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Abstract

Our paper analyzes whether a planner should design a taxonomy for sustainable
investment products when conventional tools for environmental regulation can also
be used to address externalities arising from firm production. We first show that
the private market provision of ESG funds marketed to retail investors involves
greenwashing: Regardless of the sustainability of firms’ production choices, all firms
are marketed as sustainable. A mandatory taxonomy prevents greenwashing and
is necessary to generate real effects of sustainable investment products. However,
the introduction of such a taxonomy can only improve welfare, on top of optimally
chosen environmental regulation, if financial constraints constrain socially valuable
economic activity. Otherwise, environmental policy alone is sufficient to optimally
address externalities.
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1 Introduction

Over the past two decades, the demand for sustainable investing by retail investors has
grown exponentially. At the same time, concerns about vague standards (Berg et al., 2022)
and greenwashing (de Freitas Netto et al., 2020) have called into question the real impact
of these investments. For example, according to Pw(C’s Asset and Wealth Management
Revolution 2022 report, 71% of fund managers themselves believe that greenwashing is a
common practice. Indeed, 76% simply plan to relabel existing products so they can be
marketed as ESG investment products.

In response to greenwashing activities, the EU created a uniform and legally binding
classification system that defines which economic activities are sustainable and which aren’t
(EU, 2020). The resulting taxonomy is supposed to help channel funding by retail investors
towards more sustainable firms and, hence, incentivize companies to become more climate-
friendly in the context of the European Green Deal.

Does the market provision of investment products with a ESG label feature green-
washing (and why)? Is a taxonomy effective at preventing greenwashing? Why should we
regulate financial markets when environmental policy tools are available too?

Our theoretical analysis provides the following high-level insights. Given the prevalence
of warm-glow preferences for “owning” funds with a green label, as documented by Bon-
nefon et al. (2019) and Heeb et al. (2023), the market provision of sustainable investments
features greenwashing: regardless of a firm’s sustainability choice, it is marketed with an
ESG label. However, this ESG label is not associated with cheaper financing, i.e., our
model predicts a lack of a greenium in the laissez-faire equilibrium (even if some investors
exhibit a strictly positive willingness to pay). A regulatory taxonomy for investment prod-
ucts prevents such a “race to the bottom” and is necessary to both generate a greenium and
impact on firms’ production decisions. However, generating real effects is not sufficient to

justify government intervention via financial regulation: In the absence of environmental


https://finance.ec.europa.eu/sustainable-finance/tools-and-standards/eu-taxonomy-sustainable-activities_en

policy failure, a taxonomy will only lead to welfare improvements if and only if financial
constraints constrain socially valuable economic activity. Otherwise, environmental policy
alone is sufficient to rectify inefficiencies caused by externalities.

We derive these results in a parsimonious general equilibrium production framework.
Each firm can choose the scale and sustainability of its production, i.e., costly abatement
of externalities. Financing from households, either directly or through funds, is limited by
outside financing constraints, building on Holmstrom and Tirole (1997)." We extend their
model by microfounding firm payoffs in a competitive product market, which allows us to
account for consumer surplus in the welfare analysis.

As a benchmark, we consider an economy without sustainable investors to see how far
the planner can go purely with environmental regulation: minimum standards, e.g., such
as mandatory catalytic converters, and (carbon) taxes. The planner not only cares about
firms choosing the appropriate degree of abatement but also accounts for real activity, as
determined by aggregate production. In the first-best allocation, firms choose to abate
up to the point where the marginal cost of abatement equals the marginal social benefit,
and at the optimal aggregate output level, the marginal consumer’s reservation price just
equals the marginal social cost of production (including the externality). Now, when the
planner can only avail herself of environmental policy tools, but no direct subsidies,” both
over- and underproduction can occur in equilibrium depending on the severity of financial
constraints. The optimum environmental policy now trades off real activity against ex-
ternalities. Environmental policy is optimally less stringent than first-best when financial

constraints bind.

!The relevance of such financial constraints for abatement investments has been empirically documented
by Bartram et al. (2022) and Xu and Kim (2022).

2As is standard on the literature on financial constraints following Holmstréom and Tirole (1997), we
assume that the marginal cost of public funds (taxation distortions) is sufficiently high so that the planner
cannot remove financial constraints for all firms in the economy. Relatedly, Hoffmann et al. (2017) analyze
the optimal design of subsidized loans under firm private information to finance abatement activities.



We then incorporate investors with sustainability concerns into our model. How to best
capture this demand for sustainable investments is the subject of an ongoing debate. If
(infinitesimally) small household investors were affected by externalities but behaved like
the textbook “homo oeconomicus,” they would treat aggregate externalities as given and
behave akin to “purely profit-motivated investors,” which is at odds with the dramatic
rise in funds with an ESG label. Instead, studies by Bonnefon et al. (2019) or Heeb et
al. (2023) suggest that individual investors’ “non-pecuniary benefits only accrue through
stock ownership, not through the actual impact of investment decisions.”?

We build on this empirical literature and assume that a subset of these investors derives
additional warm-glow from owning “ESG funds,” which acts as an additional return (see
Riedl and Smeets (2017)). To capture the heterogeneity of household preferences, we
assume that the intensity of this warm-glow varies across households according to some
distribution function. Since the warm-glow effect resulting from a purchase of “moral
satisfaction” without any impact, see Kahneman and Knetsch (1992), we model it as
a purely decisional utility that does not (directly) enter the social planner’s objective,
consistent with Broccardo et al. (2022).

How does the private market respond to such preferences? As is intuitive, the market
satisfies the demand for green ESG funds by labeling all firms as green, consistent with
the blatant greenwashing observed in practice. A “real” sustainable fund that sets more
stringent sustainability requirements can’t compete with funds that offer moral satisfaction
at lower (no) return discount. In the market equilibrium, sustainable finance does not
imply a greenium for sustainable firms and, hence, generates no impact.

A mandatory taxonomy can prevent such a race to the bottom by requiring a lower

bar on sustainability investments of taxonomy-conform firms. In equilibrium, a fraction

3The specification of such preferences also receives support by a large literature in environmental and
resource economics that elicits preferences. For instance, elicited willingness-to-pay frequently fails a so-
called “scope test” or “adding-up test”: Subjects’ willingness-to-pay is relatively insensitive to the actual
impact of the respective scenario change, e.g., the number of animals saved, see e.g., Boyle et al. (1994) or
Desvousges et al. (2012) for prominent studies on these effects and Kahneman (2000) for an explanation.



of firms will meet this more stringent sustainability requirement imposed by the taxon-
omy and, in return, receive a return subsidy (greenium) that just offsets the increased
production costs associated with abatement. The share of taxonomy-conforming firms
is determined by the fraction of retail investors whose warm glow outweighs the neces-
sary return sacrifice. The regulator now faces the following trade-off. By increasing the
sustainability threshold, each abiding firm causes fewer externalities, but also requires a
higher financing subsidy to offset the higher production cost to meet the standard. Given
a downward sloping supply of sustainable capital, in terms of the accepted return sacrifice,
this leads to a smaller share of sustainable firms in equilibrium.

However, does the prevention of greenwashing imply that introducing a taxonomy
is always socially desirable if environmental policy tools are optimally chosen? We show
that the introduction of a sustainable investment category is not beneficial if firms’ internal
funds are sufficiently high so that financial constraints do not prohibit aggregate production
at the socially efficient scale. Environmental regulation alone is sufficient.

In contrast, with acute financial frictions, stricter environmental regulation in isolation
would exacerbate underproduction. By activating a subsidy from “sustainably-oriented”
investors, the planner can mitigate this trade-off between imposing a higher minimum
standard (or environmental tax) and, at the same time, inefficiently shrinking the economy.
The joint optimization allows the planner to increase the weighted average sustainability
of all firms while increasing aggregate output. As preferences for sustainable investment
become stronger, this favors, on the margin, an increase in the sustainability standard.
Given the time trend of preferences for sustainability in recent years, our model predicts
that optimal sustainability standards should gradually increase over time.

Another potential rationale for a taxonomy is that environmental policy is suboptimally

lax. In this case, a taxonomy partially mitigates environmental policy failure by inducing

4Since competitive forces (in the absence of financial constraints) lead to production above the socially
efficient scale, the economy needs to be “sufficiently” financially constrained.



a fraction of firms to produce more sustainably. However, as the taxonomy is a much
less effective tool to mitigate environmental externalities, this rationale does not address
the more fundamental question of why environmental policy is ineffective.” In addition
to possessing less effective tools, as pointed out by Tirole (2023) as well as Oehmke and
Opp (2022), such mandate shifts of financial regulators have additional drawbacks, such
as questions of institutional conflicts and lack of policy coordination.

The recent theoretical literature on sustainable investing, see e.g., Oehmke and Opp
(2019), Landier and Lovo (2020) as well as Green and Roth (2021), has highlighted how
such “value aligned” preferences or “narrow” investment mandates fail to generate real
impact. Consistent with the findings of this literature, the non-regulated market outcome
in our setting will trivially lead to the lowest possible standard, thereby exhausting the
available sustainable capital, but to no real effect. What differentiates our paper from
this literature is that our framework features a planner that is able to prevent a race to
the bottom via a taxonomy that defines which investment products can be marketed as
sustainable.

Our paper builds on a rapidly growing literature on the theory of socially responsible
investing. This literature consists mainly of two strands: ezclusion and impact investing,
cf. Oehmke and Opp (2019) for a detailed overview. Since we aim to model investor
demand for sustainable finance products by small retail investors, our model does not
feature large activist investors, which are studied in Chowdhry et al. (2018), Ochmke and
Opp (2019), Biais and Landier (2022) and Gupta et al. (2022).5 Instead, our paper shares
the mechanism of the exclusion literature following the pioneering paper by Heinkel et

al. (2001). In equilibrium, sustainably-oriented investors exclude unsustainable firms in

SRecently, Allen et al. (2023) have taken a different, positive perspective by modeling society’s choice
(through voting) over environmental policy, comparing the outcomes when households do or do not have
access to sustainable investments.

6In addition to the different focus (regulation), our paper extends Oehmke and Opp (2019) in two ways.
First, we incorporate retail investors with empirically relevant warm-glow preferences in a tractable way.
Second, firm payoffs are determined in a product market equilibrium rather than exogenously specified,
similar to Inderst and Heider (2022).



their portfolio, which generates larger equilibrium funding costs for non-sustainable vs.
sustainable firms and provides an incentive for firms to reform.”

None of these contributions has addressed the two key questions of our analysis, i.e.,
whether such subsidized financing is socially beneficial in view of alternative, more direct
environmental policy instruments and how to optimally design a sustainable investment
classification.® The latter issue taps into a large theoretical literature on optimal certifi-
cation (see Bizzotto and Harstad (2023) for a recent contribution and a detailed survey).
This literature, however, typically considers the perspective of a profit-maximizing certifier
and the design of labels for products or services when purchasers have limited information
about quality.

This paper is organized as follows. In Section 2 we introduce the benchmark economy
in which all investors care only about financial returns and where, consequently, the social
planner can only avail herself of environmental policy instruments. In Section 3 we intro-
duce households with sustainability preferences and provide conditions under which the

introduction of a sustainable investment category is optimal (and, if so, which threshold

should be optimally chosen). Section 4 concludes. All proofs are collected in an appendix.

2 Benchmark economy

We initially analyze a benchmark economy in which all households (investors) are purely
profit-motivated. In such an economy, there is no demand for sustainable investing and,

hence, there is no scope for a “sustainable investments” taxonomy either.

"More recently, the effects of exclusion, underweighting or divestment are studied in Landier and Lovo
(2020), Davies and Van Wesep (2018), Pastor et al. (2021), Pedersen et al. (2021) and Edmans et al.
(2022). In particular, we share with Landier and Lovo (2020) that preferences are risk-neutral, which
ensures tractability, i.e., there is no effect on risk-premia which result from imperfect risk-sharing.

8Biais and Landier (2022), Déttling and Rola-Janicka (2022), and Oehmke and Opp (2022) have ana-
lyzed the interaction of environmental regulation with the financial sector when environmental regulation
is subject to a commitment problem. There is no commitment problem in our paper.



We first describe the model ingredients and objective functions of firms, households
and the requlator. Then, for given environmental regulation, we derive the equilibrium
financing and investment decisions by firms, which determines aggregate output and ex-
ternalities. This first part extends Holmstrom and Tirole (1997) by microfounding firm
payoffs in a competitive product market. We then characterize optimal environmental
regulation, which is the first step to answering whether there is additional scope for “sus-

tainable investments” and the taxonomy from a welfare perspective.

2.1 Model primitives

Firms. The economy consists of a unit mass of profit-maximizing firms indexed by ¢, each
endowed with internal funds A > 0 (which, thus, also corresponds to aggregate internal
funds).” Firms compete in the product market: Given individual firm output ¢;, each firm
reaps a market price of P(q) where ¢ = fol ¢;di denotes aggregate output and P satisfies
the usual conditions, i.e., P is differentiable with P’ < 0 and lim, - P(¢q) = 0. To focus
on the effect of socially responsible investment, we assume that sustainable production
cannot ensure a price premium in the product market.'”

The production technology choice features a trade-off between profitability and sustain-
ability 0; < 0™**, which arises, for example, from the costly installation of air filters and
; governing their quality. We assume that production generates negative externality of
p (0™ — 6;) per unit of output while investment costs per unit of output are given by ¢ (6;),
where ¢ is a strictly increasing and convex function with ¢/(0) = 0 and limg_,gmax ¢’ (#) = 0.

emax

In the context of carbon emissions, one can thus interpret ( — 0,;) as the firm’s carbon

intensity and p > 0 as the social cost per unit of carbon emissions. A firm ¢ is carbon-

9Tt is straightforward to extend the analysis to the case where firms differ in internal funds, given that
each firm is atomistic and that our main characterization pertains to aggregate output.

10See Hakenes and Schliephake (2021), Broccardo et al. (2022), and Piccolo et al. (2022) for models
that also consider socially responsible consumption.



neutral if its sustainability choice satisfies 6; = 6™**. The total cost of production, ¢ (6;) g;,
needs to be financed by a combination of internal funds A; < A and external funds.
External financing is subject to financing frictions adopted from the workhorse model
of Holmstrém and Tirole (1997). Specifically, the sale of output is only successful with
probability one if the owner-manager exerts unobservable effort. If she shirks, she obtains a
per-unit private benefit B > 0, but with probability Ap > 0 no sale occurs. As is standard
in the literature, we assume that the agency rent Aﬁp is low enough so that shirking is off

equilibrium (see exact condition in Appendix-Lemma A.1).

Household investors. External funds are in abundant supply and provided by atom-
istic, risk-neutral households that seek to maximize their expected net financial payoff.
In addition to the investment opportunities offered by firms, households have access to a
storage technology that offers a fixed return ry (which is normalized to zero). This is also

the return that firms realize on assets that they do not invest productively.

Regulator. A key objective of our analysis is to investigate the relevance of sustain-
able finance and its taxonomy in the presence of standard, environmental policy tools.
Motivated by its widespread use in practice, our main analysis considers the tool of a min-
imum sustainability standard #,, as the main environmental policy tool. In the context
of emissions, such regulation imposes a cap on the emissions intensity, ™ — 0,,, as for
instance mandatory air filters of a certain quality or catalytic converters. Likewise, it can
require investments in protection against health hazards for workers or undue harm on
animals. Importantly, we show that all of our results continue to hold if a regulator could,

in addition, impose a tax 7 per unit of social cost, see Remark 1.



Given production choices #; and ¢;, welfare, comprises first, gross consumer welfare;

second, investment costs; and third, the externality:

o= ["Paia= [ac@)di-p [ —0)d 1)

which, to simplify expressions, already uses the result that shirking is off equilibrium (see
Proof of Appendix-Lemma A.1). The regulator chooses 6,, as to maximize welfare in (1).

We presume that the economic activity is socially valuable, Q > 0, at least under
optimal regulation. It is, thus, necessary that the consumer surplus on the initial unit
exceeds the marginal social cost, the sum of the marginal private investment costs ¢(f)

and externalities 6™ — 0 for some 0, i.e.,
P(0) > rnein [c(0) + p(6™* —0)] . (A1)

Timeline. We consider the following logical sequence of events. At ¢t = 0 the regulator
chooses the minimum production standard 6,, (and, as in our extension, a tax on exter-
nalities). At ¢ = 1, given this regulatory environment, firms then simultaneously choose
their optimal sustainability level 6;, output ¢;, as well as external financing ¢ (6;) ¢; — A;.
Households allocate funds to firms and the storage technology. At ¢t = 2, managers choose

whether to exert effort or not, and output ¢; is sold at price P(q).

First-best benchmark. Before analyzing the equilibrium outcome of the just presented
economy, it is useful to characterize first-best welfare 2pp. As firms are homogeneous,
first-best welfare can be characterized using two control variables, total output qrp and a
uniform standard 6gp across firms. The optimal sustainability level equates, per unit of
production, the saved social cost of the externality with the marginal increase in investment

cost,

d(OrB) = p. (2)



The optimal aggregate output and market size, in turn, equates marginal consumer surplus

with marginal cost of production, comprising the externality:

P(qrp) = c(0rp) + p(0™ — Opp). (3)

2.2 Market equilibrium

We refer to the market equilibrium as the equilibrium behavior of private agents, firms
and households, for a given regulatory environment, i.e., 8,,. We endogenize the optimal
choice of 6,, in the subsequent section. This market equilibrium is characterized by the

following conditions:

Definition 1 Given a minimum standard 0,,, a Market Equilibrium is characterized by
a co-investment, production and effort strategy for each firm, and an investment strategy

for each investor such that:

a) Each firm i chooses its coinvestment A; < A, its technology 6; > 0,,, its output ¢

and its unobservable effort to maximize its net payoff inclusive of private benefits.

b) Investors decide to allocate their funds to the storage technology and capital provision

into each firm to maximize their net payoffs.

c) Markets for capital clear.

Individual firms’ financing and production choices. Since this benchmark economy
only features profit-motivated agents, there is, for now, no benefit from exceeding the
minimum standard and all firms optimally choose ¢ = 0,,. We now characterize an
individual firm’s optimal financing contracts yielding coinvestment A} and output ¢;.

As in Holmstrém and Tirole (1997), the moral hazard problem limits outside financing

capacity and output of each firm. Different from Holmstrém and Tirole (1997), the optimal

10



choices of each individual firm are affected by the financing and supply decisions of other
firms since the product market price is pinned down by the aggregate supply of all firms
q. As a result, firms only have an incentive to operate if aggregate supply is sufficiently

low so that the product price exceeds the cost of production,

Pq) = c(Om). (4)

In the absence of prohibitively costly (and suboptimal) environmental regulation, i.e.,
c(0,,) < P(0), the output quantity ¢q adjusts so that Condition 4 is satisfied in equilibrium
(see Proposition 1).

Let D; denote the promised repayment to household investors, then incentive compat-
ibility of effort requires that the owner’s payoff under effort exceed the expected payoff

under shirking (inclusive of private benefits),

@P (q) — D; > (1 = Ap) [¢:P (¢) — D] + By (IC)

The investors’ participation constraint (IR) requires that outside investors earn at least
the required return 7o = 0 on their investment of ¢ (6;) ¢; — A;, where A; < A denotes the

insider’s coinvestment:

In equilibrium, the household investors’ IR constraint always binds since household capital
is in ample supply and investors behave competitively.

When the profitability Condition 4 holds, standard arguments imply that it is (weakly)
optimal for the firm to fully co-invest internal funds, A = A. Binding (IR), the absence

of shirking, and full coinvestment imply that the firm’s gross payoff satisfies:

11



Since individual firms take the market price as given, the objective (5) is linear in ¢;. Again
by condition 4, it is then (weakly) optimal to produce at maximal scale.

In equilibrium, an individual firm’s maximal scale is constrained by financial frictions,
as we will formally show in Corollary 2 to Proposition 1. Maximal scale is, thus, determined

by binding (IR) and (IC) which implies that

4 = k(@) 4, (6)

where the production capacity multiplier & (¢) satisfies

k(q) = > 0.1 (7)

This expression is an extension of the standard multiplier in Holmstrém and Tirole
(1997) by incorporating product market competition. The production capacity multiplier
is a decreasing function of ¢ because larger aggregate output pushes down product prices
(and, hence profitability). Using these optimal choices 87 = 6,,, A = A and ¢} (conditional
on q), the indirect utility of each firm is given by:

B
U'=—Ak(q). 8
P T A (9) (8)
We now determine the aggregate output, ¢ = [ ¢;d; that results from the optimal behavior

of individual firms.

Aggregate output While each individual firm’s supply is constrained by financial con-
straints, aggregate economic output, ¢* = [ ¢/d; is only impacted by financial constraints

if firms cannot jointly secure sufficient external financing to produce the zero-profit output

HCorollary 2 implies that P(q) — ¢ (6,,) < B/Ap so that k(g) > 0.

12



q solving

P(q) = c(0m) . (9)

Proposition 1 intuitively reveals that aggregate production at the frictionless level ¢

only occurs in equilibrium if firms’ aggregate internal funds A are sufficiently high.

Proposition 1 (Aggregate output ¢*) If P (0) > c¢(0,,) so that environmental regula-
tion is not prohibitively costly, the economy produces q* > 0 which can be characterized as

follows:

1. If aggregate internal funds A are sufficiently small, A < gB/Ap, financial frictions

constrain aggregate output of the economy, q* < q, which solves:

q = Ak(q") . (10)

2. If A > qB/Ap, aggregate output is unaffected by financial frictions, ¢* = q.
The comparative results of aggregate output follow immediately.

Corollary 1 Output q* is increasing in aggregate internal funds A (strictly so as long as

A < @B/Ap) and strictly decreasing in the minimum standard 0,,.

Intuitively, larger aggregate internal funds increase aggregate output by mitigating
the effects of external financing frictions, leading to larger output. In contrast, a higher
minimum standard increases firms’ production costs resulting in lower aggregate supply.'?

We now turn to the resulting equilibrium financing capacity and firm rents.
Corollary 2 (Equilibrium financing capacity and rents) For any A > 0, the equi-
librium capacity multiplier, k (q*), is finite as P (¢*) —c(0,,) < B/Ap. Firms earn scarcity

rents in equilibrium, P (¢*) > ¢ (0,) < U > A, if and only if A < gB/Ap.

12The rationale for why equilibrium output strictly decreases with a higher minimum standard is slightly
different in the two cases of Proposition 1: When aggregate output is not financially constrained, this
follows immediately from the zero-profit condition for ¢* = g. Otherwise, the higher costs of production
reduce the capacity multiplier, k.

13



Thus, with endogenous product market competition, the output quantity always ad-
justs so that the firms’ reward, the price P (¢*), is never so high that firms become fi-
nancially unconstrained (and IC would be slack). This occurs because, in aggregate, the
industry exhibits decreasing returns to scale as the inverse demand is downward sloping.
When aggregate output is constrained by financial frictions, A < ¢B/Ap, the scarcity
rents imply that all firms lever up to the maximum. Instead, when the economy produces
the zero-profit output ¢, firms are indifferent between producing and using the storage
technology so that U = A.

We finally remark on an additional feature related to the endogenous product price.
When firms’ internal funds go to zero, A — 0, aggregate output converges to zero only if
P(0) < A% + ¢ (0,,), i.e., only if the incentive constraint binds also at the highest product

price. Otherwise, when A — 0 aggregate output converges to

min = P (A% + c(em)) : (11)

which is still strictly lower than g.'*

2.3 Optimal environmental regulation

We now turn to the planner’s optimal choice of the minimum standard. Given the equi-

librium characterization, the planner’s objective in (1) simplifies to

q*(Om)
Q= / P(q)dg — q° [c () + p(6™ — 6,,)]. (12)

The socially optimal choice of the single policy instrument, characterized by the first-order

condition dde—Q = 0, aims to balance deviations from the two separate first-order conditions

for the technology and quantity in the first-best benchmark, see (2) and (3):

13Formally, the characterization (10) then implies that, with A — 0, k(¢*) — .

14



[P (q%) = ¢(0m) — p (07 = 01)], (13)

where we have made explicit the dependency of equilibrium output, ¢*(6,,), see Corol-
lary 1. The left hand-side of (13) captures the socially optimal technology choice, cf.
condition (2). The right-hand side captures condition (3), which is the marginal social

surplus of an additional unit of output fixing technology 6,,,, which is now, however, scaled

by the semi-elasticity of output to environmental standards, ;ei /q* (Qm)‘, which results

from the feedback effect of the minimum standard on aggregate output. We obtain:

Proposition 2 (Environmental regulation) If the agency problem is sufficiently strong

B
— > p(0™ -0 14
R 2 0™ = 0rp). (1)

there exists a threshold for internal funds App such that the optimal standard satisfies
ém > Opp for A > App and ém < Opp for A < App. At A = App, first-best welfare is
achieved, i.e., 0,, = Opp and ¢ (0rB) = qrp. ]fAﬁp < p(0™* —Opp), the optimal standard

always satisfies ém > Oppg.

We first consider the case in which the agency constraints are sufficiently strong, so that
Condition (14) holds. To see the logic for Proposition 2, set first 6,, = 0pp. Condition
(14) ensures that when internal funds are sufficiently low (precisely, when A < App),
the economy produces output below the socially efficient scale, ¢* < grp.'* Then, the
marginal social surplus of an additional unit of output is strictly positive, P (¢*) —c (0,,) —
p (0™ —46,,) > 0.

Now, suppose instead that internal funds are not scarce, so that when 6,, = Opp,
output expands until ¢* = ¢. As firms do not take into account the externality, there is

overproduction (from a planner perspective), § > qrp. With ¢* being strictly increasing

141f the converse of (14) holds, even as A — 0 the then strictly positive limit guin, as given by (11),
strictly exceeds qpp (cf. the proof of Proposition 2).

15
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Figure 1. Optimal minimum standard as a sole policy tool. The graph in the left panel

plots the optimal minimum standard 0,, and the associated equilibrium output ¢* (ém as a function

of aggregate internal funds A for the case A%) > p(60™* — 0pp). Note that the respective units on

the y-axis have different scales for 6, (left scale) and ¢* (ém) (right scale). The right panel plots

the resulting welfare under the optimal minimum production standard 0,,. For A = App, first-best
welfare Qrp is achieved. Financial constraints don’t bind for A > A.

(and continuous) in internal funds, there exists a unique level A = App at which ¢* = qpp.
This tension between over- and underproduction is the main force behind the hump-shaped
effect of internal funds on welfare, as illustrated in the right panel of Figure 1.

If the converse of (14) holds, output is always excessively high at 6,, = 6rp, even
as A — 0, and we would find ourselves only at the part where welfare decreases in A.
Consequently, it is always optimal to set O, > Opp.

In the presence of two frictions — financing constraints and production externalities
— one would expect one tool to be insufficient to restore first-best. In particular, while
the planner can force all firms to choose 0rp, this policy choice does not automatically
ensure the socially optimal quantity ¢rp since output is endogenously supplied by profit-
maximizing firms. However, as we have shown, the first best welfare {2z is achieved when
the financial constraints are “just right,” which stands in stark difference to canonical

corporate finance models, where financial constraints reduce total surplus as they pre-
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vent firms from exploiting profitable investment opportunities. In the presence of social
externalities, financial constraints are thus no longer unambiguously harmful.

We now turn to the optimal choice of ém, which varies with A so as to mitigate over-
or underproduction from a social perspective. For A < Appg, to avoid “overshrinking” the
economy, the environmental standard, solving (13), is optimally chosen to be less stringent
0,, < 0pp. For A > App, to counter overproduction from a social perspective, the optimal
standard appears to be excessively stringent, 0,, > Org (see the left panel in Figure 1).
For A € (A FB, fl), the economy underproduces from a private perspective (as production
is still financially profitable) and overproduces from a social perspective. Once A > A,
financial constraints no longer bind (at the optimal choice ém), and the optimally policy
no longer varies with A. The optimal minimum standard, denoted by 6,, > @z and
the realized output ¢* = ¢ (9m) correspond to the optimal policy choices in an economy

without financial frictions.'®

Robustness under (a combined) Carbon tax. We now show robustness of our
(main) results to more general environmental policy. In particular, we allow the regu-
lator to also impose a tax 7 per unit of externality (so that the standard Pigouvian tax
level would be 7 = p). To avoid overburdening the reader with additional notation, we

summarize our main point upfront and relegate the formal analysis to Appendix B.

Remark 1 (Minimum standard and Carbon tax) Suppose that Condition 14 holds
and the planner can use both a minimum standard and a carbon taz. If A < App, first-
best welfare cannot be attained. The optimal carbon tax is zero and the optimal minimum
standard and output are characterized by Propositions 1 and 2. If A > App, first-best

welfare can be achieved by setting 6,, = Opp and a positive tax T > 0.

15The switch from binding financial constraints to non-binding constraints causes a jump in the policy
function exactly at the level of internal funds where the planner is indifferent between causing financial

constraints or not. This jump arises because, for A = A, the objective function has two global maxima.
See details in Proof of Proposition 2.
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If A < App, it is strictly suboptimal to impose a carbon tax because this tax eats into
pledgeable income, exacerbates firms financial constraints, and, hence leads to additional
reduction in output. Therefore, the planner only uses the minimum standard as charac-
terized by Proposition 2.'° In contrast, if A > App, the tax allows the planner to limit
overproduction, so that ¢* = qrp, while at the same time setting the minimum standard
to Orp.

Intuitively, environmental policy tools work well to mitigate production externalities,
but not financial frictions. Therefore, even optimal environmental policy fails to restore
first-best when financial constraints are sufficiently severe, A < Arpg. We now analyze if

sustainable finance can make a difference and whether a taxonomy is needed.

3 Full model

3.1 Preferences for sustainable investing

Maintaining the assumption that there is ample supply of capital by purely profit-motivated
investors, we now incorporate investors with sustainability preferences. These investors
with concerns for sustainability are endowed with funds of size K. For ease of exposition,
we stipulate that K is sufficiently small, so that profit-motivated investors are needed to
ensure that all firms in the economy are able to receive financing.'”

There is an active debate about how to best capture preferences for ESG investments,
both from a normative and positive perspective, in particular regarding the question
whether such investors are primarily impact oriented or simply obtain a warm glow from
owning “green firms.”

Theoretically, if retail investors behaved like the textbook homo oeconomicus, they

would understand that the impact of their (infinitesimally) small investment on firm

16The minimum standard is equivalent to a tax when tax receipts are rebated back to firms in lump-sum
fashion. Hence, tax rebates don’t change the main result that first-best cannot be achieved for A < App.
17See the proof of Proposition 3 for the exact condition.
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decisions and therefore aggregate emissions is zero and there would be no demand for
sustainable investment products.'® Such truly consequentialist logic can, thus, not be re-
sponsible for the large growth in sustainable investment products. Moreover, micro-level
experimental evidence by Bonnefon et al. (2019) or Heeb et al. (2023) largely supports
non-consequentialist preferences of individual retail investors, as discussed in the intro-
duction.

Based on these observations, we consider the polar opposite of homo oeconomicus pref-
erences for investors with sustainability concerns in that households experience a warm-
glow boost w per unit of investment when owning firms with a sustainability label. The
assumption that households derive their warm glow through the respective classification
can be motivated by retail investors’ lack of information or excessive complexity associ-
ated with a more detailed assessment. Our analysis both considers the case when the
sustainability label is provided by the market and when this label is regulated by the
taxonomy. The warm glow implies that households are willing to accept a reduction of
the financial return by w, consistent with evidence by Riedl and Smeets (2017). We allow
for heterogeneity in the strength of the sustainability concerns across households. That
is, the warm-glow for household j, w;, is drawn from the support [0, w] with density f(w)
and CDF F (w).

As in Broccardo et al., 2022, we view the warm-glow purely as a decisional utility. As
the planner’s objective remains unaffected compared to our benchmark economy, see (1),
our analysis purely focuses on the real effects of sustainable investing and the taxonomy
of the sustainability label.'? We now consider these welfare effects in two settings. First,

we consider the setting where the private market, in terms of intermediaries (or firms),

18See Result 1 in Oehmke and Opp (2019) taking the number of investors to infinity. Considerations
for impact would either require size or effective coordination, see Corollaries 6 and 7 in Oehmke and Opp
(2019), which is impossible to achieve for retail investors.

19Tf instead the warm glow was part of the objective function, a sustainability label would be trivially
beneficial, even absent any real effect.
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provide the label. Second, we consider a setting where the government restricts the use of

the sustainability label.

3.2 Market equilibrium

Following the structure of our equilibrium analysis in the benchmark economy, we initially
analyze the behavior of firms and households given a minimum production standard 6,,
and a “sustainability” standard 6, > 6,, that determines the sustainability label for invest-
ments. One key outcome variable is the return subsidy Ar, the greenium, that is associated
with a given sustainability label ;. We will endogenize the laissez-faire standard of the
ESG label at the very end of this Section. Section 3.3 discusses how a planner would
optimally set the standard for sustainable investments (in conjunction with environmental
policy).

The presence of sustainability-oriented investors implies the following adjustments to
the equilibrium Definition 1. Equilibrium condition 1a) is still valid, but firms now have
the non-trivial choice of producing at the minimum standard 6, or meeting the costlier
sustainability standard 6, to obtain a return subsidy Ar. Investor optimality, equilibrium
condition 1b), now implies that household investor j invests in a “sustainable” fund if
and only if w; > Ar. Finally, the market clearing condition requires that the supply
of financing directed to firms with a ESG label, K (1 — F' (Ar)), equals the demand for
external financing by firms opting to meet the standard 6.

Since investors with sustainability concerns do not have sufficient capital to finance
all firms in the economy (cf. the condition in the proof of Proposition 3), the marginal
firm in the economy always produces at the minimum standard 6,, and raises financing
at the storage rate ro = 0. Hence, conditional on aggregate output ¢, the payoffs of firms

operating at the minimum standard are as in the benchmark economy, see (8).
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Now, if a firm wanted to raise sustainable financing at a subsidized rate rq — Ar, it
would optimally choose to just meet the required threshold #,.2° Following similar steps

as for the derivation of (8), the entrepreneur’s payoff would be

Uz‘ (05) = _Aks (Q> ) (15)

1-Ar
Z 1P(a)—c(0)(1—Ar]

where k; (q) = can be interpreted as the outside financing multiplier
for firms with a sustainability label (which incorporates both the return subsidy Ar and
the production cost ¢ (6;)).

We now obtain the following useful Lemma regarding aggregate production.

Lemma 1 Regardless of whether some firms choose to meet the sustainability standard 0,

aggregate output q* is identical to the benchmark economy, see characterization in Propo-

1

sition 1. The equilibrium outside financing multiplier of all firms is k (q) = B el
Ap c\Um

In the interesting case in which a fraction of firms produces sustainably, the logic for
Lemma 1 is as follows.?! Optimality of firms’ choices requires that the payoffs of sustainable
firms and unsustainable firms be equalized.?” Comparing the respective payoffs in (8) and
(15), then implies that the outside financing multiplier must be the same for all firms, i.e.,

firms’ optimal choices imply the equilibrium condition

ks (@7) = k(q") = k" (16)

Now, given that all firms have the same outside financing multiplier as in the benchmark

economy, aggregate output is also identical to the one in the benchmark economy.

20Gince exceeding 6 only results in higher production costs, but entails no benefits, it is optimal to not
exceed the threshold.

2LIf no firm produces sustainably, then all firms just raise financing like in the benchmark economy and
the result immediately follows.

22Producing at threshold 6, cannot results in lower payoffs since all firms have the option to produce at
the minimum standard 6,,. It cannot result in higher payoffs either since all firms would otherwise want
to produce sustainably (but there is not enough capital to do so).
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To determine the share of output that is produced sustainably, w, we first solve for
the equilibrium financing subsidy Ar* that just outweighs the production cost differential

Ac:=c(0s) — c(0,,) > 0. Rearranging the equilibrium condition (16) yields

Ac
Ar* = ) 17
P(q*) — A%D + Ac (17)

Given Ar*, we can now characterize the composition of production.

Proposition 3 (The sustainability subsidy and the composition of production)

Given 6, and 0, total sustainable output is given by:

k*
= K[1-F(Ar")]—————. 18
¢ = K[ = F(Ar)] e (18)
The equilibrium share of sustainable output, w* = Z—%:, satisfies
N ds
= —— <1 19
“ = in {q, Ak*} = (19)

Proposition 3 highlights that sustainable output, ¢Z, is the product of the equilibrium
supply of sustainable capital, K[1 — F (Ar*)], and a term that reflects leverage as well as
the cost of sustainable production. While the distribution of investor preferences F' and
the sustainability threshold 6, do not affect aggregate output ¢*, they have compositional
implications for production, i.e., the fraction of firms that produce sustainably versus the
ones that produce at the minimum standard. This characterization yields unambiguous
comparative statics, which shed more light on the underlying economic forces.

We first analyze the effect of a trend in ESG demand by retail investors.

Corollary 3 An increase in the amount of capital held by investors with sustainability
concerns K or a First-Order Stochastic Dominance shift in F(w) increase the share of

sustainable investment w*, while the financing subsidy Ar* remains unchanged.
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Intuitively, when ceteris paribus there is a greater supply of sustainable capital, this
results in a greater share of sustainable investment. Still the financing subsidy Ar* remains
unchanged, as in equilibrium this is pinned down by firms’ endogenous decision to become
more sustainable and the resulting indifference condition (17).%*

Further, we can analyze the effects of changes in the sustainability standard 6,.

Corollary 4 An increase in the sustainability standard 05 decreases the share of sustain-
able investment w* and increases the equilibrium financing subsidy Ar*. When 6y is too

stringent, so that Ar* > w, no firm produces sustainably.

While a higher sustainability standard does not have an effect on aggregate output ¢*
(see Lemma 1), it increases the cost differential Ac for producing sustainably relative to the
minimum standard. This higher cost differential, in turn, requires the capital cost subsidy
for sustainable firms to go up, so as to keep sustainable production equally attractive, see
(17). The required increase in the subsidy needs to be paid by households and, hence,
reduces the attractiveness of the ESG fund for all households. As a result, previously
marginal households no longer invest sustainably. This comparative statics highlights a
key trade-off that a regulator is facing in our upcoming normative analysis in Section 3.3.
While increasing the sustainability cutoff reduces the negative externalities of sustainable

firms, it reduces the fraction of firms that choose to produce sustainably.?*

The laissez-faire standard for sustainable investments. Before analyzing the plan-
ner’s optimization, we consider as a benchmark, a setting in which competitive interme-

diaries indexed by j sell funds with a sustainability label to retail investors. Given fund

23In this sense, Corollary 3 compares the outcome after the respective equilibrium adjustments. If
over a shorter time horizon firms’ sustainability levels remained unchanged, Ar* would increase. As we
have shown in a working paper version, availability of sustainable funding would still have real effects by
increasing the share of sustainable investments by relaxing firm-level financial constraints.

24Note that the lower equilibrium differential Ar* following a reduction of the threshold 6, is thus not
an immediate effect of investors’ lower appreciation for sustainability when the threshold is lower. Recall
that in our model households have non-consequentialist preferences, so that the warm-glow effect that
they experience is independent of the threshold.
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j’s cutoff for sustainability 67, all firms 4 with §; > 67 are eligible for the sustainability
label of fund j € {1,2, ..., N}.?> We now determine the resulting laissez-faire sustainability

standard # that all intermediaries choose.

Proposition 4 (Greenwashing) In a laissez-faire equilibrium, all intermediaries choose
the lowest possible threshold for the sustainability label, i.e., V7, Hg = Hé\/[ = 0,,. The

resulting greenium for sustainable firms is Ar = 0.

The argument for why the market cannot sustain a “real” sustainable fund is immedi-
ate, so that we cover it in the main text. If a real sustainable fund j required a standard
#7 > 0,,, it would have to compensate firms for incremental costs c¢(fs) — c(6,,) > 0.
This, in turn means that fund investors would need to accept strictly lower return on
their investment, i.e., Ar > 0. However, as long as another fund k offers investment with
a sustainability label at a lower return discount, warm-glow investors would flock to the
latter, undermining the viability of the “real” sustainable fund. This race to the bottom
ends when all funds choose the lowest possible sustainability standard for firms, i.e., the

%6 TInterestingly, the lack of a greenium in

regulatory minimum standard (greenwashing).
equilibrium does not necessarily rule out that a significant fraction of investors has strong
(warm-glow) preferences for sustainability.

In sum, the market responds to investors’ non-consequentialist preferences by satisfying
moral satisfaction at zero cost, and, hence generates no impact. We now analyze whether

and how a regulatory taxonomy can ensure a greenium, which is necessary to create real

effects.

2We note that the interpretation in terms of intermediaries is solely made for expositional reasons.
Formally, the results are identical if firms directly seek funding with a self-designated ESG label, i.e., a
fund solely consists of one firm.

26This logic is not impacted by the market structure for intermediaries. If there were instead a monopo-
listic supplier of sustainable funds, there would still be zero impact with 85 = 6,,, but the fund would itself
pocket a fee 1 > 0. In particular, the fund would choose its optimal management fee 1)* as to maximize
its revenues |1 — F(¢)] resulting in equilibrium “sustainable capital” of size K[1 — F(¢*)].
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3.3 A taxonomy for ESG investments

We stipulate that the planner can set a lower standard 6, > #,, that any sustainable
investment must satisfy, thereby preventing the “race to the bottom,” see Proposition 4.
This restriction is consistent with actual EU regulation: According to the July 2022 Article
9 guidance by the European Commission, a ESG fund is prohibited from investing in any
firm that is not considered sustainable by the EU taxonomy.

We now analyze first when it is optimal to introduce a sustainability classification for
investments 0. Based on the extended equilibrium characterization in Proposition 3, we

can rewrite the planner’s objective function (1) as follows:

*

0 = / " P(a)dq — pa" (e (Bu) + p(6™ — 0,,)] (20)

+45 (05) (p(0s = 0m) — [ (05) — ¢ (Om)]) ,

where we make the dependence on 6, explicit and exploit the fact that firms optimally
either choose 6,, or ;. The first term in (20) captures the known baseline welfare if
all investment were non-sustainable (cf. expression (1)). The second term captures the
incremental effect of sustainable output with quantity ¢* (6).

As total output ¢* does not depend on #,, changes in 6, only affect the social planner’s
objective through the second term. As a result, the planner’s program reduces to that of
maximizing the product of ¢fv (6;) where v (6;) captures the incremental benefit per unit

of output, trading off the reduction of the externality with the increase in cost,
v (0s) == p(0s — 0m) — [c(05) — c(0n)]. (21)

When is it optimal to introduce a taxonomy? Note that v (6s) is maximized for
0s = Opp, see (2), which follows directly from the first-order condition v’ (f5) = 0. We

then obtain
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Proposition 5 (Optimality of a taxonomy) The introduction of a sustainable invest-

ment taxonomy 1s strictly suboptimal if 0,, > Opp and strictly optimal if 0,, < Orp.

We note that Proposition 5 holds irrespective of whether the minimum standard is
chosen optimally or results from an environmental policy failure. As one would expect if
environmental regulation is sufficiently lax, as e.g., argued by Tirole (2012), a taxonomy
increases welfare by mitigating the effects of environmental policy failure. In contrast, if
the minimum standard 6,, is already very stringent, 6,, > 0rp, the incremental benefit
of introducing an even more stringent classification for sustainable investments is nega-
tive, v (05) < 0, for all 85 > 6,,. Hence, the regulator should not introduce a category
for sustainable investments. While even in this case the availability of sustainable invest-
ment opportunities (and the ensuing warm-glow) would attract investors and thereby lead
to subsidized capital costs for sustainable firms, it would induce a fraction of firms to
overinvest in sustainability from welfare perspective.?’

The first part of Proposition 5 thus qualifies the notion of a general social desirability
of an ESG-classification of investment funds. Even when such investment opportunities
meet with positive demand, this could represent “too much of a good thing.”

If 6,, is set optimally, we immediately obtain the following result as a Corollary to

Propositions 2 and 5.

Corollary 5 Under optimal environmental requlation, a taxonomy for sustainable invest-

ments increases welfare if and only if A < App.

That is, the introduction of a taxonomy for sustainable investments can only increase
welfare on top of optimal environmental regulation if lack of financing is a source of a
social inefficiency. Intuitively, if lack of financing is not a concern, the regulator can

simply choose stricter environmental regulation for all firms (without having to worry

2TRecall that the social planner’s objective only accounts for real effects, but not investors’ warm-glow
perception.
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about financial constraints). This prediction can be interpreted in the cross-section of

economies.

Corollary 6 In an economy where environmental policy (0,,) is optimally chosen, the
additional introduction of a sustainable investment taxonomy is more likely to be beneficial
if, ceteris paribus, firms’ internal funds are more limited (lower A) or the agency problem

vis-a-vis external investors is more severe (higher B/Ap).

Hence, under optimal environmental policy the introduction of a sustainable investment
category is more likely to be socially beneficial when (lack of) financial development or
the (mal-)functioning of the legal system sufficiently limit internal funding and raise the
costs of external financing. For a developed financial system, as prevailing in the European

Union, this would thus seem less likely.

Optimal stringency of the taxonomy We now characterize the optimal stringency of
the sustainability standard when the taxonomy improves welfare as 6,, < 8pp. This could
either be because environmental policy is inefficiently lax due to environmental policy

failures or internal funds are sufficiently limited.

Proposition 6 (Optimal stringency of taxonomy) Suppose that 0,, < Opp, so that
it is strictly optimal to introduce a sustainable investment category. Then the optimal

threshold, 93, satisfies

Ol () 'fﬂnqi )] o (22)

00 00

so that 0, < 95 < 0Opp.

Similar to the pricing decision of a monopolist, the optimal calibration of @S can be
expressed in terms of (semi)-elasticities: Ignoring the effect on the supply of sustainable
capital ¢¥ (6), it would be optimal to set 81%0(93) = 0 or equivalently 0, = 0p5. However,

because the planner additionally needs to account for the downward sloping supply of
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Oln gz (6s)

6. | > 0, see Corollary 4, the optimal choice features v’ (6,) >

sustainable capital, i.e., ’

0, so that @S < Oppg.

Intuitively, investor preferences are a key determinant of the supply elastisticity. As
investor preferences become more sustainable, in the sense of a monotone hazard rate shift
in F'(w), the feedback effect on supply becomes dampened so that the regulator optimally

increases 6.

0.5

Orp

Optimal standards

0 AI"B A
Internal funds A

Figure 2. Jointly optimal policy (@m,@s). The graph plots the optimal choice <9m,és) if the
planner can both flexibly a choose a minimum standard and a taxonomy for sustainable investments
0s > 0,,. For A < App, 0., < 0,, < 0,. For A > App, we obtain that 6,, = 6,, and no taxonomy
for investments is introduced.

We conclude this section with a brief discussion of the properties of the optimal policy
under the joint optimization of 6,, and #,. We denote the respective optimizers as ém and
98. Since it is suboptimal to introduce a sustainable investment classification if A > App,
we immediately obtain that the minimum standard is identical to the one in the benchmark

economy O, = 0,, (see Figure 2 for A > App). Preferences for sustainable investing do

not affect optimal policy.
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In contrast, when A < App, there is an interaction effect between financial regula-
tion and environmental regulation. The optimal use of the second tool, the sustainable
investments taxonomy, feeds back into the optimal choice of the minimum standard, (see
Figure 2 for A < App): The planner can lower the environmental minimum standard
below the one in the benchmark economy 9m < ém (compare red line for 9m to blue dot-
ted line for 6,,), which alleviates underproduction in the economy (% < 0), and then
harnesses the availability of sustainable finance to subsidize a subset of firms to choose a
more stringent standard 98 € <9m, 0 FB) , which is characterized in Proposition 6 (compare
green line for 0, relative to red line). This availability of two tools allows, thus, allows to
increase aggregate production while the weighted average sustainability choice of all firms
in the economy satisfies wl, + (1 — w) 6,5,

We finally note that the possibility of setting a carbon tax, as discussed in Appendix B,
does not affect the validity of Propositions 5 and 6. Intuitively, when A > App, first-best
welfare can already be achieved, see Remark 1, so that sustainable finance is not needed.

When sustainable finance is needed, A < App, the optimal carbon tax would be zero so

that only the minimum standard is used as an environmental policy tool.

4 Concluding remarks

Greenwashing is regularly mentioned as one of the key impediments for impact of sustain-
able finance. This paper argues that greenwashing is a natural laissez-faire equilibrium
outcome when sustainability investors have warm-glow preferences for owning green firms;
see Bonnefon et al. (2019) or Heeb et al. (2023) for empirical evidence on these prefer-
ences. Our framework predicts the lack of a greenium in equilibrium, consistent with of
economically small or insignificant results found in the literature (see e.g., Hachenberg and

Schiereck (2018) or Baker et al. (2022)), even if sustainable investors were willing to make

29



significant return sacrifices. In sum, the market responds to investors’ non-consequentialist
preferences by satisfying moral satisfaction at zero cost, and, hence generates no impact.

As a response to greenwashing, regulators around the world are in the process of
developing taxonomies for sustainable (or ESG) investment products. We show that a
regulatory standard in the form of a taxonomy is necessary to prevent such a “race to the
bottom” and is, hence, instrumental to ensure a greenium and impact of sustainable finance
in the presence of the documented preferences for sustainability. However, is it beneficial to
introduce a classification for sustainable investments when a social planner can optimally
choose more direct policy instruments, such as a minimum standard or Pigouvian taxes?
The answer is non-trivial as the planner in our model only cares about real effects, but not
directly about the warm glow that households experience when investing in a taxonomy-
conform investment product. The key mechanism in our model is that the planner can
channel non-consequentialist warm glow preferences by retail investors towards subsidizing
firms’ sustainability investments.

The provision of such subsidies is efficient in two cases. First and intuitively, if policy
failures render environmental regulation to be too lax, they can partially mitigate under-
investment in sustainability. More interestingly, there is a role for harnessing “sustainable
capital” even if traditional environmental tools can be optimally chosen, but this requires
financial frictions to prevent the economy (or the considered industry) from running at the
socially efficient scale when the socially desirable minimum standard or tax on external-
ities is set. In this case, the sustainable investment classification adds a valuable second
instrument that mitigates the trade-off between achieving higher sustainability for pro-
duction and generating an inefficient contraction of economic activity. When choosing the
optimal threshold for sustainability, the planner accounts for the downward-sloping supply
of sustainable capital. One consequence of this is that, as preferences for sustainability
become more widespread across investors, it is optimal to increase the stringency of the

standard over time.
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Our analysis has normative implications for optimal policy across countries. Economies
with higher financial development, for which financial constraints are less relevant, should
have stricter environmental regulation. Then, there is no role for the introduction of
a sustainable investments category unless environmental policy is too lax. In contrast,
for economies with poorer financial development, binding financial constraints imply a
welfare-enhancing role for sustainable finance even under optimal environmental policy as
subsidies are required to finance the transition. We also note that if the social planner
could provide the respective subsidies directly, this would further erode the role for such
classification. Raising the necessary financing for a direct subsidy through taxes would,
however, lead to additional distortions.

More generally, our paper has analyzed the role of financial regulation for supporting
a sustainable transition. We focused on one particular tool, a taxonomy for sustainable
investments. Other regulatory initiatives are ongoing, e.g., green monetary policy as stud-
ied in Papoutsi et al. (2021), or green capital requirements as studied in Oehmke and Opp
(2022). The analysis of which (combination of) tools is most impactful is an interesting
question for future empirical and theoretical research. The results of this paper suggest
that financial regulation is only part of the optimal policy mix if “finance” is the root of the
problem. Put differently, absent frictions in the financial sector, environmental regulation

should be at the top of the regulatory pecking order.
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A Proofs

Proof of Proposition 1. If ¢(#,,) > P(0), the production cost associated with
the environmental minimum standard is so high that profitable production is not even
possible at the highest product price P (0). Hence, no firm produces, so that aggregate
output satisfies ¢* = 0.

We now turn to the relevant case when P (0) > ¢ (6,,). We first want to show that
aggregate output satisfies ¢uin < ¢* < ¢ where ¢ denotes the zero-profit output and ¢, is
the output that can be produced as internal funds A approach zero, i.e.,

0 _P0)<E+c(0,)
C]min_{ P_1<A£p+c<9m)> lfP(O)>iﬁz+c(9m).

(A.1)
The lower bound follows from the fact that as long as P (¢q) > Aﬁp—f—c (0,,) each individual
firm’s borrowing constraint would not bind, see (IC) and (IR). The upper bound g follows
from the fact that for any ¢ > ¢ firms would earn a lower return than their outside option
To = 0.
We now turn to the question whether output ¢ is feasible in the presence of financial
constraints. Suppose that aggregate output is at ¢, then the associated output capacity
multiplier in (7) is £* = %. Each individual firm takes this multiplier as given. We now
distinguish between two cases.

Case 1) If A < @B/Ap, then even if all firms were to lever up to the maximum (using the
candidate multiplier £* = %), aggregate output of ¢ would not be feasible. Hence, ¢* is

B
the unique solution to
q = Ak (q)

Uniqueness follows from the fact that % (q) is strictly decreasing and continuous in ¢ and

Ak (qmin) > 0.

Case 2) If A > @B/Ap, it is feasible to produce aggregate output of g. In this case, at
q* = q firms are indifferent between investing and the storage technology. m

Lemma A.1 (No Shirking) A sufficient condition to rule out shirking in equilibrium is:

P (gmin) — ¢ (0)
Ap

B P () — 7 (A2)

Ap

where qumin is given by (A.1).

Proof of Lemma A.1. Suppose the entrepreneur shirks in equilibrium, then one only
needs to consider the investors’ IR constraint:

(1=Ap)D; > c(0m) ¢ — As. (IR")
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Binding (IR*) now implies that the face value of debt is set to:

c(Om)q— A 28

D, =
1—Ap

(A.3)

Then, the manager’s payoff, including the payoff from the storage technology (A — A;), is:

Cem z_Az
U= -0 |ar (o) - SRy (4o 4y

= ¢[(1—Ap) P(q) —c(0n) + Bl + A.

If (A.2) holds, then (1 — Ap) P (q) — ¢(0,,) + B < 0 irrespective of the product price
P (since P is highest for g¢min). As a result, the entrepreneur’s utility would be below
the payoff received from investing in the storage technology, U; < A, whenever ¢; > 0.
Therefore, (A.2) rules out shirking in equilibrium. m

Proof of Corollary 1. We distinguish based on whether aggregate output is constrained
by financial frictions. If output is unconstrained, then P(¢*) = ¢ (0,,), see (9). An increase
in A has no effect on ¢*. An increase in 6,, (and concomitant increase in ¢ (6,,)) decreases
aggregate output ¢* because P'(q) < 0.

Suppose next that aggregate output is constrained by financial frictions. Then, Proposi-

tion 1 implies that ¢* is determined from Ak (q) = ¢, where k (¢) = (A% —[P(q)—c (Qm)D

Using the implicit function theorem, we obtain that

¢~ k(g
0A 1—AK (q)

>0, (A.4)

where the sign follows from £’ (¢) < 0 (so that the denominator is positive) and k (¢) > 0.
Analogously, we obtain

A —— ) (A.5)
30, 1—AK (q)
where the negative sign of the numerator, %ke—(mq) < 0, follows from
ok (q)  (0m)

- S <0.
90, (Aﬁp—[P(q)—C(Qm)D )

Proof of Corollary 2. If P(0) < A% + ¢ (0,,) the result is immediate. Otherwise, the
proof of Proposition 1 implies that for any A > 0, aggregate output satisfies ¢* > i, S0
that ¢* € (¢min, q) With P (gmin) = A%) + ¢ (0,,) and P(q) = ¢(0,,). Hence, for any A > 0,

28Because the manager is protected by limited liability, i.e., D; < P (q), there may be an upper bound
on the feasible quantity ¢;, but this is irrelevant for our argument.
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we obtain that P (¢*) < P (gmin) = B/Ap + ¢(0,,) . Therefore, the capacity multiplier is
finite.

We now turn to the rents. If A > gB/Ap, equilibrium output satisfies ¢* = ¢ and
P(q*) = ¢(0,,). The firm is then indifferent between investing its own funds productively
or using the storage technology, so that U’ = A. This follows from inserting the equilibrium
multiplier k* = % into U in (8).

If A < @B/Ap, equilibrium output satisfies ¢* < ¢ so that a firm would strictly prefer to
expand output. Strictly positive firm rents, U} > A, follow from inserting the equilibrium
multiplier £* > % into U/ in (8). m

Proof of Proposition 2. Recall that first-best requires that all firms choose the
sustainability level fpp and aggregate output be at qrp. The sustainability choice of
Orp can only be ensured by setting the minimum standard to 6,, = f0pg. If output is
unconstrained by financial frictions and 6,, = g, it is immediate from the then prevailing
zero-profit condition, P(¢* = q) = ¢(0rp), that output is socially excessive, ¢* > qrp. It
is thus necessary that aggregate output be constrained by financial frictions to achieve
first-best.

We now prove that for some A € [O, G (0rp) Aﬁp} first-best can be achieved as long as

A%D > p(0™* — @), i.e., Condition 14 holds. By Proposition 1, where we now set 6, = 0pp,

output is characterized by the fixed point (10), from which ¢* is a continuous, strictly in-

creasing function of A over the domain A € [0, qd(0rp) Aﬁp} with range [¢min (OrB) , 7 (0FB)].

Note that we have made explicit the dependency on 0pp also for ¢y, as defined in (A.1).
Given continuity and strict monotonicity as well as G (0rp) > qrp, it thus suffices that
Guin (0rB) < qre = P71 (c(0pB) + p(0™ — 0pp)). If qun = 0, the result is immediate
since first-best output grp is by Assumption A1 positive. If the minimum output satisfies

0™ — Opp), which is

Gmin = P71 (c (OrB) + Aﬁp), then ¢min < qrp if and only if A% > p(
condition (14).

Suppose now that, at the optimally chosen minimum standard, aggregate output is
constrained. Consider the first-order condition (13) and notably the term

G=P(q") —c(On) —p (0™ —0n), (A.6)

which is zero at ﬁrst—best and A = Apg. We prove now by contradiction that when
A > AFB; then 0,, > Orp. Assume thus that A > AFB but 6,, < 0rp. Then, from

p—c <5m> > 0, the first-order condition requires that G > 0. But compared to A = Agp

emax

and 0p, now ¢* > qrp so that P(¢*) is strictly lower, while ¢ (6,,)+p ( — 0,,,) is surely
(weakly) higher (and strictly so when with 6,, < fpp it is not first best). This together
implies G < 0, a contradiction. The case where A < App and now ém < Orp is analogous.
When instead, at the optimal standard, aggregate output is not constrained, ¢* =
G(0n), G=—p (0™ —0,,) is always negative, so that at the optimum 0,, > Orp.
This concludes the proof. We additionally shed light the discontinuity of the policy
function in Figure 1.
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Figure 3. Discontinuity of policy function. The black graph plots welfare Q(6,,| A) as a
function of the minimum standard 6,,, conditional on internal funds A = A for which the planner is
indifferent between causing financial constraints or not. The function has two global maxima. The
red dashed line plots the welfare function in the absence of financial constraints, i.e., internal funds
approaching infinity.

Let A denote the value of A for which the planner is indifferent between setting a low
value of the minimum standard 6,, = lim A A O, (so that financial constraints constrain
output ¢* < g (#,,)) or setting a high value of the minimum standard 6,,, so that aggregate
output is not constrained by financial constraints and given by ¢* = ¢ (9m) (Recall that
q is a strictly decreasing function of 6,,). Formally, the objective function €2 (6,,| A) has
two global maxima for A = A (see Figure 3). m

Proof of Lemma 1. See main text. =

Proof of Proposition 3. To provide ¢} units of sustainable output, each firm demands
c(0s) Ak* — A of capital from outside investors while coinvesting A. Given Ar*, the total
volume of supplied sustainable capital is K (1 — F (Ar*)). The equalization of demand
and supply in equilibrium thus implies that

c(0s) Ak* — A= K (1 — F (Ar"))

Solving for A yields the aggregate amount of internal funds provided by all sustainable
firms in equilibrium,
K (1—F(ArY))

A pum—
° c(0s)k* —1
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Therefore, sustainable output, ¢& = Ak*, is given by

k*

¢, = K (1 - F(Ar")) Ok =1

(A7)

which restates (18). Since aggregate output is given by ¢* = min {g, Ak*} (by Proposi-
tion 1, respectively Lemma 1) and total sustainable output is given by (18), the ratio is
given by (19).

The condition on the short supply of sustainable capital requires that w* < 1, i.e.,

k,*

< min{q, Ak},
which is always satisfied if the amount of capital owned by investors with sustainability
concerns, K, is sufficiently small.

We now adapt Lemma A.1 to account for investors with sustainability considerations.
Then, a sufficient condition to rule out shirking in equilibrium is:

P (gmin) — min [{c (6;) (1 — @), ¢ (0)}]
Ap '

B P(gum) - (A.8)

Ap

This can be derived by the same steps as in the proof of Lemma A.1, taking into

account that a shirking firm can now also become sustainable. To take this into account,

we generally denote the firm’s interest rate by r (6;) and its production cost by ¢ (6;), so
that a shirking firm’s payoff now reads as follows:

Ui=q[(1=Ap)P(q) —c(6:) (1 +r(6;)) + Bl + Air (6;) + A.

If (A.8) holds, then (1 — Ap) P (q¢)—c(0;) ¢:(1+7r (6;))+B < 0 holds now also regardless
of whether the firm produces unsustainably at cost ¢ (6,,) with r (6,,) = 0 or sustainably
at cost ¢ (0s) with the highest financing subsidy w. m

Proof of Corollary 3. The invariance of Ar* follows from (17). Equilibrium output ¢*
and, hence, the multiplier £* are also unaffected by F'(w) as a result of Proposition 1. A
first-order stochastic dominance shift of the distribution F'(w) must now decrease F' (Ar*)
and, hence increases ¢i. The same holds for an increase in K. ®

Proof of Corollary 4. We first prove the effect on Ar*. An increase in 6, increases Ac.
Differentiating (17) implies that 5= > 0, because P (¢*) — Aﬁp > 0, which follows from

(IC). Thus, from (18) ¢f decreases with Ac (and thus 6;), so that w* in (19) decreases as
well. m

Proof of Proposition 4. See main text. m

Proof of Propositions 5 and 6. Recall that the social planner’s objective function
reduces to that of maximizing

q, (05) v (0s), (A.9)
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where v (05) is given by (21). Proposition 5 follows immediately from the observation that
v' () is strictly positive for all 8, < Opp and strictly negative for all 8, > Opp.
If 0,, < Opp, the first-order condition for 6, is given by

a *
00 (00) + a2 (00 (6) =, (A.10
which can be transformed to obtain (22) in Proposition 6, where % < 0 follows from

Corollary 4. As a result v/ (95> > (0 at the optimum so that 93 < O@pp. Moreover, 95 > 0,,
so that v (é;) >0. m

Proof of Corollary 5. As the social planner can now avail herself of both instruments,
her program is to choose #,, and potentially a sustainable investment category with thresh-
old 0, > 0,, so as to maximize  in (12). The optimal outcome is denoted by (0., 6,). We
note first that the derivative with respect to 6, is identical to that in the partial problem
of Proposition 5, where we took 6,, as given. It is thus strictly optimal to introduce a
sustainable investment category 9 > 9m if (9 > Orp and strictly suboptimal otherwise.
It thus remains to show that, also in the presence of both potential instruments, O, > Opp
(9 < Opp) if A> App (A < Arp). We show this by contradiction.

Suppose that A < App and suppose, instead that 0,, > 0rp. Then, it would not be
optimal to introduce a sustainable investment category with 6, > Qm, in which case we
know however from Proposition 2 that 0 = 9 < Orp, a contradiction.

For A = App the argument is immediate as 9m > Orp achieves the first best, while ()
is strictly lower for any choice 9m < Orp, irrespective of the choice of 6,.

Turning finally to A > Arp, suppose that f,, <0 rB, in which case it would be optimal
to choose a threshold 9m < 98 < Opp. To show that this is not optimal, it is sufficient
to argue that welfare is strictly higher by setting instead 6,, = 6, without a sustainable
investment category. Denote the thereby realized value by (2,

Q= /Oq " P(q)dq — pg* () [C (&) +p(0" = 0,)|

where we have set 6, = 0. Calculating now the difference Q- Q, this can be decomposed
as follows: first, while quantity ¢} is produced with standard 05, quantity q*(é ) —qis
now produced with standard @, — f, and no longer with the supposedly optimal min-
imum standard 6,,; second, total output is reduced from ¢*(6,,) to ¢*(6,). With this
decomposition we have Q-Q=A+ Ay, where

8= (00— ) [o0.~ 0) e (0.) —  (0)]

which is strictly positive from 9m < 93 < Orp, and

S AN LU 1 Y R ) | P
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which is strictly positive when, at the lower boundary,
P(q*(8,)) — [c (em) 4 (6 — ém] <0.

But this follows immediately by construction, as with A > App the marginal social re-
turn is negative at least for all 6,, < 0pp, and thus also for 6,, = 0, < Orp (and the

A

corresponding quantity ¢*(6;)). m

Proof of Corollary 6. We prove that Appg is strictly increasing in the severity of the
agency problem, £ = A%). For this recall the definition of App from the proof of Proposition
2, which requires that G (6rp, Arg) = 0, where we use the definition of the term G in
(A.6) and make explicit the dependency on internal funds, while substituting first-best for
the optimally chosen standard. From this we thus have that

dApp P dgjde
d¢ P'(q*) % dq*/dA

>0,

which uses that % > 0 and dg*/d¢ < 0 under constrained output (using equation (10) in
Proposition 1, ¢* = Ak(q*)). =

B Pigouvian tax

In this section, we show robustness of our main results to a more general environmental
policy. In particular, we allow the regulator to also impose a tax 7 > 0 per unit of
externality (so that the standard Pigouvian tax level would be 7 = p). For the purpose of
this extension only, denote the thus adjusted marginal costs of production, now including
taxes on externalities, by ¢(0;) = ¢(0;) + (0™ — 6;). Hence, the firm now needs to raise
now the amount ¢ (6;) ¢; — A, and with this modification the incentive and participation
constraints, (IC) and (IR) respectively, remain unchanged, as does the characterization of
the firm’s payoff U;.

Ignoring the minimum standard, to maximize U; the firm would choose 6; so as to
minimize ¢(6;), ¢(0;) = 7. If the respective solution were above the minimum standard,
the latter would be superfluous. On the other hand, any standard that is implemented
by a specific choice of the tax 7 can be implemented as well by directly imposing this as
the minimum standard. By levying (additionally) a tax, the planner extracts some of the
firm’s funds.

If A < App, extracting funds from firms is strictly suboptimal, as this leads to ad-
ditional reduction in output. Therefore, the planner only uses the minimum standard as
characterized by Proposition 2.2

29The minimum standard is equivalent to a tax when tax receipts are rebated back to firms in lump-sum
fashion. Hence, tax rebates don’t change the main result that first-best cannot be achieved for A < App.
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In contrast, if A > Appg, the tax allows the planner to limit overproduction. By
calibrating the tax accordingly, this allows to achieve first-best output, ¢* = qrp, while at
the same time setting the minimum standard to fpp.

Proposition 7 (Minimum standard and Carbon tax) Suppose now the planner can
use both a minimum standard and a carbon tax. If condition holds (14) and A < Apg, first-
best welfare cannot be attained. The optimal carbon tax is zero and the optimal minimum
standard and output are characterized by Propositions 1 and 2. Otherwise, first best can
be achieved and, when also A > App holds strictly, requires a positive tax T > 0 next to
the first-best standard 0,, = Orp.

Proof of Proposition 7. The characterization when (14) holds and A < App follows
immediately from the argument in the main text and from Proposition 2.

We now consider the case A > Apg. We now characterize the optimal tax 7 > 0 which,
together with 6,, = 0rp, ensures the socially optimal output ¢* = qrp.

For this suppose first that (14) holds. We write out explicitly the (implicit) characteri-
zation of ¢* when financial constraints bind, but using now costs ¢(6;) = ¢(0;)+71(6™**—0;).
When 60,, = 0rp and ¢* = qrp is achieved, it thus must hold that

1
qrp = A5 (B.11)

s — [P (grp) — c(Opp) — 7(0™ — o)l

Recall that at A = App this is satisfied when 7 = 0. As the right-hand side of (B.11)
is continuous and strictly increasing in A as well as strictly decreasing in 7, there exists a
strictly increasing function 7(A) so that ¢* = ¢pp. Define next Acr = qrpB/Ap, where
T(Acr) = p. Observe that there ¢* is also obtained from the now modified zero-profit
output condition for ¢, P(qrp) = ¢(0rp). Consequently, as we leave 7 = p unchanged
for all A > Acr the first best is obtained ¢* = ¢ = ¢rp (and financial constraints do not
bind).

Finally when (14) does not hold, the only difference is that we need to set a positive
tax for all levels of A, as still given by (B.11). =

Incidentally, our results would need to be slightly adjusted when the planner could
only use a carbon tax, but not a minimum standard. Intuitively, as the tax reduces
firms’ financial resources, a carbon tax alone could achieve first best only when financial
constraints are less pronounced. Formally, a carbon tax achieves first best if and only if

A > Acr.
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