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Abstract

How do private decisions to buy and sell high-carbon real assets affect investment in socially
valuable pollution-reduction opportunities? We analyze firms’ optimal reform and secondary-
market trading decisions in an environment where. real-asset reallocation and transformation
markets coexist. When only a reallocation market is available, value-aligned investors uninten-
tionally weaken firms’ incentives to undertake asset reforms, generating inefficiencies. Introduc-
ing a real-asset transformation market alters these incentives. Polluting firms post transforma-
tion contracts allowing other firms to contribute towards reform and claim transformation rights.
This broadens investor participation, increasing real-asset reform and improving efficiency. We
show that, unlike policy alternatives such as a carbon tax or an emissions-trading system, a
real-asset transformation market increases surplus for the firms that own and transform pollu-
tive assets. Our results underscore how marketable transformation rights and use-of-proceeds

contracts can support efficient, incentive-compatible reform of high-carbon assets.
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1 Introduction

The rise of sustainable investing has created a paradox in markets for high-carbon assets: as
some environmentally-conscious investors divest from polluting firms, firms themselves have an
incentive to offload pollutive real assets in secondary markets, which often flow to less transparent
buyers with weaker environmental commitments, potentially undermining rather than advancing
decarbonization efforts. Between 2014 and 2024, approximately USD 90 billion in petroleum assets

1. Empirical analysis documents secondary sales

moved from publicly listed to private companies
of high-carbon real assets as a common response to environmental pressures. As Duchin et al.
2025 observe, such trades can “remove the option to engage with firms to reduce pollution”. They
further question whether such trades can have a net negative effect on the environment. This is
the key motivating question for our work.

The tension between real asset trades and decarbonization efforts can be particularly relevant
for industries in which real assets are long-lived. Here, asset owners commonly face discrete cor-
porate choices, such as buying or selling real assets: natural gas processing plants, steel mills and
coal power plants often change hands during their productive lifespans. In fact, secondary trades
and the reallocation of real assets via over-the-counter deals play an important role in corporate
restructuring processes for productive firms. Notable examples from the energy sector include
RWE’s 2015 decision to spin off its renewable business into a separate entity, and E.ON’s 2016
choice to split and create Uniper to retain ownership over all fossil fuel generation assets while the
restructured E.ON shifted its focus toward clean energy sources. Another example from that same
year is ENGIE announcing a €15 billion portfolio rotation program, explicitly targeting the sale of
coal and oil & gas assets over a three-year period as a key component of the company’s strategic
shift toward low-carbon energy. We refer to such processes as real-asset reallocation.

At the same time, asset owners make discrete investment decisions over their real assets that
alter their characteristics, which we refer to as real-asset transformations. Some transformations
are privately profitable. For example, installing high-efficiency boilers in steel plants improves
fuel efficiency and provides fuel savings, and adding compressor units to natural gas facilities

increases throughput and reduces downtime. Other transformations, however, entail net private

!These trade patterns have been discussed at length in industry reports, e.g. see Woodroffe, 2024.


https://resourcegovernance.org/sites/default/files/2024-05/responsible_change-how_governments_address_environmental_social_governance_challenges_petroleum_assets.pdf

costs despite generating large social benefits. Replacing coke-based reduction equipment with
electric arc furnaces significantly reduces steel-making emissions, but is privately costly. Similarly,
installing comprehensive methane leak detection equipment—fixed sensors, mobile monitoring, or
satellite systems—can reveal higher-than-anticipated pollution levels, creating compliance costs
for natural gas operators, yet it identifies opportunities for emission reductions that are socially
valuable.

In some sectors of the economy, transforming and upgrading real assets potentially requires
the involvement of many stakeholders. A prominent example are the retrofits of residential and
commercial buildings, which generally include thermal insulation and renewing heating equipments,
as well as other energy-efficiency related upgrades. A market-based innovation in this sector are
residential and commercial property assessed clean energy loans (also called PACE and C-PACE
financing programs). Homeowners, who have ownership of the underlying asset, value the upgrade
itself and seek financial support from PACE lending-firms to finance the real-asset transformation.
In addition to earning interest on the loans, the lending-firm gets credited towards social and
environmental corporate targets, because they enable the energy-efficiency related upgrade. Thus,
in exchange for their participation, the lending-firm can claim rights to impact — a corporate feature
that is valued by investors who include socially responsible investment targets in their strategies.
As more homeowners compete to secure such loans, and more lending-firms compete to originate
them, a market for real-asset transformation emerges. Recent records of the U.S. Environmental
Protection Agency (EPA) show that by 2025 more than 30 states had passed legislation to enable
PACE and C-PACE programs with active involvement of the local governments.?

In this paper, we study how coexisting markets for real-asset reallocation and transformation
can shape corporate incentives to own and reform high-carbon assets. We address three main
research questions. First, from the perspective of investors, we examine how financial market
structure influences the effectiveness of different sustainable investment strategies. Second, from
the standpoint of corporate organization, we investigate the conditions under which real-asset
transformation decisions are most likely to occur and how these decisions interact with firms’ real-
asset reallocation choices. Finally, from the viewpoint of financial-market regulation, we explore

which types of contracts arise in equilibrium when we allow for co-existing markets, how they are

2A descriptive note on PACE and C-PACE programs can be found on this EPA website (2025).


https://www.epa.gov/statelocalenergy/commercial-property-assessed-clean-energy

priced, and how market composition affects firms incentives as well as the mechanisms through

which transformation markets can enhance efficiency.

1.1 Main Results

We study an equilibrium model of risk-averse portfolio allocation and corporate decision-making,
which incorporates both a secondary market for real assets and trading of contracts governing
real-asset transformation. We consider an economy with three types of investors: unconstrained,
value-aligned, and impact-aligned. Value-aligned investors will not buy shares of firms that operate
unreformed pollutive assets, whereas impact-aligned investors will only invest in those firms that
actively engage in environmental reform. Firms act to maximize their share price.® Firms that own
pollutive assets face a corporate choice problem. They must choose among operating an unreformed
pollutive real asset, engaging in secondary trading, or implementing a costly reform which reduces
the environmental impact of the real asset.

First, we show that the equilibrium corporate choices for pollutive firms exhibit an investor-
separable sub-market structure. In equilibrium, every firm that owns a pollutive asset caters to
a specific investor type. In turn, each investor type only buys shares in the pollutive firms par-
ticipating in their corresponding sub-market. Importantly, if the transaction costs of secondary
trading are smaller than the cost of reform, value-aligned investors will only buy shares in firms
that sell their pollutive assets. Firms operating unreformed assets are directly ineligible due to
the investor’s value-aligned strategy. However, value-aligned investors will also not buy shares in
firms that engage in real-asset reform, because in equilibrium these trade at a higher price than
the shares of firms that engage in secondary trading. Buying shares in firms that reform their
real-assets then becomes a strictly dominated portfolio choice for the value-aligned investors.

Thus, our first main result shows that the paradox in markets for high-carbon assets is obtained
as an equilibrium outcome. Value-aligned investors only exclude firms that operate unreformed
assets, which provides firms with an incentive to sell rather than reform. This increases the flow
of pollutive assets that go towards the outside private buyer. Hence, there is a disincentive to

own pollutive assets driven by value-aligned investors. An increase in the number of such investors

3Consistently with corporate finance literature, firms maximize their equity value, given by the share price multi-
plied by the number of outstanding shares. We take the latter as constant.



reduces the number of firms that engage in real-asset reform, as well as reducing the impact-aligned
investor’s utility. Note that if the transaction costs of secondary trading are larger than the cost of
reform, value-aligned and impact-aligned investors would co-invest in firms that engage in real-asset
reform. A regulator could try to induce this alignment in equilibrium outcomes by imposing a tax
on secondary-market trades for high-carbon assets — yet this has a negative effect on pollutive-firm
surplus and on value-aligned investor utility across pollutive sub-markets.

Since constraining real-asset reallocation markets may be an impractical solution to this para-
dox, we turn our attention to alternative market-based approaches to curb the disincentive to own
pollutive assets without directly affecting the secondary trading channel. In particular, we study the
effects of introducing a separate market for real-asset transformation contracts. A transformation
contract specifies a single real-asset, plus a reform action and a requested monetary contribution.
It is issued by the firm that owns the unreformed pollutive asset individualized by the contract.
When a counterparty buys into the contract, it contributes the specified amount and acquires an
“impact claim” upon real-asset reform. The issuing firm commits to enabling reform upon the
transfer of the requested monetary contribution, providing the remainder payment to finance the
reform action if necessary. We emphasize that impact ownership is ambiguous in practice. Our
model makes these rights explicit and tradable to prevent excessive impact claims stemming from
individual reform actions.

The introduction of a separate market for real-asset transformation contracts fundamentally
changes the equilibrium structure. Value-aligned investors will not invest in firms that operate
unreformed pollutive assets, but do not care about impact claims. Thus, polluting firms may
have an incentive to post transformation contracts ceding impact claims to become value-eligible
at a cost lower than the full cost of reform. At the same time, because impact-aligned investors
only invest in firms that engage in environmental reforms, firms that do not own pollutive assets
may have an incentive to buy into transformation contracts, claiming impact-alignment without
increasing emissions ownership. This mechanism expands investor participation on both sides and
enhances efficiency via improved risk-sharing. Thus, our second main result is that introducing
an explicit market for transformation curbs the divestment-decarbonization tension. Our findings

point to reduction-rights contracts and use-of-proceeds forward agreements as financing structures

4Relaxing these conditions would make the impact-investor strategy less meaningful.



that can support efficient, incentive-compatible reform of high-carbon assets.

Finally, we turn our attention to the welfare effects of co-existing markets for real-asset reallo-
cation and transformation. Our last main result highlights that the introduction of a market for
real-asset transformation not only increases real-asset reform, reducing the social costs of pollution,
but it is also surplus-enhancing for all clean and pollutive firms. Recall that firms want to maximize
their share prices, yet face investors who are constrained by their value-aligned and impact-aligned
strategies. Satisfying investor constraints — by selling their pollutive assets or engaging in real-
asset reform — can enhance investor competition and increase firm share price, but doing so is
costly for the firms. A market for real-asset transformation provides a cost-efficient alternative for
firms to better accommodate sustainable investing constraints. This makes attracting investors
less costly for the firms, and has a positive effect on share prices across all firms in the economy.
This is a significant point of departure from other policy alternatives — such as a carbon tax or
an emissions-trading scheme — which also increase real-asset reform but, in doing so, reduce the
surplus of firms that own and transform pollutive assets.

Our results contribute to ongoing debates over regulatory responses to secondary trading of
high-carbon assets. Proposed interventions include enhanced transparency requirements for sec-
ondary trades, granting regulators approval rights over asset transfers, or even public ownership of
high-carbon assets. However, screening trades without observable counterfactuals poses significant
challenges for regulators, and empirical evidence from coal power plant reallocation decisions casts
doubt on whether public ownership leads to greater environmental reform (Darmouni and Zhang,
2024). The mechanisms we study suggest an alternative: rather than restricting reallocation mar-
kets, introducing markets for transformation contracts can mitigate the divestment-decarbonization

tension while preserving other beneficial aspects of the secondary trading channel.

1.2 Related Literature

This paper contributes to multiple strands of the literature on sustainable finance, decentralized
financial markets, real-asset corporate choices, and the moral preferences of socially responsible
investors. To the best of our knowledge, we are the first to propose a theory of how the presence
of secondary trading channels for real assets subject to environmental reform — or the coexistence

of markets for real-asset reallocation and transformation — can shape the outcomes of sustainable



investing practices.

Several studies have focused on the financial implications of socially responsible investing (e.g.
Hong and Kacperczyk 2009, Pedersen et al. 2021, Lubos Péstor et al. 2021). We contribute to this
strand of the literature by showing that the introduction of a market for real-asset transformation
enhances investor diversification and market efficiency. In contrast with Lubos Péstor et al. 2021,
where sustainable investors’ preferences are well-aligned with positive social impact, in our setting,
some investors do not differentiate between secondary trading of pollutive assets and real-asset
reform, with only the latter producing measurable social impact. We show that the introduction
of transformation contracts partially restores this alignment.

A growing number of papers focus on climate risk, which is generally decomposed into transi-
tion risks, such as the risk of regulatory shocks on pollution; and physical risks, such as increased
frequency and intensity of natural disasters. These works study how climate-risk sharing can af-
fect asset prices across financial markets (e.g. Giglio et al. 2021, Bolton and Kacperczyk 2021).
In our paper, asset prices are determined by the interaction between socially responsible investor
preferences, endogenous corporate choices, and financial market structure. We assume that some
investors apply exclusionary screening based on direct emissions, in line with the empirical evidence
presented in Bolton and Kacperczyk 2021 — while others screen for firms that engage in environ-
mental reform actions. We then discuss reform-action contract pricing and study how these prices
affect investor returns and firms’ cost of capital. Consistent with the climate-risk pricing literature,
we find that firms that directly reform assets trade at a premium compared to their unreformed
counterparts. This premium ¢ncreases when transformation and reallocation markets coexist.

A separate line of research has focused on developing models to capture the real outcomes of
socially responsible investing (e.g. Oehmke and Opp 2022, Huang and Kopytov 2023, Sauzet 2024,
Oehmke and Opp 2025, Gupta et al. 2025, Green and Roth 2025 ). A common finding across these
papers, mirrored here, is that environmental reform of real assets requires the presence of impact
investors (c.f. Oehmke and Opp 2025) — when reform is costly, the presence of value-aligned
investors results only in corporate reallocation decisions, without any uptake of environmental
reforms. We show that when reallocation and transformation markets coexist, impact investors
provide stronger incentives for firms to adopt costly reform actions, and these incentives are less

negatively affected by the presence of value-aligned investors who do not distinguish between sec-



ondary trades and real-asset reform. In contrast to papers that focus on entrepreneurial financing
needs for new investment projects (Oehmke and Opp 2025, Green and Roth 2025), our model as-
sumes an existing fixed-size economy to emphasize current — or legacy — real assets, which continue
to play an important role in many productive industries. In that sense, our paper is closest to the
work of Heinkel et al. 2001 on optimal corporate choices in the presence of socially driven investors.
We enhance their model, however, to allow for heterogeneous strategies by socially driven investors,
secondary trading, and a market for real-asset transformation in which firms trade contracts over
reform actions.

Our paper also sheds light on implementability. We show that when there are sufficiently many
impact-aligned investors, trading reform options suffices, and otherwise, trading reform obligations
is optimal. Related works include Pedersen et al. 2021, who find that investor optimal portfolios
are implemented using four-fund separation by including an ESG-tangency portfolio. Landier and
Lovo 2024 show that when there are many value-aligned investors, a single-fund is optimal for a
socially responsible intermediary, and otherwise, a dual-fund approach that targets clean sectors
on one hand, and direct reductions on the other, maximizes assets under management. Oehmke
and Opp 2025 find that a firm-optimal financing agreement can be implemented by selling a green
bond to the socially responsible fund and a regular bond to financial investors.

Finally, the moral preferences of socially driven investors is a core discussion point in this
literature. Empirical work by Bonnefon et al. 2025 suggests that warm-glow effects — the non-
pecuniary value of holding a portfolio in which firms do not engage in negatively perceived activities
— is a more prominent concern than the social consequences of investment decisions for responsible
asset managers. Our paper contributes to the discussion by analyzing how the presence of investors
driven by warm-glow negatively affects sustainable investing outcomes, limiting the impact that
consequentialist investors can have over firms’ environmental reform decisions. The conclusions
from our model are in line with the empirical findings of Duchin et al. 2025, who identify secondary
trading as an economically meaningful response from firms facing environmental pressure. In our
model, investors with warm-glow preferences create a disincentive for firms to invest in pollution
reduction when secondary trading is available. Instead, firms are incentivized to trade away the
pollutive asset, removing the opportunity for impact-seeking investors to engage in environmental

reform. A market for real-asset transformation alleviates the disincentives to own pollutive assets.



Our findings point towards the decentralized trading of reduction options as a market mechanism

that can improve efficiency when secondary-trading frictions are present.

2 Institutional Evidence

In this section we discuss two empirical settings which provide partial evidence for the key economic

mechanism that we study, that is, institutionalized markets for real-asset transformation contracts.

2.1 Associated Gas Flaring in the Oil and Gas Sector

The global oil industry produces approximately 100 million oil barrels per day. A standard barrel
holds 40 U.S. gallons of oil, a commodity which is extracted from one of the many oil fields located
across large productive regions such as the Permian or the Appalachian Basin in the United States,
the Delta Basin in Niger, or the West Siberian Basin in Russia. The equipment necessary for
oil extraction and production includes drilling rigs, processing facilities, and pipelines with pumps,
compressors, valves, and monitoring systems. During the extraction and production of oil resources,
associated gas is obtained as a secondary output. Generally, if there is no direct way for the firm to
utilize this gas, it is burned to avoid the direct release of methane into the atmosphere, in a process
known as flaring. This procedure releases carbon dioxide, and when combustion is incomplete, also
releases methane into the atmosphere. A report by the World Bank (2022) estimates that flaring
and related emissions represent around 12% of all greenhouse gases released by the global energy
sector, and that the total volume of natural gas flared yearly is comparable to the energy needed
to power the entirety of Sub-Saharan Africa.

Because of the large social costs of venting, as well as the large private opportunity cost of
not utilizing the associated gas after a recovery process, organizations such as the United Nations,
the International Energy Agency and the World Bank have created special interest groups around
flaring and methane reduction investments. Estimates by McKinsey (2024) of the upfront cost
required to finance flaring reduction projects which are cost-neutral or even financially beneficial
at $200 Bn. USD, with 60% of this spending corresponding directly to infrastructure upgrades
which connect flaring facilities to gas networks or demand centers. Given such estimates, it is

perhaps surprising that many of these privately profitable projects do not get implemented by oil
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and gas real-asset owners. Reasons cited by the World Bank (2022) include financial constraints,
investment cycles, and the de-prioritization of gas flaring reduction investments in lieu of other
core oil and gas infrastructure projects, which provide larger margins for the firms. Even though
pressure from environmentally-minded investors could drive the asset owners to invest in pollution
reduction actions, it can also trigger real-asset sales. An analysis by the Environmental Defense
Fund (2022) on Upstream Oil and Gas M&A data from Refinitive between 2017 and 2021 showed
that during this time window, 298 deals worth more than $140 Bn. USD transferred real assets from
companies with flaring reduction commitments to companies without (119 deals were recorded with
the opposite change direction). Similarly, 211 deals worth more than $110 Bn. USD transferred real
assets from companies with methane reduction goals to companies without (88 deals were recorded
with the opposite change direction).

In this context, an innovative approach which resembles a regulatory-enabled market for real-
asset transformation rights is the recent Nigerian Gas Flare Commercialization Programme, de-
ployed by the Nigerian Upstream Petroleum Regulatory Commision in 2022. This market-based
policy enabled third-party investors to bid on access to flare sites in Nigeria including the acqui-
sition of a connection agreement, a contract between the winning bider and the real-asset owner
allowing the bidder to “[...] engineer, procure and construct the gas connection infrastructure at
its own expense and under criteria acceptable to the oil producer” as well as a gas supply agree-
ment, by which the bidder acquires the right to commercialize the recovered associated gas at a
price stipulated in the bid. Our theory results provide support to such market mechanisms as an
effective way to increase real-asset reform, decrease secondary market trades, and enable broader
investor-level diversification for firms that do not own pollutive assets but engage in such pollution

reduction investments.

2.2 Property Assessed Clean Energy Loans in the Buildings Sector

Property Assessed Clean Energy (PACE) loans are a rapidly growing financial instrument primarily
available in the United States with emerging programs in Canada, Australia and Europe that
targets financing energy-efficiency and clean energy infrastructure upgrades for existing buildings.
According to Pace Nation, between 2010 and 2024, more than 3,000 commercial buildings and

more than 300,000 residential buildings have financed infrastructure upgrades via PACE loans.
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These instruments have several important worth highlighting. First, PACE loans feature a unique
regulatory-enabled structure, in which the government places a special assessment lien on the
real asset tied to the loan repayments. Payments are then collected via the property tax. This
prevents the need to accelerate PACE obligations even in the case of foreclosure or sale: under
PACE financing, the lien stays with the asset, and the subsequent owner becomes responsible for
future assessment payments. Second, PACE-eligibility is explicitly determined by the program
administrator, which usually corresponds to state or local governments. In most cases, the key
eligibility requirement is that the upgrade focuses on energy efficiency or renewable energy. This
provides de facto certification of the loan’s positive social impact by the governments, which PACE
lenders can then harness to enjoy non-pecuniary benefits arising from their lending activity. For
instance, in a recent brief by Climate Bonds Initiative (2019), it is shown that PACE lenders
refinance their loans by issuing green or climate-themed bonds, which are sought by investors
following sustainability-aligned strategies. In theory, this should enable more favorable financing
conditions for PACE lenders than otherwise available in the market.

Although PACE instruments have been designed specifically to enable socially valuable upgrades
in residential and commercial buildings, the implementation of PACE programs provides a useful
benchmark for the development of transformation markets in productive sectors. A series of reports
by Berkeley Lab with the U.S. Department of Energy (2018, 2019) discuss the roll-out of required
regulation by drawing on different experiences of PACE adoption in states such as New York,
California, Texas, Conneticut and Washingtonn D.C. On one hand, the regulatory-backed definition
of PACE-eligibility can include specific energy savings and impact measurement requirements, as
well as external audits or certifications (e.g. LEEDS, Energy Star, among others). While this can
increase the cost of origination, it can also provide more credibility to the social impact of the
loan. On the other hand, placing a special assessment lien on the financed asset tied to repayments
enables debt seniority, and supports contract enforcement after the upgrade has been installed.
Moreover, because the payment obligation stays with the asset, secondary trades are effectively

decoupled from the incentives to engage in socially valuable real-asset reform activities.
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3 Model

We now turn our attention to a theoretical model of the effects of co-existing markets for real-
asset reallocation and transformation in the presence of sustainable investors. We consider a static

equilibrium model of risk-averse portfolio allocation and corporate decision-making as follows:

Firms There are N firms selling a single divisible unit of shares each. Firms make corporate deci-
sions to maximize their equity value — the unit share times a share price determined in equilibrium

— minus any costs arising from their corporate choices. There are two types of firms:

(i) c-firms, endowed with a clean real asset that generates a normally distributed cash flow with

mean /i and variance o2; and

(ii) d-firms, endowed with a pollutive (dirty) real asset that generates a normally distributed cash

flow with mean pg and variance 03.

The number of c-firms is N, with 0 < N, < N (Ng := N — N,). Covariance between the cash flows

of c and d is 0.q. Firm surplus is denoted Sy with:
Sy =Pr—Cy
where P is the equilibrium share price and C/ is the cost of the corporate choices made by f.

Investors There are I risk averse investors who are partitioned into three types:
(i) Value-aligned (v) investors, who exclude firms that operate unreformed d assets;
(ii) Impact-aligned (m) investors, who invest in firms that reduce environmental damage; and
(iii) Neutral (n) investors, who are unconstrained.

The number of investors of each type are, respectively, I, I,, and I, with I, + I, + I, = 1.
We denote the relative market share of a subset of investor types by Ag = M for any subset
© C {m,v,n} with which A, + Ay + Ay, = Ao = 1. All investors have utility functions that

exhibit constant absolute risk aversion (CARA), with (a common) risk tolerance parameter 7.°

®Note that g-investors do not distinguish between secondary trading and real-asset reforms.
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Corporate Choices A firm endowed with a c-asset initially does not face a corporate choice
problem and is always acceptable for value-aligned investors. We denote this state for the c-firm
as choice A. On the other hand, a firm endowed with a d-asset has the opportunity to reduce
the environmental damage caused by its operation by engaging in real-asset reform a cost of K
(R-choice).% It can also choose to operate the unreformed d-asset as is at no added cost (U-choice).
Finally, a d-firm can sell its d-asset in a secondary market (S-choice). When the firm decides to sell
in the secondary market, we assume that the asset is acquired by an outside private buyer which
provides a payment equal to the risky cash-flow of the d-asset minus a transaction cost 7. When
K > T, secondary trading introduces a gap: a firm choosing to offload the asset becomes eligible
for a v-investor but not for an m-investor. We assume that this is the case. We denote the share

price of a firm that makes corporate choice y € {U, S, R, A} as P,.

Portfolio Allocation Investors buy shares in firms depending on their corporate choices. The
number of shares that a type 6 investor buys in firms making corporate choice y is denoted as
xgy. Investor surplus corresponds to the risk-adjusted returns of their allocation minus the cost of

buying the shares, given by the position and the equilibrium share price.

Riskless Asset There exists a riskless asset in perfectly elastic supply with a rate of return

normalized to zero. Borrowing is allowed but short selling of firm shares is prohibited.

Market Mechanism for Real-Asset Transformation With only a reallocation market, firms
are allowed to keep or sell their d-asset, but cannot trade contracts over the reform actions. In other
words, the opportunity to reduce environmental damage is non-transferable and thus inseparable
from the d-asset itself. We relax this constraint by introducing a real-asset transformation market.
Formally, we augment the reallocation market with an exchange in which d-firms can post — and
c-firms can acquire — transformation contracts. A transformation contract specifies a non-negative

amount 7 to be contributed by the c-firm towards a real-asset transformation action, in exchange

5We assume that the reform action is verifiable and contractible. This assumption is more plausible in industries
where the physical outcomes of reform are directly measurable (e.g infrastructure or energy efficiency upgrades) as
compared to industries where impact is less measurable or observed with delays, such as reforestation or biodiversity
conservation.
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for the impact-rights of the reform action.” We denote the d-firm choice of issuing a transformation

contract actions as (3, and the c-firm choice of buying into such a contract as a.

Mechanism 1 (Market Mechanism for Real-Asset Transformation). The market mechanism for

real-asset transformation can be described as follows:
1. Posting. d-firm posts a transformation contract with requested contribution .
2. Accepting. c-firm decides whether to enter a posted contract.

3. Transfer. Upon accepting, ¢ commits to a transfer of m to d, and d commits to transfer

impact claims upon the d-asset reform.
4. Disclosure. Contracts are publicly observable to all firms and investors.

The transformation market allows c-firms to actively reduce environmental damage (becoming
m-eligible), as well as provide an alternative for d-firms to not operate an unreformed d-asset.
Figure 1 summarizes how investor-eligibility changes upon the introduction of a transformation

market.®

Investor-Eligibility with a Transformation Market

U S B R A «a
n v v v v v v
v X v v v v v
m X X X v X v

Figure 1: Eligibility with Co-Existing Markets

Solution Concept. We focus on competitive equilibrium outcomes. A competitive equilibrium

N, +Nd
R

is a set of share prices P € , investor portfolio allocations x € Réo, firm corporate choices

"In Section 1.1 we highlight the ambiguity of impact ownership in practice. A precondition for well-defined
impact rights is that the environmental reform action is verifiable and contractible, which maps well to infrastructure
upgrades, as is the case of associated gas recovery or energy efficiency upgrades in buildings.

8In Section 5 we show that the transformation market Pareto-improves d-firms surplus. This observation can
be used to support enforcement of transformation contracts. Suppose that d-firms can strategically default on a
transformation contract and this is known by the c-firms. Then, the transformation market unravels, which makes
d-firms worse off. Hence, commitment and enforceability are ex-ante desirable for the d-firms. For example, in the
case of PACE loans, payments are serviced by governments via property tax through the special assessment lien.
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ye{U S R,A,Pp, a}N“JrNd and vector of real-asset transformation contract prices 7 € RNa which

jointly satisfy investor and firm rationality and incentive-compatibility and market clearing:
(i) Market for firm shares and portfolio allocation clears.
(ii) Market for secondary-trades and corporate choices clears.
(iii) Market for real-asset transformation contracts clears.

The number of firms that make each corporate choice y € {U, S, R, A, §, o} is denoted by N, > 0
and is also determined in equilibrium. Our welfare measure is then the sum of the private surplus
of firms and investors, which we contrast against the number of polluting assets that do not get
reformed — either because they are sold or because they are operated as unreformed assets. Thus,
even though we do not explicitly model a social cost of pollution, we interpret the number N+ Ng
as an important pollution baseline across our results.

Note: Absent a separate market mechanism for real-asset transformation and removing the sec-
ondary trading channel makes the s and g-investors indistinguishable.” In this case, our model

collapses to the that of Heinkel et al. 2001.

4 Corporate Choices and Share Prices in Equilibrium

We now characterize firms’ share prices and optimal corporate choices in equilibrium. We provide
solutions both in the case of a market for real-asset reallocation only and in the case where markets
for reallocation and transformation coexist. We outline the main proof ideas and defer detailed

computations to the Appendix.

4.1 Market for Real-Asset Reallocation Only

First, we study competitive equilibrium outcomes in the case where only a market for asset reallo-
cation exists. In this case, the c-firms are automatically eligible for v and n-investors, but remain
ineligible for the m-investors, as they own real assets that do not feature any pollution reduction
opportunities. On the other hand, d-firms have three choices: (i) they can operate an unreformed

pollutive asset, which makes them ineligible for v and m-investors; (ii) reform the pollutive asset,

9We can recover this as a limiting case by taking T — K and breaking ties in favor of environmental reform.
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which makes them eligible for both v and m-investors; or (iii) trade the pollutive asset. In the last
case, firms transfer their d-asset to an outside private buyer, and receive a payment that equals
the risky cash-flow of the asset minus the transaction cost T. As we will see, a key feature of the
equilibrium structure is investor-separability over the d-firm corporate choices: as a consequence of
the surplus maximization objective under sustainable investing constraints, each investor-type will
only buy shares in firms that belong to individual sub-market in which all d-firms make the same
firm-optimal corporate choice.

First, because the number of ¢ and d-firms is fixed, the following corporate choice market

clearing conditions must hold in equilibrium:

N} =N, N+ N§+Np=Ng. (1)

In the optimal corporate choice problem faced by a d-firm, secondary trading and real-asset
reform involve a positive cost. Thus, they will only be firm incentive-compatible when the resulting
share price increase weakly offsets the action’s cost. Because the share price decreases in the
number of firms of a given type, it must be that, in equilibrium, the increase in share price equals
the action’s cost. This is analogous to a free entry condition in the corporate choice problem: if the
share price premium from taking an action exceeded its cost, more firms would adopt it, driving
the premium down until equality is restored. We refer to this as the no-entry and no-exit condition.

By this observation, the following relationships between share prices must hold in equilibrium:

Pi—P=T, P,—P=K. (2)

Now, consider the optimal portfolio allocation problem faced by some investor i. Because
K > T, it follows from (2) that, in equilibrium, P}; < P§ < Pj. This implies that n-investors
(v-investors) will only buy shares from firms of type A and U (A and S) due to investor incentive-
compatibility: the risk-return profiles of U, .S and R firms are equivalent, but in equilibrium, the
share price of an S-firms must be larger than that of a U-firm. Hence, it is never optimal for an
n-investor to buy shares of an S or R-firm. By the same argument, it will never be optimal for

a v-investor to buy shares in a R-firm. Then, at the portfolio allocation level, market clearing
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imposes the following conditions involving the portfolio allocation decisions by investors:

Iz, = N, ILyxy,g=Ng, Inz),p=Npg, (3a)

Inl‘;;A + va:A = NZ, (3b)

The equilibrium structure is well summarized by the clearing conditions in (3). Observe that while
there is a single c-firm sub-market — (nUwv, A) — there are three distinct d-firm sub-markets: (n,U),
(v, A) and (m, R). Moreover, d-firm sub-markets are separable across investor types. It follows that,
fixing the equilibrium capital allocation, the number of firms in each category scales proportionally
to the respective investor population. A large number of value-aligned investors, then, would result
in more firms participating in the secondary-trading market.

Our first Lemma characterizes the equilibrium corporate choices:

Lemma 4.1. In a case with a market for real-asset reallocation only, there is a unique equilib-
rium, in which d-firms and investors participate in three separate sub-markets: (1) unconstrained
investors only buy U -firm shares, (2) value-aligned investors only buy S-firm shares, and (3) impact-
aligned investors only buy R-firm shares. The number of d-firms choosing each corporate action

¢ € {U,S, R} in equilibrium can be written as a baseline quantity plus an allocative distortion:

Ny = max{0, Ipxy .} = max{0, \g(Ng + )},

for (0,0) € {(n,U), (v,S),(m, R)}. Define ¢ := c202—02,. The allocative distortions in equilibrium

are given by

T T Ocd
55 = 5UEL,T + —InK - ? &,
d d
T T Ocd
Sgr = ——02 Ty T + — I K — == &%
S d)o_c nmd + 0_2 m 0_3 557
T T Ocd
§p = —02I,T — — 1K + —%&5,
¢ g 3

satisfying Z(M) Agd; = 0. Covariance terms are non-negative, §; > 0, as they are proportional to
equilibrium portfolio positions in the c-firm sub-market, i.e., {; = £ = Iy, 4 and £ = Inyx), 4.

Full derivations are provided in Appendix A.1.
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Proof. See Appendix A.1. O

Lemma 4.1 provides insights into the size of each sub-market in equilibrium. First, if allocative
distortion terms ¢; are small, then d-firms opt into each sub-market in proportion to investor
composition weights, A\g for § € {n,v,m}. Since A\, + A\, + A\, = 1, an increase in the number
of value-aligned investors incentivizes more d-firms to sell their pollutive assets in the secondary-
market, reducing the size of both the sub-market of firms that engage in real-asset reform, and
the sub-market of firms which operate unreformed d-assets. Second, the allocative distortions
in equilibrium are driven by the cost of corporate actions plus correlation terms. Intuitively, a
larger cost of reform K results in fewer firms choosing reform and more firms choosing secondary
trades, and a larger cost of transaction 7" results in fewer firms choosing secondary-trades and more
firms choosing reform. Finally, increases in both T" or K result in more firms choosing to operate
unreformed d-assets. Third, under large allocative distortions, an increase in the number of value-
aligned investors has an additional negative effect on the number of firms that engage in real-asset

reform. Adding to the initial effect of a smaller baseline w‘aLhNd < 0, adding value-aligned investors

also yields a larger allocative penalty % < 0. Because fewer firms engage in real-asset reform,
an impact-aligned investor buys fewer shares upon the introduction of an additional value-aligned

investor, reducing overall impact investor’s utility.

Next, we characterize the equilibrium share prices for each firm category:

Lemma 4.2. In a case with a market for real-asset reallocation only, the unique equilibrium share
prices of c-firms and d-firm choosing each ¢ € {U, S, R} can be decomposed into the mean return

minus shared risk-adjusted penalty terms and a price wedge:

P}‘:,uc—Rc—ch, P/ =pq— Rg — wj.

Naog+Neoea p . NeoZ+Naoed
y +lCc -

Ir - . Price wedges for d-firms are given by

where Ry :=

wir = Am K+ AT
ws =An(K —=T) =\, T

wh = -A(K = T) = \K
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and the price wedge for the c-firms is given by

2

« OZAm Ne  0cd
(JJA:—
T

Auon ¢
The equilibrium covariance price wedge term 2 is derived in the Appendiz.
Proof. See Appendix A.1 O

Recall that firms maximize their share price minus the cost of their corporate choice. There are
two key takeaways from Lemma 4.2. First, the shares of d-firms that directly engage in real-asset
reform trade at a premium (wj, < 0) and the shares of a d-firm that operates an unreformed d-asset
trade at a discount (w;; > 0) compared to the benchmark without sustainable investing constraints.
The sign of the equilibrium price wedge for secondary-traders wg is ambiguous, and depends on
the relative ratio of impact-aligned to unconstrained investors compared to K /(K —T'). When the
population of impact investors is sufficiently small, wg < 0. In this case, shares of secondary seller
firms trade at a lower premium than R firms. Additionally, a higher share price implies a lower
cost of capital in equilibrium.!’ Thus, the cost of capital of a secondary seller firm (direct reform
firm) decreases as the transaction cost T (cost of reform K') increases. This is due to the fact that,
in equilibrium, the increase in the share price for a S or R firm must offset the cost of trade T" or
the cost of reform K. Thus, a higher share of v or n investors results in a higher equilibrium share
price (and lower cost of capital) for R firms.

The second takeaway is that the price wedge faced by the c-firms persists even in the absence
of sustainable investing cost terms T or K. This is because the wedge comes from imperfect risk-
sharing: as m-investors will only buy shares in firms that engage in environmental reform, under
a market for real-asset reallocation only, these investors do not allocate any resources in the c-firm
sub-market. The impact of such imperfect risk-sharing is larger when the c-asset cash flow is more

volatile and when risk-tolerance 7 is small, which gets directly reflected in the share prices.

10The cost of capital of a firm f can be formally defined as ;—f -
f
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4.2 Co-Existing Markets for Real-Asset Reallocation and Transformation

Now we study competitive equilibria upon the introduction of a separate market mechanism where
firms trade contracts over real-asset transformation actions. Because there is no heterogeneity in
the cost of reform actions, it must be that all posted transformation contracts request the same
c-firm contribution in equilibrium. We can focus on the case in which, when a d-firm decides to post
a transformation-contract, it does so at the clearing transformation-contract price 7 € R. It turns
out that this market clearing price is critical to determine the structure of the equilibrium outcomes.
We distinguish between a surplus-extraction equilibrium, where the transformation contract price
is strictly larger than the cost of reform m > K, and a cost-sharing equilibrium, where 7 < K. In
a cost-sharing equilibria, d-firms contribute a to finance the real-asset reform action, but make no

impact claims. We next discuss these two equilibria:

(i) Surplus-Extraction Equilibrium: Suppose that the market clearing contract price is
weakly larger than the cost of reform, meaning that the d-firm can extract surplus from
the c-firm beyond the reform cost. Then, it must be the case that all pollutive assets get re-
formed. This is because such a contract price makes the corporate choice of operating an un-
reformed pollutive asset strictly dominated by posting a transformation contract. Moreover,
secondary trading unravels. Secondary trading enables v-eligibility at a cost of T, whereas a
transformation contract also makes the d-firm v-eligible, albeit with an additional revenue of

T—K >0.

(ii) Cost-Sharing Equilibrium: Suppose that the market clearing contract price is strictly
smaller than the cost of reform. Then trading a transformation contract implements a cost-
sharing mechanism because the issuing d-firm pays a reminder of K — 7 > 0 to finance the
reform action and fulfill the contract. This implies a lower bound on the contract clearing
price, 7 > K — T, for transformation contracts get effectively traded in equilibrium. To
see why this is the case, note that if 71 = K — T, the d-firm contributes a payment of T
towards the reform action and cedes the impact claim to the c-firm, becoming indirectly
reformed. At this price, posting a transformation contract is equivalent to secondary trading
— in such equilibria, both corporate choices co-exist. For any clearing price 7 strictly larger

than K — T, secondary trading unravels: selling the d-asset in the secondary-market becomes
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strictly dominated by posting a transformation contract. Finally, note that when 7 < K
there is no clear dominance between entering the transformation market and operating an
unreformed pollutive asset. Thus, in a cost-sharing equilibrium all pollutive assets do not

necessarily get reformed.

We analyze each case separately to account for the specific corporate-choice structures.

4.2.1 Surplus-Extraction Equilibrium

Suppose 7 > K. Since a transformation market is available, c-firms now also face a corporate
choice problem. They can choose not participate in the transformation market (A-choice) or to
enter a transformation contract allowing them to claim impact, in which case they contribute
towards the reform action (a-choice). In this equilibrium, the corporate choices which are sustained
for d-firms are also two. They either directly engage in real-asset reform or participate in the
transformation market by posting a transformation contract and becoming indirectly reformed (/-
choice). Operating an unreformed pollutive asset, as well as engaging in secondary trading, are
strictly dominated choices in equilibrium, so that Nj; = Ng = 0. Because the number of ¢ and

d-firms is fixed, the corporate choice market clearing conditions in equilibrium become:

Nji+N:i=N, Nj+Nj=Ng (4)

Consider the optimal corporate choice faced by a c-firm. Again, because entering a transformation
contract involves a positive cost for the firm, this action will only satisfy firm incentive-compatibility
when the resulting share price weakly offsets the action’s cost. For the d-firm, reducing environ-
mental impact entails a direct cost as well as an opportunity cost: keeping the option to reduce
implies that the d-firm foregoes a potential payoff of 7 — K > 0 in the transformation market. In
equilibrium, the respective changes in share prices must equal these costs to guarantee a no entry

& no exit condition across sub-markets. It follows that in equilibrium we must have:

Pi—n*=P}, Ph-K=Pj+r —K, (5)
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where Pg and P, correspond to the share price of a firm making corporate choices 3 and « respec-
tively. Compared to (2), the transformation market implies that the change in share price is not
ex-ante fixed as it depends on the clearing price of the transformation market m, determined at
equilibrium.

Consider, now, the optimal portfolio allocation faced by investors. From (5) we get that prices
can be sorted in equilibrium: P, > P4 and Pg > Pg. This implies that n and v-investors will
only buy shares from firms of type A and B.'! Conversely, m-investors will only buy shares from
firms of type a and R due to the impact constraint. Market clearing then imposes the following

conditions:

Inzyg + Lyzyg = Nj, Inzy,p = Np (6a)

Compared to a case where there is only a market for real-asset reallocation (c.f. (3)), clearing
conditions in (6) show a different sub-market structure. In the surplus-extraction equilibrium, there
are two c-firm sub-markets, (nUv, A) and (m, ) and two d-firm sub-markets, (nUwv, 8) and (s, R).
Our next Lemma characterizes equilibrium corporate choices under this structure as a function of

the transformation-market clearing price 7*:

Lemma 4.3. Suppose m* > K. In equilibrium, investors participate in two c-firm and d-firm sub-
markets: (1) unconstrained and value-aligned investors only buy A-firm and S-firm shares, and (2)
impact-aligned investors only buy a-firm and R-firm shares. The number of ¢ and d-firms choosing

each corporate action f € {A,a} and ¢ € {8, R} can be written as

N = max{0, \g(Nc +6%)}, Ny = max{0, \g(Ng + 6;)}

"n other words, the allocation problems of n and v investors become indistinguishable in the options-trading
equilibrium.
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for (6,f) € (nUwv, A),(m,a) and (0,£) € (nUw,B),(m, R). Allocative distortions are given by:

5% = L 2 (07 = 0ca), 5 = Inm" 2 (02 = 0a),
¢ ¢
5L = —Imﬂr*%(ag — 0ca), oh = —Imﬂr*%(ag — Oea),
and satisfy Z(Q,f) Agd} =0 and Z((M) Agd; = 0.
Proof. See Appendix A.2. O

The unconstrained and value-aligned investors hold equivalent positions in equilibrium in both ¢
and d-firm sub-markets. This implies that, in the surplus-extraction equilibrium, the value-aligned
investing constraint is slack. Moreover, unconstrained and value-aligned investors buy more shares
than impact-aligned investors across both ¢ and d-firm sub-markets, as implied by the sign of the
allocative distortions in Lemma 4.3. Note that the magnitude of the allocative distortion terms
depends directly on the transformation-contract clearing price n*, with both quantities jointly
determined in equilibrium. Holding everything else fixed, a larger transformation-contract price
results in a higher number of indirectly reformed firms and a lower number of directly reformed
firms — however, as long as 7 > K, all pollutive assets get reformed through either channel.
A corollary and important point of departure from Lemma 4.1 is that the marginal effect of an
additional value-aligned investor has no effect on the number of assets that become reformed in
equilibrium. However, our next Lemma shows that adding an additional value-aligned investor
decreases the transformation-contract clearing price, lowering the volume of trades in the real-asset

transformation market.

Lemma 4.4. In a surplus-extraction equilibrium, the transformation-contract clearing price is:

* Nc Nd ¢
v = [ - 2y

I’VL’U Im

YT

where ¢ 1= 02 + 03 —20.9 > 0. Thus, a surplus-extraction equilibrium ezists if and only if

Proof. See Appendix A.2 O
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Holding the cash flow distributions fixed, a surplus-extraction equilibrium exists when there is
a sufficiently large (small) number of ¢-firms (d-firms) and m-investors (nUwv-investors), the cost of
reform K is sufficiently small, and investor are sufficiently risk averse. Combining Lemma 4.4 with
Equation (5) we see that the transformation-contract price corresponds to the share price premia

from m-eligibility, equivalent across ¢ and d-firm sub-markets:

* * * * ¢ NC Nd
Pr—Pi=P;—P;=—[<¢_-—¢
e T e

Intuitively, the market clearing transformation-contract price captures two effects:
(i) Enhancement in risk-sharing from improved diversification.
(ii) Supply-demand balance of reform actions in the transformation market.

For the risk-sharing component, note that the equilibrium transformation-contract price is the
largest when risk tolerance 7 is low and cash flow variance is high. Moreover, the price increases
with the number of m-investors, and decreases with the number of v and n-investors. As the number
of investors following an impact-aligned strategy becomes large, m-eligibility is more valuable for c-
firms who are ex-ante restricted to investments only from value-aligned or unconstrained investors.
The diversification enhancements yield higher equilibrium share prices, which make transformation
contracts desirable for c-firms. The second key determinant for the transformation-contract price is
the supply and demand balance of transformation opportunities in the transformation-market. In
particular, the clearing price decreases with the number of d-firms as this implies a higher ex-ante
availability of reform actions in the market. Conversely, the clearing price increases with the number
of c-firms, as this creates more competition between potential buyers in the transformation-market.

Finally, we characterize the surplus-extraction equilibrium share prices:

Lemma 4.5. In the surplus-extraction equilibrium, the share price of c-firm type f and a d-firm

type £ can be written as a common risk-adjusted term minus a price wedge:

P;:Mc_Rc_w;kfa Pf*:Nd_Rd_WZ
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with equilibrium price wedges given by

Wy =wh = Apm" = m[&,&]ﬂ
g Ly Ly g1’
N . N. N,
w; =Wgr = —A»,wﬂ' _)\'rw [Iic - Td] 1;;_
nv m
Proof. See Appendix A.2 O

From Lemma 4.5 we see that the shares of d-firms that engage in environmental reform trade
at a premium which is larger than the premium under a market for reallocation only (c.f. Lemma
4.2). Note that this premium is the same as the one faced by the c-firms that participate in the
transformation market (w} = wj) — and this symmetry also holds for the case of the d-firms that
sell reform-options in the transformation market and the passive c-firms, w) = wg, with the caveat
that the shares from these firms trade at a discount (wg < 0). Importantly, note that as opposed
to Lemma 4.2, in the surplus-extraction equilibrium the share price wedges do not depend on the
cost of reform K nor the cost of secondary trades T'. As long as the conditions in Lemma 4.4 hold,
these costs get fully absorbed by the c-firms, and the share price wedges are instead driven by the

risk-sharing effects of the transformation market.

4.2.2 Cost-Sharing Equilibrium

Fix m < K. In this case, posting a transformation contract entails a positive cost for d-firms, which
must contribute the non-negative remainder payment of K — 7 > 0 to finance the reform action.
Hence, the transformation contract implements a cost-sharing mechanism between the d-firm and
the c-firm, by which they jointly cover the full cost of reform. The c-firm benefits by claiming
impact, becoming m-eligible. The d-firm, benefits because it ceases to operate an unreformed
pollutive asset upon reform, which makes it v-eligible. It follows that to sustain a positive volume
of contract trades in the transformation market, the c-firm contribution 7 can never fall below a
threshold of m := K —T. For m < &, secondary trading strictly dominates posting a transformation
contract for the d-firm, because it enables v-eligibility at a strictly lower cost. In what follows, we
focus on the interior case m € (x, K) as it provides a more intuitive description of the equilibrium

structure. We defer the corner cases — namely where m = = and m = K — to the Appendix.
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In a cost-sharing equilibrium with 7 € (7, K), the c-firm optimally decides between the A-choice
and the a-choice. The d-firms decide between the R-choice and the S-choice, but as opposed to
a surplus-extraction equilibrium, now operating the unreformed d-asset may also be optimal in
equilibrium. Because m > 7, the secondary market unravels.'? Thus, a key difference with the
surplus-extraction equilibrium is that not all pollutive assets are necessarily getting reformed. The

equilibrium corporate choice market clearing conditions become:

N+ N:=N., Nj+Nj+Nj=N,. (7)

The no-entry & no-exit condition across ¢ and d-firm sub-markets imply that the following rela-

tionships across share prices must hold in equilibrium for any = € (7, K):

Pi—x=Pi, PR,-K=P; P;—(K—m)=nP (8)

Note that these conditions extend those of a surplus-extraction equilibrium to account for the firms
that choose to operate unreformed d-assets. Equation (8) imposes a condition which mirrors that
of a case where there is only a market for real-asset reallocation (c.f. (2)) with the transformation
market substituting secondary trading. Thus, for the d-firms we have that P < PB* < Pp, and
for the c-firms, we have that P; > P). This implies that n-investors only buy shares from U and
A firms, v-investors only buy shares from A and £ firms, and m-investors only buy shares from «
and R firms. At the portfolio allocation level, market clearing imposes the following conditions in

equilibrium:

Iz = Ng, va:ﬁ = NE, Iz, p=Np (9a)

Liwpg+ Iyxy g = Ni,  Ipxp,, = Ny (9b)

From (9) we observe that, in this case, the number of sub-markets is five. The sub-market structure
for c-firms is that of a surplus-extraction equilibrium: (n Uwv, A) and (m, «). For d-firm, the sub-

market structure is that of a case where there is only a market for real-asset reallocation — (n,U),

12Note that when the transformation-contract price hits the lower bound, 7 = K — T, it might be the case that
some d-firms also engage in secondary trading (S) — we discuss this case in the Appendix
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(v,B) and (m, R) — but the transformation market effectively replaces secondary trading.
Our next Lemma characterizes equilibrium corporate choices for any transformation-contract

clearing price 7* € (x, K):

Lemma 4.6. Suppose m* € (w, K). In equilibrium, investors participate in five sub-markets: (1)
unconstrained and value-aligned investors buy shares in A-firms, (2) impact-aligned investors buy
shares in a-firms, (8) unconstrained investors buy shares in U-firms, (4) value-aligned investors
buy shares in [-firms, and (5) impact-aligned investors buy shares in R-firms. The number of c

and d-firms making each corporate choice f € {A,a} can be written as
N =max{0, \y(Ne + 054 +054) s No = max{0, \p,(N. + 67,,,) }-
Allocative distortions are given by:

T T T
:ZA = g[agfmﬂ* - UcdS:zA]a :A = *[Ugfmﬁ* - UcdquAL 52101 = g[—afﬂnvﬂ* + UCdg:naL

¢

with Z((,’f) Igé;‘c = 0. FEquilibrium covariance distortion terms f;‘f are derived in the Appendiz.

Similarly, the number of d-firms making each corporate choice £ € {U, 3, R} can be written as:
Ny = max{0, \g(Ng + ;) }.

Allocative distortions are given by:

5 = a[a;f? (I(K — 7*) + I;nK) — 0cqéi]
55 = Slo2 (I ~ T — 7)) = o)
R R T Y SR

and satisfy 2(9,8) Ipd; = 0. Equilibrium covariance distortion terms &, are derived in the Appendiz.

Proof. See Appendix A.3. O

A key difference in Lemma 4.6 as compared to Lemma 4.1 is that in the cost-sharing equilibrium,

value-aligned investors incentivize d-firms to engage in the real-asset transformation market via the
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cost-sharing mechanism instead of using the secondary trading channel, which unravels as long as
7* > w. The c-firm corporate choices, on the other hand, follow a similar structure to the surplus-
extraction equilibrium (c.f. Lema 4.3) with N} firms becoming m-eligible via indirect real-asset
reforms. Again, the effect of adding one more value-aligned investor affects the transformation-

contract price, which we discuss in our next Lemma.

Lemma 4.7. In the cost-sharing equilibrium, the transformation-contract price is given by

o Y 9N Na
¢+717¢ Iv Im ¢+71
where
UZ 03 af Ocd
"= )\n(ﬂ‘i_x)a Vo 1= /\H(E—FTU)

An interior cost-sharing equilibrium exists if and only if ©* € (w, K).
Proof. See Appendix A.3. O

Note that the transformation contract price differs from that in the surplus-extraction equilib-
rium in Lemma 4.4. However, the result in Lemma 4.7 collapses to that in Lemma 4.4 when the
population of unconstrained investors goes to zero. This shows the differential role of n-investors
in each case: in a surplus-extraction equilibrium, n-investors buy shares of d-firms that engage in
the market for real-asset transformation due to their increased revenue from the transformation
contract. Conversely, in a cost-sharing equilibrium, when a d-firm posts and accepts a transfor-
mation contract , this precludes participation from m-investors, which can make the cost-sharing
mechanism unattractive. On the other hand, comparative statics with respect to value-aligned and
impact-aligned investors, as well as c-firms and d-firms are equivalent: the clearing payment goes

down if there are more m-investors and c-firms, and goes up if there are more v-investors or d-firms.

Lemma 4.8. In the cost-sharing equilibrium, the share price of c-firms type f and d-firms type ¢

can be written as a common risk adjusted term minus a price wedge

P;:/’LC_RC_W;7 PZ*:Md_Rd_wZ

28



with equilibrium price wedges for the two c-firm types given by

*

*
Wy = AnT, W, = —ApT,

and equilibrium price wedge for the three d-firm types given by

Wi = Am K+ Ny (K — %),
Wi = AT — A (K —77),

Whr = =M — A\ K.

Proof. See Appendix A.3. O

The result in Lemma 4.8 again shows that the c-firm sub-market structure resembles the
surplus-extraction equilibrium: the price wedges for c-firms follow the same relationship to the
transformation-contract price as in Lemma 4.5. On the other hand, price wedges for d-firms follow
the case of a market for real-asset reallocation, with the transaction cost T replaced by d-firm

transformation contract payment K — n*, which is weakly smaller than 7T'.

5 Welfare Effects of Co-Existing Markets

Having characterized competitive equilibrium outcomes under each market specification and con-
tracting structures, we turn our attention to welfare effects. We focus on three aspects: real-asset
reform and secondary trading, firm surplus and investor surplus. We derive the welfare results for
a case featuring symmetric firm types (N, = Ny = N), and uncorrelated real-asset returns with
equal variance. Our main insights hold when we account for covariance and firm type asymmetries.
We discuss the effect of removing these assumptions in the Appendix.

First, consider the perspective of a social planner. When pollution externalities are sufficiently
large, real-asset reform is socially efficient, but it is seldom the case that firms or markets internalize
such effects. In our model, neither firms nor investors internalize any damages from pollution.
Impact-aligned investors can enhance efficiency by providing incentives for share-price maximizing

firms to engage in real-asset reform—but in the case of a market for real-asset reallocation only,
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these incentives are curbed by the presence of value-aligned investors, who instead favor d-firms that
engage in secondary market trades. Our first theorem discusses how the introduction of a separate
market for real-asset transformation can strengthen the incentives to own and transform pollutive

assets — and change the marginal effect of value-aligned investor participation in equilibrium.

Theorem 5.1 (Incentives to Own and Transform Pollutive Assets). In the case of symmetric firms

and uncorrelated real-asset returns with equal variance:

e The introduction of a transformation market increases real-asset reform and decreases sec-

ondary trades.

e The introduction of a transformation market changes the direction of the marginal effect of

adding one value-aligned investor for sufficiently many firms.
Proof. See Appendix A.4 O

Theorem 5.1 demonstrates that real-asset reform incentives are most effective under co-existing
markets for real-asset reallocation and transformation. When firms are allowed to contract over
reform actions, c-firms indirectly contribute towards d-asset reform under the incentive to become
eligible for m-investors — a channel which is absent in the case of a market for real-asset reallocation
only. In the cost-sharing equilibrium, the cost of reform is divided between a c-firm, who claims
impact upon reform, and a d-firm, who ceases to operate an unreformed pollutive asset and thus has
an alternative to secondary trading. For sufficiently many firms N, in both the surplus-extraction
and cost-sharing equilibrium, the marginal effect of an additional v-investors is positive on the total
number of reformed assets, since the d-firms prefer to engage in the reform action exchange rather
than using the secondary trading channel.

Second, we turn our attention to the effect of a real-asset transformation market on firm surplus.
One of the main challenges of environmental reform is that common policy approaches, such as
carbon taxes and cap-and-trade programs, may impose large costs on productive firms. These costs
might affect firm competitiveness or be passed through to consumers, which may pose concerns for
an environmental regulator. Our second theorem illustrates that, upon the introduction of a market
for real-asset transformation, there is a weak Pareto improvement in firm surplus. Importantly, the

transformation market stands to benefit both ¢ and d-firms. We extend the model to consider a
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tax on secondary trades, a carbon tax and an emissions-trading scheme, and show that all of these

policy alternatives can also increase real-asset reform, but produce a decrease in d-firm surplus.

Theorem 5.2 (Policy Comparison and Pareto-Improvement on Firm Surplus). In the case of

symmetric firms and uncorrelated real-asset returns with equal variance:

o Introducing a separate transformation market increases d-firm surplus and c-firm surplus, yet

the increase in real-asset reform may be moderate.

e Policies such as a tax on secondary-trades, a carbon-taz, or an emissions-trading scheme, can

increase real-asset reform beyond the transformation market, yet decrease d-firm surplus.
Proof. See Appendix A.5. O

Theorem 5.2 shows that co-existing markets not only support incentive-compatible real-asset
reform, but also unambiguously enhance firm surplus. The no-entry conditions, which are conse-
quence of the endogenous corporate choice (c.f. Equations 2, 5 and 8) imply that ¢ and d-firms
share surplus symmetrically in each equilibrium. This metric can be pinned down as the share price
of a d firm operating an unreformed real asset, or passive ¢ firm that does not take any additional
actions under reallocation only and cost-sharing equilibria. The shares of d firms that operates un-
reformed d assets trade at a discount in both cases — but the discount is smaller under cost-sharing
than under allocation only. The same is true for a passive c-firm: the share price discount is smaller
under the cost-sharing equilibrium. In the surplus-extraction equilibrium, d-firm surplus can be
pinned down as the equilibrium share price of a reformed firm minus the direct cost of reform.
This quantity is again greater than its counterpart under reallocation only. What supports higher
equilibrium share prices when reallocation and transformation markets co-exist? In our model, the
transformation market provides a channel for firms to broaden investor participation at lower costs
than under reallocation only. This enables more investor competition, yielding higher firm surplus.
In Appendix C we study policy alternatives such as (1) a tax on secondary trades, (2) a carbon
tax, and (3) an emissions-trading system. We show that although these alternatives can increase
real-asset reform beyond the effects of a real-asset transformation market, they all decrease d-firm

surplus. This is a key point of departure from a dedicated market for real-asset transformation.
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Finally, we discuss the effects of coexisting markets on investor surplus separating across the ¢
and d sub-markets. The increase in participation (and investor competition) brought by co-existing

markets induces a surplus redistribution effect across investor-types.

Theorem 5.3 (Investor Surplus Redistribution). The introduction of a separate transformation

market for reform rights has the following effects on investor surplus:

o In c-firm sub-markets, v-surplus decreases and m-surplus increases.

o In d-firm sub-markets, v-surplus increases and m-surplus decreases.

The unconstrained n-investor surplus decreases in both sub-markets unless there is a surplus-

extraction equilibrium with a sufficiently high transformation contract price.

Proof. See Appendix A.6 O

The Sharpe ratio representation of the indirect investor utility in Theorem 5.3 is useful, as it
shows, for instance, that with a market for asset reallocation only, n and v investors engage in larger
rent-extraction over clean sub-markets due to m-investor constraints. Because the ownership of
pollution is a necessary condition for positive environmental impact, m-investors avoid participation
altogether, creating an advantage for n and v investors. This advantage disappears as soon as the
transformation market is introduced. Conversely, the introduction of a transformation market can
enhance v surplus in dirty sub-markets, providing a cost-efficient alternative for firms to become
v-eligible instead of paying secondary transaction costs. Finally, in a market for asset reallocation
only, n investors (who are unconstrained) take advantage of sustainable investing constraints to
engage in higher d-firm sub-market rent-extraction, but this is can be curbed with the introduction
of a transformation market — unless there is a surplus-extraction equilibrium with a sufficiently
high transformation-contract price, where v investor constraints are not active anymore (n and v

become indistinguishable) allowing both types to exploit the m-investor constraint.

6 Concluding Remarks

How do real-asset trading decisions affect environmental reform in the presence of socially motivated
investors? Our paper addresses this question by laying out a theory of co-existing markets for real-

asset reallocation and transformation in equilibrium with corporate choices and portfolio allocation
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decisions. We show that introducing a transformation market leads to equilibrium structures where
pollutive firms extract surplus from, or share costs with, other firms who benefit from participating
in real-asset reform investments. Pollutive firms achieve this by issuing transformation contracts
against their pollutive real assets — which feature pollution reduction opportunities — and pricing
them as the anticipated change in a firms’ share price associated with the impact claim steming from
the real-asset reform action. When there is not enough demand to support a surplus-extraction
equilibrium, transformation contracts are used by pollutive firms as a cost-sharing mechanism. In
such an outcome, the transformation contract price is weakly smaller than the cost of reform — the
pollutive firm contributes a remainder payment to finance the reform action. Both mechanisms
expand investor participation and decrease the use of the secondary trading channel, enhancing
efficiency and increasing the number of reformed real assets. This gains are not realized in a case
where there is only a market for real-asset reallocation, as value-aligned investors incentivize firms
to sell their pollutive assets to private outside buyers, removing the opportunity to reduce pollution
from the market.

The main insight that arises from our theory is that a dedicated market for real-asset trans-
formation decouples the disincentives to own pollutive real assets from the incentives to reform
them. Transformation contracts provide an alternative to secondary trading for those firms which
do not wish to operate unreformed pollutive assets, but are also not willing to pay the full cost of
reform. This market mechanism alleviates the cost of satisfying sustainable investors constraints —
leading to a better diversification as well as higher share prices, which deliver higher firm surplus,
in equilibrium. Alternative regulatory interventions, such as a carbon tax, a tax on secondary
trades, or an emissions-trading system, can also increase reform and reduce secondary-trading, but
do so at the expense of firm surplus, and thus might be harder to implement for a constrained
environmental regulator.

Our work suggests several direction for future research. First, our results highlight reform con-
tracts across heterogeneous firms — such as clean and pollutive firms — as relevant structures for
real-asset transformation under a heterogeneous investor base. There is some incipient empirical
evidence on the use of forward reform contracts for methane abatement (Palacios et al. 2025).
Cooperation agreements across heterogeneous firms are frequently mentioned as valuable contrac-

tual arrangements for real-asset transformation in the oil sector. For instance, non-operated joint
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ventures (NOJVs), in which public firms with environmental targets help other companies, such
as state-owned oil & gas companies, to reduce their emissions intensity resemble our transforma-
tion contracts (EDF 2022). An empirical analysis of such contracts would be important to better
understand how corporate incentives interact with real-asset transformation decisions.

Second, our model implies that firms who enter contracts for real-asset reform actions should
see increased investor participation via two different channels. A firm engaging in indirect reform
actions over real assets becomes more attractive for an investor who directly values emissions re-
ductions (impact-aligned investing). Furthermore, a firm whose real assets get indirectly reformed
becomes more attractive for investors who value low balance-sheet emissions (value-aligned invest-
ing). As each of these channels is independent, our theory suggests that joint reform contracts
could offer a window into whether sustainable investors and financial intermediaries follow impact
or value-aligned strategies when it comes to real-asset reallocation. What are the adopted sustain-
able investing strategies is ultimately an empirical question, but has important implications for the
theory of sustainable finance (Landier and Lovo 2024, Oehmke and Opp 2025).

Third, our model suggests that whenever secondary trading is costly, impact and value investor’s
strategies are de facto aligned. However, when secondary trading is available at a cost lower than
the cost of real-asset reform, the presence of value-aligned investors imposes a double negative
externality: corporate reallocation decisions makes achieving impact more costly for the impact
investor, and make reform less appealing for firms that own pollutive assets. In such equilibria,
secondary trading effectively “removes the option to engage with firms to reduce pollution” in the
sense of Duchin et al. 2025. In such outcomes, adopting an impact-aligned investing strategy can
have a high cost and little to no impact, suggesting that less investors would be willing to engage
in reform-oriented strategies. It would be relevant to empirically distinguish these cases from other
settings where secondary trading might not have negative effects on investor participation or real-

asset reform.
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2 2 2 2
Typoo + Tgoy + 229 T0¢0¢d
2T

Us(wgyp, Tor) = Tofpte + Tooftd — — Prxop — Praos. (10)

Let w¢ := p. — Py and 7y := pug — P, be the mean excess return for buying the shares of c-firm
making corporate choice f or d-firm making corporate choice £. Taking the first-order conditions

over (13) gives investor-optimality conditions:

T = :L‘ifag + TigOcd (11a)

TG = g0y + TifOed (11b)

Solving for x;; and z;¢ using ¢ := Jgafl — O'zd yields:

-

Tif = E[J?ﬂf — OcdTy), (12a)
T

Ty = g[afw — Ocqmy). (12b)

provided that ¢ > 0. Holding mean excess returns fixed, a higher 0.4 reduces diversification benefits
and changes the optimal portfolio through the cross-hedging terms. While the above results apply
to the unconstrained and value-aligned investor, they do not apply directly to the impact-aligned

investors as they do not buy shares in c-firms. In that case, utility is given directly by:

2 2

T L0
Un(tmr) = 2mr(pa — Pr) — %- (13)
First-order conditions are:
-
TmR = —5TR (14)
04

Recall that the active sub-market pairs in equilibrium are {n, A,U}, {v, A, S} and {m, (), R}. Plug-

ging (12) into the market clearing condition (3), using that the number of ¢ and d-firms is fixed by
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(1) yields:

L0237 A — Ocqny] + Ly[03m4 — Ocqms] = %NC (15a)
2 2 ¢ _ ¢
Ijoimy — ocama) + Iy[oims — 0camal + Im?[m{] = ;Nd (15b)
d

Because of the no entry condition (2) the following relationship between the mean excess returns

holds in equilibrium:
ms=7ny—1, 7wr=my— K. (16)
We can use (16) to rewrite (15) and recover the unconstrained investor positions:

In[(f?lTrA — oeqmu| + Iv[dgﬂ'A — 0qmu + 0cdT)| = %Nc (17a)

¢

In[awa — OedTA| + Iv[asz — O'?T — 0cdTA| + Im%[ﬂ'U - K] = ;Nd (17b)

d

Using (12) and market clearing we can now derive the c-firm sub-market positions:

1

. T
Thy = [N + ;I 0cdT] (18b)
It will be useful to write these positions as:
. 1 . . Am Am T
Tpa = T[NC + 0p4l, nA ‘= /\TnNc -1+ )\m)d)f vOedT (18¢c)
1 Am Am
zya = 71N+ 334, ba = S Ne+ (L ) = Luoedl (184)

Note that x 4 (z} 4) is decreasing (increasing) in o.4. From (16) we can derive the d-firm position

expression for the value-aligned investors as a function of the unconstrained investor position:

Ty = Thy — ;osT (192)
Tmpr = TLU + O_C TpA — ?K (19b)
d d
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From these relations we can recover d-firm sub-market investor positions:

aiy = I[Nd + LK+ ¢02I T — ;d Lt 4] (20a)
d d
* T 2 Ocd
Lys = 7[Nd + ﬁImK Ian Iman] (20b)
I O'd ¢ O'd
* — 1 2 Ocd *
me — 7[N [an + 0' I T =+ [nvan] (20C)
1 O'd o ¢ ad

Note that x5 is increasing and concave in 0.4 for small values of o.4. From (20) we can observe
that correlation terms are driven by the mean excess return in the c-firm sub-market. Becase n and
v-investors allocate across d and c-firm sub-markets, a positive correlation implies that higher values
of m4 lead to a smaller allocation in their respective d-firm sub-markets U and S. This indirectly
benefits m-investors, as more d-firms choose to engage in real-asset reform. We can rewrite the
d-firm allocations as the average position plus the allocative distortions by defining 0; := I'zj, — Ng

for all (0,¢) € (n,U), (v,S5),(m, R):

* T T Ocd %
5f = 5ova,T+ %ImK - ch &, & =: LnTnax (21a)
g *
| —— 3 Lo LT + 21 K — ,j 33 €5 = Ipnax (21b)
04 04
5y = — 02, T — — T K + 22 ¢&; €= LopTpa* (21c)
R - (;5 d 3 R R = invdinA C

To compute share-prices, we can use (11) to derive:

* 1 * *
Py = pa — ;[ngnU + 0cd®y 4] (22a)

1
PZ = He — ;[sz:LA + Ucdx;;U] (22b)

Directly replacing yields d-firm share prices:

Pé = Ud — Rd — )\mK — )\UT (23&)
Pi=P5+T =g — Ry — MK + M\ T (23b)
Ph =P+ K = pig — Ry + MK — A\, T (23c)
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and c-firm share-prices:

* 1 * *
Py = pe — = [02(Ne+ 6% 4) + 0ca(Na + 677)] (23d)
1
= e — Rc — F [035;14 + O-Cdé*U] s (236)

which completes the equilibrium characterization.

A.2 Surplus-Extraction Equilibria with Co-Existing Markets

Recall that active sub-markets are (n U v, A, 8) and (m, «, R). Taking first order conditions over

active capital allocation decisions then yields investor-optimality conditions:

T

x;f = g[ﬂ'fo'?l_ﬂ-ﬁo'cd] V(G,f,ﬁ) € (nUUaAaﬂ)’(W%O‘vR)’ (248‘)
@y = %[mag — 7o) V0, £,0) € (nUv, A, B), (m,a, R). (24b)

Plugging (24) into market-clearing conditions (4) yields:

Ion[027s — 0cama) + Im[02TR — 0cama] = Nd% (25a)
Ion[oimy — ocdmg) + Im (0370 — OeqTR] = Ncg (25b)

By the no-entry & no-exit condition (5) on share prices we know that:
TR=Tg —T; Mo =TA—T, (26)

with 7 the transformation-market clearing price, satisfying 7 > K. Using (26) to rewrite (25) in

terms of mg and 74:

) 16

OB — OcdTA = I[Nd; + Imazw — Ioeqm] (27a)
1
037,4 — 0cdTg = F[Ncg + Imagﬂ — L0 eqr] (27b)
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Then, using (24), we write the positions of n and v investors:

Ty5(m) = %[Nd + 5;(7r)], d(m) = %(Imagﬂ' — Inoeqm) (28a)
1 T
xp 4(m) = 7 [N + 6% ()], 04 (m) = E(Imagﬂ — [n0cqm) (28b)

But the corporate choice market-clearing condition (4) implies that:

. No  Lim
Ty p(m) = T fm zy5(T), (29a)
m m
. N, I
xmoz(ﬂ-> = Tc - IUn CL':LA(TF). (29b)
m m

Replacing and rearranging yields the m investor positions:

zy p(m) = %[Nd + 0R(m)], Op(m) = 7%(17“,0'27'( — LnyOeqm) (30a)
xp o (m) = %[Nc +6;(m)], o (m) = —%(Im)aflﬂ' — Lhy0eqm). (30b)

It is straight forward to derive the equilibrium sub-market sizes under optimal corporate choices
since Ny(m) = ImTpq, NAi(7) = Inuz;, 40 Np(m) = Inay,p and Ni(7) = L. For equilibrium

share prices we can use (24) to explicitly compute excess rents in equilibrium. For example, for g

and A-firms:
* 0—3 * Ocd «
m(m) = 7%5(@ + ?an(W) (31)
* O-g * Ocd *
() = Sy A(T) + —x55(T) (32)
T T
It follows that:
* 1 2 % *
Pg(m) = pa — ;[Ud%ﬁ(ﬂ) + 0caty A(T)] (33a)
* ]' * *
Pi(7) = pe — =[ooa}, 4(7) + 0caty 5 (7)) (33Db)
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From (28) we compute the inner sums:

TR () + Ous g 7) =  [03N + 0o+ 5 (o2 — o) (342)
= 7(Ry + A7) (34b)
olxk 4 (m) + OcdTpg(T) = % (02N, + 0eaNg + %(Imaga(gﬂ — Ipo2ym)] (34c)
= 7(Re + A7) (34d)

Equilibrium share prices as a function of the transformation contract price for A and S-firms are:

P3(m) = pa — Ry — w(), W(T) = A, (35a)

Pa(m) = pe — Re — wi(m), wa(m) = Amm (35b)

and the no-entry condition (5) lets us recover the equilibrium share prices for o and R-firms:

Pi(m) = pg — Rg — wh(m), wh(m) = =Apor (35¢)

Py(m) = pie — Re — wi(m), wa(m) = =Anm (35d)

Finally, we can use the transformation market clearing condition to solve for the transformation-
contract clearing price. Recall that the relative market share for any subset of investor types © is

denoted as Ag. Then:

Ny(m*) = N(7*) (36a)
= L@y (17) = LwTp(7") (36b)
= An(Ne +65(7%)) = Ao (Ng + 65(7%)) (36¢)
= AnNe = Ao Na = Aau05(7%) = Ami(m*) = w*%[)\m[m,(afl — 0ed) + Mo (02 — 00q)] (36d)

* AmNe — AnpNg ¢
— A 36
=" A’rnIrw(O'i - Ucd) + A’rwIm(O'g - Ucd) T’ ( e)
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Simplifying the sum in the denominator yields the expression in the main body of the paper :
A Ino05 = 0ed] + AoIm[02 — 0ed] = I AmAno[o2 + 05 — 20ca]) = I Anpt) (36f)

So that the transformation-contract clearing price can be written as:

«_Ne  Nay &
Ll A e (3%¢)

A.3 Co-Existing Markets: Cost-Sharing Equilibria

Recall that active sub-markets are (n, A,U), (v, A, 5) and (m,a, R). First order conditions over

active capital allocation decisions then yields investor-optimality conditions:

x;f = a[WfU(% - ﬂ-ZUCd] v (07 f7 6) € (TL, A7 U)) (Ua A? /8)7 (m7 «, R)a (37&)
x&zamﬁ—m%dV@ﬁ@é@%ﬂ%mAﬁMmmR) (37b)

Combining (37) with corporate-choice clearing (7) and portfolio allocation clearing (9) yields:

In[U?iﬂ'A — ocamy] + Iy [0’37‘(’,4 — 0cams) + Im[agwa — OedTR| = Nc% (38)
In[ang — 0eamal + I [Jzﬂlg — 0cdTA] + Im[awa — OcdTo) = Nd% (39)
The no-entry conditions (8) imply that:
w— (K —m)=mng, my—K=mg, 74—T="q4 (40)
Using (40) to rewrite (38) in terms of w4 and my:
In[UsﬂA — 0cdmU) + Iv[aﬁm —oed(my — (K —m))] + Im[afl(WA —7) — oy — K)| = Ncg (41a)

¢

L0?my — 0eqma] + Lo (ny — (K — @) — 0cqma] + In|o?(ny — K) — 0g(mg — )] = Nd;

(41b)
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We can rearrange (41) to recover the unconstrained investor positions:

¢

[Uglﬂ'A — O] = (Nc; + Imafﬂr — Ioe g K — Ijoeg(K — 77))

(0270 — 0camal =

N N =

(a2 + 102 — )+ 1y0%K — L)

We can write the equilibrium positions as a function of :

N 1 T
xp () = 7 [N + g[lmafﬂ — ImocaK — I,oca(K — )]
1 T
rpy(m) = 7 [Na+ g[Ivag(K — ) + I02 K — Ly,0cqr]]

From the first-order conditions now we can also derive the value-aligned investor position:

#ialm) = Sloima = oeams) = 1A — Oeamtr + ocal K — )
= ha(m) + SloealK =)
:}PW+;UWﬁW—AmmK+Lm%AK—Wm

wlg(m) = Slotms — oeamal = Slod(my — (K = 7)) = oeamal
= () = Slo2(K — )

1

-
IWM~+LWﬂK—m+%ﬁK—%%MH

¢
Similarly for the impact-aligned investor:

() = ~[0370 — 0] = [03(ma — ) — ea(mr — K)]

¢ ¢

= (m) — g[asw — 0K

1
=7 [Nc + %[—[m}agﬂ + Inyoed K — Iyoeg(K — 7'(')]]
* T 2 T 2
:EmR(W) = g[acﬂ-R - a-cdﬂ-a] = g[ac (7TU - K) - UCd(WA - 77)]

= & (m) = Slo2K — oear]

1
T

T

[Nd+¢

[Iva?(K —7) — Ima?K + Im,UCdﬂ'H
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It is straight forward to derive the sub-market equilibrium sizes under optimal corporate choices

using that N3 (7) = I,

mLmao

Ni(m) = Inal 4 + Laly, Np(m) = Lnxl g, Ng(ﬂ) = Lz}, and

N (m) = Ly} (m). This observation yields the expressions for allocative distortions and covariance

terms, which we apply directly in the statement of Lemma 4.6:

* T *
6nA = g[O’ﬁIm?T - UcdgnA]’

T: 2
A = a[adjmﬂ' — 0cabpal;

. T
O = 5[—0§Inm

T 2

+ Ucdg;fna]v g;kna = I K — L}(K - 77)7

0 = <02 (I(K — m) + InK) — 0],

(5; - Z[O-g([m’ﬂ' —I,(K — ’]T)) - Ucdfg],

5 — 7[0-2( — I, —]nK) + 0cd€Rls

&a=1InK+ I,(K —7)

Eoa=InK — Iy (K — )

f?% = InyT.

Note that holding 7 constant, x » is increasing in o.4. To compute equilibrium prices we can

rearrange (42) and derive mean excess return in equilibrium. For example, for A and U-firm

shares:

It follows that:

Computing the inner sums:

2

2

Tapy () + Ocana(T) = TR +

O-C$:LA(7T) + o-cdxq*mU(ﬂ-) = TRC +

2

my(m) = 7dxnU(7T) + T(f na(m)
2

ma(m) = —Eana(m) + —Sany(r)

* 1 * *
P(m) = pa — ~[03250 (1) + 0cazy, 4(7)]

Py(m) = pe = =locaya(m) + ocatyy (7))

2
0300 +0cdd) 4

I
028 4+ Tea O
I
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We can write the prices in closed form as follows:

Pi(m) = pg — Rg — A K — M (K — 1)

Ps(m) = Py(m) + K —m = pg — Ry — A K + Apn (K — )

Pi(m) = Pi(m) + K = pig — R + Ao K — A (K — ),

Pi(m) = e — Re — Ay

Poz(ﬂ') = e — Re + Ay

Finally the market clearing condition for the transformation market imposes:

Nj(m) = Ng(m)

= Lixyg(m) = ImTpya(7)
Expanding the left side yields:

Ao[ Ny + %[02 (In7 = In(K = 7)) = 0ealm]]

FExpanding the right side yields:

Am[N. + %[—aﬁ[nvw + 0ea (I K + I,7)]]

We can define:

C(ﬂ-) = [IHO-EK - W(Inag + Ing - Imacd)]

D(m) = [InoaK — Tr(Im,ag — 1,0.4)]

The market clearing condition becomes:

¢

T

MoNa — AmNe] = AmD(1) + A\ C(7),
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(49e)

(50a)

(50b)

(50c)

(50d)

(50e)
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which yields:

?[Ade A Ne] = Lm0 caK + X0 K) = =M (Inw03 — L, eq) + Mo(Ino2 + 102 — Iyoeq)].
-
(50h)
From which we get that:
2N Ne = A Ng) + LA K + Ao K)
= 2 2 2 (51)
Am(Inwoy — Iv0ca) + Ao(1n02 + 15,02 — I;n0cq))
Note that the denominator can be written as:
I3 = AmAuOed + AoAn02 + A Amo? — Ay Am0ed) (52)
= I An03 + A A2 + Ao An02 4+ A Amo? — 22 Am0ed] (53)
= I A Ao (02 + 02 — 200q) + AnAno2 + Ay Ano?] (54)
= I Ao + AmAn02 + ApAno?] (55)
An An
= D[ + o2 + 072 (56)
Ao A
0'2 0'2
= DoY) + A (54 + )] (57)
M Am
= I\ A + 7] (58)
And the second numerator can be written as:
2 Ug Ocd
KIn(AmO'Cd + )\vO'C) = K)\mAUI)\n(T —+ )\7) (59)
= KAl (60)
This yields:
N, N,
T Ld ifc—fd]—l- 12 (61)

Y+

Note that the first term in 7 is decreasing in sz and the second term is increasing in o.q.
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A.4 Proof of Theorem 5.1

In the case of a market for real-asset reallocation only, denoted with (ro), the number of reformed

real assets in equilibrium is given by:

T
m—
o2

AR = NET = A (N + 637) = AN = Am—5 Lo (K = T) = Ap—5 I K
g

In the case where markets for real-asset reallocation and transformation coexist, we must consider
all regimes. We denote the case of a surplus-extraction equilibrium with (ts). In this case, all

pollutive assets get reformed:

A = N> 4
and the difference is given by:

AR = AR = Mo A (K = T) = 1K) > 0.

We denote the case of a cost-sharing equilibrium with (tc). In this case, the number of reformed

real assets is the sum of the directly reformed and indirectly reformed assets in equilibrium:

Aﬂ;%(tc) _ N;(tc) + N}*%(tc)
= AN + S (Lm0 — [ (K = 79)) 4 A (N — 5 (Lw*) 4 I,K))
g g
— XN = S L (A(K — 7°09) £ A, K)
g

— AN = A LK A+ AN = A I (K — 750,
g o
and the difference is given by:
*(tc) x(ro) T T .
AR o AR = AN — ﬁ)\v I,K + p)\v I, (tc) >0

where the last inequality is directly implied by N E(tc) > 0. Secondary trades unravel in the surplus-
extraction and cost-sharing equilibrium. Finally, consider the effect of adding a value-aligned

investor on the number of reformed firms. First, we compare the number of unreformed firms in
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(ro) and (cs):

*(T0 *(ro ln F_’ [ T
NU( ) = lnCL‘n(U ) == 7[ [N 2 (Zm v )]
*(Cs *(Cs *(cs ln *(CS
NU( ) = lnxn(U )(77 ( )) = —[N—}- ) (IU(K — )) —l—lmK)]

Introducing an additional value-aligned investor increases the denominator by one unit which cre-
ates downward pressure in the baseline share of unreformed firms. At the same time, there is
an increase in the average number of shares bought by the unconstrained investor — but this in-
crease is weakly smaller in the cost-sharing equilibria compared to the base case for any value of
a*es) ¢ [K — T, K]. From this, we conclude that, if there is an increase in the number of unre-
formed firms, this increase is larger under (ro) than under (cs). Now, consider the number of firms
that engage in secondary trades in the base case, versus the number of firms that engage in the

transformation market:

N2 = 1,070 N T o) - 1)

1 o
*(CS *(CS *(cs va T *(CS *(Cs
N3 = 1,205 (4 )= FIN 4 5 (Lar™ = (K = 77())]

Introducing an additional value-aligned investor brings the market share IT” closer to 1. Moreover,
the inner expression is weakly larger with the transformation market for any value of 7 € [K —T, K].

(ro)

Additionaly, in (ro), the real assets corresponding to firms in NV ; are unreformed. By contrast,

n (cs), the assets owned by firms in N;(CS)

get reformed.

Note that this result does not depend on the symmetry assumption, as it holds for any number
of d-firms. If the ¢ and d-asset cash flows are correlated (0.4 # 0), there are two cases. A large
positive correlation (0.4 > 0) results in n and v-investors taking smaller positions in both (ro)
and (cs), which can reduce the gap across equilibria. By contrast, a large negative correlation
coefficient (0.4 < 0) results in n and v-investors taking larger positions in both (ro) and (cs), which

can increase this gap. In this case, a sufficient condition for the result to hold is that there are

sufficiently many firms in the economy to maintain an interior solution.
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A.5 Proof of Theorem 5.2

Proof. First, consider aggregate firm surplus in a case where there is a market for real-asset re-
allocation only. Our first claim is that, for each firm type v € {c,d}, aggregate surplus can be

characterized as:

2
W) = N(u— R — 0" Am N
T Anw

), Wit = N(p—R—=An K — A, T)

To see why, first, consider c-firms. Under this market structure, c-firms do not face a corporate
choice problem and take no costly actions. Thus, their surplus is directly given by the share price of

(o) , it suffices

an A-firm, derived in Lemma 4.2. Because all c-firm shares sell at the same price, PZ
to add this price over the N firms to obtain Wy @) " On the other hand, d-firms face a corporate
choice between operating an unreformed pollutive asset (U-choice), engaging in real-asset reform
(R-choice) or selling their d-asset in the secondary market (S-choice). However, since optimal
corporate choices are endogenous and determined at equilibrium, we have by condition (2) that all
d-firms must obtain the same equilibrium surplus. Moreover, this quantity must be equal to the

)

share price of a U-firm, Pé(ro , which in equilibrium equals the share price of a R-firm minus the
cost of reform, and the share price of an S-firm minus the transaction cost. By this argument, it
suffices to add the share price of a firm that operates an unreformed d-asset in Lemma 4.2 over the
N firms to obtain W;(ro). This concludes the proof of the characterization.

Second, note that the same logic can be applied to a case where transformation markets and
reallocation markets co-exist. In the surplus-extraction equilibrium, the aggregate c-firm utility is

We ) — N Pz(ts). Because all d-firms get reformed in this equilibrium, the aggregate d-firm utility

corresponds to W ) = N (P;L(ts) — K). From Lemma 4.5 we obtain:
W) = N(p— R — Appr™(9), W) = N (i — R = A K + Apo () — K))

Similarly, in the cost-sharing equilibrium, c-firm and d-firm utility are given respectively by We (te) _

N Pz(tc) and W;(tc) =N Pg(tc). From Lemma 4.8 we obtain:

W) = N(ju— R — A1), Wi = N(— R = A K — Ay (K — 7*(19))
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Finally, we can compare surplus across equilibria. For d-firms, note that W; () W; (ko) Moreover,
for any ax(te) ¢ [K — T, K], we have K — 7*(t¢) < T so that W;(tc) > W;(ro). For c-firms, note that
we (k) 5 Wy (ts), Replacing 7*(t%) = %[% — %] into W¢ (ts) gets that W, (ts) > WY () Note that
this argument does not depend on the symmetry assumption, as it holds for any number of clean
or dirty firms N. Additionally, the d-firm result does not depend on the uncorrelated cash-flow
assumption, as this only enters share prices via the shared risk penalty term, R. Finally, for the
c-firms, removing the uncorrelated cash-flow assumption changes the wedge of the price shares.

In addition to the Pareto-improvement property of transformation markets, we show in Ap-
pendix C that W; @) can decrease upon the introduction of a tax on secondary trades, a carbon

tax, and an emissions-trading scheme. Thus, unlike standard environmental policy responses, en-

abling transformation markets can benefit both environmental regulation and firm surplus.

A.6 Proof of Theorem 5.3

Proof. First, we show that it suffices to focus on the Sharpe ratios faced by each investor — the net
excess return relative to volatility in equilibrium conditional on each sustainable investing strategy.
Under uncorrelated cash-flows with equal variance, an investor of type 6 buying shares in c-firm

making corporate choice f and d-firm making corporate choice [ has a utility function of:

2 2 2 2
Ty 0 + xp,0

Us(x0) = xgs(pe — Pr) + xoe(pta — Pr) — o

Then, first-order conditions impose z, = 5 (u— Pf) and 3, = 5 (u—FP;). We can now define the

equilibrium Sharpe ratio which is obtained from buying shares of a firm making corporate choice

k as S = “;2]3 ©. Note that x5, = 75;. Plugging this relationship back into the utility function

yields an expression for the investor’s indirect utility:

. . . . . (TS;ZU)Q—i— (1S;0)?
Up=7S83(nu—Pf) +75;(n—F/) - 97

T * *
= 50'2(Sf2 + 552)

51



Second, we analyze how market structure affects the equilibrium Sharpe ratios for each investor
type 6 € {n,v,m}. We begin by discussing c-firm sub-markets. Across all equilibria it holds that
the n and v investor only buy shares in A-firms. Computing Sz(e) for (e) € {(ro), (ts), (tc)} using

Lemmas 4.2, 4.5 and 4.8:

«(ro) 1 N o2

S = (R4 Ang— )

«(ts) _ 1 s(t)y _ 1 N _NE
A = 3R+ Am™ ™) = (Rt A = 1)50)
*(TC ]' *(tC

Si') = S (R4 Apr™)

Observe that S’Z(m) > Sz(ts) > S;(tc). Upon the introduction of a transformation market, the n
and v investor surplus from c-firm sub-markets decreases due to the increased competition coming
from the m-investors participation. As more c-firms choose to engage in the transformation market
(a-corporate choice) the sub-market available for the n and v investors becomes smaller. Finally,
upon the introduction of a transformation market, m-investor surplus in ¢-firm sub-markets trivially
increases: without it, m-participation is precluded, as their impact-aligned investment strategy
prevents them from buying shares in c-firms which do not own pollution reduction opportunities.

Third, we analyze d-firm sub-markets. Since d-firm sub-markets are separable across investor
types in some equilibria, we must do a case by case analysis. We begin with the v-investor. By
Lemma 4.1, we have that in (ro), the v-investor only buys shares in S-firms . Conversely, by Lemmas
4.3 and 4.6, we have that in the surplus-extraction and cost-sharing equilibrium the v-investor only
buys shares in in S-firms. Using Lemmas 4.2, 4.5 and 4.8 we obtain that the equilibrium Sharpe

ratios in each case correspond to:

Sere) = LR+ M (K —T) = T,

o2
*(TS 1 *
i) = (R + Anm()
*(tC 1 *(tc *(tC
S = S (RA A ) = Ay (K — 7))

Observe that S;(ts) > S;(tc) > S;(m). Value-aligned investor surplus in d-firm sub-markets increases

upon the introduction of a transformation market. Intuitively, in this case, the value-aligned
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strategy becomes easier to comply with for firms. In addition to the secondary-trading channel, now
the d-firm can request c-firm contributions to become indirectly reformed. By the same rationale,
however, it follows that the m-investor will hold a less competitive position, as more d-firms will
optimally participate in the transformation market, leaving less d-firms to directly engage in real-
asset reform, reducing m-investor surplus across d-firm sub-markets. In fact, using the equilibrium

pricing Lemmas:

*(Iro 1

g — (R =N(K = T) = K,
*(Us 1 *(ts

SR(t ) = ;(R — AT (t ))7

*(tc 1
St = (R — A7) — A, K),

which shows that S;;L(ro) > S;(tc) > S;(ts). Finally, in the case of an n-investor, the equilibrium
Sharpe ratio in d-firm sub-markets decreases under cost-sharing — but may increase in surplus-
extraction for a sufficiently high transformation-contract price:

«(ro) _ 1
Sy = 5 (R4 AnK +2,T),
*(TS 1 *
Syt = —5 (B4 A (t)y

*(tc 1 *(tc
St = Z5 (Rt AmkK + An(K —7*9))

In general, the transformation-market provides a cost-efficient alternative for firms to alleviate the
v-investor constraints in the d-firm sub-markets and the m-investor constraints in the c-firm sub-
markets. For d-firm sub-markets, this prevents rent-extraction from the n-investors. The caveat
is that in a surplus-extraction equilibria, the transformation-market may end up producing higher

rents for the n-investors via the c-firm contribution. O

B Additional Characterizations

In this Section, we study competitive equilibria for the cases in which the transformation-contract

clearing price takes the critical values of K — T and K.
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B.1 Cost-Sharing Equilibrium with 7* = K — T

Here, the active sub-market tuples are {n, A,U}, {v, A, G} and {m, «, R}, where G = SUf. Using

first-order conditions and corporate-choice market clearing gives:

In[O'zTFU — ocqma| + I [O’STI‘G — 0eqmA] + Im[O'zﬂ'R — OcdTa| = Ng— (62)

AR RSN

In[O'?l?TA — oeqmu] + 1 [0'37'('14 — 0cdmq) + Im[dgﬂ'a — OedTR| = NC; (63)
We can use the no-entry condition to derive relations between excess mean returns:
ng=1ny—T; mr=muv—K; mo=m4—(K-T) (64)

Using these relations we can rearrange the first two equations to solve for the unconstrained in-

vestor’s optimal position:

L[0Ty — Oeqma] + Iv[O'g(ﬂ'U —T) —ocqmal + Im[Ug(TFU —K)—oc(ma— (K=T))] = Nd% (65)
L0374 — ocqry] + L[03m4 — 0cg(ny — T)] + In|oi(na — (K —T)) — 0cq(ny — K)] = Ncg (66)
With the above we can derive the following system for 7y and m4:
2 _ _ 1 ? 2 217 _ _
MYy — OcdTA = I(NdT + 1,0.T 4 1o K — I;moca(K = T)) (67)
03T — — YN 4 102K = T) = LowT — Lok
dTA — OcdTU = I( e + mad( ) v0cd m0Ocd ) (68)
From first-order conditions, we can directly compute the optimal positions:
. 1 T
T =7 [N+ p (I,02T + Iyo? K — Iyoca(K —T))] (69)
N 1 T
Tha =7 [N, + 3 (I;no3(K — T) = I,oedT — I;noeqK)| (70)
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The no-entry condition also provides a connection between the position of the value-aligned investor

and the unconstrained investor:

. T T . T
Ty p(m) = g[afﬂm — 0dTq] = g[JgﬂA — 0edmu + 0cdT) = x) 4 (7) + EUCdT
* T 2 T 2 * T 2
Tyq(m) = 5[007@ — Ocama] = 5[% (m = T) + 0camal = 2y () — g%T
Similarly for the impact-aligned investor:
* Trs2 Tr 2 . T, o
Tna(T) = ¢[0d7ra — OcdTR| = g[ad(m — (K =1)) —oca(my — K)| = zp4(m) — a[ad(K —T) - 0caK]
* T T . T
T p(T) = ¢[037TR — OcdTa] = 5[03(@ —K) —oci(ma— (K =T))] = zpy(m) — E[GEK —oca(K —T)]

It is straight forward to derive the sub-market equilibrium sizes under optimal corporate choices
using Ny = L2}, Ni = Lyaxiy + Inaz) 4, Np = Inx) p, N& = L), and N = L,x);.
Moreover, we have that N g = N, so that Ng = N5 — N;. To compute the equilibrium prices we

can analyze excess mean returns in equilibrium:

2
ag g,
* _ d,* cd %
Ty = — Tpu + —TpA (71)
T T
2
g, Ocd
* __ TC % c *
7TA—T_ iUnA“r‘iT TnU (72)

This yields direct expressions for the equilibrium share prices:

* 1 * *
PU = Hd — ;[ngnU + UCdan] (73)

* 1 * *
Py = pc — ;[Ugﬂan + ocatiy) (74)

This results in the following distribution of corporate chocies in equilibrium:

I,
Ni = [Ny - Klmé(ag — 0ed) + T(1,0% — Lyoeq — Inacd)%}
* IW T T
NG = 7 [Nd + (K - T)Img(a-g - Ucd) - Tlnga'g]
I,
Ni= F[Net (K =D)L 3 (00a = 03) + K1 3 (000 = 03) + Tl 203

95



B.2 Cost-Sharing Equilibrium with 7* = K

In this case, because the c-firm contribution perfectly offsets the cost of reform, it must be the case
that Py = Pg in equilibrium. In other words, becoming eligible for a v-investor is inconsequential
for a d-firm. By the same argument, it must be the case that Ng = 0 because otherwise d-firms
would be willing to pay at least T to become eligible for a v-investor — a contradiction with the
previous statement. At the same time, for the c-firms, it must be the case that P, = P4+ K. With
this in mind, we would have that n-investors only buy shares in firms type D := {U, 3} and A,
v-investors only buy shares in firms type 8 and A, and m-investors only buy shares in firms type R
and «. Taking first order conditions over investor capital allocation decisions for every investor-firm

pair in the active sub-markets yields the optimality conditions:

Tpa = g[wc ~ PA)o% — (4a — Pp)ocd)
o = 2w = Pp)o? = (e = Pa)or
Toa = g[mc — Pa)o? = (pta — Pp)0ed)
25 = 5 l(kta = Pp)o? = (e = Pa)oea)
Lo = %[(Me — P.)oi — (g — Pr)oed]
e = 5lta = Pr)o? = (e = Pa)or

with ¢ = 0203 — J?d and z,p = (znu + xng). The condition for this equilibrium to hold with
positive contract trading volume is by NI = N, E > 0. Solving the resulting system yields the

following equilibrium corporate choices are given by:

* Inv Im 1/}
Ny = —(Ng— Ne— + L, K7—
U I ( d C—[nv+ m T(b)
I ol -0
Nip = (Na = Iy Kr == <y
. 1 02— 0eg
N:{:NB:Tm(NC_IanT . ¢ C)
N% = (N, + L K124 ;’Cd)
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The equilibrium share prices are given by:

P = pie — N;Q Nd(%d—KIT
(R B
P;;:Md—NF—Nd 2+Kﬂ
Pf}:Pg:Md—N%—Ndﬁ—K%

C Policy Alternatives for Environmental Reform

In this section, we provide an analysis of policy alternatives including a tax on secondary trades of
high-carbon assets, a carbon tax and an emissions trading scheme. While all of these alternatives
increase real-asset reform, as opposed to a market for real-asset transformation, they decrease d-
firm surplus. This is a key point of departure from the introduction of a real-asset transformation

market.

C.1 Tax on Secondary Trades of High-Carbon Assets

Suppose that a regulator imposes a tax on secondary trading of high-carbon assets, denoted by
ps > 0. First, assume that the d-firm seller fully covers the tax, so that they effectively face a

higher transaction cost, 77 := T + pg > T. Consider the number of reformed assets in Lemma 4.1:

oAR" 7
= A5, >0
dps o2

*,(ro *,(ro T
Anlre) — Nl ):/\mN—)\Sﬁ(InKJrIU(K—T’)) —

which shows that having a larger tax increases real-asset reform. Now, consider d-firm surplus:

(0 oWy
Wl = N(u— R— ApK — AT') = adT = N\,
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It follows that increasing pg decreases d-firm surplus. Finally, for Sharpe ratios in each d-firm

sub-market we have that:

coo) 1 8w A,
SU’(O):;(R—l—msK+mgT’) = U -

dps o2
*,(ro)
(o) _ 1 o 0S¢ At
S5 = (R4 MK —T) = MT) = =5 — = 20
*,(r0)
*,(ro) _ i _ K_T)— K aSR —_ ﬁ
Sp o2 (B =X ) = AnK) = Ops o2

Increasing the tax on secondary-trades of high-carbon assets increases n-investor and m-investor

surplus, and decreases v-investor surplus in d-firm sub-markets.

C.2 Carbon Tax Without A Rebate

Suppose that a regulator imposes a carbon tax pg > 0 on firms that operate unreformed pollutive
assets. We assume that the outside private buyer passes the carbon-tax to the secondary seller,
so that upon trading its d-asset, it receives a payment equal to the risky cash-flow minus the
transaction cost T and the carbon tax pg. !> We can characterize the new equilibrium outcome.

The market clearing condition in the base case is the same:

Njp=N,, Ny+ Np+ Ng =Ny

Optimal corporate choice for a d-firm yields a modified version of (2):

Py —ps=Ps—T—ps=Pr—K,

or Py = Ps—T = Pp— (K — pg). For a sufficiently large carbon tax K — pgy < T, real-asset reform

dominates secondary trading. Suppose that K — pg > T. Then, Pj; < P < P, leading to the

13Removing this assumption could result in the carbon-tax increasing secondary-trade, thus becoming a less effective
tool for environmental reform.

98



market clearing condition in (3):

Inzny = Ny, Igrgs = Ng, Istsgp = Ng;

Inwpa + Igzgs = Na.
Solving for the number of reformed real assets as a function of the carbon tax yields:

*(T T
AR (pa) = AN — A5 (In(K = pa) + I(K = pa = T))

T T
= AN = A5 (LK + L(K — pa = T)) + Am—g Twpa

= A35(0) + A —s Lwpa > AL (0)

m—
o2

which shows that the carbon tax increases real-asset reform. On the other hand, all d-firms perceive

a symmetric utility of Pj;(pq) — pq which implies that:

W;(ro)(f)d) = N(p— R —=Mo(K — pa) — T — pa) (76)
= N(,u —R— A K — AT — )\nvpd) (77)
= W (0) — NAnpa (78)

We conclude that the carbon tax reduces d-firm surplus.

C.3 Emissions Trading System

Suppose now that a regulator introduces an emissions trading system.

Mechanism 2 (Emissions-Trading Scheme). The mechanism for pollution-permit allocation and

trading is as follows:
1. Initially, the regulator allocates q emission permits to each one of the d-firms.
2. The d-firms can buy or sell pollution permits to accomodate their corporate choice.

o An unreformed pollutive asset requires qu = qp permits.

e Secondary buyer does not reform so we assume it asks qs = qp permits from the seller.
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o A reformed pollutive asset requires qr < qp permits.

Note that for a sufficiently large initial allocation ¢ > ¢p the equilibrium remains unchanged.
Suppose instead that gp > g > qr. First, we will see that the emissions trading system implements
a transfer between the U U S and R-firms. Let ¢, = ¢p — ¢ be the number of permits that a U or S
firm must buy given their corporate choice. Let ¢; = ¢ — qr be the number of permits that a R firm
can sell given their corporate choice. Let n be the pollution-permit clearing price. In equilibrium,

we must have that:
P —ng=P§—T —ng = P — K +14s
which can be written as:
P =Pg =T = Pp— (K —n(gs + @)

Again if 7 is large (that is, ¢ is very small), real-asset reform strictly dominates secondary trading.
Suppose that this is not the case. Then, in equilibrium, Py < Ps < Pgr. Market clearing for

pollution permits imposes that:
Ny + Ngap < Npgs <= (ap — @)(Ni; + Ng) < (Ng)(q — qr)

When the constraint does not bind, ¢gs N > ¢, N{; + ¢, N, the pollution permit price must be zero
and the equilibrium is unchanged as compared to the base case. Suppose that ¢ is in the intermediate

regime where the constraint binds in equilibrium, but secondary trading is still attractive. Then:

(g0 — @) (N7 + N3) = (Ng) (g — qr) <= ap(Nj; + N§) + qr(Np) = Ng
aoNu+Ns  arNr _
q N qg N
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Because of corporate choice endogeneity, each d-firms perceives a symmetric utility of:

Pi—gn=Ps—T—-—qn=Pr—K+qn < P;=Ps—T=Pr— K+ (gsn+ qn)

< P} =P;—T=Pjp—K+n(qr +qp)
For P}, < Pg < Pp we get the same d-firm surplus effect as with a carbon tax:

W = N(ju— R = An(K —n(gr + ) — \T — nap)
= N(t— R — MoK + (g + gp) — MWT — ngp)

=N(u—R—A\pK = XNT) + Nn(Anagr — (A + An)ap)

Now we show that the last term is indeed negative in the relevant regions, and that 7 increases as ¢

)

decreases, to conclude that W; ) Jecreases upon the introduction of an emissions-trading scheme.

Suppose A\pgr — (Ay + An)gp > 0, then:
Amar > (Av + An)ap
which implies that:
Am > Ao + Ap

Empirical evidence suggests that impact-aligned investment is smaller in magnitude than value-
aligned investment across public markets (Bonnefon et al. 2025). Thus, the sum of the market
shares of unconstrained and value-aligned investors being smaller than impact-aligned investors is
an unlikely regime. If we assume instead that A\, < A\, + A\, we get that A\,qr — (Ay + A\n)gp < 0.
In this case, for any positive market-clearing price in the emissions-trading scheme n* > 0, d-firm

surplus decreases :
Wi ) = WT(0) — Ny (M + An)ap — Amar) < W"(0)
Finally, we show that n* is increasing in the initial permit allocation, ¢q. The market-clearing
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condition for pollution permits is:

(N (n) + Ns(m))(a — q) = Nr(n)(q — qs)

Let ¢ :=n(gs + q»). Then the allocative distortions in equilibrium corresponding to Lemma 4.1 are

given by:

&r = In(K — C) +IT

g;:Imm—c—T)—z—fnT;
§h=—In(K ()5 — L(K - (~T)

Computing the sum of unreformed and secondary-seller firms, which correspond to the permit-

buying firms, gives:

N3 () + N3(0) = M(N + L (K — g) +I,T- )+AU(N+Im(K—C—T)%—InT%)
_/\m,N+ (A In(K = ) + ML T + AIpn (K — ¢ = T) — M\, T)

.
= MioN 4 LI K + Ao (K = T)) — = I Ao
+ 0.2 ( + ( )) 0.2 <

On the other side of the market, the number of reformed firms, which correspond to the permit-seller

firms, is given by:

Nia() = AN = 5 (I(K =€) + I, (K = ¢ = T))

T T
= AN = —5 A (InK —I,(K -T)) + —51AmAnC

Defining the terms which do not depend on 7 as G := N;(0) + N§(0) and H := N3(0), as well as

L= 51 AmAn(, we can rewrite the market-clearing condition as:

Ng(m) + Ns(n) _ G-LC _ q—ar
Ng(n) H+L( qp—q
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Solving the equation for ¢ we get that:

(G — L) (gp — q) = (H + L) (g — qr)

G(ep —q) — H(q — qr)

== L{gp — qr]

From this expression we can conclude that the permit clearing price 7 increases linearly as as ¢

decreases. Note also that G + H = N so the slope is:

ac N a*
aq I)\m)\nv(QD - QR) T

Using that n* = qf_:qb = QD§QR yields:

on* N 2

aq B _Imsmgn(QD - QR)2

g
T

Plugging the expressions back to compute the rate of change of d-firm surplus with respect to ¢ we

get that:

8W;(r0) B aW;(YO) an* B NQ()\anD — )\mQR)Oj
dq ot 9q  Ipinolap —qr)? T

which shows that decreasing ¢ can increase real-asset reform but it decreases d-firm surplus.

C.4 Carbon Tax with a Rebate To All Firms And Investors

Suppose that a regulator imposes a carbon tax pg > 0 on firms that operate unreformed pollutive
assets and redistributes the collected revenue as a lump-sum transfer to all firms and investors. We
assume that the outside private buyer passes the carbon-tax to the secondary seller, so that upon
trading its d-asset, it receives a payment equal to the risky cash-flow minus the transaction cost
T and the carbon tax py. We can characterize the new equilibrium outcome. The market clearing

condition in the base case is the same:

N4g= N, Ny+ Nr+ Ng=Ny.
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The optimal corporate choice for a d-firm yields a modified version of (2):

Py —pa+vpa=Ps—T — pa+vps=Pr— K +vpy,

where v = A;S]\jﬁé which implies Py = Ps — T = Pr — (K — pq). For a sufficiently large carbon

tax K — pg < T, real-asset reform dominates secondary trading. Suppose that K — pg > T. Then,

Pj; < P¢ < Pj, leading to the market clearing condition in (3):

Inxny = Ny, Igrgs = Ng, Istsgp = Ng;

I,xna + nggA = Ny.
Solving for the number of reformed real assets as a function of the carbon tax yields:

*(T T
AR( O)(Pd) = AN — /\mﬁ(IH(K —pa) + I,(K —pg—T))

T T
= AN = A5 (I (K + L(K — pa = T) + Mn—3 Lnupa

T *(To
Lwpa > A(0)

m—
o2

— A1) (0) + A

which shows that the carbon tax increases real-asset reform. On the other hand, all d-firms perceive

a symmetric utility of Pj;(pq) — pa + vpq which implies that:

Wi (pg) = N(pp = R — An (K — pa) — AT — pa(1 — 1)) (80)
= N(u —R—-—A\pn K —A\T — )\m;Pd + Vpd) (81)
= W:(0) = NAwwpa + Nvpg (82)

We conclude that the carbon tax reduces d-firm surplus as long as v < Ay, which holds for suffi-

ciently many firms or investors.
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