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Abstract

We study environmental policy in imperfectly competitive markets where firms differ
in their objectives. Alongside standard profit-maximizing firms, we consider welfare-
oriented firms that partially or fully internalize environmental externalities but are
subject to financial viability constraints.

We develop a Cournot model in which production generates emissions and firms may
differ in the extent to which they account for environmental damages. We characterize
market equilibria and examine the effects of environmental taxes and output subsidies
on emissions, output, profits, and welfare.

Our analysis shows that standard Pigouvian prescriptions are modified by the pres-
ence of market power and by the break-even constraints faced by welfare-oriented firms.
While emissions taxes reduce environmental damages, they may also exacerbate under-
production and threaten the viability of socially responsible firms. Conversely, output
subsidies may improve welfare despite increasing emissions. The welfare ranking of
policy instruments depends critically on the interaction between environmental exter-
nalities, imperfect competition, and firms’ financial constraints.

These findings suggest that environmental policy design should account not only for
emissions reduction, but also for the market structure and sustainability of firms with
socially oriented objectives.

JEL-Classification: H23, L13, D62, Q58.
Keywords: Environmental policy; imperfect competition; heterogeneous firm objec-
tives; corporate social responsibility; Pigouvian taxation; break-even constraints.



1 Introduction

Environmental policy in imperfectly competitive markets must address two distortions
simultaneously: environmental externalities and market power. While Pigouvian tax-
ation provides a benchmark under perfect competition, the standard prescription is
modified when firms restrict output strategically. In such settings, emissions taxes may
reduce environmental damages but also exacerbate underproduction. The design of en-
vironmental policy becomes even more delicate when firms differ in their objectives and
when socially responsible firms face financial viability constraints.

Corporate Social Responsibility (CSR) refers to a company’s commitment to operate
in an ethical, sustainable, and socially conscious manner. While CSR. adherence has in-
creased in recent years, firms’ intrinsic motivations differ widely. Some firms adopt CSR
for purely strategic reasons (e.g. Arora and Gangopadhy, 1995), caring about emissions
only insofar as they affect demand and proﬁtsE Others—particularly mission-oriented
firms such as La Poste Groupe—take a broader view that incorporates stakeholder con-
cerns and internalize environmental externalities in their decision-making. Understand-
ing how such heterogeneous motivations interact with competition and environmental
regulation is crucial for policy design.

This paper relates to three strands of literature. First, it connects to the extensive lit-
erature on environmental policy under imperfect competition. In perfectly competitive
markets, the Pigouvian prescription—setting an emissions tax equal to marginal envi-
ronmental damage—achieves first-best efficiency. However, when firms possess market
power, environmental policy interacts with pre-existing output distortions. As empha-
sized in the survey by Requate (2005) and in contributions such as Fujiwara (2009), there
is generally no simple “one-size-fits-all” adjustment of the Pigouvian rule in oligopolistic
markets. Emissions taxes may reduce emissions but also exacerbate underproduction,
potentially lowering welfare. More generally, the literature on second-best environmen-

tal policy under imperfect competition has shown that policy mixes combining emissions

!See Kitzmueller and Shimshack (2012) for an extensive overview of the literature on strategic CSR
motivations.



pricing with output-related instruments may dominate simple Pigouvian taxation; see,
among others, Fischer (2003), Holland (2012), and Ino (2021). Our framework builds
directly on these insights and shows how they are reshaped when firms differ in their
CSR motivations and when welfare-oriented firms face financial viability constraints.

Second, we contribute to the growing literature modeling CSR as a modification
of firms’ objectives in competitive environments. Our framework is thus related to
the literature on markets with competition between for-profit and nonprofit firms (see
Brown and Slivinski, 2018 for an overview). In Borsenberger et al. (2025), firms differ
in their degree of CSR commitment in a Cournot market. That paper shows that
CSR may, under certain conditions, backfire—reducing welfare and potentially driving
the fully committed firm out of the market. More broadly, the literature on mission-
oriented or stakeholder firms analyzes organizations that maximize welfare or broader
objectives rather than pure profits. However, most theoretical models abstract from
explicit financial viability constraints, even though mission-driven firms must remain
profitable to survive.

This observation motivates the main departure from Borsenberger et al. (2025).
While that paper provides a positive analysis of heterogeneous CSR under competition,
we introduce two new elements that fundamentally alter the policy implications. First,
we incorporate fixed production costs and model the welfare-oriented (w-CSR) firm as
maximizing social welfare subject to a break-even constraint. Second, we move from
a descriptive analysis of equilibrium behavior to a normative study of environmental
policy design. We consider emissions taxes and output subsidies—uniform and targeted,
budget-balanced and non-balanced—and analyze how they affect equilibrium outcomes
and welfare.

The contribution of the paper is to show that the policy problem is not only to
induce firms to internalize environmental damages, but also to preserve the viability
of firms that already do so voluntarily. A welfare-oriented firm implements the Pigou-
vian emissions rule when unconstrained, but may choose dirtier production when its
break-even constraint binds. Policy instruments therefore affect welfare through three

channels: emissions, output, and the financial viability of the responsible firm.



Third, our paper relates to the literature on environmental awareness and demand-
side internalization of externalities. Following Borsenberger et al. (2023), we model
consumers as environmentally conscious: emissions reduce willingness to pay. As a
result, even purely profit-maximizing firms partially internalize environmental damages
through market demand. However, consumer awareness alone does not generally restore
efficiency, particularly under imperfect competition. The interaction between demand-
side pressure, heterogeneous CSR motivations, and public policy is at the core of our
analysis.

Our framework yields several new insights. In the absence of policy intervention,
the welfare-oriented firm implements the first-best Pigouvian emissions rule as long as
its break-even constraint is slack. However, when fixed costs exceed a critical threshold,
the constraint binds and the firm increases emissions above the socially optimal level in
order to reduce costs and remain financially viable. Financial constraints may therefore
undermine intrinsically responsible behavior.

Turning to policy design, we show that emissions taxes reduce emissions but may
decrease welfare because they exacerbate the output distortion associated with Cournot
competition. Conversely, output subsidies may increase welfare despite raising emis-
sions, as they mitigate underproduction. Targeted instruments produce more nuanced
effects: policies directed toward the strategic firm may reduce emissions but lower wel-
fare if output effects dominate, whereas certain mixed and budget-balanced tax—subsidy
schemes can improve welfare by jointly addressing environmental and output distortions
while preserving firm viability.

More generally, our results show that the welfare effects of environmental policy
depend critically on the interaction between environmental externalities, market power,
and the financial constraints faced by welfare-oriented firms. The standard Pigouvian
prescription must therefore be adapted in markets characterized by imperfect competi-
tion and heterogeneous firm objectives.

The remainder of the paper is organized as follows. Section 2 presents the model
and characterizes the first-best allocation. Section 3 introduces the Cournot duopoly

framework with heterogeneous CSR motivations. Section 4 studies equilibrium behavior



under emissions taxes and output subsidies and derives the main theoretical results.
Section 5 provides numerical illustrations of the different policy regimes, while Section 6

examines the role of fixed costs and binding break-even constraints. Section 7 concludes.

2 Model
2.1 Demand

The model is based on Borsenberger et al. (2025) which in turn uses the notion of
consumer’s environmental awareness considered by Borsenberger et al. (2023). Consider
a market with two differentiated products, x1 and x5, and where consumers’ preferences
are given by

U($1,»’U2) — P1X1 — P2X2 —O0x1€] — 0T2€2, (1)

where p; are prices and e; per unit emissions associated with the production of good
1. The parameter o represents the consumers’ environmental awareness. Specifically
ox;e; measures the (monetary) utility cost of the total emissions associated with their
consumption of good i.

Maximizing (1) with respect to x; and x5 yields the demand functions x1(q1, g2) and

x2(q1, q2), which are determined by

uy (71, 2) = p1 + oe1 = qi, (2)
ug (w1, r2) = p2 + o€z = qo, (3)
where
ou
= — i=1,2
u] 8117]7 J ) &y
and ¢; denotes the “full price” including environmental damage. Defining
0%u .
U5 = W’ 1,] = 1727
i0Tj

one can easily check that the goods are substitutes, independent or complements ac-
cording to

<
U112 = U921 = 0.



In other words
dgp  dq1 = e

Note that the symmetry arises because preferences are quasi-linear so that Marshalian
demands are also Hicksian demands (which are symmetric). We can define the inverse
demand function as

qz'(ajth) :Ui($1a$2) L= 1727
or alternatively

pi(x1, 2, €;) = ui(z1, x2) — O€;. (5)
2.2 Cost

We assume that there are two firms, each producing one of the goods with cost functions
Ci(wi, ei) = ci(xi) — vilei)w; + Fi, (6)

where F is the fixed cost and we assume ¢, (z;) > 0, ¢ (x;) > 0, v, (¢;) < 0 and
vi(ei) > 0, for e; < & and v(e;) = 0, for e; > € . In words, marginal costs are
increasing (in quantity) and cost decreases with e; up to €; so that producing in a less
polluting way is more costly. Total emissions are given by F = x1e; + x2e2 and their

social cost is w(E)E|

2The assumption that the production cost of z is negatively correlated to its emissions captures
the fact that less polluting technologies are generally more expensive to employ. This must necessarily
hold if emissions are reduced through abatement. When one is concerned with the choice between
technologies, or the choice between inputs, each with its own emission characteristics, C;(z;,e;) may
not necessarily be decreasing in e; everywhere. This function is the lower frontier of a production set
where different technologies are represented by points in the (e, C) space. Now it may well be the case
that some “cleaner” technologies are also less expensive to employ. For example, it is less polluting to
use natural gas for electricity generation than coal. In recent years, it has also been less expensive to
do so. Similarly parcel delivery with electric vehicles is currently more expensive than with vehicles
powered by internal comustion engines. This may change in the future due to technological changes.
However, one can simply ignore any such possible upward-sloping parts of C;(x;,e;). They pose no
conflict of interest between firms and the society; see also Cremer and Gahvari (2001) or Mayeres and
Proost (1997).



2.3 First best (FB)

The FB allocation which represents a useful benchmark is obtained by solving the

following problem

max SWF =u(z1,22) — c(x1) — c(22) + 2171 (€1) + x272 (e2)

T1,€1,22,€2

— 1 (z1e1 + x2e2) . (7)

The FOCs with respect to e; and x; can be written as

viler) = v (E7), (8)
i@, v3) = ci(x}) = yilej) + e ¢ (E7) for i = 1,2, (9)

Condition requires that the marginal benefit of emissions (as measured by the re-
duction in cost) must be equal to their marginal social cost. Equation @ states that
the marginal utility of any good (that is its full price) must equal it’s marginal social

cost (private and that associated with global emissions).

3 Cournot duopoly

Consider two firms that compete in a Cournot duopoly. Firms exhibit CSR but their
motivations may differ. When a firm is b-CSR, it maximizes its profits by taking into
account that its emissions affect demand. In other words, a b-CSR firm does care
about its environmental impact but only to the extent that it affects its profits via the
consumers environmental awareness. A w-CSR firm by contrast takes into account its
impact on all the relevant stakeholders so that it effectively maximizes social welfare
(but is subject to a break-even constraint). We consider two scenarios: one in which
both firms are b-CSR and a mixed duopoly in which one of the firms is b-CSR, while
the other one is w-CSR. In all scenarios we assume that firm 1 is a b-CSR firm so that
the scenarios are characterized by firm 2’s objective.

We assume that the strategic variables are (z;,e;) and that they are chosen simul-

taneously. We study the Nash equilibrium.



In each scenario profits are given by
i = pi(x1, T2, €)x; — Cixi, €;) — Fj (10)

where p; is defined by .

Borsenberger et al. (2025) have studied both scenarios for the case where there is no
fixed cost and absent of any policy intervention. They have shown that in either case
the equilibrium is not socially optimal and may even result in the exit of the w-CSR
firm (even in the absence of a fixed cost). In our setting with a fixed cost the potential
conflict between responsibility and profitability (viability) is likely to become even more
evident.

This may call for a policy intervention and we consider two instruments: emissions
taxes and output subsidies where both can be either uniform or firm specific.

The first step is now to define and characterize the equilibrium with these two
instruments. Then we can examine the impact of a policy and its optimal design. To

focus on CSR we assume that the two firms have the same cost functions.

4 Equilibrium with emissions taxes and output subsidies

4.1 Two b-CSR firms

We now introduce a proportional tax on emissions 7; and a subsidy s; on output. The

problem of each firm ¢ is given by.

max ;= pi(x1, X9, €)x; — c(x;) + y(ei)wi — Tixie; + sixi — Fi. (11)

Z4,€4

Note that the fixed cost does not affect the solution as long as the firm’s profit is positive.
We assume that this is always true for a b-CSR firm in equilibrium. The FOCs with

respect to x; and e; are respectively:

Opi (z1, 2, €;)
Gmi

+ 2 (e;) — w; = 0 for i = 1, 2. (13)

pi (21,2, €) + x4 = (@) +v(e;) — e + s =0, (12)

xapi (z1,22,€;)
! aei



Equation is the standard condition requiring that marginal revenues (the two first
terms) equal marginal costs (including any taxes and subsidies). Simplifying yields

’y’ (61) =0+ T;. (14)

Consequently, e; is independent of the other firm’s strategy so that we return to a
standard Cournot game where the cost is given by c(z;) —vi(€; (7)) x; + Tizi€; (), where
€;(7;) is the solution to . Note that e; decreases with 7; so that the firms’ total and
marginal costs increase with emissions taxes. The overall impact of the policy on the
marginal cost of x; (for a given e;), however, is ambiguous because the emissions tax

increases the marginal cost while the output subsidy decreases it.

4.2 The w-CSR firm

Let ¢ = 1 refer to the b-CSR firm. For this firm equations and continue to
apply. Specifically, determines e; irrespective of the other firm’s strategy, while
determines the firm’s best reply for z1, as a function of x2 and of course 71 and s;.

We now turn to firm 2 which is w-CSR so that it maximizes social welfare subject

to a break even constraint. Accounting for taxes and subsidies welfare is given by

SWEF =u(x1,22) — [c(x2) — v(e2)wa — sSowe + Towaes + Fo| — [c(x1) — y(e1)x1 — s1x1 + Tix1eq + Fi

— (1'161 + wgeg) + [7’11'161 + Tox9€9 — S1T1 — 825132] (15)

where the two first terms in brackets are firm 2 and firm 1’s after tax cost, while the
last term is the (positive or negative) tax revenue net of subsidies. Note that in this
expression the tax and subsidy terms cancel out which implies that the policies have
no direct effect on welfare. They affect welfare only indirectly via their impact on the
equilibrium. Furthermore, the terms pertaining to firm 1 are considered as given by

firm 2. Consequently, the problem of the w-CSR firm is given by

gechE = u (71, 72) — c(x2) + y(e2)r2 — ¢ (v1€1 + T2€2) (16)
s.t. my = pg(.%'l, T9, 62)1‘2 — C(.%Q) + ’)/(62).%'2 — ToX9eg + Soxg — Fy > 0. (17)



Note that the tax and subsidy terms and the fixed cost only affect the budget constraint
and not the objective function. Consequently, when the budget constraint is not binding,
the firm’s behavior is not affected by 7 and so.

Let A > 0 denote the Lagrange multiplier associated with the break-even constraint

(17). The FOCs with respect to xo and eg are respectively given by

pa2 + oes — ¢ (x2) + v(e2) — ext) (w1e1 + 22€2)

8p2 (xly T2, 62)
6.%'2

v (e2)we — zot)' (z1€1 + T2€2) + A [—a:z:g + 9 (e2)xe — 7'2:1:2] =0. (19)

+A 1o — (x2) + Y(e2) — eat)’ (w1e1 + xoe2) — Toea + 59| =0, (18)

When the break even constraint is not binding so that A = 0, the term in brackets in
equation vanishes. Consequently, price is equal to the private marginal cost plus
the environmental cost that is not taken into account by consumers. So implicitly the
firm imposes a Pigouvian tax on itself. Consequently, it sets its prices above its private
marginal cost so that when these are constant the firm makes a profit gross of fized costs
of e9Ta[1) — 0 — o] + s2@2, where €3 and T denote equilibrium (per unit) emissions and
output. Absent of a policy intervention this gross profit is always positive, but it may
become negative when the emissions tax is sufficiently large while the output subsidy is
sufficiently small.

The equilibrium allocation (x1, x2, €1, e2) is now the solutions to equations , ,
and . Note that as long as the break-even constraint is not binding, firm 2’s
strategies and thus the equilibrium do not depend on F5. Consequently, absent of a
policy intervention, there exists a critical level of fixed cost F so that the break even
constraint is binding if and only if ' > F. Under a tax and subsidy policy, firm 2’s gross
profit €3Z3[1) — 0 — T3] 4+ s2@2 may be negative in which case the break-even constraint
is always binding. When it is positive, the critical level F' continues to exist but now
depends on 7; and s;.

The level of ey is now determined by a modified emissions rule:
7' (e2) + A [’y'(ez) — Ty — o] =’ (z1€1 + x2€2). (20)

When the break even constraint is not binding so that A = 0, condition is simply



the first-best Pigouvian rule defined in . Note that when % is linear so that ¢’ is
constant, the level of es does not depend on the other firm’s strategy nor on x2. The

sign of the expression in brackets is ambiguous and depends on 7. When » = ¢’ — ¢

(that is the FB Pigouvian rule) equation becomes
(1427 (e2) = (L + ).

Consequently, when v’ is constant, firm 2 sets the optimal emissions level ey = €3.
Since implies (again for ¢’ constant) that dea/dma < 0 this means that we have
ea > e when 19 is lower than the Pigouvian level. In the illustrative examples ¢’ = 1
and o = 0.2 so that 1/ — ¢ = 0.8 and the maximum emissions tax we consider is 0.7 so
ez > e4 holds in our examples. Intuitively the binding break-even constraint (A > 0)
amounts to putting a larger weight on profits. And when the tax is smaller than the
Pigouvian level increasing e increases profits. The reduction in marginal cost it implies
is larger than the extra tax. Since e increases, we can expect a higher level of global
emissions (e.g. see table 3 below for an example).

The main results obtained in this section are summarized in the following proposi-

tion.

Proposition 1 Consider a Cournot duopoly with a profit-mazimizing firm and a welfare-

oriented firm subject to a break-even constraint.

1. When the break-even constraint is not binding, the welfare-oriented firm chooses
emissions according to the Pigouvian rule and internalizes the environmental ex-

ternality.

2. When the break-even constraint is binding, the welfare-oriented firm may choose a
higher level of emissions than under the unconstrained optimum in order to relax

its financial constraint.

3. Environmental taxes reduce emissions but may exacerbate the output distortion
associated with imperfect competition and tighten the break-even constraint of the

welfare-oriented firm.

10



4. Output subsidies mitigate underproduction and relax the break-even constraint, but

may increase equilibrium emissions.

Consequently, the welfare ranking of environmental policy instruments depends on
the interaction between environmental damages, market power, and the financial viability

of the welfare-oriented firm.

5 Numerical illustrations

5.1 Demand

We consider the quadratic utility function used by Singh and Vives (1984). Their utility
function is given by

u(x1,x2) = aqxy + avxg — (611‘% + 2nx1xe + ng%)/Q

where o; and §; are positive, 8182 — 7% > 0 and «;8; — ajn > 0 for i # j. This yields

linear demand functions and the inverse demands are given by

g1 =p1 +oe; = o1 — fix1 — N2,

g2 = p2 + o€z = g — oz — NT1.

Note that from , the goods are substitutes if > 0 and complements if n < 0.
Defining 6 = 8182 — 1> > 0, a; = (o;8; — a;n) /8, b; = B,/ for i # j and 0 = n/§ we

can write direct demand functions as

x1 = a1 — biq1 + 0qo,

To = az — baga + 0qy.

To concentrate on CSR issues we assume that the firms not only have identical cost
functions (including the fixed cost) but that demands are also symmetric so that a; =

ag = o and 1 = B9 = S which implies a1 = as = a and b; = by = b.

11



Parameters | interpretation values

« demand max price 25

I6; demand sensitivity to own quantity | 1

o demand sensitivity to e 0.2

n demand degree of complementarity | 0.2

7 cost impact of e 1

k direct production cost 1

13 max emissions )

Table 1: Parameter values.
T xI9 €1 €2 T T2 E w

FB 16.04 | 16.04 | 4.5 | 4.5 144.37 | 184.27
b—CSR |10.45 | 10.45 | 49| 4.9 | 47.13 | 47.13 | 102.49 | 143.53
w—CSR | 9.77 |17.29 | 49 | 45| 33.29 | 0 125.72 | 163.86

Table 2: Equilibrium with F' = 62.26 and 7; = s; = 0.

5.2 Cost

We use the simplest specification compatible with our assumptions given by
Clxi, ;) = kay + pai (e; — &),

that is a constant marginal cost which is decreasing in e;. The quadratic specification
is adopted to ensure that cost is concave in e;.

In the following set of illustrations we assume that ¥(E) = E = x1e1 + z2e2 so that
the social environmental cost is linear i.e. 1/ = 1. The remaining parameter values are
given in Table 1.

We then determine the fixed cost F' such that, without taxes nor subsidies, the
equilibrium profit of firm 2 is exactly equal to 0 in the w-CSR equilibrium developed in
section This is simply the equilibrium profit of a w-CSR firm (competing with a
b-CSR firm) absent of policy intervention and of fixed cost; it is equal to 62.26. With
this level of fixed cost, we obtain the equilibrium described in Table 2 when there is no
policy intervention. Note that in this case, which describes the laissez-faire (LF) for this

level of fixed cost, the break-even constraint is just satisfied but A = 0. Consequently

12



T 1 €9 e1 () T o FE W
025 | b—CSR |9.90 | 9.90 4.77 | 4.77 | 35.93 | 35.93 | 94.63 137.65

w—CSR | 930 | 1598 | 4.77 | 4.52 | 24.26 | O 116.80 | 160.771
0.7 |b—CSR | 895|895 | 4.55 | 4.55 | 10.30 | 10.30 | 81.49 | 123.98
w—CSR | 851 | 13.32 | 455 | 451 | 103 | O 98.94 | 148.18

Table 3: Uniform emissions taxes and no output subsidy.

per-unit emissions of firm 2 remain at their first-best level.

In the next sub-section we first examine the effects of emissions taxes and production
subsidies that are not budget balanced. Consequently, the proceeds of an emissions tax
are redistributed to the consumers via a lump-sum transfer. Similarly an output subsidy
is financed by a lump-sum tax. We then turn to the case where emissions taxes and

subsidies are budget balanced: tax revenues are used to finance the output subsidy.

5.3 No budget balancing requirement for s and 7

5.3.1 Uniform policies

Consider first a uniform emissions tax 7 = 0.25 or 7 = 0.7, but no output subsidy s = 0.
The equilibria with two b-CSR firms and for a mixed market are reported in Table 3.
The uniform emissions tax decreases the level of output and decreases the per-unit
level of emissions of a b-CSR. firm in either scenario. Its impact on per-unit emissions
of the w-CSR firm is, however, non-monotonic. When moving from 7 = 0 to 7 = 0.25
its per-unit emissions increase but then they decrease as 7 is increased to 0.7. This
is because the emissions tax has two conflicting effects on the profitability of the w-
CSR firm. First, it increases its cost which starting from the LF forces it to increase
emissions to be able to meet its break even constraint. But the tax also increases
the competitor’s cost and thus decreases its output which relaxes the w-CSR firm’s
profit constraint which allows it to lower its emissions in line with its welfare objective.
Comparing Table 2 and 3 we see the first effect dominates for the smaller tax 7 = 0.25,
but for the higher tax 7 = 0.7 the second one dominates. However, total emissions
are monotonically decreasing with the tax because of the output effect. Finally, the

overall effect on welfare is negative. Here again the tax has two conflicting effects. The

13



S T To e1 | ey | m D) ) W
0.25 | b—CSR | 10.57 | 10.57 | 4.9 | 4.9 | 49.52 | 49.52 | 103.61 | 145
w—CSR 990 |17.26 | 4.9 | 4.5 | 35.80 | 4.22 | 126.23 | 164.60
0.7 |b—CSR | 10.77 | 10.77 | 4.9 | 4.9 | 53.88 | 53.88 | 105.61 | 147.57
w—CSR | 10.13 | 17.22 | 4.9 | 4.5 | 40.40 | 11.79 | 127.15 | 165.89

Table 4: Uniform output subsidy and no emissions tax.

first effect is detrimental to welfare since total output which is already too small in
the LF further decreases. But the tax also decreases overall emissions which enhances
welfare. Our results show that the first effect dominates so that welfare decreases with
the emissions tax.

Now consider a uniform output subsidy s > 0, and no emissions tax 7 = 0. The
results are reported in Table 4.

The output subsidy increases the level of production and has no impact on per-unit
emissions. This is obvious for firm 1. Regarding the w-CSR, since both firm’s profits
increase, its budget constraint remains non-binding so that it can maintain its per-unit
emissions at its first-best level. Due to the increase in output, with per-unit emissions
unchanged, total emissions will of course increase. While this in itself has a negative
effect on welfare, this effect is outweighed by the increase in total output so that welfare

is higher than in the LF and increases with the subsidy.
5.3.2 Targeted policies

We now study two targeted policies. First, the emissions tax is imposed only on firm
1 and then the production subsidy applies only to firm 2. We focus on the equilibrium
with a w — CSR competing with a b — CSR firm, since in a symmetric equilibrium,
there is no reason to treat firms differently.

First, consider an emissions tax which is solely imposed on firm 1 so that 73 > 0 and
s1 =89 =19 = 0.

The results are presented in Table 5. Compared to the LF, both levels of the tax
decrease total emissions. Furthermore, they decrease with the level of the tax. This is

not surprising because facing the tax firm 1 reduces its emissions. Firm 2’s profits are

14



T1 il T2 €1 €9 1 T2 FE w
0.25 | w—CSR | 9.15 | 17.41 | 4.77 | 4.5 | 21.61 | 0.44 | 122.11 | 160.84
0.7 | w—CSR | 8.08 | 17.63 | 4.55 | 4.5 | 3.15 1.21 | 116.14 | 153.89

Table 5: Targeted emissions tax on firm 1 and no output subsidy.

S92 I i) €1 €2 T v E w
025 | w—CSR | 9.77 | 1729 | 49 | 4.5 | 33.29 | 4.32 | 125.72 | 163.86
0.7 |w—CSR | 9.77 | 17.29 | 49 | 4.5 | 33.29 | 12.10 | 125.72 | 163.86

Table 6: Output subsidy targeted on firm 2 and no emissions tax.

now strictly positive so that the break-even constraint no longer binds. However, the
level of welfare decreases with respect to the LF in Table 2: total production and total
emissions decrease with the tax rate. This mirrors the results obtained in Table 3: the
welfare impact of the decrease in total production dominates that of the decrease in the
level of per-unit and total emissions so that welfare decreases as compared to the LF.
Furthermore, comparing Table 5 to Table 3 shows that a given targeted emissions tax
on firm 1 always yields a higher level of welfare than a uniform emissions tax. More
surprisingly, total emissions are larger under the targeted tax even though e is smaller.
This is because of the increase in output of firm 2. While this firm is cleaner, the
output’s increase compared to a uniform tax is so drastic that global emissions increase.

Second consider an output subsidy targeted towards firm 2: so > 0 and s; =7 =
5 = 0.

The results are presented in Table 6. Note that as long as the break-even constraint
is not binding the objective of firm 2 is not affected by increases in the production
subsidy. The objective of firm 1 is of course also not affected. Consequently, the
equilibrium outputs and emissions levels are not affected. Recalling expression
and its discussion explains that the targeted subsidy has no impact on welfare. It does
increase profits mo but this is exactly offset by the increase in government expenditures.

The results presented so far in this subsection show that a targeted output subsidy on

firm 2 has no impact on welfare and the discussion has explained that this is a general
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s =0.25,71 =0.25
s=0.7,717=0.25
s=0.25,71 =0.7
s=0.7,71=07

Table 7: Scenarios with emissions tax on firm 1 and uniform output subsidy.

s 5! T T2 el ey | m T E 4
07101 |w—CSR | 988 | 17.27 | 4.85 | 4.5 | 35.43 | 12.01 | 125.66 | 164.86
071015 | w—CSR | 9.76 | 17.29 | 4.82 | 4.5 | 33.00 | 12.11 | 124.93 | 164.31

Table 8: An example where the emissions tax on firm 1 combined with a uniform output
subsidy is welfare improving.

result; it is not specific to the examples. A targeted emissions tax decreases welfare
and this is mainly due to the reduction in output. On the other hand, the previous
subsection has shown that a uniform output subsidy is welfare improving because it
does affect output. This suggests that a targeted emissions tax along with a uniform
output subsidy might do better. We have checked the scenarios defined in Table 7.

None of these scenarios lead to a higher welfare. Interestingly, a smaller emissions
tax 7 does increase welfare when combined with a sufficiently large output subsidy such
as s = 0.7 (s = 0.25 is not sufficient); see Table 8.

Note that while in both cases welfare is higher than in the LF the example shows
that welfare decreases as the tax increases beyond 0.1. Intuitively, this is in line with
our observation that the output effect dominated in the examples above. This effect

can be neutralized by a sufficiently large output subsidy.

5.4 Budget balanced instruments

In all the examples considered so far the policies were not designed to be budget bal-
anced. We now consider the same scenarios as in the previous subsection but mix
subsidies and taxes so that they are budget neutral for the government. We start with
a uniform emissions tax 7 = 7 = 7» financing a uniform subsidy s = s; = ss. Note

that since the policy is designed such that tax revenues are equal to expenditures on
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T T1 xI9 €1 €9 1 9 S F w

0.25 | b 10.45 | 10.45 | 4.77 | 4.77 | 46.98 | 46.98 | 1.19 | 99.81 145.20
w—CSR | 975 | 17.24 | 4.77 | 451 | 32.81 | 0 1.15 | 124.19 | 164.54

0.7 |b 10.40 | 10.40 | 4.55 | 4.55 | 45.97 | 45.94 | 3.18 | 94.67 | 146.08
w—CSR | 970 | 17.28 | 4.55 | 451 | 3191 | O 3.16 | 121.95 | 164.97

Table 9: Uniform emissions tax 7 = 71 = 7y financing a uniform subsidy s = s1 = ss.

S 1 xI9 €1 €9 T 9 T FE w

0.25 | b 10.45 | 10.45 | 4.87 | 4.87 | 47.12 | 47.12 | 0.05 | 101.96 | 143.94
w—CSR | 976 | 1729 | 487 | 45 | 33.16 | 0.13 | 0.05 | 125.43 | 164.03

0.7 |b 10.45 | 10.45 | 4.82 | 4.82 | 47.08 | 47.08 | 0.14 | 100.95 | 144.60
w—CSR | 9.75 17.29 | 4.82 | 4.5 | 3292 | 0.32 | 0.15 | 124.91 | 164.29

Table 10: Uniform subsidy s = s; = s financed by a uniform emissions tax 7 = 1, = 7o.

subsidies the level of s is endogenous and depends on 7. The results are presented in
Table 9.

In this example, a budget balanced uniform 7 is always better than the LF and
better than a uniform 7 without production subsidy (see Table 3). On top of that,
welfare increases with 7. Intuitively, the subsidy mitigates the production effect so that
it is dominated by the emissions tax effect. Note that the equilibrium value of s is large
compared to the values studied in the preceding section where no budget-balance was
imposed.

Next we reconsider a uniform subsidy s = s;1 = s9 but now financed by a uniform
emissions tax 7 = 7 = 1. The results are presented in Table 10.

In all considered cases a budget-balanced uniform s is better than the LF. Moreover,
welfare increases with s. As in the Table 8 the output effect is sufficiently mitigated to
be dominated by reduction in emissions. To understand this, note that the equilibrium
value of 7 is very low (lower than 0.2) which mirrors the last table of the preceding
section (Table 8).

Appendix [A] presents some additional examples of policies that are not welfare im-
proving: (i) a targeted emissions tax on firm 1 74 > 0, 72 = 0 with uniform subsidy

s = 81 = $9; (1) targeted emissions tax on firm 1 7y with subsidy s9 only on firm 2 and
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s1 T T9 e1 ey | m T | T FE w
025 | w—CSR | 9.77 | 17.29 | 4.87 | 4.5 | 33.29 | O+ | 0.05 | 125.47 | 164.06
07 |w—CSR |9.77 | 1729 | 4.82 | 4.5 | 33.24 | 0+ | 0.14 | 125.00 | 164.36

Table 11: Targeted subsidy on firm 1 s; > 0, so = 0 financed by a uniform emissions
tax 7 =11 = To.

(iii) targeted subsidy on firm 2 with a targeted emissions tax 7. In all these examples
the output effect dominates which explains the decrease in welfare.

Finally, Table 11 provides an example of a welfare improving targeted policy. The
previous examples have shown that output effect related to imperfect competition is
crucial and that when its break-even constraint is not binding a subsidy on the w—CSR
firm cannot affect outputs. On the other hand, a subsidy on firm 1 combined with a

budget balanced uniform emissions tax can be welfare improving.

6 The role of the fixed cost

So far we have concentrate on a single level of fixed cost, namely F' = 62.26 which is
such that equilibrium profits of the w — C'SR firm are exactly zero. In other words this
is the largest fixed cost for which its break-even constraint is not binding in the LF.
This has allowed us to concentrate on the impact of policies on the profitability of the
w— CSR firm. Considering larger levels of fixed cost has otherwise no impact on most
of our results.

One of our results, however, would change for larger levels of fixed costs. Specifically,
when the break-even constraint of the w — C'SR firm is binding in the LF, a targeted
subsidy on its output would affect the equilibrium and potentially be welfare improving.

To illustrate this consider now a fixed cost F' = 80. Since this fixed cost is higher
than the one considered in Table 2 (F' = 62.26), the profit constraint of firm 2 is now
strictly binding. As shown in section , A > 0 and the laissez faire allocation in the
w — C'SR scenario is now as described in Table 12.

As expected the per-unit emissions levels are higher and the production of the w —

CSR firm is lower than the ones described in Table 2. (the first-best allocation is the
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X1 X9 el (D) T m™ | B w
w—CSR | 991 | 15.85 | 49| 4.54 | 1839 | O 120.68 | 128.19

Table 12: LF with F' = 80, when a b — C'SR and a w — C'SR firm compete.

S9 T T2 er | e ™ my | K w
025 |w—CSR | 9.88|16.21 | 4.9 | 4.53 | 1768 | 0 | 121.95 | 128.43
07 |w—CSR | 982 |16.84 | 49 | 4.51 | 16.43 | 0 | 124.17 | 128.55

Table 13: Output subsidy targeted on firm 2 and no emissions tax when F = 80.

same as in Table 2, but welfare is lower because of higher fixed costs). Let us now revisit
the impact of a non budget balanced subsidy so considered in Table 6 with the larger
level of fixed cost. The new allocations are described in Table 13.

Now thanks to this subsidy, the profit constraint of the w — C'SR is relaxed (but
continues to be binding) so that its production level increases with so and the per-unit
level of emissions decreases. As a result welfare strictly increases with the subsidy as
opposed to the results obtained in Table 6 where allocations as well as welfare are not

affected by the subsidy.

7 Conclusion

This paper analyzes environmental policy design in a differentiated duopoly where firms
differ in their CSR motivations and where one firm faces a break-even constraint due
to fixed costs. By combining strategic interaction, environmental externalities, and
financial viability considerations, we show that the presence of mission-oriented firms
does not eliminate the need for carefully designed public policy.

Our theoretical analysis establishes that a w-CSR firm internalizes environmental
externalities and implements the first-best Pigouvian emissions rule as long as its budget
constraint is non-binding. However, when fixed costs are sufficiently high or when policy
instruments reduce profitability, the break-even constraint binds. In that case, the firm
increases emissions above the socially optimal level in order to reduce costs and survive.

Thus, financial viability considerations can undermine intrinsic CSR, commitments.
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The numerical simulations further highlight the complexity of policy design in imper-
fectly competitive markets. Uniform emissions taxes reduce emissions but often decrease
welfare because they exacerbate the output distortion already present under Cournot
competition. Uniform output subsidies, while environmentally detrimental, can raise
welfare by correcting underproduction. Targeted instruments produce heterogeneous
effects: emissions taxes on the strategic firm reduce emissions but may lower welfare;
subsidies directed at the w-CSR firm are neutral when its break-even constraint is
slack. Importantly, certain mixed and budget-balanced policies—such as uniform emis-
sions taxes financing uniform subsidies, or a subsidy to the strategic firm combined with
a uniform tax—can increase welfare by appropriately balancing emissions and output
effects.

Two broad lessons emerge. First, CSR cannot substitute for environmental policy:
even welfare-oriented firms may deviate from first-best behavior when financial con-
straints bind. Second, the classical Pigouvian prescription must be adapted in markets
with imperfect competition and heterogeneous firm motivations. Optimal policy must
jointly address environmental externalities, output distortions, and the sustainability of
mission-oriented firms.

The additional examples presented in the paper also show that the welfare impli-
cations of targeted environmental policies depend crucially on firms’ cost structure. In
particular, when fixed costs are sufficiently large, the targeted policy can lead to higher
welfare compared to laissez—faire. This qualification highlights that the negative wel-
fare results obtained in the baseline framework are not universal, but rather reflect
the interaction between imperfect competition, CSR behavior and the absence of fixed
production costs.

These findings contribute to the growing literature on environmental regulation un-
der imperfect competition by showing how heterogeneous CSR motivations and via-
bility constraints reshape standard results. They also offer practical implications for
policymakers seeking to regulate industries where public or mission-driven firms coexist
with profit-maximizing competitors. Designing effective environmental policy in such

contexts requires a nuanced approach that integrates economic incentives with institu-
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tional realities. Specifically, the analysis shows that environmental policy in markets
with socially responsible firms cannot be designed by applying the Pigouvian bench-
mark mechanically. Uniform emissions taxes reduce emissions but may lower welfare
when market power creates underproduction. Output subsidies may raise welfare even
when they increase emissions. Targeted instruments are not necessarily superior, be-
cause their effects depend on how they interact with the responsible firm’s break-even
constraint. The appropriate policy mix must therefore jointly account for environmental

damages, market power, and financial viability.
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Appendix

A Further examples of welfare decreasing targeted poli-
cies

Tables 12-14 provide some further examples of targeted (and budget balanced) policies

which lead to a decrease in welfare because the output effect dominates.

5! T T el ey | m o S E w
025 | w—CSR |9.37 | 1737 | 4.77 | 4.5 | 256.57 | 7.55 | 0.41 | 122.94 | 162.21
07 |w—CSR | 8.62 | 1752 | 4.55 | 4.5 | 12.11 | 19.23 | 1.05 | 118.10 | 157.84

Table 14: Targeted subsidy emission tax on firm 1 7 > 0, 2 = 0 used to finance a
unifrm output subsidy s = s1 = ss.

1 T i) (&) €9 1 T2 S92 E w
025 | w—CSR |9.15 | 1741 | 4.77 | 4.5 | 21.61 | 11.37 | 0.62 | 122.11 | 160.84
0.7 |w—CSR | 8.08 | 17.63 | 4.55 | 4.5 | 3.15 | 26.97 | 1.46 | 116.14 | 153.89

Table 15: Targeted subsidy emission tax on firm 1 7, > 0, 7o = 0 used to finance an
output subsidy on firm 2 s; = 0 and so > 0.

S9 I i) el €9 T T2 1 E w
0.25 | w—CSR | 9.54 | 17.34 | 4.85 | 4.5 | 28.79 | 4.5 0.09 | 124.34 | 162.81
0.7 | w—CSR | 9.07 | 17.43 | 4.75 | 4.5 | 20.17 | 12.70 | 0.28 | 121.66 | 160.40

Table 16: Targeted subsidy firm 2 sy = 0 and s2 > 0 with a targeted emissions tax
71 >0, 79 =0.

B Considering higher fixed cost

Consider now a fixed cost F' = 80. Since this fixed cost is higher than the one considered
in Table 2 (F' = 62.26), the profit constraint of firm 2 is now strictly binding. As shown
in section (4.2)), A > 0 and the laissez faire allocation in the w— C'SR scenario becomes:

T T2 el €2 T m | B w
w—CSR | 991 | 15.85 | 4.9 | 4.54 | 18.39 | O 120.68 | 128.19
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As expected the per-unit emissions levels is higher and the production of the w—CSR
firm is lower than the ones described in Table 2. (the first best allocation is the same as
in Table 2 but welfare is lower because of higher fixed costs). Let us now replicate the
implementation of a non budget balanced subsidy s9 as in table table 6. The allocations

become:

59 T T2 €1 €9 T T2 E w
0.25 | w—CSR | 9.88 | 16.21 | 4.9 | 4.53 | 17.68 | 0 121.95 | 128.43
0.7 |w—CSR | 9.82 | 16.84 | 49 | 4.51 | 1643 | 0 124.17 | 128.55

Now thanks to this subsidy, the profit constraint of the w — C'SR is relaxed (but
still binding) so that its production level increases with s and the per-unit level of
emissions decreases. As a result welfare strictly increases with the subsidy as opposed
to the results obtained in Table 6 where allocations as well as welfare are not affected

by the subsidy.
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