GHG mitigation concerns (i.e. even with q = 0), we have
x�E > 0 if � � �s de�ned by:

�s =
w(X0)� pE
E

X0w0(X0)(dX=dxE)jxE=0 � (w(X0)� pE
E)
:

These results can be summed up as follows:

Proposition 2 If � > �s, x�E implicitly de�ned by (3) is strictly positive and
we have:

� If x�E > Q=
E, the biofuel constraint is slack and it is optimal to produce
energy crops up to x�E.
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� Conversely, if Q=
E > x�E, the biofuel constraint is binding, but the
objective of reaching Q is not as expensive as it could �rst appear:
up to the quantity x�E, the biofuel program allows the government to
lower the direct payments given to farmers, which in turns reduces the
distortions linked to taxation. Hence, the real cost of the environmental
program ought to be calculated only on the residual quantity of energy
crops: Q=
E � x�E.

Consequently, when the shadow cost of public funds is large, the regulator
ought to implement a biofuel program for the reason that transferring income
from the food sector to the farmers allows him to reduce the social cost of
the farmer�s income support policy. In order to give a hint on the value of �s,
consider the rapeseed production in the EU-15. With a price elasticity of the
agricultural crop supply equal to 0:28 (see the FAPRI elasticity database),
pE
E=w(X0) = 0:5 and a 10% decrease in the consumption of rapeseed by
the food industry, i.e. (dxF=dxE)jxE=0 = �0:1, we have �s = 0:18. This
value is smaller than the lower bound of the range of � given in the literature
(0.2 to 0.6). Therefore, a strictly positive quantity of biodiesel ought to be
produced in the EU-15, on pure redistributive grounds.
The results of this section are limited to quantity produced domestically.

However, buying energy crop on the world market could prove less expensive
for society. We discuss in the next section the limit until which domestic
production ought to take place.

3 Importation of energy crops

Consider now that the energy �rm may also buy its raw material on the
world market. Let XE be the total quantity of energy crops, XE = xE + xI ,
where xE is the domestic energy crop and xI the imported one, bought on
the world market at price w from a perfectly elastic supply. Assume that
w(X0) < w and de�ne XN as the quantity of domestic energy crop such that
w(XN) = w. The subsidies awarded by the regulator to the biofuel sector
are �E = w(X)=
E � pE for the domestic energy crops, and �I = w=
E � pE
for the imported energy crops. The biofuel subsidy is thus given by T =

E(�ExE + �IxI) and the regulator program is now given by:

max
xE ;xI

fW = �A+CS+�F�(1+�)(T+�A��A)+B(xE+xI) : xE+xI � Q=
Eg

Neglecting the biofuel production constraint (Q = 0), the optimal choices
of the government must satisfy the following �rst-order conditions:

�xFw
0(X)

dX

dxE
� (1 + �)fw(X)� pE
Eg+ q � 0 (x�E � 0) (4)
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and
� (1 + �)(w � pE
E) + q � 0 (x�I � 0): (5)

The latter condition states that (absent any constraint on the biofuel
production), the optimal imported crop level equates the marginal social cost
of subsidizing the biofuel industry with the marginal environmental bene�t of
biofuel. If q is large, it is optimal to import as much agricultural commodity
as possible because of the positive GHG mitigation e¤ects. We assumed
that it is not case and consequently that we have x�I = 0 when the biofuel
constraint is not binding. Compared to (5), condition (4) entails the marginal
social gain of the transfer of revenue from the food sector to the farmers,
which eases the condition for a positive level of domestic biofuel crops. As
long as w(X) < w, the implications are thus the same as those obtained in the
case of a closed economy. WhenX exceeds thresholdXN , it might be optimal
to produce a domestic quantity such that the domestic price is greater than
the world price. Indeed, we have x�E > XN � xF if (@W=@xE)jX=XN > 0,
which is e¤ectively the case when � > �N given by

�N =
�w � pE
E � q

XNw0(XN)(dX=dxE)jX=XN � ( �w � pE
E)

Hence, when Q=
E < x�E, it is optimal to go beyond Q=
E and all the
energy crops are produced domestically. In the case of a binding biofuel pro-
duction constraint, Q=
E > x

�
E, energy crops produced domestically exceed

level x�E. Indeed, when the biofuel constraint is binding, we can substitute
Q=
E � xE for xI in the government program and the �rst-order condition
for xE becomes

�xFw
0(xF + x̂E) (dX=dxE)xE=x̂E � (1 + �)[w(xF + x̂E)� w] = 0 (6)

which implicitly de�ned x̂E. Plugging xE = x̂E in (4) and using (6) to
substitute for the �rst term, we get:

(1+�)[w(xF+x̂E)�w]+q�(1+�)[w(xF+x̂E)�pE
E] = �(1+�)(w�pE
E)+q < 0

which implies that x̂E > x�E. Hence, taking into account imports, we have
the following results:

Proposition 3 If � > �N , x�E implicitly de�ned by (3) is strictly positive
and we have:

� If x�E > Q=
E, the biofuel constraint is slack and it is optimal to produce
energy crops up to x�E.
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� Conversely, if Q=
E > x�E, the biofuel constraint is binding, and it is
optimal to produce energy crops domestically at level x̂E > x�E implicitly
de�ned by (6). Importations of raw materials are given by x�I = Q=
E�
x̂E.

� The internal price of the agricultural feedstock veri�es w(X) > �w lead-
ing to subsidies �E > �I .

4 Environmental policies and biofuel produc-
tion

The important increase in the areas devoted to energy crop production could
have major consequences on the environmental policies directed to agricul-
ture. The EU Commission (2006b) notes that �the general use of chemicals
could go up on the overall crop area if the increased demand for agricul-
tural biomass cannot be met otherwise, in particular in the short to medium
term.�In the EU, the main environmental issues raised by agricultural feed-
stock production concern nitrates and pesticides. Dating back from 1991, the
nitrates directive mandates Member States to set up a framework to moni-
tor water quality related to agriculture and imposes a standard of 50 mg/l
of nitrates in ground water.6 As for pesticides, their use is regulated by EU
directives aiming at controlling the way pesticides are marketed and the level
of residues in food. Moreover, the water directive of 2000 imposes measures
to reduce signi�cantly discharges and losses of dangerous substances, in order
to protect surface water.
In this section we extend our framework to account for the environmen-

tal externalities of the production of biofuel feedstock and in particular, the
enforcement of agricultural environmental policies. The environmental impli-
cations of agricultural production are summarized in environmental damage
function D(�e), where �e is the environmental standard, with D0(�e) > 0, i.e.,
the larger the government allowances, the larger the environmental damages.
The agricultural production process is a¤ected by the standard: the lower
the standard, the larger the marginal production cost. Denoting by C(X; e)
the cost function of the representative farm, where e is the level chosen by the
farmer (which may be di¤erent from the standard �e) we thus have CXe < 0.
We also assume that C is convex, i.e., that we have CXX > 0; Cee > 0 and
CXXCee � C2Xe > 0. In the following, we discuss the problem of de�ning the
environmental standard considering the enforcement issue of such a policy

6In addition, this directive requires each state to de�ne �vulnerable zones� for which
the quantity of nitrate must be limited to 170kg/ha/year.
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in a framework similar to Malik (1992). Indeed, to enforce a demanding
policy it is necessary for the State to control farms frequently and to be
able to in�ict sizeable penalties. We shall analyze this problem considering
that controlling farms is costly and that the government in�ict penalties that
depends on the extend of the infringement. We analyze the two cases of a
�x maximal penalty, and of a maximal penalty which corresponds to the
farmers decoupled payment, as it is the case in the EU. We do not consider
importations in this section.

4.1 The benchmark case

Let us �rst characterize the situation of a costless enforcement in which the
farmers follow the environmental prescription (we shall discuss the enforce-
ment problem shortly). Pro�t maximization of the representative farmer
with respect to X de�nes the inverse supply function w(X; �e) = CX(X; �e).
As above, the equilibrium condition on the input market leads to an optimal
demand of the agricultural raw product satisfying

g(xF ; xE; �e) = apF (yF )yF=xF � CX(xF + xE; �e) � 0 (7)

The regulator chooses the optimal quantity of energy crops and the optimal
level of environmental standard �e. Neglecting the constraint on the biofuel
production, the agency program can thus be written as:

max
xE ;xF ;e

f�A+CS+�F�(1+�)[(CX�pE
E)xE+�A��A]+B(xE)�D(�e) : (7)g

The corresponding Lagrangian is given by:

L = CS+�F�(1+�)[(CX�pE
E)xE+�A��]+B(xE)�D(�e)��[g(xF ; xE; �e)]

where � and � are the multiplier corresponding to market equilibrium con-
dition (7) and biofuel production constraint Q respectively, and we have
� � 0 at the optimum of the agency program (with � = 0 when the biofuel
constraint is lenient.) The optimal policy satis�es the following �rst-order
conditions:

@L
@xF

= �xFCXX � �(@g=@xF ) = 0

@L
@xE

= �xFCXX � (1 + �)[CX � pE
E] + q � � (@g=@xE)

and.
@L
@�e

= �xFCXE � (1 + �)Ce �D0(�e)� � (@g=@�e) :

Solving these equations for �e; xE and xF leads to the following result:
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Proposition 4 If � > �s, and Q = 0, the optimal policy �e�; x�E and x
�
F is

implicitly de�ned by

(1+�)[CX�pE
E]�q = �xFCXXdX=dxE = �
CXX
CXe

f�(1+�)Ce�D0(�e)g (8)

The �rst equality corresponds to (3) in this framework. The last term
of (8) corresponds to the marginal social surplus of agricultural production
under standard �e: D0(�e) is the marginal damage and �Ce the marginal re-
duction in production cost which corresponds to a social bene�t �(1 + �)Ce
in public funds. The Pigovian rule calls for an environmental standard that
nulli�es this surplus. The �rst term of (8) corresponds the marginal social
surplus of biofuel production, with the marginal social loss of subsidizing the
biofuel sector given by (1+�)[CX �pE
E] and the value of the social bene�t
of GHG mitigation by q. The Pigovian level also requires that this marginal
surplus is null. However, we know from (3) that this marginal surplus is
equal to marginal social gain of the transfer of revenue from the food sector
to farmers, which is positive whenever � > 0. Hence, with a positive social
cost of public funds, the marginal damage of agricultural production is lower
than its social bene�t, implying that the optimal standard �e� is lower than
the Pigovian level. This can be easily understood: by setting a stringent
environmental standard, the regulator increases the marginal cost of produc-
tion (we have Cxe < 0) hence the price of the agricultural feedstock which
reinforces the substitution e¤ect between the biofuel subsidy policy and the
farm support program.

4.2 Policy enforcement and cross-compliance

Stringent agricultural standards raise the problem of enforcing such environ-
mental policies. Assume that facing a chosen pollution level e that exceed
the standard �e, the agency is able to in�ict a penalty that depends on the
extent of the farmer infringement, e � �e, and more precisely that the cor-
responding penalty is a fraction f(e � �e) 2 [0; 1] of a maximal penalty 	.
The function f(�) is exogenously given (by an independent legislative body)
and is assumed increasing and convex in e� �e, with f(0) = 0. The maximal
penalty can be either a given amount ( �P ), or the decoupled payment that the
farmer should receive in case of compliance, �A � �A(X; �e): The latter case
corresponds to the current framework chosen by the EU to enforce environ-
mental policies in agriculture. Let k be the probability of being controlled,
and �k the corresponding cost.
The representative farmer faces the following maximization program.

max
X;e

wX � C(X; e)� kf(e� �e)	
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and the maximization with respect to the level of pollution gives an optimal
level e� which satis�es

� Ce(X; e�)� kf 0(e� � �e)	 6 0

i.e., the marginal cost reduction from pollution must be lower than (or equal)
to the marginal expected penalty. Since there is no social bene�t associated
to the payment of �nes, we have e� = �e at the optimum of the government�s
program: no �ne is paid in equilibrium. Moreover, as controlling farms is
costly, this condition is binding at the optimum of the agency program, i.e.
we have

� Ce(X; �e)� kf 0(0)	 = 0 (IC)

The agency simultaneously chooses the optimal level of control, the envi-
ronmental standard and the scope of the biofuel program by maximizing

max
xE ;xF ;k;e

f�A+CS+�F�(1+�)[(CX�pE
E)xE+�A��A+�k]+B(xE)�D(�e) : (IC); (7)g

Assuming an interior solution for the biofuel level, we have the following
result:

Proposition 5 Taking account of the cost of control, the optimal (uncon-
strained) policies verify:

� In the case of a �x maximal penalty (	 = �P ),

(1 + �)[CX � pE
E]� q =
�
�xFCXX � (1 + �)�k

CXe
Ce

�
dX

dxE

= �CXX
CXe

�
�D0(�e)� (1 + �)Ce � (1 + �)�k(Cee � C2eX=CXX)=Ce

	
assuming that the optimal policy �ef ; xfE and x

f
F is such that x

f
E > 0:

� In the case of cross-compliance provisions (	 =�A � �A);

(1+�)[CX�pE
E]�q =
�
�xFCXX � (1 + �)�k

CXe � kf 0(0)XCXX
Ce

�
dX

dxE

= �CXX
CXe

�
�D0(�e)� (1 + �)Ce � (1 + �)�k(Cee � C2eX=CXX + kf 0(0)Ce)=Ce

	
assuming that the optimal policy �ecc; xccE and x

cc
F is such that x

cc
E > 0:

� We have �ef > �e� and xccE < x
f
E < x

�
E.
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Compared to the benchmark case, the cost of controls introduces distor-
tions in the agency�s trade-o¤s, which result in lower biofuels (unconstrained)
production levels and environmental standards. However, the distortion on
the production side is lower with a �x penalty than under cross-compliance
provisions.
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