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Abstract
We investigate the pro-environmental behavior of green firms in a context where con-
sumers value the goods’ eco-quality features. We present a two-sector monopolistic
competition model with green and brown goods displaying both horizontal and verti-
cal differentiation. Using analytical and quantitative techniques, we derive the optimal
eco-quality level selected by green firms and the industry structure both in the short-
and long-run equilibrium. We then study the effectiveness of three policy tools (green
incentives, the imposition of a minimum quality standard, and green awareness cam-
paigns) with respect to the policymaker’s objective of increasing the overall level of
greenness, which we measure through a specific indicator. We find that each policy
alone is apt to stimulate an increase in the greenness intensity compared to the unregu-
lated equilibrium. Yet, their side effects in terms of market structure and the possibility
that the intensity of application of a single tool may hit budgetary, political, or social
limits call for a combination of two or more policies to overcome the above limits and
get a higher overall level of greenness than that resulting from just one of them.

Keywords Green consumerism · Monopolistic competition · Horizontal and vertical
product differentiation · Environmental policy

JEL Classification D43 · L5 · Q50 · Q58

1 Introduction

The growing diffusion of pro-environmental awareness among citizens is a topic catch-
ing increasing attention inmedia and public discussions, as well as in academic papers.
Worldwide campaigns in favor of emission abatements, wild world preservation, and
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responsible behavior concerningwaste treatment, or recycling, are only a fewexamples
of the aforesaid awareness. Green consumerism is often revealed through an increased
willingness to pay for products viewed as clean, i.e., produced with environmentally
friendly production or abatement technologies, or for products whose consumption
has a lower impact on the environment.

Our paper follows the strand of literature focusing on green consumerism, with the
purpose of examining the pro-environmental behavior of greener firms, in a context
where consumers value the eco-quality features of the goods as well as their intrinsic
attributes. In our approach, the term ‘eco-quality’ refers to all the pro-environmental
features of a product that are valued by eco-responsible consumers. Since there are
several dimensions of environment-friendliness, the term signals the product’s lower
impact than the standard on the environment stemming from the production process,
and/or its use and disposal. ‘Eco-quality’ refers for instance to energy efficiency, a
reduction in pollution generated from the production and/or use of the product, the
degree to which the product or parts of it can be recycled, reducing waste, the presence
of recyclable or refillable packaging, the lack of pesticide content reducing harm to
biodiversity and possibly others.

In the paper, we set out a model based on a two-sector monopolistic competi-
tion setting, the two sectors (called ‘brown’ and ‘green’) differing as to the products’
environmental attributes; in the unregulated framework, brown goods have no environ-
mental characteristics,while the eco-quality level of green goods derives endogenously
from a profit-maximizing process. The model is then modified to study the impact of
policy interventions by a regulator aiming at increasing the overall level of greenness
in the industry, namely a subsidy on green costs, pro-environment government cam-
paigns, and the imposition of a minimum quality standard. We use both analytical
and quantitative techniques since the former do not yield a closed expression for the
optimal eco-quality level of green goods.

Analytically, we get the long-run equilibrium for the green sector from the interplay
of two relationships, each between the environmental quality of green goods and the
number of active firms. The first relationship derives from the long-run zero-profit
condition and the second from the maximizing behavior of green firms with respect
to their products’ greenness intensity. Since we are not able to get an analytical result
for green firms’ optimal eco-quality, we make use of a numerical simulation that
allows quantifying the long-run industry equilibrium, as well as the effects of the
exogenous and policy-induced factors influencing the above relationships and the
industry structure. It is worth noting that, albeit not in closed form, all the qualitative
policy results (that is, the signs of the interventions’ effects on green firms’ optimal
eco-quality) can be derived analytically, so that only the quantitative results depend
on the parameter values.

We find that the granting of a subsidy on ecological-related costs and an inten-
sification in consumers’ environmental awareness have a positive impact on green
firms’ profits, the former thanks to a reduction in their environmental costs, and the
latter thanks to a surge in green goods’ demand. The increase in green firms’ profit
leads to a higher optimal level of greenness and, at the same time, to more green
firms entering the market. It follows that the long-run equilibrium is characterised by
a higher optimal eco-quality level chosen by green firms, a higher green firms’ market
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share, and thus a higher industry’s total eco-quality. The imposition of a minimum
quality standard (MQS) binding for brown products has the same positive impact on
the industry’s total eco-quality, as green firms react to brown firms’ greater quality
competition by incrementing the eco-quality content of their products. However, the
resulting industry structure sees a reduction in green firms’ market share, a side effect
that we show can be addressed by complementing the MQS policy with one or more
of the other instruments.

Indeed, the policies under consideration appear to be complementary since they
mutually reinforce one another. Thus, the policymaker can combine two or more
policies to get a higher overall level of greenness, when the intensity of application
of a single policy cannot be further expanded due to budgetary, political, or social
limits. For instance, the budget constraint may limit the granting of the eco-subsidy,
environmental campaignsmay take too long to produce sizeable effects on consumers’
behaviour, or the imposition of a high minimum standard may compel too many green
firms to exit the market.

There is an established body of literature on the economic impact of green con-
sumerism, investigating both firms’ responses in terms of the environmental aspects of
their production process, and the type and extent of policymakers’ interventions in this
field. Most environmental literature papers consider consumers’ green-oriented pref-
erences to act as an incentive inducing firms to produce with environmental-friendly
technologies. Some of the contributions show that consumers’ eco-friendly behavior
may bring about the same results as some environmental policies or may strengthen
their effects. For instance, Sartzetakis et al. (2012) find that information provided
to consumers about the environmental damage of products may lead to a reduction
in the level of environmental taxation. In Arora and Gangopadhyay (1995) duopoly
model, a minimum standard binding on the dirty firm has the effect of improving the
performance of the cleaner firm as well, due to the latter’s effort to lessen the price
competition through increased product differentiation. In the same vein, in the context
of a spatial duopoly with vertically differentiated products, Conrad (2005) finds that,
when consumers’ environmental concern is strong, the market equilibrium is char-
acterized by both firms differentiating their products towards a higher environmental
attribute.

The paper is innovating over other similar studies of green consumerism in sev-
eral respects. First, we analyse a monopolistically competitive market, whereas most
models (differing as to assumptions on firms’ cost and green investment functions, to
consumers’ heterogeneity, and others) consider duopoly markets. Few other papers
investigate a generic imperfect competition setting, the equilibrium ranging from
monopoly to duopoly or oligopoly depending on the parameters’ values (for instance,
Cremer and Thisse 1999). To the best of our knowledge, ours is the only paper
that assumes a monopolistic competition framework with both dimensions of dif-
ferentiation, as another paper by Requate (2005), based on the Dixit-Stiglitz model
of monopolistic competition, only considers horizontal differentiation among com-
modities. In the economy, there are several examples of monopolistically competitive
industries with differentiation both in intrinsic characteristics and eco-qualities, such
as for instance processed food, electric and electronic appliances, house cleaning prod-
ucts, cosmetics, and others. Our model is meant to be a stylized representation of their
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features. In this way, we are able to account for several intrinsic attributes, that is,
design, style, brand, and so on, that differentiate goods in the same branch of industry
and that are not easily represented in a duopolistic market framework.

As to the horizontal product differentiation within the same quality group, our theo-
retical model assumes a monopolistic competition setting à la Blanchard and Kiyotaki
(1987), where consumers’ desirability for variety is expressed by a CES utility func-
tion. Following the literature on quality product differentiation, in our model, each
variant is also characterized by a vertical attribute defining its eco-quality, so that the
two dimensions (horizontal and vertical attributes) together describe each good, with
the bi-dimensional attributes jointly valued by eco-concerned consumers. Other con-
tributions (such as Conrad 2005; Deltas et al 2013; Garella 2021) consider both types
of differentiation among goods in duopolisticmarkets. However, apart from themarket
form, their framework differs from ours, as in their approach consumers value sepa-
rately the intrinsic and the environmental characteristics of each product. In ourmodel,
the concurrent horizontal and vertical differentiation of the goods and themonopolistic
competition structure of the market consent to fully exploit the competitive implica-
tions stemming from the simultaneous working of both types of differentiation. In fact,
we are able to consider at the same time two competitive forces at work: competition
within sectors, based on the horizontal differentiation, that triggers the entry/exit of
firms in each sector, and competition between sectors, based on the vertical differen-
tiation. Both competitive forces contribute to determining the level of eco-quality that
green firms optimally select and define the equilibriummarket structure. This enriches
the analysis of policy interventions since it allows us to complement their results in
terms of the regulator objective of the industrial greenness level with an understand-
ing of their effects on the industry structure (number of firms in each sector and each
sector’s market share). As the industry composition changes unevenly in response to
different policies, it is possible to complement policy analyses with respect to this
outcome.

Second, we depart from the large body of literature (among the others, Arora and
Gangopadhyay 1995; Moraga-Gonzáles and Padrón-Fumero 2002; Amacher et al
2004; Fujiwara 2009) that considers firms’ products to be differentiated only as to the
intensity of pollution linked to their production. According to our approach, instead,
goods are characterized by environmental qualities referring to all the ecological fea-
tures linked to pro-environmental impacts occurring during production, consumption,
and/or disposal. Eco-quality differentiation results in product variants, some of which
are more environment-friendly than the standard (‘brown’) ones (or the less eco-
friendly ones).

Third, we consider that the weight of each good in consumers’ preferences is
endogenously determined by its relative eco-quality with respect to the overall eco-
content of final goods. Since consumers’ demand for any good responds positively
to an increase in its relative eco-quality content, each firm’s market share depends
on the quality gap between its product and all the products in the industry. On the
contrary, other papers assume exogenous weights for clean and dirty goods (see, for
instance, Chang et al 2018). In our model, the endogeneity of such weights lets policy
interventions, which are able to influence the optimal eco-quality level selected by
green firms, modify the relative consumption of green to brown goods, that is, the
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industry composition. Changes in relative consumption of goods with different eco-
quality features represent an important effect of the environmental policies under
consideration, along with the growth in products’ eco-quality.

Fourth, our model assumes that consumers have homogeneous ecological prefer-
ences; still, they are willing to buy all eco-types of goods thanks to the CES utility
function consistent with the monopolistic competition structure of the market. On the
contrary, most contributions analysing green consumerism explain the simultaneous
presence of market demand for both brown and green products via consumers’ diverse
willingness to pay due to dissimilar income (Arora and Gangopadhyay 1995; Elhadij
and Tarola 2015), to different environmental attitudes (Garcia-Gallego and Geor-
gantzis 2009), or differing responsiveness to social norms and community approval
(Doni and Ricchiuti 2013).

The rest of the paper is structured as follows. Section 2 presents the theoretical
model. Section 3 solves, both analytically and through a numerical example, for the
short- and long-run equilibria in each sector of the industry. Section 4 considers the
effects of regulatory interventions on the long-run market equilibrium, the industry’s
structure, and the overall level of greenness. Section 5 analyses the same effects deriv-
ing from a combination of all policy tools together. Section 6 discusses the results and
concludes.

2 A Two-Sector Model

Weput forward a partial-equilibriummodel of a closed economy.We analyse an indus-
try where firms manufacture final goods in a framework of monopolistic competition,
with each firm producing a variety that substitutes imperfectly for the other products of
the industry. Besides, we assume a vertical differentiation among goodswith respect to
the product’s environmental attributes. In this respect, the industry is composed of two
sectors: sector G, which collects firms manufacturing goods with high environmental
qualities (green goods), and sector B, which gathers firms producing goods with no (or
low) environmental qualities (brown goods). This determines an asymmetry between
firms belonging to the two different sectors, leading to a market segmentation based
on the eco-qualities of the horizontally differentiated goods.

Demand comes from households concerned about the environmental quality of
goods, who are willing to pay more for goods with higher environmental features, and
the more so the higher the greenness intensity. Therefore, albeit firms incur variable
and fixed costs specific to the production of eco-friendly goods, they can sell at higher
prices, thus covering their higher costs.1 Hence, there is an interaction between con-
sumers’ eco-preferences and firms’ advantage in meeting ‘green consumerism’, that
is, in producing goods that incorporate pro-environmental features.

1 In so doing, we follow the literature on quality product differentiation.
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2.1 Consumers’Behaviour

The set of green final goods is composed of N intrinsically differentiated varieties, so
that eachG good is specified as a bundle of a physical quantityC j , with j = 1, . . . , N ,
and a matching green quality, g > 1. For the sake of simplicity, we assume that all
green products embody the same level of environmental quality.2 Correspondingly, set
B of final goods is composed ofM differentiated varieties,Ci , with i = 1, . . . , M , and
a matching brown quality, b ≥ 1, with b < g. We assume that all goods’ eco-quality
is perfectly observable to consumers.3

Preferences of the representative consumer are characterized by a CES utility func-
tion defined over the consumption of each good j included in sector G and each good
i belonging to sector B

U =
⎡
⎣

(
g

g + b

) 1
θ

N∑
j=1

(
gλC j

) θ−1
θ +

(
b

g + b

) 1
θ

M∑
i=1

(
bλCi

) θ−1
θ

⎤
⎦

θ
θ−1

(1)

where C j and Ci are the physical quantities consumed of good j and i , which enter
the utility function with a constant elasticity of substitution4 θ > 1. The assumption
that consumers value the environmental attributes of each good, so that their utility
increases beyond that arising from the physical features of products, is captured by
the specification that each differentiated variety in sector G and sector B is a bundle
of the physical quantity and the corresponding environmental quality (or ‘quality-
adjusted’ variety). The utility deriving from the products’ greenness is enhanced by
the parameter λ, the consumer’s intensity of preference for the environmental quality
content, taken to be λ > 1. It represents consumers’ concern for the environment,
which results in an extra value attached to eco-friendly products. Thus, for any physical
quantity, the consumer’s utility is greater the higher the eco-content of goods and the
higher the consumer’s eco-sensitivity.5 In addition, consumers’ utility depends on the

2 This simplifying assumption does not affect the working of themodel, as in equilibrium there is symmetry
among all firms of the same sector so that they optimally choose the same greenness intensity.
3 See Arora and Gangopadhyay (1995) for a similar hypothesis. Models with imperfect information about
products’ eco-friendliness analyse the role of firms’ strategies aimed at capturing the market demand from
environmentally oriented consumers. To expand their market share, firms try to gain a pro-environmental
reputation by spreading information on their green performance. The focus is on over-compliance with
environmental regulations, the imposition of higher prices, since green efforts are associated with higher
costs (Mahenc 2008; Sengupta 2012) or the differentiation of products from those produced by firms that
make lower green investments through advertising activities, the use of eco-certification (Hamilton and
Zilberman 2006) or labels (Amacher et al 2004).
4 As standard with CES utility functions, for θ > 1, utility rises with varieties, so that the representative
consumer demands all differentiated varieties within both sets of available products. To save on notation,
we assume the same value of the elasticity of substitution among all goods.
5 The rationale for considering that the environmental quality of products influences consumers’ utility
rests on the approach followed in models of quality product differentiation (see Grossman and Helpman
1991). According to this strand of literature, optimizing firms invest in R&D to obtain an increase in the
qualitative characteristics of goods and thus conquer market shares, given consumers’ demand for higher-
quality products. The latter depends no more on pure relative prices but on quality-weighted relative prices.
Another approach, leading to the same result of goods’ environmental features entering the utility function,
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quality differentiation between sectors, with the weight of each sector in consumers’
preferences endogenously given by its relative eco-quality with respect to the overall
eco-content of final goods, so that the weight of sector G is defined as g

g+b and that

of sector B as b
g+b .

The above is a general formulation of consumers’ preferences, which permits to
analyse both the market equilibrium under no regulation (the benchmark case) and the
effects of different regulation tools. We first solve the model for the benchmark case,
where we assume that brown goods have no environmental content, so that the brown
eco-quality, b, is set equal to 1. This assumption will be removed in Sect. 4, where we
study the effectiveness of policy tools with respect to the policymaker’s objective of
increasing the overall level of greenness.

For the benchmark case, Eq. (1) reduces to

U =
⎡
⎣

(
g

g + 1

) 1
θ

N∑
j=1

(
gλC j

) θ−1
θ +

(
1

g + 1

) 1
θ

M∑
i=1

(Ci )
θ−1
θ

⎤
⎦

θ
θ−1

(2)

Given the consumer’s budget constraint, utility maximization leads to the following
aggregate demand functions for the green good j and the brown good i:

C j = 1

N

g

g + 1

E

P

( p j

P

)−θ

gλ(θ−1) (3)

Ci = 1

M

1

g + 1

E

P

( pi
P

)−θ

(4)

where E denotes the exogenously given aggregate consumption expenditure in the
industry, E = ∑N

j=1 C j p j + ∑M
i=1 Ci pi , whereas p j and pi represent the prices of

good j and i , respectively, and

P =
⎡
⎣ g

g + 1
gλ(θ−1) 1

N

N∑
j=1

p1−θ
j + 1

g + 1

1

M

M∑
i=1

p1−θ
i

⎤
⎦

1
1−θ

(5)

is the ‘ideal’ price index consistent with the utility function specification.
The demand equations display the standard result that aggregate demand for any

variety of each sector is a negative function of its relative price, with elasticity θ , while
the positive income elasticity of demand is unity. In Eqs. (3) and (4), the first three
terms on the right side denote each firm’s quota of the share of consumers’ expenditure
devoted to its sector. In our model, such a share is given by the sectors’ relative eco-

quality
(

g
g+1

)
for sector G, and

(
1

g+1

)
for sector B. It follows that each sector’s

demand is increasing in the quality of its products and decreasing in the quality of

Footnote 5 continued
refers instead to social drivers of consumers’ behaviour. Among the large volume of literature discussing
the social dimension of green consumerism, are Andreoni (1990), Frey and Stutzer (2006), Nyborg et al
(2006).
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the other sector goods. Besides, for green products, a positive role is played by the
consumer’s intensity of preference for greenness, which operates as a further positive
demand shifter.

2.2 Firms’Behaviour

In each of the two final sectors, every firm manufactures a differentiated product.
We assume that firms belonging to the same sector share the same constant-return-
to-scale Cobb–Douglas production technology: Y j = ALβ

j Z
(1−β)
j in sector G and

Yi = ALβ
i Z

(1−β)
i in sector B, where A is a measure of technology, for the sake of

simplicity assumed to be equal in both sectors.
Production requires the use of labour, L , and an intermediate input, Z , that are

differentiated as to their ’green productivity’, that is, L j and Z j are more qualified
inputs for the production of eco-friendly final goods in sector G, while Li and Zi are
unskilledworkers and no eco-qualified intermediate inputs employed in the production
of browngoods in sector B. To relate the production of eco-quality to its cost, we follow
Hallak andSivadasan (2013),who consider that price gaps across types of inputs reflect
differences in their ‘quality productivity’. We thus assume that firms in sector G need
to pay more qualified workers (the so-called green-collar workers) wg = w0gη and
more qualified intermediates zg = z0gη, wherew0 and z0 are costs of no eco-qualified
workers and intermediates, respectively, and η is the price elasticity of inputs to their
green content. We assume 0 < η < 1 on the hypothesis that an intensification in
eco-quality benefits from scale economies, as usually put forward in the literature
on vertical quality differentiation (see Crinò and Epifani 2012; Hallak and Sivadasan
2013). Accordingly, given the production function, we get that the minimum unit cost
of producing a variety j in sectorG is (AC) j = c

A g
η, where c is a constant that depends

on the parameters of the production function and the (exogenously given) prices of
unskilled workers and non-eco-qualified intermediate inputs, w0 and z0 respectively.6

Unitary costs are increasing with the environmental features of the goods produced,
d(AC) j

dg >0. On the contrary, a brown firm pays workers and intermediates at the basic
rate, so that the minimum unit cost of producing a variety i in sector B is (AC)i = c

A .
Along with unitary costs, we assume green firms to incur two types of fixed costs:

totally exogenous fixed costs, f , and fixed costs necessary to achieve the products’ eco-
quality. Investment costs in eco-quality, such as research and development resources
to reformulate products, investments to redesign production processes, acquire new
eco-friendly equipment, or retool old one, are assumed to be a convex function of the
greenness intensity, (FC) j = kgφ , where φ ≥ 2 is the elasticity of fixed costs with
respect to the eco-quality level.7 Thus, also environmental fixed costs are increasing

in the eco-quality of products:
d(FC) j

dg >0. Summing up, total fixed costs are (FC) j =

6 The constant is defined as ≡ w
β
0 z

1−β
0

ββ(1−β)1−β .

7 Fixed costs are a convex function of eco-quality as $${\left(FC\right)}_{j}ˆ{\text{’}\text{’}}>0$$ and
$${\left(FC\right)}_{j}ˆ{\text{’}\text{’}\text{’}}\ge 0$$ (Zhou et al 2002). As common in the vertical
product differentiation literature, several contributions consider that eco-quality only affects fixed costs
and assume a quadratic function to represent them (Lutz et al 2000; Moraga-González and Padrón-Fumero
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kgφ + f for green firms and (FC)i = f for brown firms, so that total costs are
(TC) j = ( c

A g
η
)
Y j + kgφ + f for sector G goods and (TC)i = ( c

A

)
Yi + f for sector

B products.
As standard with CES preferences, the behavior of imperfectly competitive firms

yields the result that profit-maximizing prices are a constantmarkup over unitary costs,
with the size of the markup depending on the elasticity of substitution between goods.
Thus, each firm in sector G sets its price according to:

p j = θ

θ − 1

c

A
gη (6)

while each firm in sector B sets its price equal to

pi = θ

θ − 1

c

A
(7)

3 Short- and Long-Term Equilibria in the UnregulatedMarket

With this formulation of the model, we are able to analyse both the short- and long-
term market equilibria when brown goods have no environmental content and there
are no policy interventions. This will serve as a benchmark for policy comparisons.

3.1 Short-TermMarket Equilibrium

In the short term, there is a given number of firms active in each sector, M0 for sector
B and N0 for sector G, that earn positive profits.

Our model implies that any green firm’s profit depends on the eco-quality content
of the goods it produces.When there is market equilibrium, i.e., Y j = C j , green firms’
profit is defined as π j = p jY j − c

A g
ηY j − kgφ − f . We substitute in it Eqs. (3) and

(5)—now specified for a given number of firms M0 and N0—and Eq. (6). Considering
that in market equilibrium there is symmetry among green firms, since they face the
same demand and set the same price, we substitute the subscript j referring to the
j th firm with the subscript G to represent sector G, when necessary. The following
equations define the short-term maximum profit of any green firm

πG = E

N0

1

θ

g(λ−η)(θ−1)+1
[
g(λ−η)(θ−1)+1 + 1

] − kgφ − f (8)

Footnote 7 continued
2002; Garcia-Gallego and Georgantzís 2009; Deltas et al 2013). To have investment costs strictly increasing
in quality, in the following numerical simulations we assume φ ≥ 2.
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Table 1 Parameters of the
benchmark case numerical
analysis

Parameters Values

k 1

θ 1.5

λ 1.2

η 0.5

φ 2

f 10

E 32,000

and the maximum profit first order condition8

∂πG

∂g
= E

N0

1

θ

[(λ − η)(θ − 1) + 1]
[
g(λ−η)(θ−1)

]
[
g(λ−η)(θ−1)+1 + 1

]2 − φkgφ−1 = 0 (9)

The symmetry among all G sector firms implies that they optimally choose the
same level of greenness intensity. However, we are not able to get an analytical result
for the optimal short-term value of g, as Eq. (9) is not a closed expression for it.9 We
thus make use of a numerical simulation by assigning parameter values in harmony
with the assumptions deriving from the theoretical model, as indicated in Table 1.

Values in Table 1 satisfy the restrictions imposed by the model, in particular:θ >

1;λ > 1;λ > η; so that(λ − η)(θ − 1) > 0.
We then compute the short-term market equilibrium for sector G on the basis of an

exogenously given number of firms N0 = 1000, getting g∗ = 1.766 as the optimal
short-term value of g.10

Analogously, the short-term market equilibrium for sector B yields for any brown
firm the following profit πB = pBYB − c

AYB − f , which is the maximum one due to
the price-setting rule. Again, in equilibrium, there is symmetry among all firms within
the sector. Thus, we replace the subscript i referring to the ith firm with the subscript
B. By substitution of Eqs. (4) and (5)—specified for M0 and N0—and Eq. (7), any
brown firm maximum profit becomes

πB = E

M0

1

θ

1[
g(λ−η)(θ−1)+1 + 1

] − f (10)

8 The second-order derivative is: ∂2πG
∂g2

= E[(λ−η)(θ−1)+1]
[
g(λ−η)(θ−1)−1

]

θN0{
(λ−η)(θ−1)

[
1−g(λ−η)(θ−1)+1

]
−2g(λ−η)(θ−1)+1

[
g(λ−η)(θ−1)+1+1

]3

}
− φ(φ − 1)kgφ−2. Its sign is negative, i.e. we have a

maximum profit when both terms are negative. Looking at the first term, the term in curly brackets is
negative if (λ − η)(θ − 1) > 0, that is if λ > η, implying that “going green pays,” i.e. consumers’ marginal
valuation of the eco-qualities of goods exceeds the marginal cost to produce more eco-friendly goods.
9 We cannot analytically derive the optimal level of greenness as the variable g appears in the first-order
condition with different exponents.
10 All numerical calculations are available upon request.
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Fig. 1 Green sector long-term equilibrium

showing that brown firms’ short-term profit depends only on the number of active
firms M0, assumed to be M0 = 600, on other parameters of the model, as well as on
the optimal eco-quality of the green goods. Actually, we have ∂πB

∂g < 0, as an increase
in g reduces the market share of brown goods.

3.2 Long-TermMarket Equilibrium

As all N and M firms earn short-term positive profits, new firms enter both segments
of the market, until the next potential entrant would incur in a loss. The long-run
equilibrium number of firms in each sector is endogenously defined by the null-profit
condition.

For the green sector, from Eq. (8) solved for a null profit,11 we get:

NL = E

f + kgφ

1

θ

g(λ−η)(θ−1)+1
[
g(λ−η)(θ−1)+1 + 1

] (11)

where NL is the long-run equilibrium number of green firms. We have ∂NL

∂g > 0, as
an increase in g augments the share of green goods in total consumption (see Eq. (3)):
with a higher demand for the green segment of the market, the null-profit condition is
satisfied with a greater number of firms. This relationship is described by the growing
curve in Fig. 1, obtained on the basis of the values of Table 1 parameters.

At the same time, the entry of new firms in the green segment of the market
modifies the value g that maximizes green firms’ profit. To analyze the resulting

11 Assuming no entry costs.
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relationship between N and g, we restate the first-order condition for profit maxi-
mization—Eq. (9)—as

NL = E

φkgφ−1

1

θ

[(λ − η)(θ − 1) + 1]
[
g(λ−η)(θ−1)

]
[
g(λ−η)(θ−1)+1 + 1

]2 (12)

It is easily verified12 that ∂NL

∂g < 0, that is, the optimal greenness intensity chosen
by maximizing firms is decreasing as new competitors enter. Indeed, the entry of new
firms in the green segment of the market, ceteris paribus, leads to a reduction in each
incumbent firm’s profit. Thus, the maximizing behavior of incumbent firms involves a
modification of their choice variable g. As firms’ revenues and total costs are positively
linked to the greenness intensity, the negative relationship between N and the optimum
g entails the elasticity to product eco-quality of total costs to be higher than that of
revenues. This is usually the case when firms incur investment costs for improving the
eco-quality of their products so that a lower g reduces total costs more than revenues13

and restores the firm maximum profit. Based on the values of the parameters in Table
1, the above relationship is described by the decreasing curve in Fig. 1.

The intersection between the two curves yields the long-run equilibrium in the
green segment of the market, characterised by the number of firms NL satisfying the
zero profit condition and the corresponding optimal greenness intensity gL assuring
profit maximization. The simulation identifies NL = 1, 112 and gL = 1.692 as the
long-run equilibrium values, as indicated in the first row of Table 2.14 The figure also
shows that the short-period equilibrium for N0 = 1, 000 is on the maximum profit
curve, but well above the zero-profit one.

As to the brown sector, from Eq. (10) solved for a null profit, we get:

ML = E

f

1

θ

1[
g(λ−η)(θ−1)+1 + 1

] (13)

that depends negatively on the optimal long-run value of g, ∂ML

∂g < 0, since a rise in
g has an adverse effect on brown firms’ demand and profit.

12 The derivative ∂NL

∂g = E[(λ−η)(θ−1)+1]
[
g(λ−η)(θ−1)

]

φkθ{
[(λ−η)(θ−1)+1]g−φ

[
1−g(λ−η)(θ−1)+1

]
−φg−φ

[
g(λ−η)(θ−1)+1+1

]
[
g(λ−η)(θ−1)+1+1

]3

}
< 0 is negative, as the term in

curly brackets is negative.
13 As stated in footnote 7, in the literature it is usual to assume a quadratic function to represent eco-quality
fixed costs. In our model, the key role is played by φ, the elasticity of fixed costs with respect to the
eco-quality level, whose value is not less than 2.
14 To check the robustness of the model, we have assigned different values to the demand and supply
parameters θ , η, and φ. The simulation results are consistent with those implied by the working of the
model. In particular, we obtain a higher optimal gL associated with a higher θ , as the latter signals a
competition intensification, prompting green firms to further diversify their products by increasing the
greenness intensity of their goods. Instead, we get a lower optimal gL associated with higher values for
η and φ, since they imply that green costs respond to a higher extent to a given eco-quality so that profit-
maximizing firms choose a lower optimalgL .
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Table 2 Green sector: long-run numerical results of no regulation, single and combined policies

NL gL ML (MS)G IGI b EQRc

No regulationa

1112 1.692 703 0.628 1.435 1.692

Single policies

Subsidy

ρ = 0.10 1157 1.724 691 0.633 1.458 1.724

ρ = 0.15 1181 1.741 685 0.635 1.471 1.741

Green campaigns

λ
′ = 1.5 1141 1.726 652 0.633 1.460 1.726

λ
′ = 1.7 1159 1.743 621 0.635 1.472 1,743

MQS

b = 1.2 1028 1.799 574 0.600 1.560 1.500

b = 1.3 990 1.848 559 0.587 1.622 1.422

Combined policies

λ
′ + ρ λ

′ = 1.7

ρ = 0.15

1230 1.796 601 0.642 1.511 1.796

MQS + ρ b = 1.2

ρ = 0.15

1068 1.895 571 0.612 1.626 1.579

b = 1.3

ρ = 0.15

1031 1.947 561 0.600 1.688 1.498

MQS + λ′ b = 1.2

λ
′ = 1.7

1066 1.874 515 0.610 1.610 1.562

b = 1.3

λ
′ = 1.7

1024 1.934 504 0.599 1.679 1.488

MQS + λ
′ + ρ b = 1.2

λ
′ = 1.7

ρ = 0.15

1111 1.964 509 0.620 1.674 1.637

b = 1.3

λ
′ = 1.7

ρ = 0.15

1069 2.027 503 0.609 1.743 1.559

aTable 1 values
bIndustrial greenness Index:

[(
gL (MS)G

)
+ (b(MS)B )

]

cEco-quality ratio:

(
gL

b

)
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4 Policy Interventions and Long-Run Equilibrium

The above result is open to policy interventions by a regulator aiming at increasing the
level of greenness of the goods produced in the industry. To this end, we now study
three environmental policy instruments: the granting of a subsidy on eco-friendly
production costs and investments for the development of the ecological upgrading of
products, campaigns to increase consumers’ ecological awareness, and the imposition
of a minimum eco-quality standard.15

In what follows, we are going to study the long-run effects of the above policies,
in the first place by considering each policy tool ‘alone’. For the first two policies
considered, we thus maintain the assumption that the brown sector’s goods present
no ecological content, so that b = 1, as in the benchmark case. In the MQS policy
analysis we assume that the standard exogenously fixed by the policymaker, b > 1,
only binds sector B firms. Indeed, the working of our model implies that an MQS
policy cannot impose the same or even a higher value than that voluntarily selected
by green firms when regulations are absent (benchmark case).

InTable 2, in the ‘single policies’ rows,we summarise the numerical results obtained
from two values of each tool referring to the long-term equilibrium values for the
following variables: the number of green and brown firms NL and ML , the optimal
eco-quality intensity for green goods gL , sector G market share (MS)G , the industrial
greenness index (IGI), and the degree of quality differentiation (eco-quality ratio,
EQR). The IGI index is defined as the sum of the eco-intensity of green and brown
goods, weighted for their respective market shares, while the EQR is expressed as the
ratio of the eco-quality intensity of the two sectors.

4.1 Subsidy on Green Costs

To support a higher ecological content of the goods produced, the policy maker may
grant a subsidy to green firms to lessen the cost of their environmental efforts. This type
of subsidy, which may consist of low-interest or guaranteed loans, equity infusions,
and tax credits given directly to green firms, modifies their behaviour in the desired
direction. We assume the subsidy to take the form of a proportional cost-sharing, with
the government paying a fraction ρ of all costs linked to the level of greenness firms
choose to undertake. With reference to our benchmark model, the subsidy 0 < ρ < 1
lowers unitary and fixed environmental costs incurred by green firms, so that their total

15 Several papers show that a subsidy lessening green firms’ eco-related costs is analogous to an emissions
tax increasing brown firms’ costs and prices. However, this is not why we do not analyse the imposition of
such a tax on brown firms. The reason is that, in our model, taxing brown firms does not yield the expected
outcome of a decrease in the brown sector’s market share and an increase in the overall industry’s level
of greenness. On the contrary, it results in a worsening in the industry’s greenness. The reasoning goes
as follows. By augmenting brown goods’ cost of production and prices, an emissions tax reduces brown
goods’ consumption, thus lowering brown firms’ profit and the long-run number of active firms. As to green
firms, there is a growth in their demand and profit. However, the loosening in price competition allows
a slackening in quality competition. As the elasticity of total costs to eco-quality is higher than that of
revenues, green firms maximize their profit by a lower differentiation of their products’ eco-quality. The
result is a reduction in the IGI index. Analytical, numerical, and graphical solutions (available from the
authors) confirm the above outcome.
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costs become (TC)G = (1 − ρ)
[( c

A g
η
)
YG + kgφ

] + f , bringing about an increase
in their profit. It follows that the zero-profit condition is satisfied by a higher number
of green firms, while the new profit-maximizing green level is higher as now green
costs respond to a lesser extent to changes in g. Indeed, with this policy in effect, the
long-run zero-profit condition is:

NL = E

f + (1 − ρ)kgφ

1

θ

(1 − ρ)1−θg(λ−η)(θ−1)+1

[
(1 − ρ)1−θg(λ−η)(θ−1)+1 + 1

] (14)

whereas the optimal ecological intensity results from the solution of the profit maxi-
mization problem:

∂πG

∂g
= E

Nθ

[(λ − η)(θ − 1) + 1](1 − ρ)1−θ
(
g(λ−η)(θ−1)

)
[
(1 − ρ)1−θg(λ−η)(θ−1)+1 + 1

]2 − φ(1 − ρ)kgφ−1 = 0

(15)

Comparing the above equations with the corresponding ones absent the subsidy
(Eqs. (11) and (9)), we get that the subsidy has a positive effect on both the long-run
equilibrium number of green firms NL and their optimal level of greenness gL ; both
variables are higher, the greater the subsidy granted. This analytical result is confirmed
by a numerical simulation carried on by assuming the following values for the subsidy:
ρ = 0.10 and ρ = 0.15. Figure 2 shows sector G ‘old’ and ‘new’ equilibria, where
the solid lines refer to the no-regulation case, the dashed ones to ρ = 0.10, and the
dotted ones to ρ = 0.15.

Since b = 1, brown firms do not benefit from the subsidy. Yet, as the subsidy makes
the optimal level of g to increase, it alters the two sectors’ market shares in favour of
sector G, bringing down sector B profit, so that its null profit condition is satisfied by
a smaller number of firms. These results are confirmed by our numerical simulation,
as well, as presented in the ’Subsidy’ rows of Table 2. In sum, by granting a ’green
subsidy’, the policymaker can increase the overall level of greenness (the IGI index),
as well as modify the market structure in favour of green firms.

4.2 Ecological Awareness Campaigns

In our model consumers’ demand supports the production of goods differentiated as to
their eco-friendly characteristics and at the same time plays a pivotal role in determin-
ing the optimal eco-quality level of green firms and thus the overall level of greenness
in the industry. This is an important issue, as people are increasingly conscious of the
impact of their consumption choices on the quality of the environment, in particular,
thanks to targeted awareness campaigns by opinionmovements and reports by national
and international institutions16 that are able to provide better information and modify
consumers’ ecological attitudes as well as social norms.

16 Among the most recent ones, see UNDP (2020) and IPCC (2021).
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Fig. 2 Green sector long-term equilibrium with a green costs subsidy

Policy interventions may support the growth of ‘green consumerism’. Examples
of government interventions aimed at increasing consumers’ ecological conscious-
ness are informative and educational campaigns designed to strengthen both private
and altruistic motives that cause consumers to attach a specific value to eco-friendly
products (see Sartzetakis et al 2012; Kaufman 2014).

In our analysis, starting from the benchmark case, a government campaign suc-
ceeding in enhancing consumers’ sensitivity to eco-quality goods and increasing their
willingness to pay a premium for the ecological features of goods—other things
equal—has a positive impact only on green goods demand and therefore on green
firms’ profit. It follows that for any eco-quality content g, when λ

′
> λ the zero-profit

condition is satisfied by a higher number of green firms, while, for any number of
firms, there is an increase in the profit-maximizing green level, as now firms’ revenues
respond to a greater extent to changes in g. In comparison to Eqs. (11) and (12) of the
benchmark case, the corresponding long-run zero-profit condition

NL = E

f + kgφ

1

θ

g

(
λ

′−η
)
(θ−1)+1

[
g

(
λ

′−η
)
(θ−1)+1 + 1

] (16)
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and the first order condition

∂πG

∂g
= E

N

1

θ

[(
λ

′ − η
)
(θ − 1) + 1

][
g

(
λ

′−η
)
(θ−1)

]

[
g

(
λ

′−η
)
(θ−1)+1 + 1

]2 − φkgφ−1 = 0 (17)

confirm that a greater consumers’ eco-awareness impacts positively on both the long-
run equilibrium number of green firms NL and their optimal level of greenness gL .

‘Green campaigns’ rows in Table 2 report the numerical outcome of our simulation,
assuming an increase in consumers’ intensity of eco-preference from λ = 1.2 to
λ′ = 1.5 and to λ′ = 1.7. With respect to the benchmark case, our results indicate a
growth in sector G level of greenness and market share, as well as in the overall level
of greenness in the industry.

This result is depicted in Fig. 3, where the solid line curves refer to λ = 1.2 (same
curves as the benchmark case in Fig. 1), the dotted ones to λ′ = 1.5, and the dashed
ones to λ′ = 1.7. With the increase in λ, there is a rightward shift of the zero-profit
condition curve and an upward shift of the profit-maximization one, leading to two
new equilibria with higher values for both NL and gL .

The rise in consumers’ ecological consciousness does not directly affect sector B
firms, whose products have no eco-quality content; nevertheless, the demand shift
in favour of green goods and the increase in their optimal green intensity lead to a

Fig. 3 Green sector long-term equilibrium with increased consumers’ ecological awareness
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reduction in brown firms’ profit and consequently in the long-run equilibrium number
of brown firms:

πB = E

M

1

θ

1[
g

(
λ

′−η
)
(θ−1)+1 + 1

] − f

The numerical outcome is shown in column (3), ‘Green campaigns’ rows, of Table
2.

4.3 MinimumQuality Standard

With the imposition of aminimumquality standard (MQS), brown firms are compelled
to manufacture goods with a required eco-quality content, b > 1. To analyse the
working of this policy we refer to the more general formulation of our model, starting
from consumers’ preferences (Eq. (1)), which leads to the following aggregate demand
functions for green and brown goods, respectively

C j = 1

N

g

g + b

E

P

( p j

P

)−θ

gλ(θ−1) (18)

Ci = 1

M

b

g + b

E

P

( pi
P

)−θ

bλ(θ−1) (19)

with theprice index P =
[

g
g+b g

λ(θ−1) 1
N

∑N
j=1 p

1−θ
j + b

g+b b
λ(θ−1) 1

M

∑M
i=1 p

1−θ
i

] 1
1−θ

.

As to firms’ productive process, also brown firms are now compelled to use eco-
qualifiedworkers and intermediates, albeit with a lower ’green productivity’ compared
to green firms. Following the same reasoning put forward for green firms (Sect. 2.2
above), brown firms need to pay their workers and intermediate inputs wb = w0bσ

and zb = z0bσ , respectively, where 0 < σ < 1 and σ > η as they benefit from
lower scale economies from a lower intensification in eco-quality, with respect to
green firms.17 Accordingly, the minimum unit cost of producing a variety i in sector
B is (AC)i = c

A b
σ , with d(AC)i

db > 0. Sector B firms’ investment costs in eco-quality

are assumed to be (FC)i = hbγ , with d(FC)i
db > 0, h > 1, and γ ≥ 2. The latter

is the elasticity of fixed costs with respect to the eco-quality level in sector B. To
represent the asymmetry in eco investment costs between sectors, we posit γ > φ

and h > k, on the assumption that greener firms are more efficient in improving their
environmental characteristics. Summing up, the total costs for sector B products are
(TC)i = ( c

A b
σ
)
Yi + kbγ + f . Profit maximization behaviour leads brown firms to

set the following price for their products: pi = θ
θ−1

c
A b

σ .

17 Since the working of our model implies $$\underset{\_}{b}<g$$.
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With the above specifications, starting from a situation of b = 1, the imposition
of an MQS modifies both brown firms’ demand—as consumers value the eco-quality
content of their products—and their costs—as they incur additional unitary and fixed
costs related to the eco-quality of their production, costs which are absent in the
benchmark case. The surge in brown firms’ environmental costs is likely to outweigh
the demand expansion linked to b > 1, owing to the weight of environmental costs and
the partially offsetting effect on brown goods’ demand of the concomitant increase in
g, explained below. Thus, in the presence of an MQS, brown firms’ profit

πB = E

M

1

θ

b(λ−σ)(θ−1)+1

[
g(λ−η)(θ−1)+1+b(λ−σ)(θ−1)+1

] − hbγ − f (20)

is lower than that previously stated inEq. (13),18 implying that the zero-profit condition
is met with a lower ML .

Besides modifying the market equilibrium of sector B firms, the imposition of an
MQS modifies the behavior of green firms as well. The intuition goes as follows. The
MQS causes an increase in sector B weight in consumers’ utility, which translates into
an increase in brown goods’ share of expenditure and, correspondingly, a reduction in
the share of green goods in total consumption. The importance of relative eco-quality
in the demand structure appears clearly by taking the ratio between Eqs. (18) and (19)

C j

Ci
= M

N

(
p j

pi

)−θ(g

b

)λ(θ−1)+1

(21)

which shows that the demand for any j variety with respect to the demand of any i
variety is increasing in its relative eco-quality. Following the imposition of an MQS,
the reduction in the relative demand for green goods has a negative effect on green
firms’ profit

πG = E

N

1

θ

g(λ−η)(θ−1)+1

[
g(λ−η)(θ−1)+1 + b(λ−σ)(θ−1)+1

] − kgφ − f (22)

which is lower compared to Eq. (8), since it depends negatively on the standard
imposed on brown firms ( ∂πG

∂b < 0). It follows that, for any eco-quality g, the zero-
profit condition is satisfied by a lower number of green firms

NL = E

f + kgφ

1

θ

g(λ−η)(θ−1)+1

[
g(λ−η)(θ−1)+1+b(λ−σ)(θ−1)+1

] (23)

as emerges clearly from a comparison with Eq. (11). At the same time, the imposition
of an MQSmodifies the optimal ecological intensity resulting from the solution of the

18 Our result differs from that of Crampes and Hollander (1995), who, in an oligopoly model with quality
differentiation, show that when setting a minimum quality standard, the firm producing the lower quality
will gain.
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new profit maximization problem

∂πG

∂g
= E

N

1

θ

[(λ − η)(θ − 1) + 1]
[
g(λ−η)(θ−1)b(λ−σ)(θ−1)+1

]
[
g(λ−η)(θ−1)+1 + b(λ−σ)(θ−1)+1

]2 − φkgφ−1 = 0 (24)

Green firms react to the adverse profit effect of growing values of the standard by
increasing the greenness of their goods to regain the eco-differentiation of their prod-
ucts and compensate for the worsening in their relative demand. Thus, the imposition
of an MQS is able to increase the level of greenness in both sectors, as brown goods
now incorporate a positive eco-quality, while the optimal ecological content of green
goods increases. However, green firms are not able to fully recover their market shares,
as a rise in g brings about a surge in firms’ environmental costs as well. Albeit the
elasticity of revenues is higher than the elasticity of variable costs with respect to the
green content of the goods, as λ > η,19 the convexity of the fixed eco-quality cost
function makes their growth to more than offset the positive effect on profit of a rising
demand. Thus, the growth of the optimal gL is not able to catch up with the increase
of the standard b and the product eco-quality differentiation declines.

Our numerical simulation, where we assume the following values20 for the addi-
tional parameters of the model σ = 0.7, h = 2, and γ = 3, confirms the above results.
The imposition of an MQS is binding for brown firms since πB is decreasing in b,
resulting in a persistent reduction in the long-run equilibrium number of brown firms
for growing values of b. As to green firms, for higher values of the standard, there is
an increase in the optimal long-term value of the eco-quality gL . The latter is coupled
with a decrease in sector G market share, as the increase in gL is lower than that of
the MQS so that the eco-quality ratio decreases (see the ‘MQS’ rows of Table 2). In
Fig. 4, the profit maximization lines shift upward and the zero condition curves move
leftwards, with the solid lines referring to the benchmark case b = 1, the dotted ones
to b = 1.2, and the dashed ones to b = 1.3.

Comparing the results for the three policies, based on the parameters’ values, our
numerical simulation stresses that the greater increase in the IGI index comes from the
MQS policy. This outcome is not surprising since this policy compels brown goods
to embody the required eco-characteristics and in reaction also green goods become
more eco-friendly, so that the IGI index augments, notwithstanding the reduction in
sector G market share.

5 Combined Policies

So far, we have investigated the effectiveness of three policy tools with respect to the
policymaker’s objective of increasing the overall level of greenness in the industry,
that is, the granting of an incentive on eco-quality related costs, interventions fostering
consumers’ environmental awareness, and the imposition of an MQS. Our results
show that each policy alone is apt to stimulate an increase in the industrial greenness

19 Recall that λ > η is needed for the profit Eq. (9) to have a maximum.
20 Such values satisfy the additional restrictions imposed by the model, in particular (λ − σ)(θ − 1) > 0.
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Fig. 4 Green sector long-term equilibrium with an MQS

intensity vis-a-vis the unregulated equilibrium. Yet, regarding the assessment of the
single policies, additional considerations are useful, for instance regarding their side
effects in terms of the market composition and the possibility that the intensity of
application of a single tool may hit budgetary, political, or social limits. Indeed, the
setting of anMQS has the side effect of engendering a reduction in the share of greener
goods in consumers’ real expenditure, pointing to a trade-off between the growth in
the level of greenness and the market weight of sector G products. Besides, the budget
constraint may limit the granting of the eco-subsidy, environmental campaigns may
take too long to produce sizeable effects on consumers’ behaviour, or the imposition
of a high minimum standard may compel too many brown and green firms to exit the
market.

Since the policies under consideration appear to be complementary as theymutually
reinforce one another, the regulator can combine two or more policies to overcome
the above limits to get a higher overall level of greenness.

In what follows, we are going to briefly investigate the joint effect of the policies
analysed, first considering the concurrent adoption of only two policies at a time, and
then the simultaneous implementation of all policies.
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5.1 Combined Policies: Pro-environmental Campaigns and Green Subsidy

Given the uncertainty about the extent and the timing of the efficacy of a policy aiming
at a greater ecological awareness (i.e., an increase in λ), it may be better considered
as a tool supplementing other policies.21

We start considering the simultaneous working of an increase in consumers’ eco-
logical awareness and a subsidy on environmental costs. Their joint effect on the
industry’s level of greenness is higher than that of each single policy, as both policies
affect positively greenfirms’ profits, the pro-environmental campaignworking through
the demand side and the granting of incentives on green costs through the supply side.
Since each policy has the same (qualitative) impact on the long-run equilibrium num-
ber of green firms, the optimal long-run green content of goods, and the market weight
of sector G products, we expect the long-run equilibrium values for both NL and gL

to further increase, along with sector G market shares. Our numerical simulation (for
simplicity, carried on for only one value for each policy) confirms this conclusion: in
Table 2, the values of NL , gL , and (MS)G in the (λ

′ + ρ) row are higher than the
respective values in each single policy row ‘Subsidy ρ = 1.5’ and ‘Green campaigns
λ

′ = 1.7’. Figure 5 illustrates our findings, comparing the long-period equilibrium
of the benchmark case (solid lines) to the case of the increased consumers’ aware-
ness alone (dotted lines), the case of the green subsidy alone (dashed lines), and the
simultaneous implementation of both policies (dot-dashed lines).

In the literature, several papers stress that ‘green consumerism’ can replace envi-
ronmental policies in enhancing firms’ pro-environmental behaviour (Conrad 2005;
Brennan 2006), whereas other contributions (Eriksson 2004; Doni and Ricchiuti 2013)
give little support to this idea. Our results endorse the former conclusion, as the two
policies are substitutes with respect to the regulator’s aim: the policymaker may attain
the same industry’s level of greenness, either by granting a green subsidy or by a
campaign fostering consumers’ ecological awareness.22

Since the positive impact of each policy on green firms’ optimal gL is enhanced
when the twopolicies are carried on simultaneously, the negative effect on brownfirms’
profit is stronger than that of each policy alone, leading to a corresponding lower long-
run equilibrium number of sector B firms. In terms of our numerical simulation, this
result is shown in Table 2, by comparing the ML value in the (λ

′ + ρ) row with the
corresponding values in the rows referring to every single policy.

5.2 Combined Policies: MQS, Green Subsidy, and Pro-environmental Campaigns

We have seen that the setting of a quality standard has the side effect of engendering
a reduction in the share of greener goods in consumers’ real expenditure, pointing
to a trade-off between the growth in the level of greenness and the market weight of

21 To the best of our knowledge, only a few papers consider the joint effect of the policies analysed (for
instance, Birg and Voßwinkel 2018). For one of the most recent papers considering a quality-related subsidy
and a consumers education campaign as separate policies, see Garella (2021).
22 For instance, according to our numerical simulation, with the granting of a subsidy equal to ρ = 0.158
we get the same level of the greenness of a policy increasing consumers’ awareness to λ = 1.7.
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Fig. 5 Green sector long-term equilibrium with increased consumers’ ecological awareness and green costs
subsidy

sector G products. The policy maker may match the imposition of an MQS with the
other policies, to support the share of green goods consumed, thus favouring a higher
ecological composition of the industry.23

Adding a subsidy on environmental unitary and investment costs to the MQS lead-
s—compared to the MQS policy alone—to a lesser decrease both in the long-run
equilibrium number of green firms and in the green sector’s market share, and to an
even higher increase in the optimal gL . Indeed, even when b > 1 and brown firms
benefit from the subsidy as well, this policy is more valuable to green than to brown
firms as the former incur higher eco-related costs; hence, the MQS negative effect on
green firms’ profit is partly compensated by the subsidy.

These results are confirmed by our numerical simulation, (for simplicity, carried
on only for λ = 1.5) where in Table 2 the values of NL , gL , and (MS)G of the
(MQS + ρ) row are higher than the respective values in the row ‘MQS’ of the single
policy. Figure 6 reports the above findings, comparing the equilibrium points of an
MQS policy alone (solid lines) to the equilibrium points of the two joint policies
(dotted lines).

The joint utilisation of both policy tools changes brown firms’ long-term equi-
librium, as well. As stated above, an MQS leads to a reduction in their profit and
in the number of active firms; on the other hand, the granting of the subsidy on the

23 See Birg and Voßwinkel (2018) for an analysis of the usefulness of combined policy instruments in
achieving the policymaker’s goal of an improvement in products’ environmental quality.
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Fig. 6 Green sector long-term equilibrium with MQS and green costs’ subsidy

environmental costs brownfirmsmust sustainwhen adhering to anMQShelps limit the
reduction in their profit, as emerges from a comparison between the profit in Eq. (20)
and the one following the granting of the green subsidy which is

πB = E

M

1

θ

b(λ−σ)(θ−1)+1

[
g(λ−η)(θ−1)+1 + b(λ−σ)(θ−1)+1

] − h(1 − τ)bγ − f (25)

In sum, the net effect on πB (and on ML ) of the two combined policies depends
on the interplay of different factors with a contrasting outcome: starting from the
benchmark case, the imposition of anMQS and the increase in green firms’ optimal gL

(following both policies) harmπB , whereas the subsidy on eco-quality costs influences
favourably the profit. The positive effect of the subsidy on brown firms’ costs may
counterweight the negative influence of the MQS if the latter is sufficiently high to
make the eco-linked subsidy large enough to bring about an increase in their profit.

Our numerical simulation confirms this result: for lower values of the MQS, the
final effect of anMQS coupled with a green subsidy is a decline in brown firms’ profit,
leading to a contraction in the long-term equilibrium number of sector B firms. On the
contrary, in our example, when b = 1.3, the two combined policies lead to an increase
in ML with respect to the MQS policy alone (in Table 2, compare the values for ML

in rows (MQS + ρ) and MQS).
Coupling the MQS policy with consumers’ education campaigns results in similar

outcomes, as a greater ecological awareness favors to a larger extent green firms
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compared to brown ones. Likewise, the reasoning is akin to the one developed above:
for any MQS, a rise in ecological awareness causes the demand and profit expansions
to be larger for the green sector than for the brown one. Indeed, a higher ecological
feelingmakes consumers’ valuation of goods increasemore the greater the eco-quality
content of products (see Eq. (21) for the role of relative eco-quality in the demand
structure). The numerical results, which are consistent with our analytical findings,
are in the (MQS +λ

′
) row of Table 2. Figure 7 reports the above findings, comparing

the long-run equilibrium points of an MQS policy alone to the equilibrium points of
the two joint policies, with b = 1.2 and b = 1.3 (dotted lines).

We now turn to consider the simultaneous adoption of all policies, adding both a
green subsidy and an increase in consumers’ ecological attitude to the setting of an
MQS. Since the policies considered are complementary, the simultaneous use of all the
policy tools triggers an increase in the eco-quality content of all the goods produced
in the industry so that it is possible to attain a higher level of greenness than with any
policy alone.

As to our numerical simulation, the last row (MQS+λ
′ +ρ) in Table 2 shows that

by putting together all interventions, the policymaker can achieve a higher eco-quality
content of green products than that resulting from any single policy alone. At the same
time, for every minimum quality standard, the simultaneous use of all policy tools
displays a greater positive impact on the long-run equilibrium number of green firms
NL , the market share of green products, and the IGI index than the one deriving from
each ‘single’ policy instrument.

Fig. 7 Green sector long-term equilibrium with MQS and increased consumers’ ecological awareness
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Fig. 8 Green firms long-run equilibrium with a simultaneous adoption of all policies

Figure 8 illustrates our findings, comparing the long-period equilibrium in the case
of the joint implementation of only the ecological awareness and the subsidy policies
(dashed lines) to the simultaneous execution of all policies, with the dotted lines
referring to the addition of an MQS policy, with the standard set to b = 1.2, and the
dot-dashed lines to an MQS set at b = 1.3.

The positive impulse on sector G of the three joint policies is tallied by the negative
effect on sector B firms, with a reduction in their profit. Indeed, our previous analysis
pointed to every single policy bringing about a fall in brown firms’ profit, so that their
cumulative effect leads to a further contraction in their long-run equilibrium number.

6 Further Discussion and Conclusions

We have developed a two-sector monopolistic competition model in which consumers
appreciate the eco-quality features of the goods, which differ between the brown
and green sectors. The model has been used to explore the implications of green
consumerism, that is, a market demand for eco-friendly goods, as well as the role of
product differentiation in the choice of the optimal eco-quality level of green firms and
the long-run equilibrium in both sectors. We have then investigated the effectiveness
of three policy tools with respect to the regulator’s objective of increasing the overall
level of the greenness of the industry, that is, the granting of an incentive on eco-
quality related costs, the imposition of anMQS, and interventions fostering consumers’
environmental awareness.
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To this end,we have computed an indicator of the greenness intensity in the industry,
the IGI index, whose values help to shed light on the diverse degree of efficacy of the
policies under examination. We have taken the increase in the IGI index to be the aim
of the regulator, as we deem that a complete welfare analysis is not feasible given the
complexity of our model24 within the Dixit-Stiglitz approach. Even if the IGI index
does not substitute for a welfare analysis, we believe that it can be seen as akin to the
average environmental quality, which in a number of works (among others, Cremer
and Thisse 1999; Deltas et al 2013; Wada 2019; Garella 2021) is a positive externality
additively entering consumers’ utility functions and the policymaker welfare function.
This externality stems from the economy-wide consumption of environment-friendly
products and is defined as the sum of the different environmental qualities weighted
by the share of heterogeneous consumers choosing each quality. Since our IGI index
is obtained as the sum of the two sectors’ environmental qualities weighted by their
market shares, its increase would correspond, in the approach of the cited papers, to
an increase in the externality, positively influencing social welfare.25

Our results show that each policy is apt to stimulate an increase in the industrial
greenness intensity vis-a-vis the unregulated equilibrium and that, since the three
policy tools are not substitute instruments, their joint use helps to attain a greater level
of greenness than that resulting from any single policy alone, should the latter meet
with limits in their implementation.

Our first result is in line with other papers analysing a duopolistic market, such as
Ronnen (1991), Arora and Gangopadhyay (1995), Conrad (2005). In our two-sector
monopolistically competitive setting, it may be explained by considering that there are
two competitive forces at work, based on product differentiation. On the one hand, the
competition within each sector, linked to the horizontal differentiation among goods,
triggers the entry of new firms and leads to a long-run equilibrium where all maximiz-
ing firms earn zero profit. On the other hand, the competition between sectors operates
through the eco-quality vertical differentiation of products that influences the share of
each sector in consumers’ real expenditure: the greater the eco-quality differentiation,
the greater the competitive advantage of the greener sector. Policy interventions can
modify consumers’ and/or firms’ behaviour, altering the unregulated long-run equilib-
rium in the industry in the direction sought after by the policymaker. We find however
that there is not a uniquemechanism linking the policies examined to an increase in the
industrial greenness intensity, depending on the eco-quality differentiation effect of
each policy. Interventions reducing firms’ eco-quality costs or stimulating consumers’
sensitivity to the ecological features of the goods create an incentive for attaining
a higher eco-quality differentiation vis-à-vis brown goods, as green firms optimally
respond by increasing the eco-quality level of their goods. Differently, the imposition
of an MQS that compels brown firms to attain a minimum environmental content
for their products brings about a reduction in the eco-quality differentiation between

24 Indeed, in our analysis, we do not include an emissions tax since taxing brown firms would worsen the
industry’s overall level of greenness, following the reasoning specified in footnote 15. Since in the paper we
maintain that the aim of the policymaker is the growth in the overall environmental quality, an emissions
tax policy should be ruled out as a suitable policy tool.
25 As stated by Garella (2021, p. 205) “A Government may only aim at increasing the externality, or it may
consider a more complete welfare function.”
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sectors. In reaction, profit-maximizing green firms try to limit the fall in their rela-
tive competitiveness by increasing the eco-quality level of their goods, with the overall
result of an additional increase in the level of industry greenness. It is worth noting that
most duopolymodels share our result of a positive relationship between the imposition
of an MQS and the eco-quality level of green products. On the contrary, the duopoly
model by Deltas et al (2013) obtains that an MQS policy decreases the environmental
features of the high-quality firm since it reduces the latter’s market share, which in
their approach lessens the incentive for investing in product greenness.

We also get that each policy tool leads to a decline in brown firms’ profit and the
number of active firms in that sector. However, the different transmission mechanisms
make the policy instruments not neutral for the equilibrium structure of the industry
that emerges after the regulatory interventions.26 In our model, the industry structure
resulting after the imposition of an MQS is different from that stemming from the two
other policy interventions. In the latter cases, there is an increase in the weight of the
green sector in the industry, as well as in the number of active green firms. In the former
case, the industry composition alters in favour of the brown sector and the number
of firms shrinks in both sectors, notwithstanding a higher growth in the industrial
greenness intensity index in comparison to the other two policies. The policy maker
can however tackle the trade-off between the increase in the greenness intensity and the
market weight of the green sector, as well as the number of horizontally differentiated
products, through the simultaneous utilisation of other policy tools.

Since the three policy tools are complementary, this is a general result: the joint use
of all policy tools helps to attain a higher level of greenness intensity in the industry,
a greater weight of the green sector, and a greater number of active green firms.
Along with the above remarks, it suggests that an environmental policy must take
into consideration not only its effects on the eco-quality features of the products but
also its implications on consumers’ expenditure allocation between sectors and on the
market structure. We think that our model represents the first step in this direction, as
a change in our industrial greenness index reflects a change in the level of eco-quality
of both green and brown products (if the latter occurs) as well as a change in the share
of consumers’ expenditure devoted to each sector.
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