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Environmental policies with green network effect and price

discrimination∗

Nadia Burani†and Andrea Mantovani‡

Abstract

We consider a duopolistic market in which a green firm competes with a brown rival, and both

firms offer vertically differentiated products. Consumers are heterogeneous both in their willingness

to pay for hedonic quality and in their environmental concern. The latter is positively related to

the green firm’s market share, giving rise to a green network effect. We characterize how price and

quality schedules are set and how consumers sort between the two firms at the market equilibrium.

When considering pollution from both consumption and production, we compute total welfare and

evaluate the impact of different environmental policies. Our analysis demonstrates that effi ciency

can be achieved through a uniform emission tax, which restores the optimal differential between

firms’ intrinsic qualities. Notably, we find that a discriminatory subsidy, which decreases with the

willingness to pay for intrinsic quality, re-establishes the optimal sorting of consumers.

JEL classification: D21, D43, H23, L13, Q52.

Keywords: bidimensional product differentiation; environmental consciousness; green network

effect; price discrimination; pollution emissions; green subsidy.
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1 Introduction

Consumer purchasing decisions increasingly reflect environmental considerations, leading to several im-

portant consequences. First, most products today are perceived as bundles of hedonic features, such as

performance and functionality, and environmental attributes, like their ecological footprint. However, it

is not always clear whether hedonic and environmental quality dimensions align or conflict. For instance,

electric vehicles (EVs) produce fewer emissions than internal combustion engine vehicles, but their lim-

ited range and the scarcity of charging stations can pose challenges. Second, consumer environmental

awareness not only varies widely across and within countries, but can also be driven by different motives.

While some individuals act responsibly regardless of others, many are influenced by observing the be-

havior of those around them. This network externality is shaped by social norms and affects preferences

for eco-friendly products. Third, to meet the growing demand for environmentally responsible options,

governments are implementing policies to promote sustainable consumption, while firms are reducing

emissions and adopting cleaner production processes.

Inspired by these observations, we study the impact of consumer environmental concern on firms’

quality choices and pricing strategies, and examine the role of governments in promoting the consumption

of green goods. For this purpose, we consider a duopoly where one firm offers a standard good while

its rival offers an environmentally friendly variety of the same good, produced at a higher cost. This

distinction categorizes firms (and their products) into brown and green, respectively. On their part,

consumers are heterogeneous with respect to both their willingness to pay (henceforth WTP) for the

pure performance of the good, i.e., for its intrinsic or hedonic quality, and their environmental concern.

Our analysis relies on two distinctive features. The first is that the decision of a single consumer to

buy green depends on the so-called green network effect. Unlike the standard notion that environmental

concern is driven by a “warm glow” motivation (Andreoni, 1989, 1990), in which consumers derive

satisfaction from “doing their part” regardless of the actual impact of their decisions, we assume that

each consumer recognizes their individual consumption decision has a negligible environmental impact.

Instead, it is collective behavior that matters. Consequently, when buying an environmentally-friendly

product, the consumer receives a non-monetary benefit proportional to the share of other consumers

purchasing the same green commodity.

Second, we consider that firms can gather all necessary information about consumers’WTP for the

hedonic quality of a good, but lack insight into their environmental consciousness. Firms have recently

developed sophisticated methods to measure WTP for hedonic quality attributes. For example, data

analytics and price discrimination are becoming increasingly prevalent, as seen in cases like Amazon (see

Véliz, 2023, especially Ch. 24), which adjusts prices based on a user’s browsing history, location, and even

device type (e.g., high-end smartphones vs. budget models), which provides income-related insights. In
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contrast, measuring environmental consciousness is more challenging, as it is shaped by personal values,

beliefs, and social factors, making it less observable and quantifiable.

Within this framework, firms’strategies consist in designing menus of personalized contracts, each

featuring a hedonic quality target and a price, both contingent on consumer WTP for hedonic quality.

Consumer environmental concern plays a crucial role, as it determines how consumers sort between the

brown and the green firm. At the market equilibrium, each firm offers quality and price schedules that

maximize its expected profit, given the rival’s choice and consumer purchasing decisions. This modeling

framework is similar to that of Burani and Mantovani (2020), who examine the impact of asymmetric

information about consumer WTP for hedonic quality on market equilibrium. However, they disregard

not only the green network effect and the role of pollution emissions, but also environmental policies

aimed at enhancing green consumption.

Our analysis yields two types of equilibria: interior and corner solutions. A corner solution arises

when consumer valuation for hedonic quality is suffi ciently low. In this scenario, the market share of the

green firm increases with consumer WTP for hedonic quality, so we say that there is positive selection

for the green firm. Conversely, an interior solution emerges when consumer valuation for hedonic quality

is suffi ciently high, leading to a negative selection for the green firm. Notably, we find that the green firm

not only always charges higher prices than the brown firm, but also earns higher profits, despite incurring

higher production costs.

We then examine the extent to which governments should promote the consumption of green goods,

and eventually how to do so. Our notion of social welfare accounts for negative externalities from pollution

that are generated during the whole life cycle of the goods, e.g. by both consumption and production

of the goods, that neither firms nor consumers internalize. We show that there is excessive quality

differentiation at the market equilibrium and the policy maker can induce firms to produce the socially

optimal qualities by levying an appropriate emission tax. This tax has a Pigouvian interpretation, as it

reflects the social marginal cost associated with the negative externality.1

Finally, we identify the discriminatory subsidy for green purchases that might restore the socially

optimal sorting of consumers between the two firms. This represents the most relevant and novel con-

tribution of our paper, as we show that the subsidy is strictly decreasing in consumer WTP for hedonic

quality when the market equilibrium features interior solutions. Given that consumer WTP for hedo-

nic quality can be viewed as a proxy for consumer wealth, our findings suggest that the policy maker

should offer higher incentives to lower-income consumers, thereby promoting fairness in the adoption of

environmentally friendly practices. Conversely, our results reveal that the widespread implementation of

subsidies which decrease with the price of the green products might not be optimal.

1The Norwegian car tax system represents an example of such “polluter pays principle”, as it is based on high taxes for

high emission cars and lower taxes for low and zero-emission cars. See https://elbil.no/english/norwegian-ev-policy/.
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1.1 Descriptive evidence

Consumers increasingly view products as bundles of both hedonic and environmental attributes, a trend

confirmed by studies such as the “EU Ecolabel”Eurobarometer 535 (2023).2 According to this report,

quality and price are the two most important factors in purchasing decisions, with 97% of respondents

rating product quality as ‘very’or ‘rather important’, and 94% saying the same about price. Environmen-

tal concerns also play a significant role, with 73% of respondents considering a product’s environmental

impact ‘very’or ‘rather important’, and a majority reporting they have purchased products specifically

for their lower environmental impact.

Let us consider the two distinctive features of our analysis, starting with the green network effect. The

“Climate Change”Eurobarometer 538 (2023) reveals that 77% of all respondents view climate change

as a very serious problem, with 58% believing the transition to a green economy should be accelerated.3

Additionally, over three-quarters (77%) feel a personal responsibility to act against climate change, al-

though there is some heterogeneity in support for specific actions.4 However, the “Fairness perceptions

of the green transition”Eurobarometer 527 (2022) reports that nearly one-third of respondents (27%)

feel no personal obligation to fight climate change if other people take no action either.5 Similarly, the

Global Climate Change Survey by Andre et al. (2024a) finds widespread support for climate action, with

69% of the global population willing to contribute a small fraction of their personal income to fight global

warming. Moreover, respondents exhibit conditionally cooperative behavior, given that, at the country

level, the proportion of individuals willing to contribute is strongly and positively correlated with the

average perceived proportion of fellow citizens willing to contribute too.6

These figures highlight that people view climate change as a collective rather than an individual

challenge. Although many individuals modify their consumption habits because they consider their

personal contribution to combating global warming important, the anticipated inaction of others could

demotivate people from taking individual action. In other words, there exists a network externality, which

determines the prevailing social norm and shapes consumer preferences towards environmentally-friendly

products.7

2See https://europa.eu/eurobarometer/surveys/detail/3072
3See https://europa.eu/eurobarometer/surveys/detail/2954
4For example, 37% say that when buying a new household appliance, lower energy consumption is an important factor in

their choice. Other actions include buying and eating less meat (31%), regularly using environmentally-friendly alternatives

to their private car (28%), or buying and eating more organic food (28%).
5See https://europa.eu/eurobarometer/surveys/detail/2672
6 In a separate study, Andre et al. (2024b) find that informing participants about the actual engagement levels of others

increases their willingness to donate to climate causes by 5-6%.
7An illustrative example often cited by psychologists is meat consumption. As Bolderdijk and Jans (2021) point out,

‘If most people believe that most people eat meat, most people will keep eating meat, without questioning the validity of

that practice’(p. 26). This self-reinforcing social norm creates a vicious cycle, locking individuals into a collective behavior
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The second key feature of our model is that firms have perfect knowledge of consumer WTP for

hedonic quality but remain unaware of their environmental consciousness. Firms increasingly leverage

consumer data to engage in personalized pricing, charging different prices to consumers based on their

WTP.8 According to the OECD Report (2018), dominant retailers such as Staples and Home Depot use

data such as browsing history and location, considered as proxy for income, to set personalized prices.9

However, while income positively correlates with WTP for hedonic quality, it does not necessarily align

with environmental concern, which is more influenced by culture and social norms (Schumacher, 2015).

A recent McKinsey report emphasizes that, although consumer environmental awareness is growing,

environmental attitudes are hard to predict because they vary widely across demographics and over

time, being shaped by factors like media coverage, policy changes, and perceived vulnerability to climate

change.10 Accordingly, the Global Climate Change Survey by Andre et al. (2024a) finds that, at the

country level, the willingness to contribute to climate action is negatively related with GDP per capita

but is positively related with average annual temperature, which reflects exposure to (and salience of)

global warming risks. To sum up, while we acknowledge that firms can use various tools to measure

environmental consciousness, we believe this process is inherently less precise than assessing WTP for

hedonic quality and is often country and context dependent.

As far as governmental interventions aimed at promoting the use of eco-friendly and energy-effi cient

products, there is evidence that this is often the result of political pressure from citizens. The Global

Climate Change Survey by Andre et al. (2024a) shows that 89% of respondents endorse intensified

political action. Along the same lines, the aforementioned Eurobarometer Reports 538 and 527 highlight

that Europeans believe that national governments (86%) and the EU (85%) should take action, such

as encouraging energy effi ciency and supporting green technologies like solar panels and electric cars.11

Moreover, 89% of respondents favor subsidies to help lower-income households purchase eco-friendly

which is harmful to society. However, vegetarians and vegans, by challenging the status quo, can signal the unsustainability

of high meat consumption. If they reach a critical mass, they can establish a new, pro-environmental social norm, to which

people will conform.
8 In their seminal work, Fudenberg and Tirole (2000) examine how consumer past behavior can be used to design discrim-

inatory pricing schemes. Research on behavior-based pricing has since been extended to various settings and applications

(see Fudenberg and Villas-Boas, 2007, for a comprehensive review).
9See the OECD Report (2018) “Personalised Pricing in the Digital Era”, retrieved at

https://one.oecd.org/document/DAF/COMP(2018)13/en/pdf
10https://www.mckinsey.com/industries/consumer-packaged-goods/our-insights/consumers-care-about-sustainability-

and-back-it-up-with-their-wallets
11The OECD report “Fighting climate change: International attitudes toward climate policies” (2022) emphasizes that

public support for climate policies hinges on the perceived effectiveness of these policies in reducing emissions, which in

turn depends on the number of citizens taking action. See https://www.oecd.org/en/publications/fighting-climate-change-

international-attitudes-toward-climate-policies_3406f29a-en.html
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products, while 71% support taxing goods that contribute most to climate change. Our analysis identifies

the need for higher incentives for lower-income consumers to ensure fairness. This aligns well with both

the insights of the Eurobarometer reports and the growing adoption of income-based subsidies in practice,

reinforcing the relevance of our findings for policy making.

The remainder of the paper is organized as follows. The next section presents the literature review

and highlights how our study differs from previous contributions. Section 3 introduces the model, while

Section 4 characterizes market equilibria, including consumer self-selection, firms’price schedules and

profits. Section 5 considers pollution emissions, whereas Section 6 provides a social welfare analysis,

including the first-best optimum, and considers optimal regulatory policies. Section 7 concludes.

2 Related Literature

We contribute to the theoretical literature on how green consumption affects the equilibrium in imperfectly

competitive markets. Following Cremer and Thisse (1999), most papers (see, e.g., Moraga-Gonzalez and

Padron-Fumero, 2002; Lombardini-Riipinen, 2005; Deltas et al., 2013) treat environmental friendliness

as a vertical attribute, for which consumers have a higher WTP. As a result, the green variety always

has a higher perceived quality than the standard variety. Exceptions include Eriksson (2004) and Conrad

(2005, 2006), who model green and brown goods as horizontally rather than vertically differentiated.

Despite this, all these studies share two key features: (i) quality is assumed to be unidimensional, in that

either differentiation is only based on the environmental attribute (with hedonic quality homogeneous

across firms) or both attributes exist, but their interaction in determining overall quality is predefined;12

(ii) the setup follows a two-stage game, where firms first choose qualities and then compete in prices.

We depart from this literature in two ways. First, we consider the product as a bundle of both hedonic

and environmental attributes, with firms differentiated at the outset according to the environmental

attribute while competing in the hedonic quality dimension. As a result, whether the green good has

superior hedonic quality is endogenous, depending on the interplay between relative production costs

and consumer preferences, which vary in both environmental concern and WTP for hedonic quality.

Second, we adopt a contract-theory approach, whereby firms simultaneously offer price-quality schedules

contingent on consumer WTP, and then let consumer self-select according to their preferred contract.

This framework is shared with a companion paper, Burani and Mantovani (2020), in which we ad-

dressed different research questions by examining how asymmetric information about consumer WTP

for hedonic quality shapes market outcomes.13 In that paper we performed a purely positive analysis

12Mantovani et al. (2016, 2017) and Grover and Bansal (2021) assume a trade-off between environmental friendliness and

hedonic quality; similarly, Eriksson (2004) and Conrad (2005) consider perfect negative correlation. Finally, Marini et al.

(2022) examine the case in which the two dimensions are positively aligned.
13The setting in Burani and Mantovani (2020) is similar to the second-degree price-quality discrimination models by
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as we analyzed the screening contracts offered by a brown and a green firm to consumers with either

high or low WTP for hedonic quality, showing that the resulting allocative distortions are related to how

consumers self-select into the two firms. However, we did not take into account network effects in con-

sumer preferences, pollution emissions, nor regulatory considerations. In contrast, in the present paper

we incorporate in the analysis both the green network effect, which plays a prominent role in accelerating

the green transition (see Andre et al. 2024a and 2024b), and the ecological footprint of products across

their entire life cycle, including pollution from both production and consumption. Moreover, we adopt

a more normative approach as we examine the welfare properties of the market equilibrium and explore

which environmental policies can restore the social optimum, finding that an emission tax coupled with

a discriminatory subsidy achieves this goal.

Our analysis also relates to the behavioral economics literature on pro-environmental consumer be-

havior in social contexts (Croson and Treich, 2014; Dasgupta et al., 2016). Many studies examine how

moral motivation and social norms drive the rise of green consumerism (e.g., Stern, 1999; Clark et al.,

2002; Brekke et al., 2003; Kaufman, 2014; Czajkowski et al., 2014) and explore the impact of envi-

ronmentally friendly consumption on market equilibrium (Conrad, 2005; Eriksson, 2004; García-Gallego

and Georgantzís, 2009; Nyborg et al., 2006; Rodriguez-Ibeas, 2007). These contributions share the idea

that environmental concern is driven by a “warm glow”effect (Andreoni, 1989, 1990), where individuals

experience a positive emotional reward from contributing to a broader social goal.

As in the mainstream literature, we interpret environmental concern as a non-monetary benefit con-

sumers derive from purchasing the green variety of a good (see, e.g., Ostrom, 2000; Carlsson et al., 2010;

and Deltas et al., 2013). However, rather than adopting the “warm-glow”approach (as in Burani and

Mantovani, 2020), we build on Leibenstein’s (1950) “bandwagon effect” which describes how demand

for a good increases as more people consume it (see also Farrell and Klemperer, 2007; and Lambertini

and Orsini, 2005). In particular, we follow Brécard (2013) and Grover and Bansal (2021) and use the

term green network effect to describe the situation where consumer satisfaction from buying the green

good rises with its market share.14 This enables us to capture how social norms and peer influence drive

collective shifts toward environmentally friendly consumption. Apart from the previously cited works

and Hauck et al. (2014), not much theoretical research has been carried out in this direction, making it

a worthwhile avenue for further exploration.15 Additionally, a distinctive feature of our model is that it

treats the strength of the green network effect as consumer-specific rather than exogenous.

Mussa and Rosen (1978), Champsaur and Rochet (1989) and Rochet and Stole (2002).
14However, we depart from Brécard (2013) and Conrad (2006) as we assume no network externality for the brown firm.
15For a psychological perspective, see the special issue on the “Psychology of Climate Change” edited by Ferguson and

Schmitt (2021). Empirical evidence of the green bandwagon effect includes Carlsson et al. (2010), who find it increases

marginal willingness to pay for green products, and Bansal et al. (2021), who show peer influence affects corporate social

responsibility expenditures in India.
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Finally, our paper contributes to the debate about which policy tools should be adopted to curb pol-

lution emissions. Moraga-Gonzalez and Padron-Fumero (2002) and Lombardini-Riipinen (2005) compare

common environmental policies: the former focus on unit emissions standards, ad valorem taxes and

technology subsidization, while the latter takes an approach similar to Amacher et al. (2004) and consid-

ers a combination of a uniform ad valorem tax with an emission tax (or a subsidy to green consumers).

Bansal and Gangopadhyay (2003) contrast uniform vs. discriminatory regulations based on product en-

vironmental quality, while Bansal (2008) and Brécard (2013) examine the welfare effects of ad valorem

taxes/subsidies and emissions taxes using a vertical differentiation model without or with network exter-

nalities, respectively. Mantovani and Vergari (2017) compare pollution taxes with consumer awareness

campaigns.16 Lastly, Ambec and De Donder (2022) analyze environmental standards vs. emission taxes,

and show that, when the pollution level is endogenized via majority voting, green consumerism can reduce

environmental protection with standards but not with taxes.

Due to the distinctive features of our theoretical framework, it is hard to compare our results on

environmental policies with the aforementioned literature. In our model, environmental quality is exoge-

nously given, preventing us from assessing the impact of minimum quality standards, as examined by

Moraga-Gonzalez and Padron-Fumero (2002), Lambertini and Orsini (2005), and Ambec and De Donder

(2022), among others. However, unlike studies assuming homogeneous hedonic quality, we can examine

how ad valorem and emissions taxes affect firms’hedonic quality offerings. Additionally, because the

network effect in our model is consumer-specific, we cannot conduct comparative statics on its intensity,

as done in Brécard (2013), Hauck et al. (2014), and Grover and Bansal (2021). Lastly, we propose a

subsidy for green consumption that, rather than being uniform, discriminates consumers based on their

heterogeneous valuations for hedonic quality.

3 The model

We consider a duopolistic environment in which two firms compete to sell their products to consumers.

Each consumer (she) can buy at most one unit of the good exclusively from one firm. Firms and consumers

are assumed to be risk neutral.

Firms

Firms differ in their environmental commitment: one firm is green as it produces a variety of the good

which is environmentally friendly, while the other firm is brown as it produces a standard variety. Ac-

cordingly, firms are indexed by i = B,G. The products sold by the two firms also differ in another

16See also Van der Made and Schoonbeek (2009) for the use of advertising to increase environmental concern, Sartzetakis

et al. (2012) for the role of information on environmental damage as a complement to taxation, and Deltas et al. (2013)

that assess various policy interventions, including cost-sharing for cleaner technologies.
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characteristic, which is a usual attribute of vertical differentiation, indicated with qi for hedonic quality.

Firms have similar technologies and their profit margins (per unit, conditional on the customer buying)

are given by

πi = pi (qi)− Ci (qi) , (1)

where pi is the price set by firm i for one unit of the good with hedonic quality qi and Ci (qi) is the

cost to firm i of providing one unit of the good with quality qi. Following Mussa and Rosen (1978) and

Champsaur and Rochet (1989), we consider marginal costs being constant in quantity but increasing and

convex in hedonic quality. Moreover, we assume that producing an environmentally friendly variety of

the good without altering its performance generally requires more expensive inputs, and this results in

higher marginal costs.17 Accordingly, we set Ci (qi) = 1
2kiq

2
i and assume kB = 1 < kG = k, where k

represents the cost disadvantage of producing a green good of a given hedonic quality qi.18 For instance,

think of a car manufacturer that, for each given model, incurs higher unit costs when it produces hybrid

or electric cars rather than traditional combustion engine cars.

Consumers

Consider a unit-mass population of consumers, each purchasing at most one unit of the good. Consumers

differ in two characteristics, the WTP for hedonic quality and the environmental concern, that are

independently distributed. Consumer WTP for hedonic quality θ is assumed to be continuous and

uniformly distributed on the support
[
θ − 1, θ

]
, with θ > 1. The unit-length support simplifies analysis,

while a suffi ciently high upper bound θ ensures full market coverage, allowing us to focus on consumer

self-selection between firms driven by strategic interaction. Consumer environmental consciousness γ is

continuously and uniformly distributed in the interval [0, 1] .19

We interpret environmental concern as a non-monetary benefit that a consumer enjoys when patron-

izing the green firm, unrelated to the good’s hedonic quality but dependent on the overall fraction of

consumers who do the same. This captures the idea that environmentally concerned consumers want to

make the difference with their purchasing choice and realize that, while their individual choices might be

17Conrad (2005) assumes that green products are costlier to produce than standard products as they are more labor

intensive. Yu et al. (2016) assume that products with higher green levels come with higher production costs. Similar

assumptions can also be found in Moraga-Gonzáles and Padrón-Fumero (2002), where the unit marginal cost of producing

a given variant is constant, but the cost of producing environmentally-sustainable varieties is higher. Likewise, Mahenc

(2008) assumes that higher environmental performance increases marginal costs.
18An alternative formulation would be to assume that both firms incur identical marginal costs for hedonic quality, but

the green firm has higher total marginal costs. Mathematically, this can be expressed as C(qi) = 1
2
q2i +ki, with kG = k and

kB = 0. However, this alternative formulation would ultimately lead to weaker analytical insights. In particular, the optimal

hedonic qualities would not be affected by the green firm’s cost disadvantage. Furthermore, consumer sorting (which will

be analyzed in Section 4) would become independent of θ in certain regions.
19The results remain qualitatively robust under the generalized distribution γ ∼ U [0, γ] with γ ∈ (0,∞).
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irrelevant, their collective behavior can have sizeable effects. We exclude that a similar network effect

applies for the consumption of the brown good, nor do we consider the social stigma that consumers may

face when they fail to comply with an environmentally responsible consumption behavior.

Thus, when a consumer of type (θ, γ) purchases one unit of the good of quality qi from firm i = B,G,

her utility is given by

ui (θ, γ) = θqi + IiγMi − pi (qi) , (2)

where Mi ∈ [0, 1] denotes the market share of firm i, and Ii is an indicator function taking value 1 when

i = G and value 0 when i = B. It follows that, when the consumer buys from firm B, environmental

concern γ does not play any role and valuation θ for hedonic quality is the only relevant characteristic.

Finally, when a consumer abstains from buying, her utility is zero.

Given our assumptions about the distribution of consumer characteristics, consumer preferences de-

pend on the relative weight of the valuation for hedonic quality θ vis-à-vis environmental concern γ.

Consumers with low values of θ prioritize environmental friendliness over hedonic quality, while those

with high θ place greater emphasis on hedonic performance over environmental consciousness.

As previously introduced, the theoretical literature following Cremer and Thisse (1999) interpreted

environmental-friendliness as a quality attribute of a good; therefore, models of vertical product differ-

entiation have since been used to analyze consumer and firm behaviour in the presence of green goods.

Moreover, consumer WTP for environmentally-friendly goods has been associated with consumer income,

as wealthier households tend to have higher valuation for quality (see Arora and Gangopadhyay, 1995,

and Bansal and Gangopadhyay, 2003). We depart from this approach because we hold the view that high

income does not necessarily translate into high environmental concern, which is rather affected by culture

and social norms (see Schumacher 2015). In addition, we believe that individual consumers are willing to

buy environmentally-friendly products as long as the impact of their decisions on the environment is non-

negligible. This motivates us to introduce the green network effect in consumer preferences and to abide

by the original formulation of consumer preferences introduced by Mussa and Rosen (1978), whereby

consumer valuation θ is associated to the hedonic rather than the environmental quality dimension.

We further assume that consumer valuation θ is observable by each firm, while environmental con-

sciousness γ is private information. This aligns with the idea that consumer WTP for hedonic quality

can be viewed as the inverse of their marginal utility of income. Hence, if firms can observe consumers’

income (which is usually the case when the good is paid in installments), they can also correctly infer

their WTP for hedonic quality, because a higher income translates into a lower marginal utility of income

and thus into a higher θ (see the discussion in Tirole, 1988, on pages 96 and 97). In addition, big data

analytics allow firms to adopt sophisticated consumer profiling techniques, including information about

consumer valuation for hedonic quality (see, e.g., Wedel and Kannan, 2016; Erevelles et al., 2016).

Conversely, firms’knowledge about consumer environmental consciousness remains much less precise.
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Environmental consciousness is indeed a complex construct that includes attitudes, beliefs, values, and

behaviors, as we previously acknowledged. Moreover, consumers may express environmental concern in

surveys but fail to act on it in their purchasing decisions, according to the so-called “attitude-behavior

gap”(see, e.g., Carrigan and Attalla, 2001; Carrington et al., 2010). This inconsistency makes it diffi cult

for firms to accurately predict behavior based on stated preferences.

We acknowledge that the assumption regarding the differing observability of θ and γ may appear

somewhat strong. However, it is necessary not only to simplify the analysis and derive analytically

tractable results, but also to enable us to address welfare considerations. In particular, asymmetric

information about θ would affect not only firms but also the government, thereby precluding the study

of optimal regulatory policies, which a key feature of our paper.

Firms’strategic interaction

A consumer of type θ who purchases one unit of the good has preferences over quality-price pairs that

are independent of her degree of environmental consciousness γ. Consequently, the firms’problem can be

treated independently from the consumer’s choice of which firm to patronize (which is determined solely

by γ). One can then consider that firms offer menus of θ-contingent contracts consisting in a hedonic

quality target and a price, i.e., {qi (θ) , pi (θ)}i=B,G. To simplify the exposition, it is more convenient to

frame the analysis in terms of consumers’indirect utility and focus on quality-utility schedules of the form

{qi (θ) , Ui (θ)}i=B,G. Indeed, let Ui (θ) denote the indirect utility of a consumer of type θ who purchases

from firm i = B,G, absent the benefit derived from environmental consciousness, namely

Ui (θ) = θqi (θ)− pi (qi (θ)) . (3)

Given Ui (θ), one can identify the consumer of type (θ, γ) who is indifferent between purchasing from

firm G or firm B. Specifically, this consumer receives indirect utility UB (θ) when buying from the brown

firm, while her total indirect utility when choosing the green firm becomes:

UG (θ) = UG (θ) + γMG.

Definition 1 Indiff erent consumer. The consumer with WTP for hedonic quality θ, who is indifferent

between purchasing from the green or the brown firm, is characterized by a degree of environmental concern

γ̂ (θ) ≡ UB (θ)− UG (θ)

MG
. (4)

A consumer of type (θ, γ) strictly prefers to buy from the brown firm if her environmental concern

falls short of γ̂ (θ), i.e. if UG (θ) + γMG < UB (θ). Conversely, she strictly prefers to buy from the green

firm if her environmental concern exceeds γ̂ (θ), and UG (θ) + γMG > UB (θ) holds. Given that γ is

uniformly distributed on the interval [0, 1], condition (4) implicitly defines the share of consumers with
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valuation θ who prefer to buy from the green firm, which is

MG (θ) ≡ Pr (γ > γ̂ (θ)) = 1− γ̂ (θ) = 1− UB (θ)− UG (θ)

MG (θ)
. (5)

Similarly, the market share of the brown firm is

MB (θ) ≡ Pr (γ ≤ γ̂ (θ)) = γ̂ (θ) =
UB (θ)− UG (θ)

MG (θ)
= 1−MG (θ) . (6)

Solving the right-most equality in (6) for MG (θ) yields the market share of the green firm

MG (θ) =
1

2
+

√
1− 4 (UB (θ)− UG (θ))

2
, (7)

which in turn implies that

MB (θ) = 1−MG (θ) =
1

2
−
√

1− 4 (UB (θ)− UG (θ))

2
(8)

is the market share of the brown firm.20

In order for both firms to maintain a positive market share from θ-type consumers, it is necessary

to ensure that Mi (θ) ∈ (0, 1) for each i = B,G and every θ, while also guaranteeing that Mi (θ) be

real-valued.

Condition 1 For every θ, indirect utilities Ui (θ), with i = B,G, must be such that: (i) UB (θ)−UG (θ) >

0; and (ii) UB (θ)− UG (θ) ≤ 1
4 .

We are now in a position to set up each firm’s maximization problem. Let us first solve (3) in terms

of the price, as

pi (θ) = θqi (θ)− Ui (θ) , (9)

and use the above expression to eliminate the price from (1). Then, profit margins relative to each θ-type

consumer become

πi (θ) = θqi (θ)− Ui (θ)− Ci (qi (θ)) = θqi (θ)− 1

2
kiq

2
i (θ)− Ui (θ) .

Letting

Si (θ) ≡ θqi (θ)− Ci (qi (θ)) = θqi (θ)− 1

2
kiq

2
i (θ) (10)

20A second symmetric pair of solutions exists:

M ′G (θ) =
1

2
−
√
1− 4 (UB (θ)− UG (θ))

2
and M ′B (θ) =

1

2
+

√
1− 4 (UB (θ)− UG (θ))

2
.

However, these can be discarded, as it is implausible for a firm’s market share to decrease with the utility that the same

firm leaves to its customers, while increasing in the utility that the rival firm sets. Indeed, when considering firm i’s profit-

maximization problem (see program Pi at page 13) with this alternative solution M ′i (θ), the first-order condition always

yields a corner solution such that Ui takes the lowest possible value and the second-order condition is never satisfied. This

aligns with previous models of network externalities, which highlight the necessity of a critical mass to “start the bandwagon

rolling” (see Rohlfs, 1974, Katz and Shapiro,1983, and Farrell and Saloner, 1985).
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denote the surplus realized when a consumer of type θ purchases one unit of the good with hedonic

quality qi (θ) from firm i = B,G (again, absent the benefit derived from environmental concerns), we can

write πi (θ) = Si (θ)− Ui (θ).

The program of each firm i = B,G consists, then, in maximizing total profits with respect to quality

level qi (θ) and indirect utility Ui (θ) for each θ-type consumer, taking as given the indirect utility that

the rival firm leaves to the same consumer, i.e. U−i (θ). Once firms’quality levels and consumers’utilities

are determined, the corresponding prices pi (θ) are derived using equation (9). For each θ, firm i = B,G

solves the following program

max
qi(θ),Ui(θ)

[Si (θ)− Ui (θ)]Mi (θ) =

[
θqi (θ)− 1

2
kiq

2
i (θ)− Ui (θ)

]
Mi (θ) . (Pi)

Notice that environmental concern γ does not appear in the above program, as it is replaced by the

fraction Mi (θ) of θ-type consumers buying from firm i = B,G. This fraction, in turn, depends on the

difference between indirect utilities. Moreover, in firm i’s program, the utility offered to consumers by

the other firm, i.e. U−i (θ) , is taken as given. Thus, firms compete against each other in the utility

space. Notice that program Pi reveals a trade-off: increasing the utility offered to a given consumer type

reduces the firm’s payoff, as it effectively lowers the price of the unit sold and shifts more surplus to the

consumer. However, this also raises the firm’s payoff, as it increases the probability of selling the good

to the given consumer.

Finally, the utility levels Ui (θ) left by each firm i = B,G to the consumer of type θ, which simulta-

neously solve programs PB and PG, must satisfy the following conditions:

Condition 2 For each i = B,G and every θ, indirect utilities Ui (θ) must be such that: (i) Ui (θ) ≤

Si (θ)⇔ πi (θ) ≥ 0; (ii) UB (θ) ≥ 0 and UG (θ) + γMG (θ) ≥ 0.

Requirement (i) guarantees that firms’profits are non-negative, while condition (ii) stems from con-

sumer participation constraints. Specifically, environmentally-concerned consumers who patronize the

green firm enjoy not only utility UG (θ) but also their pro-environmental premium, so their total indirect

utility becomes UG (θ) = UG (θ) + γMG (θ).

The timing of the game is as follows. The two firms simultaneously design their quality-utility sched-

ules {qi (θ) , Ui (θ)}i=B,G. Consumers observe these schedules and select the preferred one, i.e. they

choose which firm to patronize. An equilibrium of the game requires that each firm selects a menu of

quality-utility schedules that maximizes its expected profit, taking into account the choices of the rival

firm and the equilibrium behavior of consumers. Consumers, in turn, select the schedule that maximizes

their utility, incorporating their environmental concern when relevant.

13



4 Market Equilibrium

Consider the first-order conditions for program Pi with respect to qi (θ) and Ui (θ). When consumer

valuations θ are perfectly observable to firms, the choice of hedonic quality qi (θ) is straightforward: each

firm selects such quality independently, setting it at the effi cient level

q∗i (θ) =
θ

ki
. (11)

Notice that the quality-differentiated spectrum of goods produced by each firm is infinite, since each

θ-type consumer is offered a different hedonic quality of the good by each firm. Moreover, we obtain that

q∗B (θ) > q∗G (θ) for every θ, meaning the brown firm always produces the highest quality variant of the

good for any given consumer type. In particular, for every θ, the quality differential between the brown

and the green firm is

q∗B (θ)− q∗G (θ) =
θ (k − 1)

k
,

which is increasing in both θ and k.

The fact that hedonic and environmental characteristics can sometimes conflict is not only exemplified

by the case of EVs, mentioned in the introduction. Ecological cleansers and detergents are more envi-

ronmentally friendly but often less effective than chemical-based alternatives. Analogous considerations

apply to organic food, which is healthier and less harmful to the ecosystem but has a shorter shelf life and

less visual appeal than conventionally grown food. Substituting (11) into (10) yields maximal surplus

S∗i (θ) =
θ2

2ki
(12)

for each θ-type consumer and each firm i = B,G.

4.1 Firms’reaction functions

There remains to analyze the maximization of program Pi with respect to net utilities Ui (θ). This yields

the best replies of the two firms, which describe the profit-maximizing utilities left by firm i = B,G to a

θ-type consumer, given the utility U−i (θ) that the same consumer receives from the competing firm −i,

and given the maximal surplus S∗i (θ). Omitting the WTP for hedonic quality θ, the best reply of firm

G is implicitly defined by

2S∗G + 4UB − 1− 6UG −
√

1− 4 (UB − UG) = 0, (13)

where UG ≤ min {S∗G;UB} . Moreover, condition

1 + 4UG − 6UB + 2S∗B −
√

1− 4 (UB − UG) = 0, (14)

implicitly defines the best reply of firm B, where max {0, UG} ≤ UB ≤ S∗B .
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In Appendix A.1, it is shown that certain portions of the best replies can be discarded, leaving us

with the following reaction functions for firm G and firm B, respectively:

UG (UB) =
6UB + 3S∗G − 1−

√
1− 3UB + 3S∗G

9
, (RFG)

UB (UG) =
6UG + 3S∗B + 1−

√
1 + 3UG − 3S∗B

9
. (RFB)

Notice that reaction functions are not linear and that, while RFG is always increasing in UB , RFB is

increasing in UG if and only if UG > SB− 5
16 . Thus, when this condition is met, utilities can be interpreted

as strategic complements in this game.

4.2 Nash equilibria

In a Nash equilibrium, the utility levels left by both firms to each θ-type consumer simultaneously solve

equations (13) and (14), satisfy the constraints of Conditions 1 and 2, and obey second-order conditions.

Two classes of solutions can be identified: interior and corner solutions. The interior solution arises

for suffi ciently high values of θ, whereas a corner solution emerges when θ is low. For clarity, we define

Region I as the interval where a corner solution holds and Region II as the interval where an interior

solution applies. We use superscripts to distinguish these regions, denoted by R = I, II, and characterize

the solutions in terms of surpluses S∗B and S
∗
G, which in turn depend on θ (see equation 12).

Interior solution

There exists a unique interior solution, given by:

U IIB =
1 + 6S∗B + 4S∗G −

√
5 (1− 4 (S∗B − S∗G))

10
and U IIG =

4S∗B + 6S∗G − 1−
√

5 (1− 4 (S∗B − S∗G))

10
.

(15)

The above expressions are real-valued when the discriminant is non-negative, which holds if (S∗B − S∗G) ≤
1
4 , or else

θ ≤
√

k

2 (k − 1)
≡ θ̃.

It can be verified that the solution always satisfies U IIG < U IIB , and that both U
II
G ≤ S∗G and U

II
B ≤ S∗B

hold provided that θ ≤ θ̃. In addition, the interior solution must satisfy the second-order condition for

firm B’s program, given by:

3UB − 4UG − 1 + S∗B ≤ 0. (16)

This holds if and only if (S∗B − S∗G) ≤ 1
9 , or equivalently

θ ≤ 1

3

√
2k

(k − 1)
≡ θII < θ̃.
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Finally, U IIB > 0 if and only if

θ >

√
k
(
3− 8k + 5

√
4k2 + 1

)
3k + 2

≡ θI ,

where θI < θII always holds. It follows that the solution given by (15) holds only for θI < θ ≤ θII , in

which case we have that max
{
U IIG , 0

}
< U IIB . In other words, the interior solution occurs in the interval

θ ∈
(
θI , θII

]
, which characterizes Region II.

Corner solution

For θ ≤ θI the interior solution is no longer valid, but there is a corner solution which is such that

U IB = 0 and U IG =
3S∗G − 1−

√
1 + 3S∗G

9
, (17)

with U IG < U IB = 0 holding within the relevant parametric range. Region I is characterized by θ ∈(
θ − 1, θI

]
, provided that θ − 1 < θI . In this region, consumers prioritize environmental over hedonic

quality. Consumers with strong environmental consciousness always buy from the green firm, as the

benefits accruing from their environmentally responsible choice outweigh the low net utility they are left

with. Conversely, consumers with lower environmental concern have no alternative but to buy from the

brown firm. Despite competing with the green firm, the brown firm behaves like a monopolist that can

perfectly price discriminate its customers and extract all their surplus.

Finally, when θ > θII , the reaction functions no longer intersect, meaning a solution in pure strategies

does not exist. Notice that the threshold values of θ that we have found are strictly decreasing in k.

In particular, while θI is always close to but slightly smaller than 1
2 , θ

II satisfies limk→1 θ
II = ∞ and

θII = 1 when k = 9
7 . Hence, when k is close to 1 (i.e., when the cost disadvantage of the green firm is

low), the distance between θI and θII becomes arbitrarily large, exceeding unity. In this case, Region I

disappears when consumer WTP for hedonic quality is high enough that θ ≥ θI + 1. Conversely, both

solutions remain relevant when θ is small enough.

The following assumption enables us to focus on the case in which both Regions I and II are relevant

and to consider only pure strategy Nash Equilibria.

Assumption 1 k ∈ (1, 97 ) and θ ≤ θII .

The following proposition summarizes our results so far.

Proposition 1 Pure-strategy Nash equilibria (i) In Region I, i.e., when θ ∈
[
θ − 1, θI

]
, there is a

corner solution such that U IB = 0; (ii) In Region II, i.e., when θ ∈
(
θI , θ

]
, there is an interior solution

given by (15).
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4.3 Consumer sorting

Given qualities q∗i (θ) and indirect utilities URi (θ) set by each firm i = B,G in each region R = I, II at

equilibrium, consumers choose which firm to patronize based on their degree of environmental concern.

This determines how consumers with different valuations for hedonic quality self-select between the two

firms.

In Region I, given equilibrium indirect utilities U IB and U
I
G, the equilibrium market shares of the two

firms, M I
i (θ), can be computed. This allows us to determine the level of environmental concern at which

a consumer with valuation θ ∈
[
θ − 1, θI

]
is indifferent between firms B and G. The indifferent consumer

is given by:

γ̂I (θ) ≡M I
B (θ) =

1

3

(
2−

√
1 + 3S∗G

)
=

1

3

(
2−

√
2k + 3θ2

2k

)
. (18)

It is easy to verify that γ̂I (θ) is strictly decreasing in θ. This follows from the fact that the expression

for the indifferent consumer depends positively on U IB −U IG, while consumer indirect utility U IG increases

with θ and U IB remains constant at 0. Consequently, in Region I there is positive selection into the green

firm: the higher the consumer WTP for the hedonic quality θ, the larger the fraction of consumers served

by firm G.

Similarly, in Region II, equilibrium utilities U IIB and U IIG can be used to compute the equilibrium

market shares of the two firms, M II
i (θ), yielding indifferent consumer

γ̂II (θ) ≡M II
B (θ) =

1

2

(
1−
√

5

5

√
1− 4 (S∗B − S∗G)

)
=

1

2

(
1−

√
k − 2θ2 (k − 1)

5k

)
. (19)

The above function is strictly increasing in θ because γ̂II (θ) rises with U IB − U IG, and consumer indirect

utility U IIB increases with θ at a faster rate than U IIG . As a result, we observe negative selection for the

green firm: as consumer WTP for hedonic quality θ increases, the fraction of consumers served by firm

G decreases. Finally, γ̂II (θ) coincides with γ̂I (θ) at θ = θI , ensuring continuity.

In Figure 1, we set k = 8
7 , θ = θII = 4

3 and plot the function γ̂ (θ) across the two regions.
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Figure 1: Consumer sorting at the market equilibrium
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For the sake of comparison, if both firms had the same costs of hedonic quality, i.e. ki = 1 for i = B,G,

they would produce identical quality levels qB (θ) = qG (θ) = θ, and this would yield γ̂ = 1
2

(
1−

√
5
5

)
,

which is independent of θ.

4.4 Firms’price schedules and profits

Our previous analysis highlights that a consumer with a given valuation θ is always offered a higher

hedonic quality by the brown firm. Does this consumer also end up paying more for the brown good?

In order to answer this question, we analyze the difference in price schedules. We then consider which

firm enjoys the highest profits. The analytical expressions of equilibrium prices and profits are confined

to Appendix A.2.

Regarding the price difference, we find that pG (θ) > pB (θ) holds for θ < θII , indicating that a price

premium for the green firm arises in both Regions I and II. Turning to firms’total profits, notice that

they are given by per-unit profit margins multiplied by the corresponding market share:

ΠR
i (θ) = πi (θ)MR

i (θ) ,

for any given θ, each firm i = B,G, and each region R. We find that ΠG (θ) > ΠB (θ) holds in both

Regions I and II. Considering both price and profit differentials, one can conclude the following:
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Proposition 2 In any pure-strategy Nash equilibrium, the green firm sets higher prices and earns greater

profits than its brown rival.

Notice that, in our model, a firm’s decision to adopt green production is not strategic but rather taken

as given. Nonetheless, Proposition 2 provides a rationale for the choice to “go green”.21 This result is in

line with increasing evidence that financial profits are not necessarily at odds with responsible behavior.

In 2020, companies with higher Environmental, Social, and Governance (ESG) ratings performed better

than the overall indices. A S&P 500 sub-index, which groups companies meeting a minimum set of ESG

criteria, had a 1.4% higher profitability than the S&P 500 index as a whole last year.22 A recent study

by Kroll shows that companies with better ESG ratings outperform companies with lower ranking.23 El

Ouadghiri et al. (2021), using US data on stock indices from 2004 to 2018, found that public attention to

environmental issues had a significantly positive effect on the returns of US sustainability stock indices

(DJSI and FTSE4Good), whereas the opposite occurred for conventional stock indices (S&P 500 and

FTSE).

5 Pollution Emissions

What is the environmental impact of the market outcome that we have described? In order to answer

this question, we have to take into account the negative externalities related to the consumption and the

production of the goods, which neither firms nor consumers internalize.

In particular, let eCi denote the per-unit emissions related to the consumption of the goods. Such

emissions are assumed to be increasing in the hedonic quality of the good, in such a way that eCi (θ) =

φiqi (θ) for i = B,G. In the automotive sector, for instance, SUVs are consistently bigger and heavier than

smaller cars, therefore they use more fuel and generate higher volumes of pollutants (not only carbon

dioxide, but also other particulate emissions). Moreover, we consider that φB > φG. For example,

emissions from consumption of electric vehicles are strictly lower than emissions from the use of standard

combustion-engine vehicles, not only if one considers that electric cars do not generate CO2 emissions

while being driven, but also if one takes into account pollution from electricity generation.

Furthermore, let ePi denote the per-unit emissions related to the production of the goods, which are

still assumed to be proportional to the quality of the good, whereby ePi (θ) = ρiqi (θ) for i = B,G. We

21 Incidentally, notice that considering firms that are differentiated along the environmental dimension allows us to over-

come the Bertrand paradox.
22See https://www.spglobal.com/_media/documents/the-sp-500-esg-index-integrating-esg-values-into-the-core.pdf
23Kroll is a leading independent provider of global risk and financial advisory solutions, that examines the

relationship between historical returns of publicly traded companies and their ESG ratings globally. See

https://www.kroll.com/en/insights/publications/cost-of-capital/esg-global-investor-returns-study
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do not a priori rank ρB and ρG, although there is some empirical evidence confirming that, in some

sectors, green firms pollute more than brown rivals during the production process. Think, for instance,

of the production of batteries for electric vehicles. These batteries may have a significant environmental

footprint, as they are made from rare earth elements such as lithium, nickel, cobalt, and graphite, whose

extraction often involves highly polluting processes. Additionally, their disposal can be both costly and

environmentally harmful. Since battery size typically increases with the hedonic quality of an electric

vehicle, our model captures how pollution from production rises with the hedonic quality of the good.

Unit emissions are given by the sum of unit emissions from consumption and production:24

ei (θ) = eCi (θ) + ePi (θ) = (φi + ρi)qi (θ) .

In accordance to our definition of green goods, we assume that, for each θ, the overall level of pollution

generated by one unit of the good is higher for the brown than for the green variety, i.e., φB+ρB > φG+ρG.

Moreover, to make notation more compact, we rewrite (φi + ρi) = µi.

Assumption 2 µB ≡ φB + ρB > φG + ρG ≡ µG.

The unit emission differential is:

eB (θ)− eG (θ) =
θ (kµB − µG)

k
, (20)

which is always positive, provided that Assumption 2 holds.

Fixing θ, aggregate pollution emissions generated by each firm i = B,G are given by unit emissions

multiplied by the relevant market share. Integrating over all possible θ, and taking into account that

market shares Mi (θ) differ across the two regions R = I, II, we obtain

Ei (θ) =

∫
θ

ei (θ)Mi (θ) dθ =

∫
θ

µiqi (θ)Mi (θ) dθ, (21)

for i = B,G. Despite the fact that, at the unit level, eB − eG > 0 always holds, we find that, at the

aggregate level, the emission differential might be negative, i.e., EB−EG < 0. This happens because, due

to the green network effect, the market share enjoyed by the green firm can be significantly higher than

that of the brown firm, and this causes the green firm to pollute more than the brown one. However,

notice that our model does not allow for market expansion. Indeed, given that the total mass of consumers

is fixed and that each consumer buys exactly one unit of the good, a shift in demand from the brown to

24Our assumption that unit emissions are proportional to hedonic quality is also made by Mantovani et al. (2016) and

Vergari and Mantovani (2017). An alternative, albeit perhaps less realistic, assumption would be to consider emissions

that are independent of hedonic quality. Under this alternative scenario, our analysis would change, as we would no longer

observe excessive quality differentiation, nor would an emission tax be necessary to correct this market failure. Nevertheless,

our results regarding the optimal sorting of consumers and the optimal green subsidy (see next section) would still hold.
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the green good always diminishes total pollution because the green firm emits less overall pollution from

consumption and production.

Finally, it can be shown that an aggregate negative emission differential is associated with low values

of the cost differential k. A reduction in k leads to higher quality for the green firm and, since pollution

is proportional to quality, the total emissions from the green firm tend to increase as k decreases.

6 Social Welfare

Let us now consider social welfare, which includes the negative externalities related to overall pollution

emissions, that neither firms nor consumers internalize. The positive externalities, represented by the

green network effect, are instead excluded from social welfare, following the approach of Ambec and De

Donder (2022) and Heyes and Martin (2017), who draw on Andreoni (2006) and Diamond (2006).25 We

also assume that the marginal social damage of environmental pollution is equal to one.

The expression for social welfare is therefore given by:

W = WB +WG =
∫
θ

[SB (θ)− eB (θ)]MB (θ) dθ +
∫
θ

[SG (θ)− eG (θ)]MG (θ) dθ. (22)

Recall that Si (θ) represents the total surplus, i.e., the sum of consumer utility and producer profit,

obtained when one unit of good i = B,G is sold to a consumer of type θ (see expression 10). This

surplus, net of the pollution emissions, has to be weighted by the total amount of transactions, which

is represented by Mi (θ), the market share of firm i = B,G. As for aggregate pollution emissions, given

that there are two different regions, characterized by different market shares MR
i (θ) , for R = I, II, it

becomes necessary to compute the above integrals separately for each region.

6.1 Social Planner

Given that each consumer WTP θ is perfectly observable, the social planner maximizes welfare relative

to qi (θ) and Ui (θ) for each firm i = B,G and every θ, so that the program becomes:

max
qi(θ),Ui(θ)

[Si (θ)− ei (θ)]Mi (θ) =

[
θqi (θ)− 1

2
kiq

2
i (θ)− µiqi (θ)

]
Mi (θ) . (P oi )

For each i = B,G and every θ, socially optimal qualities are such that

qoi (θ) =
θ − µi
ki

, (23)

25The alternative would have been to formalize welfare associated with the green firm including both negative and positive

externalities, as:

WG =

∫ 1

γ̂(θ)

{∫
θ
[SG (θ)− µGqG (θ) + γMG (θ)]MG (θ) dθ

}
dγ,

Given that the expressions for γ̂R (θ), with R = I, II, are non-linear in θ, it would have been necessary to resort to first-order

Taylor approximations to compute the above integral. Therefore, we opted to exclude the network effect from social welfare

not only for methodological but also for tractability reasons.
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where superscript o indicates the social optimum. We require that θ be suffi ciently high to ensure that

all qualities are strictly positive.26 Notice that qoi (θ) < q∗i (θ) always holds for i = B,G. Additionally:

qoB (θ)− qoG (θ) =
(k − 1) θ

k︸ ︷︷ ︸
q∗B−q∗G

− kµB − µG
k

, (24)

which clearly shows that the quality differential at the social planner solution is always lower than at

the market equilibrium, provided Assumption 2 holds. Indeed, the planner internalizes the negative

externalities from the unit emissions generated by the consumption and production of both varieties of

the good.

Remark 1 There is excessive quality differentiation at the market equilibrium, i.e. q∗B (θ) − q∗G (θ) >

qoB (θ)− qoG (θ).

We still need to consider how the social planner chooses indirect utilities Ui (θ) and, consequently,

market shares Mi (θ) for each firm i = B,G and every θ. Recall that market shares are given by

expressions (5) and (6) and depend on utilities Ui (θ), which are affected by how total surplus is shared

between consumers and producers. This, in turn, is determined by prices pi (θ) . As in Cremer and

Thisse (1999), we assume that the social planner sets prices at marginal costs, ensuring that each firm’s

profit margin is zero and that total unit surplus is entirely captured by consumer indirect utilities. In

particular, for each firm i = B,G, the unit price equals the marginal production cost plus the marginal

environmental damages from consumption and production:

poi (θ) =
1

2
kiq

o
i (θ)

2
+ µiq

o
i (θ) . (25)

Given (25), the utility from one unit of the good of quality qoi (θ) sold by firm i = B,G is given by

Uoi (θ) = θqoi (θ)− poi (θ) =
(θ − µi)

2

2ki
= Soi (θ) , (26)

where utilities Uoi (θ) are always strictly positive.

Then, we can compute the expression for the socially optimal indifferent consumer, or else the market

share of the brown firm, which is

γ̂o (θ) = Mo
B (θ) =

1

2

(
1−

√
1− 4 (SoB − SoG)

)
=

1

2

1−

√
1−

2
(
k (θ − µB)

2 − (θ − µG)
2
)

k

 .

(27)

Similarly to the market equilibrium, we require that: (i) γ̂o (θ) is real-valued; and (ii) γ̂o (θ) ∈ (0, 1). As

for requirement (ii) , γ̂o (θ) < 1 is always satisfied, whereas γ̂o (θ) > 0 corresponds to SoB−SoG > 0, which

26Observe that the qualities at the social optimum remain the same regardless of the inclusion of the green network effect

in the social welfare.
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holds if and only if

θ >

√
kµB − µG√
k − 1

≡ θo1.

It is worth noting that a necessary condition for SoB > SoG is that q
o
B (θ) − qoG (θ) > 0. Requirement (i)

corresponds to SoB − SoG ≤ 1
4 , and it is satisfied if and only if

θ ≤
2 (kµB − µG) +

√
2k
(
k − 1 + 2 (µB − µG)

2
)

2 (k − 1)
≡ θo2,

with θo2 > θo1. Finally, notice that program P oB is not well defined when the brown firm has no customers,

i.e., when Mo
B (θ) = 0. However, if we assume that socially optimal qualities and prices remain given

by expressions (23) and (25), respectively, the social planner’s solution can be extended to cases where

Mo
B (θ) = 0 and Mo

G (θ) = 1 whenever θ ≤ θo1.

In summary, we can identify two distinct regions. Region 1, defined by θ ∈
[
θ − 1, θo1

]
, is characterized

by γ̂o (θ) = 0. Conversely, in Region 2, where θ ∈
(
θo1,min

{
θo2, θ

}]
, γ̂o (θ) is given by expression (27),

with γ̂o (θo2) = 1
2 .
27 Moreover, within Region 2, γ̂o (θ) is strictly increasing and convex in θ. It follows

that the social planner induces a negative selection for the green firm, if any.

Proposition 3 Socially optimal consumer sorting. (i) In Region 1, where θ ∈
[
θ − 1, θo1

]
, all

consumers purchase from the green firm; (ii) In Region 2, where θ ∈
(
θo1,min

{
θo2, θ

}]
, both firms have

strictly positive market shares and there is negative selection for the green firm.

Notice that, compared to the market equilibrium, the social optimum exists for a much broader range

of parameter values. In particular, Assumption 1 is no longer needed to ensure the existence of the social

planner’s solution. Accordingly, in Figure 2, we set k = 1.5, θ = 1.3, µB = 0.1 and µG = 0.05 (in which

case θ < θo2 = 1.43), and then plot the function γ̂o (θ) across the two identified regions.

27Notice that θo2 − θo1 > 1 if and only if µB − µG <
(2−k)
4
√
k
. Hence, when the difference in unit emissions is suffi ciently

small, it is never the case that both thresholds θo1 and θ
o
2 belong to the unit interval [θ − 1, θ].
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Figure 2: Socially optimal consumer sorting
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As a final step, we compute the optimal social welfare, denoted as W o, by inserting the socially

optimal qualities qoi (θ) and the market shares Mo
i (θ) into expression (22), and integrating. Given that

W o > W ∗, a natural question arises: which policy mix should the regulator adopt to steer the market

equilibrium towards the first-best optimum? There are various instruments that can be adopted to

address the multiplicity of market failures present in our framework: an emission tax on the two goods to

curb environmental pollution from both consumption and production, an ad valorem tax on both goods

to reduce product differentiation, and a subsidy for the consumption of the green good to enhance the

green network effect. We will examine these instruments in the following subsection.

6.2 Optimal Regulatory Policies

Abstracting from budget balancedness and distortionary effects, let us consider an ad valorem tax tv [0, 1]

and an emission tax τe ∈ [0,∞). Under these taxes, the profit margins for firm i = B,G are given by:

πi (θ) = (1− tv) pi (θ)− Ci (qi (θ))− τeµiqi (θ) .

Alternatively, using τv = 1
1−tv ∈ [1,∞) as an index of the ad valorem tax, we can rewrite profit margins

as:

πi (θ) =
1

τv
(pi (θ)− τvCi (qi (θ))− τvτeµiqi (θ)) .
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Using expression (9) to eliminate the price from the above expression, the program of firm i can be

written as:

max
qi(θ),Ui(θ)

1

τv

[
θqi (θ)− Ui (θ)− τv

1

2
kiqi (θ)

2 − τvτeµiqi (θ)

]
Mi (θ) (PRi)

for each θ. The optimal qualities are given by:

qri (θ) =
θ − τvτeµi

τvki
,

for i = B,G, where superscript r denotes the regulated market equilibrium. The regulated quality

levels remain strictly positive, provided that θ is suffi ciently high. Moreover, they always fall below the

unregulated market equilibrium quality levels, i.e., qri (θ) < q∗i (θ) for i = B,G.

The introduction of both the ad valorem tax and the emission tax reduces the quality differential,

such that qrB (θ)− qrG (θ) < q∗B (θ)− q∗G (θ). Furthermore, qrB (θ)− qrG (θ) decreases with respect to both

τv and τe. Also, observe that the qualities remain unaffected by the introduction of a subsidy. Given

these relationships, one can solve the system of equations qri (θ) = qoi (θ) for each i = B,G to determine

the optimal combination of the ad valorem and emission tax that induces firms to supply the socially

optimal quality levels.

Proposition 4 Optimal emission tax. The policy maker can induce firms to produce the socially

optimal qualities setting the ad valorem tax τ∗v = 1 and the emission tax τ∗e = 1.

The fact that τ∗v = 1 implies that the ad valorem tax has no effect on product differentiation, firms’

market shares, or profits, rendering it irrelevant in our context. This is because firms can perfectly

observe consumer WTP for hedonic quality. Consequently, the excessive quality differentiation at the

market equilibrium, relative to the social planner solution, is not driven by imperfect competition but

rather by firms’failure to internalize the negative externalities associated with pollution. Thus, it is the

emission tax τ∗e = 1 that effectively addresses this market failure. Indeed, τ∗e corresponds to the social

marginal cost of the negative externality and acts as a Pigouvian tax.

Firms also choose the utilities Ui (θ) left to consumers in solving program PRi. They take into

account that the policy maker can introduce a subsidy σ for the purchase of the green good to restore

the socially optimal sorting of consumers. When consumers purchase from the green firm, they benefit

from the subsidy, effectively paying pG−σ and enjoying utility UG +σ (again, net of the benefits derived

from environmental concern).28 The subsidy does not influence equilibrium qualities qri (θ), although it

affects both firms’market sharesMi by altering the relative attractiveness of the two firms for customers.

Indeed, the consumer of type (θ, γ) who is indifferent between purchasing from firm B or firm G is now

28Given that prices and utilities are non-linear and depend on θ, we expect the subsidy to be conditional on consumer

WTP for intrinsic quality as well.
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characterized by environmental concern

γ̂ (θ, σ) ≡ UB (θ)− UG (θ)− σ
MG

, (28)

where Ui (θ) remains defined by (3) for i = B,G. Firms’market shares are, therefore, given by

MG (θ, σ) =
1

2
+

√
1− 4 (UB (θ)− UG (θ)− σ)

2
,

and

MB (θ, σ) = γ̂ (θ, σ) =
1

2
−
√

1− 4 (UB (θ)− UG (θ)− σ)

2
.

Then, firm i = B,G solves the reduced problem

max
Ui(θ)

[Soi (θ)− Ui (θ)]Mi (θ, σ) , (29)

where Soi is given by (26), incorporating the effect of the optimal emission tax. In Appendix A.3, we

replicate the analysis carried out in Section 4 to find the regulated market equilibrium, and obtain two

candidate solutions: a corner solution where UrB = 0, and an interior solution. Consequently, there exist

two distinct regions, labeled as Region Ir and IIr, which correspond to different expressions for the

indifferent consumer at the regulated market equilibrium, γ̂R (θ, σ).29

Lastly, let us assess whether the subsidy successfully induces consumers to sort in the socially optimal

manner. The optimal subsidy should make the indifferent consumer at the regulated market equilibrium

γ̂R (σ, θ) , with R = I, II, converge to the socially optimal indifferent consumer γ̂o (θ). In Appendix

A.3, we demonstrate that no optimal subsidy exists in Region Ir. However, in Region IIr, the optimal

subsidy is given by:

σ∗ (θ) = 1− 4 (SoB − SoG) =
k + 2 (θ − µG)

2 − 2k (θ − µB)
2

k
. (30)

This optimal subsidy remains relevant as long as θ ≤ θo3, with θo3 slightly smaller than θo2. This observation

has significant implications. Indeed, Assumption 1 is no longer necessary to ensure the existence of a

regulated equilibrium, which now holds for a much broader range of parameter values compared to

the unregulated market equilibrium. As a result of the regulatory intervention, the market expands

considerably both in terms of cost differentials between the two firms, i.e., for higher values of k, and in

terms of consumer WTP for hedonic quality, i.e., for higher values of θ.

Figure 3 represents the optimal subsidy when k = 1.5, µB = 0.1 and µG = 0.05.30

29The explicit expressions for γ̂R (σ, θ) in the two regions, along with the relevant threshold values of σ that determine

these regions, can be found in Appendix A.3.

30To simplify graphical representation, we omit the explicit depiction of the unit interval
[
θ − 1, θ

]
. However, assuming

θ = θo2 = 1.43, we obtain θo1 = 0.32 < θ − 1 = 0.43. As a result, Region Ir shrinks, reinforcing the idea that the conditions

under which a corner solution arises become less relevant.
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Figure 3: Optimal subsidy
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The following proposition explains how the optimal subsidy restores the effi cient allocation of con-

sumers to firms and summarizes the key findings of our analysis.

Proposition 5 Optimal green subsidy. (i) No optimal subsidy exists such that the policy maker can

induce all consumers to buy the green good; (ii) The policy maker can induce the socially optimal sorting

of consumers by setting the discriminatory subsidy σ∗ (θ) in (30) for the consumption of the green good.

Notice that the optimal subsidy σ∗ (θ) is positive and strictly decreasing in consumer valuation for

hedonic quality θ. This result has important policy implications. Indeed, θ can be interpreted as a proxy

for the marginal utility of income, where a high θ signals a high income. Therefore, our findings suggest

that the optimal subsidy should primarily benefit low-income consumers and progressively diminish for

high earners. There is indeed evidence of governmental programs targeting low- and moderate-income

households to provide incentives for renewable energy adoption, energy effi ciency upgrades, and other

aspects of the green transition. For instance, in the US, the Low-Income Home Energy Assistance

Program (LIHEAP) and the Weatherization Assistance Program (WAP) provide financial assistance to

low-income households to make their homes more energy-effi cient.31 Additionally, programs such as My

Green Home Program in South Africa and Home Energy Scotland offer subsidies to low-income households

to make energy-effi cient improvements to their homes.32 In terms of incentives promoting the adoption
31See https://www.acf.hhs.gov/ocs/programs/liheap and https://www.energy.gov/scep/wap/weatherization-assistance-

program, respectively.
32See http://mygreenhome.org.za/about-us/ and https://www.homeenergyscotland.org/, respectively.
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of EVs, programs such as the California Clean Vehicle Assistance Program (CVAP) or the Massachusetts

MOR-EV Program specifically target low- and moderate-income individuals with additional financial

incentives, rebates, or discounts on EVs purchases.33 Our results suggest that these programs are moving

in the right direction towards favoring the green transition and should be further encouraged.

Our results also caution against the widespread use of price-based subsidies, which might be far from

being optimal. For example, incentives for purchasing full-electric vehicles in most European countries

decrease with the gross sales price of the car, with a cap ranging between 44 and 65 thousand euros.34

In Appendix A.3, we show that the price prG (θ) charged by the green firm at the regulated equilibrium is

non-monotonic in the WTP for hedonic quality. This indicates that current government subsidies, that

decrease with the price of the green good, violate our prescriptions when such price is decreasing in θ.

This is because the resulting subsidy would be indirectly increasing in θ whereas our optimal subsidy

should be decreasing in θ.

7 Concluding remarks

We have analyzed competition in hedonic quality between a green and a brown firm. We have considered

a scenario in which green products are costlier to produce than brown products, and consumers are

heterogeneous in both their WTP for hedonic quality and their environmental consciousness. A crucial

element of our model is the presence of a green network effect, wherein the market share of the green

firm positively affects consumer utility when buying green. This captures the idea that environmentally

concerned consumers derive additional satisfaction from their purchasing behavior in proportion to how

many other consumers also choose the green good. Thus, our methodological approach departs from the

standard warm-glow motivation for buying green, which is based on the self-gratification individuals feel

when they make environmentally friendly choices. Indeed, we have developed a theoretical framework that

integrates collective choices into the analysis of competition between green and brown firms. Moreover,

we have explored the policy tools that governments can adopt to encourage optimal consumption of the

green good within this framework.

In the first part of the paper, we have characterized how consumers sort between the green and the

brown firm at the market equilibrium, finding regions in which either positive or negative selection for

the green firm occur. This crucially depends on the relative weight of the valuation for hedonic quality

vis-à-vis environmental consciousness. We have then examined prices and profits at equilibrium, revealing

that the green firm charges higher prices and earns higher profits than the brown rival, notwithstanding

its cost disadvantage.

33See https://cleanvehiclegrants.org/ and https://mor-ev.org/, respectively.
34For more information, see https://www.acea.auto/fact/electric-cars-tax-benefits-purchase-incentives-2023/
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In the second part, we have examined the environmental impact of the market equilibrium by taking

into account the negative externalities related to both the consumption and the production of the good,

which neither firms nor consumers internalize. At the aggregate level, the emission differential between

the two firms can take either sign, and there are circumstances in which the green firm ends up polluting

more than the brown firm. This occurs when the green firm dominates in terms of market share, due to

the green network effect. However, as our model does not allow for market expansion, a shift in demand

from the brown to the green good always diminishes total pollution.

In the third part of the paper, we have considered social welfare and demonstrated the presence of

excessive quality differentiation at the market equilibrium. We then examined which policy interventions

would restore effi ciency. Interestingly, we have shown that a combination of an emission tax and a

discriminatory subsidy for green consumption would achieve this goal. Specifically, the emission tax

should be equal to a Pigouvian tax corresponding to the marginal social cost of pollution, while the

subsidy should decrease in consumer WTP for hedonic quality, or in other words, with consumer income.

The analysis that we have carried out relies on some simplifying assumptions, such as firms being able

to fully observe consumer valuation for hedonic quality, and consumers being able to exactly assess the

intensity of the network effect. On the one hand, data collection and analytics about consumer behavior

have lately made great strides, rendering consumer profiling and personalized pricing more and more a

reality, at least in terms of the hedonic quality. On the other hand, consumers are increasingly informed

not only about the consequences of their actions on the environment but also on the consumption behavior

of others, thanks to the rise of social media, online reviews, blogs, online forums, and the proliferation of

specialized digital channels.

We have also assumed that firms remain unaware of consumer environmental consciousness. This

assumption is justified by the fact that preferences for the environmental attribute are more diffi cult to

predict than those for the hedonic one. In any case, if consumer preferences for both attributes would

be fully observable, the green firm would be able to perfectly price discriminate along both dimensions,

meaning that its consumers would be indifferent between purchasing the green or the brown good. This

would ultimately reduce the importance of the green network effect, which would be unfortunate, given

the prominent role it plays, not only in our theoretical analysis, but also in the real-world challenge of

combating climate change.

Notwithstanding the possible limitations, our methodological approach has enabled us to investigate a

relevant issue from a different perspective. Indeed, whereas the traditional theoretical literature replaces

the vertical quality attribute with environmental friendliness, we have taken a step forward by consid-

ering products that embed both a hedonic and an environmental attribute, and have incorporated the

importance of collective choices. Taken with the necessary caution, our results provide useful guidance

for better directing the green transition supported by many important initiatives, such as the EU Green
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Deal. In particular, our policy prescription advocates for the adoption of income-based subsidies while

advising against price-based subsidies.

A Appendix

A.1 Firms’reaction functions

Let us first derive the reaction function of firm G, namely UG (UB). The program of firm G is given

by (Pi), with i = G. The associated first-order condition relative to UG, simplifying and omitting the

dependence of indirect utilities on θ, is

2S∗G + 4UB − 1− 6UG −
√

1− 4 (UB − UG) = 0, (31)

which implicitly defines the best reply of firm G. Notice that the expression under square root is non-

negative due to constraint (ii) in Condition 1 in the main text, which requires that UB−UG ≤ 1
4 . It then

follows that a necessary condition for equation (31) to hold is 2S∗G + 4UB − 1− 6UG ≥ 0, or equivalently

that

UG ≤
2S∗G + 4UB − 1

6
≡ U0G (UB) .

Solving (31) for UG as a function of UB yields two possible roots

U−G (UB) =
6UB + 3S∗G − 1−

√
3S∗G − 3UB + 1

9
and U+G (UB) =

6UB + 3S∗G − 1 +
√

3S∗G − 3UB + 1

9
,

whose discriminants are strictly positive for UB < S∗G + 1
3 . The larger solution can be discarded because

U+G (UB) > U0G (UB), hence it does not meet the necessary condition. The smaller solution, instead, is

such that U−G (UB) ≤ U0G (UB) if and only if UB ≤ S∗G+ 1
4 .
35 Moreover, the second-order condition relative

to UG in program PG amounts to − (SG − 4UB + 3UG + 1) ≤ 0, and it is always satisfied. Expression

U−G (UB) is useful when considering possible corner solutions. For instance, when UB = 0, it simplifies as

U−G (0) =
3S∗G − 1−

√
1 + 3S∗G

9
,

with U−G (0) < S∗G being always satisfied and U
−
G (0) < UB = 0 if and only if θ <

√
2k.

Secondly, let us consider firm B. From the first-order condition associated with program PB , one can

derive the best reply of firm B, which is defined implicitly (again omitting the dependence of indirect

utilities on θ) by

1 + 4UG − 6UB + 2S∗B −
√

1− 4 (UB − UG) = 0. (32)

35 It is easy to check that the interior solution provided in the main text always satisfies this condition.
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The necessary condition for the above equation to be satisfied, namely 1 + 4UG − 6UB + 2S∗B > 0, is

always met. Solving (32) for UB as a function of UG yields again two possible roots

U−B (UG) =
6UG + 3S∗B + 1−

√
1− 3 (S∗B − UG)

9
and U+B (UG) =

6UG + 3S∗B + 1 +
√

1− 3 (S∗B − UG)

9
,

whose discriminants are non-negative for UG ≥ S∗B − 1
3 . Moreover, while the smaller solution always

satisfies U−B (UG) ≤ S∗B , the bigger solution is such that U
+
B (UG) ≤ S∗B if and only if UG ≤ S∗B − 1

4 .

Finally, the second-order condition relative to UB in program PB corresponds to

UB ≤
4UG + 1− S∗B

3
≡ U0B (UG) ,

where U0B (UG) ≤ S∗B holds if and only if UG ≤ S∗B − 1
4 , U

−
B (UG) ≤ U0B (UG) is always satisfied, whereas

U+B (UG) ≤ U0B (UG) if and only if UG ≥ S∗B − 1
4 . Therefore, the bigger solution U+B (UG) can be

discarded because it either violates the second-order condition or it is outside the relevant range, being

U+B (UG) > S∗B .

A.2 Price schedules and profits

Equilibrium prices can easily be recovered from (3) by substituting for optimal qualities, given by q∗i (θ) =

θ
ki
, and for optimal indirect utilities, which vary according to the relevant region. Recall that we use

superscript R = I, II to distinguish between the different regions, and subscript i = B,G to indicate the

two different firms.

Let us start from Region I, i.e., from θ ∈
[
θ − 1, θI

]
, where the corner solution (17) applies. We

obtain

pIB = θ2 and pIG =
2k + 15θ2 +

√
2k(2k + 3θ2)

18k
,

with pIG > pIB , meaning that a price premium for the green firm is always in place in Region I. In Region

II, i.e., when θ ∈ (θI , θ], equilibrium prices are given by

pIIB =
θ2(7k − 2)− k +

√
5k
(
k − 2θ2(k − 1)

)
10k

and pIIG =
θ2(7− 2k) + k +

√
5k
(
k − 2θ2(k − 1)

)
10k

.

It is immediate to check that pIIG > pIIB always holds when θ < θII , thus confirming the results of

Proposition 2 in terms of the price difference.

Next, let us consider firms’profits at equilibrium. For a given θ and for each firm i = B,G, per-unit

profit margins given by (1) have to be multiplied by the firm’s market share, namely Πi (θ) = πi (θ)Mi (θ) .

The expressions for Πi (θ) correspond to

ΠI
B =

θ2

6

(
2−

√
2k + 3θ2

2k

)
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and

ΠI
G =

1

3

2
(
3θ2 + k

)
+
√

2k
(
3θ2 + 2k

)
18k

(1 +

√
2k + 3θ2

2k

)

in Region I, where ΠI
G > ΠI

B always holds, and to

ΠII
B =

− (k − 2θ2 (k − 1)
)

+
√

5k
(
k − 2 (k − 1) θ2

)
10k

5k −
√

5k
(
k − 2θ2 (k − 1)

)
10k


and

ΠII
G =

k − 2θ2 (k − 1) +
√

5k
(
k − 2θ2 (k − 1)

)
10k

5k +
√

5k
(
k − 2θ2 (k − 1)

)
10k


in Region II, where ΠII

G > ΠII
B holds when θ < θII , which is precisely the case. The only remarkable

difference between the two regions is that the profit gain for the green firm increases with θ in the first

region, whereas it decreases with θ in the second one, reflecting positive (resp. negative) self-selection of

consumers into the green firm.

A.3 Optimal subsidy

The program of firm G is given by (29) with i = G. Its associated first-order condition, simplifying and

omitting the dependence of indirect utilities on θ, is given by

2SoG − 4σ − 6UG + 4UB − 1−
√

1− 4 (UB − UG − σ) = 0, (33)

which defines implicitly the best reply of firm G. Given that the expression under square root must be

non-negative, the necessary condition for equation (33) to hold is that 2SoG − 4σ − 6UG + 4UB − 1 ≥ 0.

Solving (33) for UG as a function of UB , and taking into account the necessary condition, which allows

to discard one solution, yields

UG (UB) =
3SoG − 6σ + 6UB − 1−

√
1− 3 (UB − SoG − σ)

9
, (34)

whose discriminant is non-negative for UB ≤ 1
3+SoG+σ. The above expression is useful when one wants to

take into account possible corner solutions. For instance, when UB = 0 = U IrB , expression (34) simplifies

as

UG (0) =
3SoG − 6σ − 1−

√
1 + 3 (SoG + σ)

9
≡ U IrG ,

with U IrG + σ < U IrB = 0 if and only if σ < 1− SoG.

Secondly, let us consider firm B. From the first-order condition associated to program (29) with i = B,

one can obtain the best reply of firm B, which is defined implicitly, omitting once more the dependence

of indirect utilities on θ, as follows:

1 + 4UG + 4σ − 6UB + 2SoB −
√

1− 4 (UB − UG − σ) = 0. (35)
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Solving (35) for UB as a function of UG, and taking into account the second-order condition, which allows

to discard one solution, yields

UB (UG) =
6 (UG + σ) + 3SoB + 1−

√
1 + 3 (UG + σ)− 3SoB

9
.

whose discriminant is non-negative for UG + σ ≥ SoB − 1
3 .

Finally, simultaneously solving (33) and (35) for UB and UG yields the interior solution, which is such

that

U IIrB =
6SoB + 4 (SoG + σ) + 1−

√
5 (1− 4 (SoB − SoG − σ))

10
, (36)

and

U IIrG =
4SoB − 4σ + 6SoG − 1−

√
5 (1− 4 (SoB − SoG − σ))

10
,

with U IIrB > U IIrG + σ being satisfied if and only if

σ < (SoB − SoG) + 1 ≡ σA,

and both discriminants being non-negative for

σ ≥ (SoB − SoG)− 1

4
≡ σB .

Moreover, the above solution satisfies the second-order condition of firm B, which corresponds to

(4σ − SoB − 3UB + 4UG + 1) ≥ 0, if and only if

σ ≥ (SoB − SoG)− 1

9
= σC ,

where σB < σC < σA always holds.

The solution in (36) is always such that U IIrB > 0 provided that SoB > 1
8 , whereas for S

o
B ≤ 1

8 we have

U IIrB > 0 if and only if

σ <
3− 8SoG − 12SoB − 5

√
1− 8SoB

8
≡ σD and σ >

3− 8SoG − 12SoB + 5
√

1− 8SoB
8

≡ σE .

Summing up, when SoB > 1
8 and σC ≤ σ < σA, or when SoB ≤ 1

8 and σ < σD or σ > σE , then the interior

solution holds. When, instead, SoB ≤ 1
8 and σD ≤ σ ≤ σE we have a corner solution such that U

Ir
B = 0.36

Substituting equilibrium indirect utilities URri for R = I, II and i = B,G into expression (28) in the

main text, we obtain the indifferent consumer at the regulated market equilibrium in the two different

regions:

γ̂I (σ, θ) =
1

3

(
2−

√
1 + 3 (SoG + σ)

)
=

1

3

2−

√
2k (1 + 3σ) + 3 (θ − µG)

2

2k

 ,

36Notice that SoB =
(θ−µB)2

2
> 1

8
if and only if θ > 1

2
+ µB .
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which is valid for SoB ≤ 1
8 and σD ≤ σ ≤ σE ; or

γ̂II (σ, θ) =
1

2

(
1−

√
1− 4 (SoB − SoG − σ)

5

)
=

1

2

1−

√
k (1 + 4σ)− 2k (θ − µB)

2
+ 2 (θ − µG)

2

5k

 ,

which is relevant for σC ≤ σ < σA. Continuity in γ̂ (σ, θ) is guaranteed across both regions.

The optimal subsidy aligns the indifferent consumer at the social planner solution with the indifferent

consumer at the regulated market equilibrium. Therefore, one has to check for which values of the

subsidy σ it holds that γ̂o (θ) = γ̂R (σ, θ) . In order to have a common framework in which to analyze

both solutions, let us proceed in the following manner. Recall that γ̂o (θ) = 0 whenever SoB − SoG ≤ 0,

which in turn is equivalent to consumer WTP being such that θ ≤ θo1. Now, denote σF ≡ SoB − SoG,

whereby condition θ ≤ θo1 can be equivalently stated as σF ≤ 0; conversely, γ̂o (θ) > 0 holds for θ > θo1

or else for σF > 0. Similarly, when γ̂o (θ) positive, it is real-valued for 1 − 4 (SoB − SoG) ≥ 0, which is

equivalent to consumer WTP being such that θ ≤ θo2. Given that σB = (SoB − SoG) − 1
4 , we can rewrite

condition θ ≤ θo2 as σB ≤ 0.

As to Region Ir, notice that γ̂I (σ, θ) = γ̂o (θ) = 0 for σ = 1− SoG, but this solution falls outside the

relevant parameter range and therefore cannot be considered. Additionally, γ̂I (σ, θ) = γ̂o (θ) > 0 if and

only if

σI (θ) =
1 + 4SoG − 6SoB +

√
1− 4 (SoB − SoG)

2
;

however, this solution is not admissible either, as it lies outside the relevant parametric region, being

σI (θ) > σD.

Similarly, in Region IIr, we have that γ̂II (σ, θ) = γ̂o (θ) = 0 if and only if σ = σA, but this

solution can be discarded because it coincides with the boundary for the existence of γ̂II (σ, θ) . Finally,

γ̂II (σ, θ) = γ̂o (θ) > 0 if and only if

σII (θ) = 1− 4 (SoB − SoG) ,

where σII (θ) is such that σB ≤ σII (θ) ≤ σA always holds, and σII (θ) ≥ σC if and only if

θ ≤
3 (kµB − µG) +

√
k
(

4 (k − 1) + 9 (µB − µG)
2
)

3 (k − 1)
≡ θo3,

with θo1 < θo3 < θo2. Hence, an optimal subsidy exists in Region IIr as long as θ
o
1 < θ < θo3.

To conclude, let us compute utilities, prices and profit margins at the regulated market equilibrium,

focusing attention on Region IIr. Indirect utilities are such that

U IIrB (θ) =
k
(

1− (θ − µB)
2
)

+ 2 (θ − µG)
2

2k
− 1

2

√
k
(

1− 2 (θ − µB)
2
)

+ 2 (θ − µG)
2

k
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and

U IIrG (θ) =
−k
(

1− 2 (θ − µB)
2
)
− (θ − µG)

2

2k
− 1

2

√
k
(

1− 2 (θ − µB)
2
)

+ 2 (θ − µG)
2

k
;

profit margins are such that πRri = Soi − URri , therefore

πIIrB =
−k
(

1− 2 (θ − µB)
2
)
− 2 (θ − µG)

2

2k
+

1

2

√
k
(

1− 2 (θ − µB)
2
)

+ 2 (θ − µG)
2

k

and

πIIrG =
k
(

1− 2 (θ − µB)
2
)

+ 2 (θ − µG)
2

2k
+

1

2

√
k
(

1− 2 (θ − µB)
2
)

+ 2 (θ − µG)
2

k
.

Prices that firms set at the regulated market equilibrium are such that

pIIri (θ) = θqoi (θ)− U IIri (θ) ,

whereby

pIIrG (θ) =
k
(

1− 2 (θ − µB)
2
)

+ 2 (θ − µG)
2

+ (θ − µG) (θ + µG)

2k
+

1

2

√
k
(

1− 2 (θ − µB)
2
)

+ 2 (θ − µG)
2

k

and

pIIrB (θ) =
k (θ − µB) (θ + µB)− k

(
1− 2 (θ − µB)

2
)
− 2 (θ − µG)

2

2k
+

1

2

√
k
(

1− 2 (θ − µB)
2
)

+ 2 (θ − µG)
2

k
.

In Region IIr, the price set by the green firm exhibits a non-monotonic relationship with θ. Specifically,

pIIrG (θ) increases with θ for suffi ciently low values of k, while it decreases with θ for suffi ciently high k.

Consumers who choose the green firm ultimately pay

pIIrG (θ)− σII (θ) =
(θ − µG) (θ + µG)− k

(
1− 2 (θ − µB)

2
)
− 2 (θ − µG)

2

2k
+

1

2

√
k
(

1− 2 (θ − µB)
2
)

+ 2 (θ − µG)
2

k
.
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