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TECHNOLOGY AND ANTITRUST POLICIES IN A POLLU-
TING INDUSTRY

Joel SANDONÍS, Petr MARIEL*

Abstract:
We compare different combinations of technology and antitrust policies from a social wel-
fare point of view in a non-tournament model of cost reducing R&D with spillovers, for the
case of a homogeneous goods duopoly, where production produces pollution as a by-pro-
duct, firms face an exogenous emissions tax and can also invest in abatement technolo-
gies. We show that for sufficiently polluting industries facing a loose environmental policy,
cooperative R&D is not always welfare improving; a policy of subsidizing cooperative R&D
is always welfare improving; allowing for mergers may be socially desirable; not regulating
the industry at all may be welfare superior to a policy consisting of forbidding market collu-
sion and subsidizing cooperative R&D.
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1 I n t r o d u c t i o n

While the topic of technology policy in oligopolistic markets has been analyzed
in several papers in theoretical industrial organization literature (for example Kami-
en, Muller and Zang, 1992; Vonortas, 1994; Poyago-Theotoky, 1995; Hinloopen,
1995 and Leahy and Neary, 1997, investigate the performance of instruments such
as R&D subsidies or the relaxation of antitrust policies to allow and encourage co-
operative R&D among firms), the relationship between technology policy and the
environment has not yet been sufficiently investigated. Regarding this issue, Petra-
kis and Poyago-Theotoky (2002) investigate the potential adverse impact that tech-
nology policy might have on the environment whenever production activities gene-
rate pollution as a by-product, in a non-tournament model of R&D with spillovers and
abatement in which firms face an exogenous emissions tax. They show first that
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under these circumstances the optimal R&D subsidy could be negative; second that
social welfare under R&D cooperation could be lower than under R&D subsidizati-
on; and finally that a policy of tying-in the R&D subsidy to abatement activities in-
creases social welfare.

In the present paper, in a similar setting to that of Petrakis and Poyago-Theoto-
ky (2002), we compare different levels of public regulation of the market, namely
forbidding both market collusion and cooperative R&D, forbidding market collusion
but allowing for cooperative R&D, forbidding market collusion and subsidizing coo-
perative R&D,1) with the alternative of not regulating the industry at all, allowing firms
to merge. Using the D’Aspremont and Jacquemin (1988) model adapted to encom-
pass the environmental issue, we obtain the subgame perfect equilibrium for the
different scenarios and then evaluate and compare them in terms of social welfare.

We show that, whenever the environmental damage produced by pollution is high
enough and the environmental policy loose,2) first, in the absence of R&D subsidi-
zation, R&D competition may be socially preferred to R&D cooperation. This rever-
ses the traditional result stating that cooperative R&D improves social welfare. The
reason is that by cooperating, firms completely internalize the spillover effect of
R&D, thus increasing total R&D investments, reducing unit costs and increasing total
output and emissions. For sufficiently polluting industries, the negative effect of pol-
lution is shown to offset the positive effect induced by the increase in R&D invest-
ments, reducing social welfare. On the other hand, when the technology policy con-
sists of not only allowing but also subsidizing R&D alliances, cooperative R&D does
always increase welfare. The reason is that the environmental problem may now be
addressed through the subsidy whereas R&D cooperation allows the firms to com-
pletely internalize the spillover. In this sense, the two instruments (cooperative R&D
and R&D subsidies) can be considered as complements instead of substitutes, as
they have been usually considered in industrial organization literature.

Second, not regulating the industry at all (allowing cooperative behavior not only
in R&D but also in the market, namely a merger) is very often welfare superior to
any of the proposed policies, both in the presence of an exogenous emissions tax
and under no environmental policy. The intuition is that whereas a merger, by redu-
cing output,3) has a first order effect on pollution and thus helps to address the en-
vironmental problem, any of the proposed technology policies (allowing for coope-
rative R&D or subsidizing cooperative R&D) has a direct effect on R&D investments
but only a second order effect on both output and pollution. Therefore, the positive
effect of a merger on the environment is very often superior to the indirect effect pro-
duced by different technology policies. Notice that we obtain that allowing a merger

1) Notice that it is very usual for governments and supranational institutions such as the European
Union to encourage cooperation not only by allowing firms to cooperate in R&D but also by subsidizing their
R&D costs when they participate in cooperative R&D projects. Therefore, differently from Petrakis and Poya-
go-Theotoky (2002) who compare cooperative R&D with R&D subsidies, we consider the possibility that
the two policies are jointly implemented.

2) Petrakis and Poyago-Theotoky (2002) provide interesting examples of this case. Oil re-fineries and
the food industry in Greece and the milk industry in Spain increase their productivity mainly due to tech-
nology policy measures while, at the same time, there is no clear environmental policy to regulate those
particular industries.

3) If we are thinking of a duopolistic industry, a merger always reduces total industry output and thus
total emissions. Under Cournot competition, however, if there are more than two firms in the industry, de-
pending on the number of firms that stay out of the merger, total industry output could increase as a con-
sequence of a merger, because the best response of the non-merging firms to an output reduction of the
merging firms is to increase their output. On the other hand, under Bertrand competition, total output would
always be reduced as a consequence of a merger.
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may be optimal (in a second best sense) even in a context in which no other effici-
ency gain is involved, and its only social value is given by the reduction in total
emissions. On the other hand, observe that if both the environmental and the tech-
nology policy were decided by the same agency, the first best outcome would be
implemented. Therefore, our results stress the importance of coordinating the two
policies in order to achieve jointly the objectives of optimality in R&D investments
and taking care of the environment.

The paper is organized as follows. Section 2 presents the model and describes
the different scenarios, section 3 compares those scenarios in terms of social wel-
fare and presents the results and section 4 closes the paper.

2 . T h e  M o d e l

We consider a homogeneous good duopoly. Market demand is given by Q = a – P,
where a is a positive constant and Q = q1 + q2 and represents total industry output.
Each firm can reduce its constant marginal cost of production either by investing in
R&D or by capturing some know-how that spills over from rivals’ R&D investments.
Production produces pollution as a by-product. The firms face an exogenous emis-
sions tax4) t, but they can make abatement efforts in order to reduce their emissions
and their tax burden. We assume that firm i ’s emissions associated with its produ-
ction are given by ei = qi – wi, i = 1, 2; where wi represents firm i ’s abatement effort.
The cost function is additively separable in production costs, R&D costs and abatement

effort and is given by ( ) ( ) ,  ,2 ,1  ,
22

,,,
2

2 jii
w

xqxxcwxxqc i
iijiijii ≠=+

γ
+β−−=  where

c is a positive constant, c > (xi + βxj ), xi represents firm i ’s R&D investment, β ∈ [0,
1] measures the size of the spillover effect of R&D, γ represents the relative effecti-
veness of R&D (assumed to be high enough to guarantee interior solutions for R&D,
output and welfare levels) and, finally a > c + t. The R&D and abatement cost func-
tions are convex, implying decreasing returns on R&D and abatement efforts. Finally,
we consider an environmental damage function assumed to be quadratic in the to-

tal level of emissions: D(e1, e2) = 
2

d
 (e1+e2)2, where parameter d represents how fast

environmental damage increases with emissions and is assumed to be 0 ≤ d < 2,
which, together with the constraint on γ, guarantees interior solutions.

The timing of the game is as follows: first, taking the exogenous emissions tax t
as given, the public agency decides the technology and antitrust policies in order to
maximize social welfare, defined as the sum of consumer surplus and firms’ profits,
minus the environmental damage. Second, the firms decide their R&D investments
either cooperatively (if allowed by the agency) or individually. Abatement efforts are
decided by the firms at the third stage. Finally, in the last stage the firms either col-
lude (if allowed by the agency) or compete à la Cournot in the market.

We solve the game by backwards induction for different set-ups, depending on
the policy implemented by the national agency, and then we compare the different
scenarios in terms of social welfare. We start with the unregulated scenario.

4) Petrakis and Poyago-Theotoky (2002) use the same assumption, which they justify, for example, in
cases where the emissions tax is set at supranational level, whereas the technology policy is set at natio-
nal level, or when the environmental policy is set at national level, and the technology policy is industry
specific and is designed by a different agency, which does not imply that the technology policy agency does
not care about the environment.
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2.1 Scenario 1: No Regulation

Consider first a simple scenario with no technology or antitrust regulation. The
firms face, however, an exogenous emissions tax t imposed by a supranational
environmental agency. In that framework, the firms will choose to merge, thus deci-
ding on R&D investments, abatement and output as a monopolist. Hence, at the third
stage the firms choose outputs to maximize their joint profits conditional on R&D
and abatement efforts:

( )( ) ( ) ( ) ( ){ }21212121212121
, 21

max wwqqtqxxcqxxcqqqqa
qq

−−+−β−−−β−−−+−− (1)

Solving that programme we obtain the monopoly output, which, for the symmetric
solution x1 = x2 = x, and q1 = q2, leads to:

( ) ( )( )β++−−== 1
4

1
21 xtcaqq (2)

At the second stage of the game, the firms cooperatively choose abatement efforts
in order to reduce their tax burden. They solve:

( )( ) ( )( )( ) ( )






 +

−−−+−+β+−−+−−
2

1Max
2
2

2
1

2121212121
, 21

ww
wwqqtqqxcqqqqa

ww
(3)

The solution is given by wi* = t, i = 1,2, that is, the firms will undertake abatement
activities as long as a positive tax on emissions is imposed and the optimal abate-
ment level increases with the tax.

At the first stage of the game, under no technology policy, the firms choose their
R&D levels cooperatively in order to internalize the spillover. We assume that, by
cooperating, the firms increase the spillover parameter to its maximal value β = 1,
which implies that there is full information sharing of the R&D results between the
partners.5) Therefore, at the first stage the firms choose their R&D investments to
maximize joint profits:

( )( ) ( )( ){ }2
212121 2Max xqqxcqqqqa

x
γ−+−−+−− (4)

where x denotes each firm’s R&D investment. By substitution of the equilibrium
outputs the program can be rewritten as follows:




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
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

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γ−



 +−− 2

2

2

2
Max x

xtca

x (5)

The solution to this problem is:6)

( )12
*

−γ
−−

=
tca

x (6)

5) Poyago-Theotoky (1999) endogenizes the choice of the spillover parameter assuming that it can be
interpreted as the disclosure rate. She shows that it is optimal for the partners to set β = 1.

6) The condition γ > 1 guarantees that the second order condition of the maximization problem is sa-
tisfied and that x* is positive.
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Finally, by substitution of (6) into (2) we obtain the equilibrium industry output

( )
( )12

*
2

*
1

*

−γ
−−γ

=+=
tca

qqQ (7)

Next, we proceed to evaluate social welfare in equilibrium. Total welfare may be
expressed as gross consumer surplus minus production costs minus R&D and aba-
tement costs and minus environmental damage:7)

( ) ( ) ( ) ( ) ( )∫ −−−γ−−−−=
*
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By direct substitution of the equilibrium values we obtain:
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(9)

where the superscript CC denotes cooperation in both R&D and output.

2. 2 Scenario 2: Market Competition, Subsidized Cooperative R&D

In this framework, the national agency forbids the firms to collude in the market,
and implements a technology policy that consists of subsidizing their R&D costs
whenever they cooperate in R&D. The subsidy rate is given by s ∈ [–1, 1). A nega-
tive s would imply that the agency sets a tax on R&D. Therefore, at the fourth stage
and given the R&D and abatement efforts of the previous stages, firm i solves:

( ) ( ) ( ) jiiwqtqxxcqqqa iiijiiji
qi

≠=−−β−−−−−   ,2 ,1  ,Max (10)

We obtain in equilibrium:

( ) ( )( )122
3

1
211 −β+β−+−−= xxtcaq (11)

( ) ( )( )122
3

1
122 −β+β−+−−= xxtcaq (12)

At the third stage, each firm decides how much abatement to undertake, solving:
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2
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The solution to this programme is given by w*
i = t; i = 1, 2. At the second stage

the firms jointly solve:

7) Notice that we do not subtract the environmental income in the welfare function. This may be ex-
plained by assuming that the emissions tax is imposed either by a national environmental agency or by an
international agency that refunds it to the country through subsidies.
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By direct substitution of the equilibrium outputs, taking into account that β = 1
we get:
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Solving the maximization problem for x1 and x2 we obtain:8)
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and by direct substitution of (16) in (11) and (12)
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At the first stage, the agency chooses the R&D subsidy (s) to maximize social
welfare:
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By substituting the equilibrium values and solving the maximization problem with
respect to s, we obtain the optimal subsidy

( ) ( ) ( )( )[ ]
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dtdca
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Notice that for t = d = 0; the optimal subsidy becomes s* = 1/2. In the absence of
environmental damage the optimal subsidy is always positive. Now, if t = 0 but d > 0,

that is, production generates pollution, the subsidy becomes ( )0 
2

1* <>
−
−

=
d

d
s  as

long as d < (>) 1. Observe that the optimal subsidy is decreasing in d, that is, as
the environmental damage becomes greater the optimal R&D subsidy decreases.
In fact, it becomes a tax for d > 1. A similar result is also obtained in Petrakis and
Poyago-Theotoky (2002).

Finally, by substitution of the optimal subsidy in the output and R&D equilibrium
levels and all these values in the welfare function, we obtain:
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where the superscript SCN stands for subsidy to cooperative R&D and non-coope-
rative output decisions.

8) The second order condition requires ( )s−
>γ

19

8
, which also guarantees that R&D levels in equilibri-

um are positive.
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2.3 Scenario 3: Market Competition, Non-subsidized Cooperative R&D

In this scenario, the national agency forbids the firms to collude in the market,
and allows them to cooperate in R&D, but no R&D subsidy is included in the tech-
nology policy. In this scenario, the market competition stage and the abatement
decisions are exactly the same as in Scenario 2. Therefore, at the first stage the
firms cooperatively decide their R&D investments (β = 1) to maximize joint profits:

( ) ( )
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 +
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2
2
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2
21
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2
Max

21
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Solving the optimization problem and by subsequent substitution we obtain the
equilibrium R&D and output levels:9)
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Note that expressions (22) and (23) can be obtained directly from expressions
(16) and (17) by setting s = 0.

Finally, social welfare in equilibrium is given by:
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(24)

where the superscript CN stands for cooperative R&D and non-cooperative market
stage.

2.4 Scenario 4: No Cooperation, Subsidized R&D

Let us consider next a framework in which the national agency forbids any kind
of cooperative behavior and implements a technology policy consisting of subsidi-
zing R&D cost to firms. In this setting, the last two stages (the stages of output and
abatement) are identical to those of Scenario 2. Thus, in the second stage the firms
simultaneously solve:

( ) ( )( ) ( ) jiixsxxtca iji
x i
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





 γ

−−−β+β−+−−   ,2 ,1  ,
2
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Direct resolution of this programme results in the Nash equilibrium R&D levels,
which are given by:10)

9) The second order conditions require γ > 8/9.

10) The second order conditions require ( ) ( )[ ]2212
19

2 2 −ββ−+−β
−

>γ
s

.
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and, by substitution, we obtain the equilibrium outputs:
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Finally, in the first stage the agency chooses the R&D subsidy s to maximize total
welfare:
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Substituting the equilibrium values and solving the maximization problem, we
obtain the optimal subsidy:
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Finally, by substitution of the optimal subsidy, we obtain the equilibrium social
welfare.
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where the superscript SNN stands for subsidized R&D and non-cooperative R&D
and output stages.

2.5 Scenario 5: No Cooperation, Non-subsidized R&D

In this scenario the agency forbids any kind of cooperation and no R&D subsidy
is granted. Therefore, at the production stage and for the abatement decisions we
can use the results of Scenario 3. At the second stage firm i will now choose its R&D
investment to maximize:
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Solving this for x1 and x2 and by subsequent substitution we obtain the R&D and
output levels in equilibrium:11)
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11) The second order conditions require ( )[ ]2212
9

2 2 −ββ−+−β>γ .
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Note that expressions (32) and (33) can be obtained directly from expressions (26)
and (27) by setting s = 0.

Finally, we obtain total welfare in equilibrium, which is given by:
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where the superscript NN stands for non-cooperative R&D and non-cooperative
output stage.

3 . W e l f a r e  C o m p a r i s o n

We shall proceed in this section to compare the different scenarios in terms of
social welfare.12) The following proposition compares social welfare under Scenari-
os 3 and 5, that is, WCN and WNN, with the goal of analyzing whether R&D coopera-
tion is always welfare superior to R&D competition, as is usually believed in indu-
strial organization literature. As we will see below, in the absence of R&D subsidies,
that result may be reversed.

Proposition 1 Given an exogenous emissions tax t, for 0 ≤ t < f35(β) a threshold
value d35(t, β) always exists such that for d > d35(t, β), WCN < WNN. On the other hand,
for t ≥ f35(β), WCN < WNN never holds.

Proof of Proposition 1

In order to obtain the result we compare social welfare under Scenarios 3 and 5, that is, WCN

and WNN. From the difference between them we solve for d obtaining the critical value function:
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(35)

This function is plotted in Figure 1. For values of d such that 0 < d35(t, β) < d < 2, we have WCN

< WNN. We have cut the ”d” axis in d = 2, given that we impose that constraint on the model in or-
der to guarantee interior solutions. This makes an additional constraint on t appear: in order for
d35(t, β) to be lower than two, t has to be lower than the following function

( ) ( )[ ] ( )[ ]
( )( )[ ]β−β+β+−β+

β+β+−ββ+
=β

229341442661913782

4158234849
f (36)

12) In order to simplify and make the results depend only on the most relevant parameters (β, d, t), we
set the other three parameters at the following values: a = 10; c = 1; γ = 3. In this way, we are able to ob-
tain tractable expressions in the comparisons of welfare. The particular values we have chosen are such
that interior solutions for the different scenarios are guaranteed. However, we have also made some simu-
lations in order to check the importance, if any, of changing these parameters and we have seen that the
qualitative results are not sensitive at all to such changes.
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As can be seen in Figure 1, given a value of β, for high enough values of t, in particular for
t > f(β), no critical value d lower than two exists, implying that in that case WCN > WNN holds.

Figure 2
Critical Values d35 for Different Values of βββββ
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Proposition 1 shows that when we take into account the environmental impact
produced indirectly by R&D investments through its positive effect on output and
emissions, cooperative R&D, contrary to the traditional belief, may result in lower
social welfare than non-cooperative R&D, whenever the environmental damage is
great (parameter d is high enough) and the exogenous environmental policy is loo-
se (t is low). The intuition is clear: when the firms jointly decide on R&D investments,
they completely internalize the spillover effect, making R&D investments more pro-
fitable, which leads to higher R&D, lower production costs, and thus higher levels of
output and pollution. As Proposition 1 shows, when the emissions tax is low and the
environmental damage high enough, the negative effect dominates, leading to a re-
duction in social welfare. When the emissions tax is higher, however, a higher pro-
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portion of the environmental externality is corrected directly by the tax and the po-
sitive effect of cooperation on welfare dominates, making R&D cooperation welfare
improving. Figure 2 displays the critical value function d35(t) for different values of
the spillover parameter β. In the area above the function, cooperative R&D reduces
social welfare relative to non-cooperative R&D. As can be seen, when the spillover
parameter increases that region also increases. The reason is that a higher β me-
ans that the advantage of increasing the spillover parameter to its maximal value
that the firms achieve when they cooperate in R&D is smaller and, therefore, the
region where cooperative R&D is not welfare improving increases.

Petrakis and Poyago-Theotoky (2002) show that a technology policy consisting
of allowing for cooperative R&D may be socially worse than the alternative policy of
subsidizing R&D, which is also an interesting result. We are not, however, compa-
ring two different technology policies. Our result states that cooperative R&D can
reduce social welfare relative to non-cooperative R&D. Notice, however, that this
result has been obtained in a setting in which no subsidies on R&D are granted. The
only technology policy decision to be taken is whether or not to allow for cooperati-
ve R&D. The following proposition will make the same comparison, but now the tech-
nology policy will consist of a subsidy to cooperative R&D. As we will see below,
under that scenario, cooperative R&D is always welfare improving.

Proposition 2 For any positive emissions tax t guaranteeing interior solutions,
WSCN > WSNN always holds.

Proof of Proposition 2

In order to obtain the result we have merely to compare welfare under Scenarios 2 and 4. It
can be seen that, regardless of β and for all t > 0 guaranteeing interior solutions, WSCN >WSNN

always holds. The differenceWSCN – WSNN is plotted in Figure 3 for β = 0.3 (upper surface) and β =
0.8 (lower surface). As can be seen, the difference is positive regardless of β. In fact, as β decre-
ases, cooperation becomes socially more desirable and, thus, the difference becomes greater. In
the extreme case β = 1, the difference becomes zero and coincides with the lowest (zero) surface
in Figure 3.

The above proposition shows that when the technology policy consists of a sub-
sidy (or tax) on cooperative R&D, it is not possible for R&D cooperation to reduce
social welfare relative to non-cooperative R&D. The reason is that, in this scenario,
the environmental problem can be addressed by the national agency by correctly

Figure 3
Difference between WSCN and WSNN
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choosing the subsidy (or tax) to be imposed on the firms that cooperate in R&D and,
in that way, whereas cooperation allows the firms to completely internalize the spil-
lover, the environmental issue is controlled through the subsidy/tax on R&D. Propo-
sition 2 suggests that in the presence of environmental externalities of production,
it may be optimal not only to allow for R&D cooperation but also to encourage it
through R&D subsidization, a policy which is frequently used in the EU.

Our next proposition compares social welfare under Scenarios 1 and 3 in order
to find out whether allowing a merger, by reducing output and emissions, may be
welfare superior to the scenario where only R&D cooperation is allowed.

Proposition 3 Given an exogenous emissions tax t, for 0 ≤ t < t13 a threshold
value d13(t) always exists such that for d > d13(t), WCC > WCN. On the other hand, for
t ≥ t13, W

CC > WCN never holds.

Proof of Proposition 3

Directly comparing social welfare under Scenarios 1 and 3, we obtain the difference WCC – WCN

and, solving that difference for d, we obtain the critical value function:

( ) ( )t

t
td

43311615

3433753
13 −

+
=

Next, we have to look for the conditions that guarantee that the critical value function is lower
than two. This constraint is satisfied whenever t < t13 = 7857/4673. On the other hand, for t ≥ t13 =
7857/4673, WCC – WCN < 0 always holds. Figure 4 plots the critical value function d13(t). The verti-
cal axis has been cut in d = 2 in order to satisfy the constraint 0 ≤ d < 2.

Figure 4
Critical Value d13

2.00

1.75

1.50

1.25

1.00

0.75

0.50

0.25

0.5 1.0 1.5 2.0
t

d13

The above proposition shows that whenever the environmental damage produ-
ced by an industry is great enough (parameter d is high enough), allowing the firms
to merge and cooperate not only in R&D but also in abatement and output is welfa-
re superior to allowing them to cooperate only in R&D. The intuition is the following:
a merger, by reducing total output, has a first order effect on pollution and, thus, on
social welfare. This positive effect on welfare may offset the negative effect of the
reduction in market competition produced by the merger whenever the environmen-
tal policy is loose enough (t is low enough) and the environmental damage great
enough (d high enough). Notice that the above result has been obtained in a setting
with no subsidies on cooperative R&D. Figure 5 plots the difference WCC –  WCN as a
function of d and t. As can be seen, for high enough values of d and low enough
values of t the difference becomes positive, which means that a merger is welfare
improving.
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The next proposition compares welfare under Scenarios 1 and 2 in order to check
whether the inclusion of a subsidy to R&D cooperation in the technology policy chan-
ges the result of the previous proposition.

Proposition 4 Given an exogenous emissions tax t, for 0 ≤ t < t12, a threshold
value d12(t) always exists such that for d > d12(t) , WCC > WSCN. On the other hand, for
t ≥ t12, W

CC > WSCN never holds.

Proof of Proposition 4

Directly comparing social welfare under Scenarios 1 and 2, we obtain WCC – WSCN, and solving
that difference for d, we obtain the critical value function:

( ) ( )
( )2

22

12
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t

ttttt
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Next, we have to look for the conditions that guarantee that the critical value function is lower
than two. This constraint is satisfied whenever t < t12 = 81/49. On the other hand, for t ≥ t12 = 81/ 49,
WCC – WSCN < 0 always holds. Figure 6 plots the critical value function d12(t): The vertical axis has
been cut at the value two in order to satisfy the constraint 0 ≤ d < 2.

Figure 6
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Figure 5
Difference between WCC and WCN
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As the above proposition shows, even when the technology policy includes a
subsidy to R&D cooperation, whenever the environmental damage produced by an
industry is great enough (parameter d is high enough) and the environmental policy
loose enough, not regulating the industry at all, allowing the firms to merge, is very
often welfare superior to a policy of subsidizing cooperative R&D and forbidding
collusion. This is a surprising result given that, in this scenario, the national agency
may address the environmental problem by choosing the right subsidy/tax on R&D.
However, the technology policy has only a second-order effect on emissions (the in-
direct effect that a change in R&D investments has on output and pollution) where-
as again, market collusion has a first order effect on output and pollution. It results
that for low values of t and high values of d, the latter policy is welfare superior to
the former. Figure 7 plots the difference WCC – WSCN as a function of d and t. The
difference becomes positive for high enough values of d and low enough values of
t.

Figure 7
Difference between WCC and WSCN
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4 . C o n c l u s i o n s

While the topic of technology policy in oligopolistic markets has been analyzed
in several papers in the industrial organization literature, the relationship between
technology policy and the environment has not yet been sufficiently investigated. In
this paper we have investigated how some traditional results may change when we
introduce the environmental issue into a classical non-tournament model of coope-
rative R&D with spillovers. In particular, we compare different combinations of tech-
nology and antitrust policies from a social point of view, namely allowing for R&D
cooperation between rival firms, encouraging R&D cooperation through the subsi-
dization of R&D costs of the cooperating firms and also the combination of those
technology policies with an antitrust policy forbidding mergers. We analyze the case
of a homogeneous goods duopoly that produces pollution as a by-product of produ-
ction, faces an exogenous emissions tax imposed by a supranational institution and
invests in cost reducing R&D that generates spillovers and also in abatement tech-
nologies. In this framework, we show that not regulating the industry at all may be
welfare superior to different combinations of technology and antitrust regulation. In
particular, when production generates pollution, technology policies that stimulate
R&D, reducing production costs and increasing total output result in more emissi-
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ons. We show that when the environmental damage produced by pollution is great
and the environmental policy loose, first, allowing for cooperative R&D could be
welfare reducing. However, when the technology policy is based on subsidizing co-
operative R&D, that result never holds. The reason is that the environmental problem
can be addressed by correctly choosing the subsidy (or tax) to be imposed on the
firms that cooperate in R&D and, in that way, whereas cooperation allows the firms
to completely internalize the spillover, the environmental issue is controlled through
the subsidy/tax on R&D. In this sense, the two instruments (R&D cooperation and
R&D subsidies) can be seen as complements instead of substitutes, as stated usu-
ally in the relevant literature.

Second, we show that a merger, by reducing industry output, can increase wel-
fare through its positive effect on the environment. This result holds even assuming
that the positive environmental effect is the only efficiency gain produced by the
merger. However, observe that this result arises in a context in which the environ-
mental policy is decided by a different agency than the technology and antitrust po-
licies. Of course, if the same agency could coordinate both policies, the first best
outcome would be implemented. Therefore, our results stress the importance of
coordinating these two policies in order to achieve jointly the objectives of optimali-
ty in R&D investments and taking care of the environment.

Finally, we show that, in our context, not regulating the industry at all may be
welfare superior to a policy consisting of subsidizing R&D cooperation and forbid-
ding market collusion. The idea is that whereas the technology policy has only a
second-order effect on pollution, a merger directly affects both output and pollution
and its positive effect may offset its negative effect on competition.
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