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Abstract

This study develops a real options model in which a firm invests in either a sustainable project
or an unsustainable project. The sustainable project requires a high investment cost and yields
cash flows perpetually, whereas the unsustainable project requires a low investment cost and
yields cash flows until a random maturity. The random termination of cash flows reflects
the project’s environmental, social, and governance (ESG) risk. In the model, the optimal
investment choice and timing are analytically derived, and the effects of key parameters on
the choice are also examined. Higher ESG risk, growth rate, and volatility, and lower discount
rate encourage sustainable investing mainly through their impacts on the net present value and
timing option value. The less sustainable firm chooses higher leverage because it cares less
about the disadvantages of debt. Therefore, access to debt financing and a higher corporate
tax rate (tax shield) discourage sustainable investing.

Keywords Sustainability - ESG - Real options - Capital structure

JEL Classification: G13 - G31 - G32

1 Introduction

Over the last decade, firms have identified the importance of the sustainability of their oper-
ations in capital budgeting decisions. International organizations and governments have
also become more active in resolving sustainability issues [e.g., the 17 sustainable devel-
opment goals in United Nations (2022)]. In these circumstances, an increasing number of
academic researchers have also investigated a variety of aspects of sustainability issues. For
instance, several studies have applied operations research methodologies, such as multi-
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criteria decision-making methods, to the assessment of sustainability [for a survey, see Thies
etal. (2019)]. In the finance area, many papers have investigated ESG investment [e.g., Hong
and Kacperczyk (2009); Bolton and Kacperczyk (2021), and Pedersen et al. (2021)]. Many
presentations at the 32nd European Conference on Operational Research also discussed the
effectiveness of ESG investment [e.g., Grassetti and Stocco (2022); D’Ecclesia and Ste-
fanelli (2022); Nicolosi et al. (2022), and Castellano (2022)].! Most of the existing literature
addresses the relationships among ESG performance, firm characteristics, firm risk, and firm
value [for a survey, see Gillan et al. (2021)].

Despite the growing body of research, few papers have attempted to address sustainability
issues in the framework of the capital budgeting decision theory. To this point, no theory has
explained the economic mechanisms of market, firm, and institutional characteristics’ effects
on corporate investing in sustainable projects. This paper aims to fill that research gap and
apply the real options modeling approach to reveal the conditions that stimulate corporate
investing in sustainable projects.”

For this purpose, the present study uses the following model. Consider a firm that has an
option to invest in one of two projects (i.e., sustainable and unsustainable projects). There
is a tradeoff between ESG risk and investment cost. The sustainable project requires a high
investment cost and yields cash flows perpetually, while the unsustainable project requires a
low investment cost and yields cash flows until a random maturity, which follows a Poisson
arrival process and reflects the project’s ESG risk. After evaluating the tradeoff, the firm
optimizes its investment choice and timing to maximize financial value.®> In addition to
investigating an unlevered model, this paper examines a levered model in which the firm also
optimizes debt issuance (i.e., capital structure) at the time of investment.

Certain practical examples can validate the model. Imagine a hypothetical mining firm
that plans to exploit natural resources (say, gold). Generally, mining activities cause many
environmental problems, but it is possible to mitigate environmental damage at a cost. In
this case, the firm chooses one of the two means of exploitation (i.e., traditional exploitation
with environmental damage or costly but eco-friendly exploitation), with the knowledge that
environmentally destructive mining might be prohibited in the future. The firm makes its
investment choice and timing decisions by observing the international market price of gold,
which determines the project’s cash flows. Another example is an apparel firm that plans to
invest in a factory in a developing country. The firm chooses one of two factory types (i.e.,
a factory with or without sufficient labor rights), and learns that the labor-exploiting factory
has a risk of disaster and closure as a reaction to public criticism (e.g., the Dhaka garment
factory fire in Bangladesh). The firm makes its investment choice and timing decisions based
on the ESG risk and market demand for its apparel products.

This paper analytically solves the model and derives the explicit condition (hereafter, the
sustainability condition) under which the firm chooses the sustainable project. The effects of
key parameters on the sustainability condition are also examined analytically and numerically.
These parameters can impact the firm’s investment choice through three channels: (i) the

I More than fifty presentations at the 32nd European Conference on Operational Research were related to
sustainability issues (not limited to ESG investment) according to the program.

2 The model is based on real options theory [e.g., Dixit and Pindyck (1994)]. The real options method is now
widely accepted as a better method than the NPV method specifically in capital budgeting decisions involving
uncertainty and irreversibility [for a review, see Kozlova (2017) and Trigeorgis and Tsekrekos (2018)].

3 This paper focuses on an ESG-aware firm that recognizes ESG risk and maximizes financial value. On the
other hand, some papers consider that firms or investors take nonfinancial benefits from sustainable projects into
account [e.g., Pedersen et al. (2021) and Oehmke and Opp (2022)]. Such firms are regarded as ESG-motivated
firms. The differences are explained in Section 2.3.
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NPV of project cash flows, (ii) the value of the option to defer investment, and (iii) optimal
capital structure. Higher ESG risk, unsustainable investment cost, and lower sustainable
investment cost lead the firm to invest in the sustainable project through the NPV channel.
Lower discount rate and higher cash flow growth rate increase the value of cash flows in
the far future and, through the NPV and option channels, encourage sustainable investing.
Higher cash flow volatility encourages sustainable investing through the option channel. In
fact, higher volatility increases the option value of waiting for a better economic state and
investing in the high-cost and high-profit project (i.e., the sustainable project) rather than in
the low-cost and low-profit project (i.e., the unsustainable project).

Debt financing difficulties and a lower corporate tax rate do not have the NPV and option
channels but nonetheless encourage sustainable investing through the capital structure chan-
nel. The higher the ESG risk, the higher the probability of ESG-forced exit, and the lower
the probability of debt-driven bankruptcy will be. Then, the less sustainable firm cares less
about the debt’ disadvantages (i.e., costs of debt-driven bankruptcy), increases leverage, and
enjoys the higher leverage multiplier effect. Consequently, difficulty in debt financing and a
lower corporate tax rate suppress debt financing and lead the firm to invest in the sustainable
project, although this capital structure channel is relatively weak.

These results have significant implications for sustainability issues. Not only cost struc-
tures (e.g., technological innovations and subsidies) and degree of ESG risk (e.g., regulations
and publicity), but also market conditions (e.g., discount rate, growth rate, and volatility) and
the government policies (e.g., interest rate and tax rate) affect corporate decisions to invest
in sustainable projects. Typically, large and listed firms in developed countries are active in
resolving sustainability issues. This trend can be rationally explained by these firms’ and
countries’ characteristics of lower discount rate and higher ESG risk (or publicity). That is,
these firms have a greater economic rationale to invest sustainably than small and unlisted
firms in developing countries do.

So far, I have focused on the choice between sustainable and unsustainable projects,
but in terms of investment timing, sustainable project investment timing is later (due to
its high investment cost) than unsustainable project investment timing is. By consequence,
parameter changes (e.g., market and policy changes) that promote sustainable investing do not
necessarily accelerate corporate investment. Although parameter changes could lead firms
to invest in more sustainable projects, they delay investment timing. Thus, the effects of
parameters on investment timing become non-monotonic.

Last, I will explain technically related literature. In the real options modeling literature on
sustainability issues, many papers have studied investment timing and valuation of renewable
energy projects [for a review, see Kozlova (2017)]. For instance, Boomsma et al., (2012)
analyze investment timing and capacity decisions on renewable energy projects under two
support schemes and reveal those support schemes’ differing impacts on the decisions. As
in this paper’s use of a Poisson jump to model ESG risk, Boomsma and Linnerud (2015)
and Adkins and Paxson (2016) model renewable policy uncertainty using Poisson jumps and
show the effects of the policy uncertainty on renewable investment timing and valuation.
However, these previous studies do not examine the process of making a decision between
sustainable and unsustainable projects that accounts for the tradeoff between ESG risk and
investment cost, nor do their models incorporate debt financing. Therefore, unlike this paper,
they do not clarify the conditions that promote sustainable investment and those conditions’
relation to capital structure.

Apart from sustainability issues, many papers examine real options models of investment
and debt financing. Seminal studies by Mauer and Sarkar (2005), Sundaresan and Wang
(2007) and Sundaresan et al. (2015) show the effects of debt financing on investment timing,
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agency cost, and firm value by integrating McDonald and Siegel (1986)’s investment timing
model with Leland (1994)’s capital structure model. In this context, Shibata and Nishihara
(2012) and Shibata and Nishihara (2018) show the effects of debt borrowing constraints
on investment timing, capital structure, and firm value. However, these previous studies
do not consider the process of selecting one project from among several alternatives. By
incorporating the choice between sustainable and unsustainable projects in their levered
setup, this paper unveils the relationships of between corporate sustainability and capital
structure.

The remainder of this paper is organized as follows. Section 2 introduces the model setup.
Section 3 shows the solutions in the unlevered and levered models. In particular, the sustain-
ability conditions are explicitly derived in both models. Section4 numerically explores the
effects of the key parameters on investment choice, timing, and capital structure. Section5
concludes the paper.

2 Model setup

2.1 Unlevered model

Consider a firm that has an option to invest in either an unsustainable project by paying invest-
ment cost /1 or a sustainable project by paying investment cost I, where 0 < I} < I, holds.
Throughout the paper, subscripts 1 and 2 stand for the unsustainable and sustainable projects.
The firm must choose only one of the available projects for reasons such as operational and
financial constraints. After investing in either project, the firm receives continuous streams
of earnings before interest and taxes (EBIT) X(¢), which follows a geometric Brownian
motion*

dX(t) = uX@)dt + o X()dB(t) (t > 0), X(0) =x(>0),

where B(t) denotes the standard Brownian motion defined in a filtered probability space
(2, F.q, {#:}), where filtration F; represents the state of information at time ¢, and { is
the physical probability measure. Constants p and o (> 0) stand for the growth rate and
volatility of EBIT, respectively. Apply the corporate tax rate T € (0, 1) to X(¢). EBIT X(¢)
lasts perpetually for the sustainable project, but for the unsustainable project, X (#) matures
at a random time, which follows an exponential distribution with rate A(> 0).> The maturity
means the time of the firm’ exit from the market. For simplicity, the model assumes the
independence between X (¢) and the exponential distribution.

Parameter A stands for ESG risk of the unsustainable project. For instance, high-pollution
technologies and products made with exploited labor could be legally banned on the grounds

4 The standard literature [e.g., Goldstein et al. (2001), Morellec (2001), Shibata and Nishihara (2012) and
Sundaresan et al. (2015)] examine capital structure models based on EBIT following a geometric Brownian
motion.

5 An exponential distribution is often used to model an unexpected event [e.g., environmental, political, and
regulatory risk]. For instance, Boomsma and Linnerud (2015) and Adkins and Paxson (2016) model an energy
policy change as an exponential distribution.
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of ESG concerns. Even if such projects are not legally banned, ESG concerns could nonethe-
less force them to exit the market by attracting significant attention in the era of social
networks.®

To reduce the risks of such future penalties, firms would have to pay higher costs (e.g.,
by implementing low-pollution technologies and making products with expensive labor). To
capture this situation as simply as possible, the model assumes the unsustainable project to
have high ESG risk A and low investment cost /] and the sustainable project to have no ESG
risk and high investment cost />. By assessing the tradeoff of ESG risk and investment cost,
the firm optimizes investment choice and timing.”

The assumption of the unsustainable project’s characteristics is based on empirical evi-
dence that firms with poor ESG practices have high credit, legal, and downside risks [see
Table 4 in Gillan et al. (2021)]. For instance, Jagannathan et al. (2018) show that ESG risks are
identified as rare, large, and nondiversifiable downside risks, and Seltzer et al. (2022) show
that firms with poor environmental performance have high credit risk particularly in states
with stringent environmental regulations. On the other hand, there have been mixed empirical
findings about the effects of ESG performance on firm (project) value [see Table 5 in Gillan
et al. (2021)]. Based on the ambiguous findings, the model assumes the same cash flow pro-
cess for both projects. This simplifying assumption renders the model one-dimensional and
facilitates an analytical solution.’

2.2 Levered model

As in the standard models of dynamic investment and financing based on tradeoff theory
[e.g., Shibata and Nishihara (2012) and Sundaresan et al. (2015)], the firm issues consol debt
at investment time. The firm optimizes debt level (i.e., the coupon of debt) in addition to
investment choice and timing. With debt, shareholders are better off declaring default than
continuing operation and coupon payments when EBIT X (¢) falls to a certain threshold. In
bankruptcy, shareholders receive nothing, and debt holders takes over the unlevered firm

6 For simplicity, the model assumes that ESG risk will arise only after the unsustainable project initiation. This
means that the firm’s poor ESG activity attracts public attention and causes regulatory measures or backlash.
In some situations, unsustainable investment options may also entail ESG risk even before investment. In fact,
the first draft of this paper studied such a model. In this case, the firm acts as if it faces alternative investment
opportunities with different discount rates. Then, the choice is dynamically inconsistent, and there is no explicit
sustainability condition like (3) and (24). I computed the firm’s policy and value under the assumption that the
firm chooses a higher-valued project at time 0 and found that the results are qualitatively the same as those of
this paper.

7 In practice, the lifetime of sustainable projects may be finite, but it is expected to be longer than that
of unsustainable projects. Firms may have options to invest in (i.e., switch to) sustainable projects after
unsustainable projects are forced to terminate. However, the remaining option values will be lower than the
values of firms that choose sustainable projects from the beginning, due to switching costs, reputational
damage, and competitors’ preemption, etc. Although the difference between the sustainable and unsustainable
projects (i.e., the impacts of ESG risk A) is smaller in these detailed setups, this paper’s main results will
remain qualitatively unchanged.

8 In a bi-dimensional model with different cash flow processes for the two projects, the firm invests in one of
the projects when its cash flows become sufficiently higher than the other project’s cash flows [e.g., see a max-
call option in Chapter 6 of Detemple (2006)]. One cannot solve this problem analytically, and no sustainability
condition exists because the firm can invest in the unsustainable project for any parameter values. However, I
believe that the main effects of parameter values on sustainable investment will remain unchanged from those
of the one-dimensional model if I focus on the probability of sustainable investing rather than the sustainability
condition.
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value,” where a fraction & € (0, 1) of the firm value is lost to the deadweight costs of
bankruptcy (e.g., filing and attorney fees). If the firm invests in the unsustainable project, the
firm could potentially exit from the market before default.

2.3 Firm types

In the baseline model, the firm is fully aware of ESG risk and optimizes its investment and
financing policy to maximize financial value. That is, the firm can choose either a sustainable
project or an unsustainable project by taking into account the tradeoff between ESG risk and
investment cost.

For comparison, this paper considers ESG-unaware and ESG-motivated firms. The ESG-
unaware firm mistakenly assumes no ESGrrisk, i.e., A = 0. The ESG-unaware firm optimizes
its investment and financing policy to maximize financial value under the faulty assumption.
Because of the assumption A = 0, the ESG-unaware firm prefers the unsustainable project
with lower investment costs /1. By contract, the ESG-motivated firm gains extra value Al =
I, — I in addition to financial value gained by investing in the sustainable project. The extra
value can be interpreted as nonfinancial benefits or utility from the improvement of ESG
performance [cf. Pedersen et al. (2021)]. The ESG-motivated firm prefers the sustainable
project because the extra value A/ fully compensates for the project’s high investment cost
I>. For simplicity, this paper assumes that equity and debt holders have the same information
and preferences about ESG risk. It could be an interesting issue for future study to investigate
the agency conflicts on ESG risk by incorporating asymmetric information and preferences
between equity and debt holders.

This paper’s classification of firms into one of three categories (i.e., the ESG-aware, ESG-
unaware, and ESG-motivated firms) is based on those introduced by Pedersen et al. (2021).
In the numerical illustrations, I focus on the ESG-aware firm as the baseline case for the
following two reasons. First, the ESG-aware firm’s problem is the most complicated and
interesting because it addresses the tradeoff between ESG risk and investment cost. In fact,
because the other two types of firm face no such tradeoff, their choice of project is clear-cut.
Second, several studies [e.g., Bellon (2020) and Cai et al. (2020)] indicate that ESG-aware
firms seem prevalent in reality.

3 Model solutions
3.1 Unlevered model solutions

The expected NPV of cash flows starting from X (0) = x at time O is calculated as

E [/OO re /S e (1~ t)X(t)dtds] =alx (1)
0 0

for the unsustainable project and

E [/oo e (1 — t)X(t)dt] =a¥x
0

9 This paper does not distinguish between liquidation and reorganization bankruptcy. The unlevered value
can be interpreted as the liquidation or operating-concern value.
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for the sustainable project, where r represents the discount rate, and af] and aéj are defined
by alU ={0-1)/(r —nu+A)and ag = (1 — t)/(r — n). Throughout the paper, E denotes
the expectation in the probability space (2, F, ), superscript U represents the unlevered
model, and » > p is assumed for convergence. Multiplier af] is lower than ag because of
random termination of cash flows. By the strong Markov property of X (), the expected NPV
of cash flows starting from X (¢#) = ¢ at time ¢ (i.e., the conditional expectation given F;)
becomes alU X (t) for the unsustainable project and ag X (t) for the sustainable project. The
unlevered firm (option) value at time 0O is expressed as

VUx) = sup E [e*’T max {a” X (T) — 1,»}] , )
TeT i=12
where 7 denotes the set of F;-stopping times. That is, the firm chooses its investment time
T and a higher-valued project using information available until time 7.
Optimal stopping problem (2) is technically the same as the one solved by Décamps et
al. (2006). By using their results [see also Nishihara and Ohyama (2008)], I can show the

following proposition, where 8 = 0.5 — /o2 + \/(M/oz - 0.5)2 +2r/o2(> 1) is the
positive characteristic root. For the proof, see Appendix A.

Proposition 1 If sustainability condition
B

— A\ BT I
(; mt ) > 2 3)
r—u I

holds, the firm chooses the sustainable project. The value function and investment threshold
are given by

B

U U X

vV = | @2 = (xg) (& <x3) 4)
ad/x — I (x = xY),
and
U /312

== Q)

2T B0

Otherwise, the firm chooses either a sustainable project or an unsustainable project. The
value function and investment threshold are given by

B
X
@xY —n) <xU> (x < xf))
11
vV =1 ,U U U (6)
1x—1 (x € [x}, xpD
@xf =AY ) + @3l — )zV () (v e Y, x))
agx—lz (xzxgl),

where AU (x) and £V (x) denote the state prices for X (t) first reaching xszfrom above and
xgl from below, respectively (for the details, see (29) and (30) in Appendix A), and
B1
e — -
(B — Day

where xsz and xgl are determined by the smooth pasting conditions (31) and (32) in Appendix
A.

@)
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Remark 1 The ESG-unaware firm invests in the unsustainable project at threshold

BL
== ®)
(B — Day
whereas the ESG-motivated firm invests in the sustainable project at threshold xéj . Inequal-

ities xé’ < xg and xéf < xf/l hold, which means that the ESG-unaware and ESG-motivated

firms invest earlier than the ESG-aware firm does. Because of the suboptimality of x3U , the
financial values of the ESG-unaware and ESG-motivated firms are lower than that of the
ESG-aware firm.

Sustainability condition (3) is equivalent to the condition that value function (4) dominates
the payoff of the unsustainable project af]x — I; for all x > 0. That is, under sustainability
condition (3), the firm has no reason to invest in the unsustainable project for any X ().
Value function (4) and investment threshold (5) are equal to those of the case in which only
the sustainable project is available. In other words, under sustainability condition (3), the
unsustainable project does not affect the firm at all.

If sustainability condition (3) does not hold, the solution is more complicated. The firm’s
project choice depends on the initial state variable X (0) = x. For x < xﬁ, the firm waits
for the unsustainable investment, for x € [xlUl, xfé], the firm immediately invests in the
unsustainable project, and for x > xzul, the firm immediately invests in the sustainable
project. A notable region is (xle, xg] ), where the firm waits to invest. The firm will undertake
either an unsustainable project when X (¢) falls to xﬁ or a sustainable project when X (z)
increases to xf/z. That is, for x € (xIUZ, xé’l), the firm postpones its project choice. Then, the
value function includes the state prices for the unsustainable and sustainable investments. The
first term represents the value of the option of investing in the unsustainable project, while
the second term represents the value of the option of investing in the unsustainable project.
An interesting insight from this area is that a decrease in EBIT can trigger the unsustainable
investment, while an increase in EBIT can trigger the sustainable investment.

Although the intermediate region (xIUZ, xg]) is interesting, most of the real options liter-
ature assumes that the initial state variable is low enough to exclude immediate investment.
Following this standard, Sect. 4 will assume baseline parameter values satisfying x < xIUI and
x < xg . In this case, the firm chooses the unsustainable project if sustainability condition
(3) is not satisfied. Thus, sustainability condition (3) determines whether the firm chooses
the sustainable project. The next proposition shows the comparative statics of sustainability
condition (3) and helps answer the following questions: What institutional and market envi-
ronments encourage sustainable investing? What types of firms are more eager to invest in
sustainable projects? For the proof, see Appendix B.

Proposition 2 Sustainability condition (3) is more likely to hold for higher 11, ), o, and .,
as well as for lower I, and r.

Obviously, higher 1, A, and lower I, increase the advantage of the sustainable NPV
over the unsustainable NPV (i.e., aéj /af] ). Higher volatility o increases the option value of
postponing investment, and through the option effect, it increases the advantage of the high-
cost and high-profit project (i.e., the sustainable project) over the low-cost and low-profit
project (i.e., the unsustainable project). The impact of o coincides with those of Décamps et
al. (2006) and Nishihara and Ohyama (2008). Higher growth rate u and lower discount rate
r increase the advantage of the sustainable project through the NPV and option effects. With
higher u and lower r, EBIT will remain at a significant level for a longer time, and hence,
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the advantage of the sustainable NPV over the unsustainable NPV (i.e., aéj /a{j ) increases.
Thus, the firm tends to avoid short-termism (i.e., the unsustainable project). Higher x and
lower r, like higher o, also increase the option value of postponing investment and hence
increase the advantage of the sustainable project.

Proposition 2 generates many insights. First, firm characteristics can affect a firm’s choice
between the alternative projects. For example, large and listed firms are more likely to face the
institutional and social pressures of ESG concerns, which implies higher X than that of small
and private firms. Large and listed firms also tend to be more diversified, less financially
constrained, and less operationally constrained; hence they use lower discount rates than
small and private firms do [e.g., Harrington (1989), Krugger et al. (2015), Jagannathan et al.
(2016), Décaire (2020) and Nishihara (2021)]. Because of higher A and lower r, large and
listed firms are more likely to choose sustainable projects than small and private firms are. In
terms of economic rationality, this result explains observed trends that large and listed firms
are more engaged in sustainability.

Proposition 2 also entails policy implications. What governmental policies will encourage
sustainable investing? Of course, subsidies for sustainable projects decrease I», and penalties
for unsustainable projects increase /1. The government’s proactive stances on regulations and
information disclosures regarding ESG risks cause firms to perceive higher A. These policies
are frequently implemented to promote sustainability in the real world. Notably, Proposition
2 also suggests that monetary policies, such as decreasing interest rates and quantitative
easing, encourage sustainable investments by decreasing r. I believe that one of the reasons
that firms have paid great attention to sustainability over the last decade lies in the historically
low interest rates that followed the Great Recession.

From an international perspective, developed countries frequently blame developing coun-
tries for poor ESG practices when there are externalities (e.g., climate change caused by
greenhouse gas emissions). However, interest rates vary among countries and tend to be
higher in developing countries. All else being equal, developing countries with higher inter-
est rates valuate unsustainable projects higher (i.e., short-termism) than developed countries
do. To maintain the levels of ESG practices established by developed countries, developing
countries have to take more proactive ESG policies (i.e., subsidies, penalties, and regula-
tions) than developed countries do. In other words, the promotion of sustainability is more
costly in developing countries than it is in developed countries, which causes conflict between
developed and developing countries over ESG issues.

3.2 Levered model solution
3.2.1 Default decisions

The problem is solved backward. First, consider the unsustainable firm that issued debt with
coupon C at time 0. Following the standard literature [e.g., Leland (1994) and Goldstein et
al. (2001)], shareholders do not take into account debt in place and optimize default time 7'
for their own interests. The equity value of the firm is the solution to the optimal stopping
problem

0 min{s,T?}
Ei(x;C)= sup E |:/ re / e (1 —1)(X(¢) — C)dtds:| ()]
0 0

TPeT

=K |:/00)L67M /S e (1 —T)(X(t) — C)dtdsi|
0 0
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+ sup E[/wke_“ / e (1 —r)(C—X(t))dtds]
T TD

TPeT b
1—-1)C 1—1)C
:a][]x—i—l— sup E[e_(’H)TD (i—a?X(TDO] (10)
I"+)\. TDeT r—i—A
yi
s (d-1)C x 1-0C 4 p
— - - C 9 l]
ay x Y + D) oY ay xy (C) (11)

where the strong Markov property of X (¢) is used in (10), 1 denotes the negative character-
istic root

2 2(r+A
v :o.s-%—\/(%—o.s) + 20N ), (12)
o o o
and default threshold xlD (C) is derived as

yi. r—pu+1C

D
C) =
xl() y1—1 r+A

13)

More intuitively, one can also derive equity value (11) and default threshold (13) as the
solution to differential equation

. 2 .
Mx%i’c) + 0.502x2% +A—E(x;CN+ (1 =1)(x = C)=rE;(x; C)
(14)

with the value matching condition E @P(C); ¢) = 0 and smooth pasting condition
IE; (xP(0); C)/dx = 0, and boundary condition limy_, o, E1(x; C)/x < oo (cf. Chap-
ter 5.5.B of Dixit and Pindyck (1994)).19 Note that in (14), term A(—E; (x; C)) represents
that E1(x; C) becomes 0 at probability Ad¢ in infinitesimal time interval d¢. The solution to
(14) is exactly the same as (11) and (13). Similarly, the debt and firm values are derived as
follows:

Y1
Di(x;C) = c al <C —(l—oz)aUxD(C)) 15)
e r+x \xP©) Y H ’
Y1
) U tC _ X tC U.D
Fl(x,C)—alx—i-r_i_)\ (xf’(C)) <r+k+aa1x1 (C)). (16)

The equity, debt, and firm values (11), (15), and (16) resemble the standard valuations
without random maturity [e.g., Leland (1994), Goldstein et al. (2001), Shibata and Nishihara
(2012), and Sundaresan et al. (2015)]. Indeed, (11), (15), and (16) are equal to the standard
valuations with discount rate » + XA. That is, as in Chapter 6.4.A of Dixit and Pindyck
(1994), one can regard the firm as infinitely lived but augment the discount rate by adding
the termination probability parameter A. As in the standard literature, equations (11), (15),
and (16) can be interpreted as follows. The first two terms in (11) are the equity value of
operating the firm with no default, while the last term represents the value of the default
option. Debt value (15) is equal to the value of receiving coupons with no bankruptcy minus
the loss associated with bankruptcy. Firm value (16) is composed of the unlevered firm value,
tax benefits of debt, and bankruptcy costs.c

10 1 present this solution method because this method may be more prevalent in the finance area.
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Now, consider optimal capital structure. As described in the standard literature [e.g.,
Leland (1994) and Goldstein et al. (2001)], the firm chooses coupon C to maximize the
firm value Fj(x; C) (which is equal to the ex-ante equity value). By the first-order condition
dF1(x; C)/0C = 0, the optimal coupon is derived as

r+x y1—1x

Cilx) = ———— . 17
10 = e (17)
By (13), (16), and (17), the optimal firm value is derived as
Fi(x; C1(x)) = ¢raf'x, (18)
where /11 and ¢ are constants defined by
_ L
m=[1-n(1-a+2)] "0, (19)
T
T
=14+——0G1). 20
D=1+ GG D (20)
The leverage and credit spreads are also derived explicitly as
Di(x;C —1 1-—
LV, — 1 CH) _n &1 7 21
Fi(x, C(x)) Y1 drhi(l—r1)
C A
s = G0 _rai+ o

— = ,
Dy (x; C1(x)) 1-§
where & is a constant defined by

(== -yt
v —1 '

These solutions are the same as those of the infinitely-lived firm with augmented discount
rate r + A in previous studies [e.g., Nishihara and Shibata (2010), Shibata and Nishihara
(2012), and Sundaresan et al. (2015)]. The difference between the unlevered firm value (1)
and levered firm value (18) is the multiplier ¢; (> 1), which measures the effect of optimal
leverage on firm value. That is, the firm obtains higher value by choosing the optimal capital
structure based on the tradeoff between the tax benefits of debt and bankruptcy costs.

The equity, debt, firm values, coupon, leverage, and credit spreads of the sustainable firm
are equal to the above values with A = 0 and are also derived in existing literature [e.g.,
Nishihara and Shibata (2010); Shibata and Nishihara (2012), and Sundaresan et al. (2015)].
Hence, I will omit the equations and let subscript 2 represent the corresponding value of
the sustainable firm. For instance, C»(x) and ¢; represent optimal coupon (17) and leverage
effect (20) with A = 0, respectively, for the sustainable firm.

&

3.2.2 Investment and financing decisions

Now, consider the investment and financing decisions. By the strong Markov property of
X (1), the expected NPV of cash flows starting from X () = ¢ at time ¢ becomes al X (r)
for the unsustainable project and azLX () for the sustainable project, where alL = ¢1a; and
ak = ¢pal. The firm (option) value at time 0 is expressed as

Vix)=sup E [e—’T max {a" X (T) — 11-}} , (23)
TeT i=12
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where the firm chooses its investment time 7' and a higher-valued and leveraged project.
The differences between problems (2) and (23) are leverage multipliers ¢ and ¢>. Optimal
stopping problem (23) is technically the same as the one solved by Décamps et al. (2006).
The following proposition is shown in the same manner as in Proposition 1. For the proof,
see Appendix C.

Proposition 3 If sustainability condition

B
<(V—M+k)¢2>ﬁ*1 b on

(r— w1 I
holds, the firm chooses the sustainable project. The value function and investment threshold
are given by

B
X
vheo = { @ 1 (sz) (& <x) (25)
akx — b (x = x),
and
L _ Bl _ U
Xy = 7(13 — l)aé‘ =x; /P. (26)

Otherwise, the firm chooses either a sustainable project or an unsustainable project. The
value function and investment threshold are given by

B
X
(alelLl -1 ()CL) (x < x{‘l)
L 11
Vi) = ale -1 (x e [xh, xED @7
(afxly — AL () + (@b x5 — DR (x) (x € (kb xh)
aQLx - I (x > xé‘l),

where AL (x) and £ (x) denote the state prices for X (t) first reaching x{‘z from above and
xé‘l from below, respectively (for the details, see (33) and (34) in Appendix C), and
B
lel = L
(B — Day

where lez and xfl are determined by the smooth pasting conditions (35) and (36) in Appendix
C.

=x{1 /1, (28)

Remark 2 The ESG-unaware and ESG-motivated firms invest in the unsustainable and sus-
tainable projects, respectively at threshold x3L = x§] /2. Inequalities x3L < sz and x3L < x]L]
hold, which means that the ESG-unaware and ESG-motivated firms invest earlier than the
ESG-aware firm does. Because of the suboptimality of xéj , the financial values of the ESG-

unaware and ESG-motivated firms are lower than that of the ESG-aware firm.

Proposition 3 can be interpreted as in Proposition 1. Indeed, sustainability condition (24)
is equivalent to the condition that value function (25) dominates the unsustainable project’s
payoff a{‘x — I forall x > 0. Value function (25) and investment threshold (26) are equal to
those of the levered model in which only the sustainable project is available. If sustainability
condition (24) does not hold, the firm’s project choice depends on the initial state variable
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X (0) = x. Theregions x < lel andx > xé‘l are the unsustainable and sustainable investment
regions, respectively, whereas the other two regions are the waiting regions. A notable region
is (le2, sz]), where the firm waits to invest until X (z) reaches either low threshold lel or
high threshold x5,.

As explained after Proposition 1, Sect.4 will assume a sufficiently small initial state
variable X (0) = x satisfying x < xﬁ and x < xZL . Then, under sustainability condition (24),
the firm will invest in the sustainable project and issue debt with coupon C; (sz) at threshold
x¥ and go bankrupt at threshold x2 (C»(x£)) = xk /h,. If sustainability condition (24) does
not hold, the firm will invest in the unsustainable project and issue debt with coupon C} (lel)
at threshold lel and either go bankrupt at threshold xlD (Cy (lel)) = lel /h1 or be forced to
exit before bankruptcy.

Obviously, sustainability condition (24) is more likely to hold for higher 7; and lower /5.
I cannot mathematically show the impacts of A, o, i, and r on condition (24) because their
impacts on the ratio of the leverage effect ¢, /¢ are complicated. However, Sect. 4 will show
numerically that their impacts remain unchanged from Proposition 2. The main reason is
that the impact through the leverage effect is indirect and weaker than the impacts through
the NPV and option effects. The question remains as to whether access to debt financing
encourages sustainable investing. Notably, the next proposition answers this question in the
negative. For the proof, see Appendix D.

Proposition 4 The leverage effect ¢ increases in A, which implies ¢1 > ¢». Hence, sustain-
ability condition (24) is less likely to hold than sustainability condition (3).

The positive derivative d¢1/0A > 0 means that the leverage effect is larger for the less
sustainable firm.!! The economic mechanism is explained below. The unsustainable firm is
forced to exit regardless of its debt level, once a negative ESG shock occurs. The disadvantages
of debt (i.e., bankruptcy costs «) only arise when the firm defaults earlier than the forced
exit. In other words, higher ESG risk A, which increases the probability of ESG-forced exit,
decreases the probability of debt-driven bankruptcy. Thus, with higher A, the firm cares less
about the debt’s disadvantages, increases leverage L V1, and enjoys larger leverage multiplier
b1 12 For instance, if the firm knows that it will be terminated in one year, it only needs care
about default within one year. Accordingly, the unsustainable firm chooses higher leverage
compared to the sustainable firm, which cares about long-term operation. That is, one could
interpret the unsustainable firm’s debt policy as short-termism. Thus, access to debt financing
decreases the advantage of the sustainable project over the unsustainable project through the
leverage effect and hence discourages sustainable investing.

This result does not mean that higher ESG risk A decreases the cost of debt. In fact, higher A
decreases debt value (15) and increases credit spreads (22). That is, the cost of debt increases
in A. Equity value (11) also decreases in A, which means that the cost of equity increases in
A. In this sense, Proposition 4 can also be interpreted as the cost of equity is more sensitive
to A than the cost of debt, and, hence, the firm with higher ESG risk increases leverage.
Many empirical papers have shown that financing costs increase for less sustainable firms
[see Table 4 in Gillan et al. (2021)]. For instance, Hong and Kacperczyk (2009); Ghoul et
al. (2011), and Chava (2014) show that bad ESG practices increase a cost of equity, whereas

' The firm value decreases as the firm becomes less sustainable. Indeed, higher A decreases alL = ¢1a{]

because the negative effect of A on the unlevered value af/ dominates the positive impact on the leverage
multiplier ¢1.

12 Although I cannot analytically show dLVy/dx > 0, but Sect.4 verifies dLV{/dA > 0 in numerical
examples.
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(Goss & Roberts, 2011; Chava, 2014; Ge & Liu, 2015; Hasan et al., 2017), and Eliwa et al.
(2021), show that bad ESG practices increase a cost of debt. However, no papers have shown
which effect is stronger or how leverage is related to ESG practices.

Although Proposition 4 implies that access to debt financing can lead firms to invest in
unsustainable projects, how can lenders prevent this negative impact of lending on ESG
issues? In practice, some lenders refuse to finance unsustainable projects [e.g., negative
screening for ESG issues; see Chava (2014)] and offer lower interest rates for sustainable
projects [e.g., negative premium in green bonds; see Zerbib (2019)]. Proposition 4 does not
assume such ESG-motivated lenders, who care about nonfinancial benefits and utility regard-
ing ESG issues. The following remark shows that such ESG-motivated lenders encourage
sustainable investments. That is, the prevalence of ESG-motivated lenders is a key determi-
nant of whether lending improves ESG practices.

Remark 3 Suppose that the firm is able to use debt financing only for the sustainable project.
In this case, problem (23) is replaced with

Vi) = sng [e*’T max{a{ X(T) — Iy, ak X (T) — 12}] ,

which can be solved in the same way as problem (23). Sustainability condition (24) is replaced
with

_B_
(r =409\ _ I
r—u - I’
which is more likely to hold than condition (3). That is, the firm is more likely to choose the
sustainable project in the negative screening model than in the unlevered model.

4 Numerical illustrations

4.1 Impacts of ESG risk

This section conducts numerical analysis, including comparative statics with respect to key
parameters: ESG risk A, discount rate r, growth rate u, volatility o, and corporate tax rate
7. The baseline parameter values are set as in Table 1.'3 The values of r, u, 0, 7, and o
are standard in dynamic corporate finance literature and reflect a typical S&P firm [e.g.,
Morellec (2001), Arnold (2014), Shibata and Nishihara (2018) and Nishihara and Shibata
(2021)]. Following (Boomsma & Linnerud, 2015) and Adkins and Paxson (2016), who
assume renewable energy policy uncertainty as a Poisson jump process with hazard rate 0.1,
ESGrriskis setat A = 0.1. This means that the unsustainable project’s lifetime is, on average,
1/A = 10 years. For instance, regulations for greenhouse gas emissions are greatly affected
by international agreements, such as the Kyoto Protocol in 1997 and the Paris agreement in
2015, and the time span is about 10 to 20 years. Blowing up due to ESG concerns in social
networks might occur more frequently, although it depends on the publicity of the firm or
project. This subsection shows the results for A = 0 to 0.2. The baseline case also assumes
x = X(0) =0.5,11 =10, and I, = 100 to make the sustainable and unsustainable project
values comparable. These values are not essential because they can be normalized. Note that

131 computed the results for a wide range of parameter values and presented the qualitatively robust results
in this section.
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Table 1 Baseline parameter
values

0.05 0.01 0.2 0.15 0.1 0.4 10 100 0.5

the initial state variable x = X (0) = 0.5 is low enough to exclude immediate investment for
all examples in this section.

For the baseline parameter values, sustainability conditions (3) and (24) are satisfied.
The unlevered firm’s value and investment threshold are VY (x) = 0.44 and xg = 10.237,
whereas those of the levered firm are VL (x) = 0.482 and sz = 9.745, where the leverage
effect ¢» = 1.051. In the levered case, the coupon, default threshold, leverage, and credit
spreads are equal to C2(x%) = 6.072, xP(Co(xk)) = xk/hy = 2.791, LV, = 0.485, and
C S, = 0.0075. Note that LV, and C S, are evaluated at the time of investment.

Figure 1 plots investment thresholds xL, xU, default threshold x 2, coupon C, firm values
VL(x), VU(x), leverage LV, and credit spreads CS for ESG risk A = 0 to 0.2, where the
black solid and blue dashed lines represent the levered and unlevered cases, respectively.
Sustainability conditions (3) and (24) hold for A > 0.076 and A > 0.078, respectively. The
two conditions are almost equal because the leverage effect on the choice is very weak (i.e.,
¢2/¢1 ~ 1). As shown in Proposition 2, higher A decreases the NPV of the unsustainable
project with no debt and thus induces the firm to choose the sustainable project. This holds
true in the levered model because the impact of r on the NPV is much stronger the impact
of Aon ¢y /1.

Figure 1 shows the jumps in the graphs other than VX (x) and V¥ (x) at the switching points
between the unsustainable and sustainable projects. For instance, sustainable investment
thresholds x2L and xg are much higher than unsustainable investment thresholds lel and xlul
even when the two project values are comparable. In fact, the firm postpones the sustainable
project until the state process X (¢) reaches quite a high threshold because of its high-cost
and high-profit structure. That is, sustainable investment timing is later than unsustainable
investment timing when the choice between the two projects is comparable.

On the other hand, as explained in Remarks 1 and 2, ESG-unaware and ESG-motivated
firms invest in the unsustainable and sustainable projects, respectively, at xgj = 1.024 in the
unlevered case and xg‘ = 0.975 in the levered case. These thresholds agree with xU and x’
for A = 0 in the top-left panel of Fig. 1. Compared to these values, the baseline (ESG-aware)
firm’s investment threshold is much higher especially in the case of sustainable investing.
These results entail the following policy implication. The government’s proactive stances on
sustainability issues may be able to increase A and /> /I; and cause ESG-aware firms to switch
from unsustainable projects to sustainable projects. In terms of investment timing, however,
these sustainable investments will take place much later than unsustainable investments with
comparable project values.

Now, I examine each panel of Fig.1 closely. All values are constant in the sustainable
project region because the sustainable project does not depend on A. In the unsustainable
project region, )cl"1 , xlUl,xlD, Cy, LV;, and CSj increase in A, whereas V]L (x) and VIU (x)
decrease in 1. The delay in investment and decrease in firm value are straightforward because
the unsustainable NPV decreases with higher A. What is more notable is the increase in LV
in the bottom-left panel of Fig. 1. The reason has been already mentioned below Proposition
4. Higher A, which increases the probability of ESG-forced exit, decreases the probability of
debt-driven bankruptcy. Accordingly, the firm adopts a more aggressive capital structure as
A increases. The increase in CS; in the bottom-right panel is due partially to the increase in
LV, but the main driver is the increase of the forced exit probability (i.e., the second term
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Fig. 1 Comparative statics with respect to sustainability parameter A

of the numerator in (22)). The positive correlation between A and CSj is consistent with
empirical observations. In fact, Goss and Roberts (2011); Ge and Liu (2015), and Eliwa et
al. (2021), among others, show that bad ESG practices increase a cost of debt (measured by
credit spreads). However, I could not find any empirical paper on the relationship between
ESG practices and leverage. The baseline model predicts the positive correlation between
A and LVy, but the prevalence of ESG-motivated lenders can reverse the relationship (cf.
Remark 3). This will be an interesting issue to investigate in future empirical studies.
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4.2 Impacts of discount rate

Apart from ESG risk A, the discount rate r greatly affects the firm’s choice between the
sustainable and unsustainable projects. Intuitively, with high r, the firm focuses on cash
flows in the near future and puts less weight on long-term sustainability of cash flows (i.e.,
short-termism). The firm with short-termism tends to prefer the unsustainable project. More
precisely, Proposition 2 show the impact of » on the project choice thorough the NPV and
option effects in the unlevered model. The impact of r remains unchanged in the levered
model because the impact of r on the leverage effect (i.e., ¢ /¢1) is relatively weak. Figure 2
plots xL xU xP C, VL(x), VU(x), LV, and CS for discount rate r = 0.02 to 0.08, where
the black solid and blue dashed lines represent the levered and unlevered cases, respectively.
Sustainability conditions (3) and (24) hold for » < 0.0576 and r < 0.0567, respectively,
where the graphs other than VX (x) and VY (x) jump at the switching points.

As explained below Proposition 4, low discount rate r is associated with large and listed
firms, and low interest rate policies. In such situations, firms face fewer financial constraints
and can easily use debt financing. Although unrestricted access to debt financing hinders
sustainable investing (see Proposition 4), the impact through the leverage channel is much
weaker than the impacts through the NPV and option channels. Overall, large and listed
firms are likely to choose sustainable projects, and low interest rate policies help sustainable
investment trends.

In each panel of Fig.2, the impacts of r are greater in the sustainable project region
than in the unsustainable project region. The main reason is that the unsustainable project’s
cash flows may end in the short term and are less sensitive to the level of r. In the top-left
panel, x* and xV jump downward at the switching points from the sustainable project to
the unsustainable project, although x]L] s sz, )clU1 , and xg (i.e., xL and xY within each project
region) increase in r. It is well known in real options theory that higher r reduces the NPV
of long-term cash flows and delays investment [e.g., see Proposition 2 in Nishihara (2021)
for a formal proof]. This standard result does not hold due to the switch from the sustainable
project to the unsustainable project. For instance, investment occurs earlier for » = 0.06 than
for r = 0.04 because the firm invests in different projects for » = 0.04 and 0.06. This implies
that low interest policies do not necessarily accelerate corporate investment.

In the center-right panel of Fig.2, VX (x) and VY (x) greatly decrease in r mainly because
the project values are exponentially discounted by rate r. In the bottom-left panel, LV
increases in r. This result is due to the effect of A on the unsustainable firm’s L'V (cf. Figure 1
in Section 4.1). Indeed, with higher r, the firm puts less weight on bankruptcy costs in the
future and increases leverage to receive the tax benefits. That is, the firm with short-termism
adopts a riskier capital structure. This also increases CS in the bottom-right panel.

4.3 Impacts of cash flow growth rate

This subsection examines the comparative statics with respect to growth rate p. Figure3
plots xL XU xP ¢, VL(x), VU(x), LV, and CS for growth rate © = 0 to 0.04, where the
black solid and blue dashed lines represent the levered and unlevered cases, respectively.
Sustainability conditions (3) and (24) hold for © > 0.0045 and © > 0.0051, respectively,
where the graphs other than V% (x) and VY (x) jump at the switching points. All else being
equal, higher p encourages sustainable investing. This results primarily from the NPV and
option effects explained below Proposition 2, that is, higher wu, like r, increases the NPV of
long-term cash flows and the option value of postponing investment. Note that the impact
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Fig.2 Comparative statics with respect to discount rate r

of 1 on the leverage effect (i.e., ¢2/¢1) is much weaker than the impact of © on the NPV
and option value. Empirical studies show mixed evidence of whether good ESG practices
help firm performance [e.g., Table 5 in Gillan et al. (2021)]. This paper reminds us of the
importance of endogeneity for the research question. Indeed, the model indicates that firms
that have high growth rates are more likely to invest in sustainable projects.

In the top-left panel of Fig.3, x© and xV increase in y in the unsustainable project region
but decrease in u in the sustainable project region. The non-monotonic result is explained
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Fig.3 Comparative statics with respect to growth rate p

by the tradeoff between the NPV and option effects as follows. Higher p increases the NPV
of cash flows, which plays a role in accelerating investment. On the other hand, higher p
also increases the option value of waiting for a better economic state, which plays a role in
delaying investment. The NPV effect (i.e., the investment acceleration effect) dominates the
option effect (i.e., the investment delay effect) for the sustainable project with perpetual cash
flows, and vice versa for the unsustainable project with short-term cash flows.

The bottom-left panel of Fig. 3 also shows a notable result. Although LV} and LV; (i.e.,
LV within each project region) increase in i, L'V is not monotonic due to the switch between

@ Springer



Annals of Operations Research

the unsustainable and sustainable projects. Most of the structural models [e.g., Leland (1994)]
based on the tradeoff theory generate a positive relation between LV and p, although empir-
ical studies [e.g., Titman and Wessels (1988) and Frank and Goyal (2015)] show a negative
relation. This paper shows the possibility that a firm with higher p can invest in the sus-
tainable project with lower LV than a firm with lower p. For instance, the panel shows that
LV for u = 0 to 0.0051 is higher than LV for u = 0.0051 to 0.04. That is, the model
can generate a negative relation between LV and p by incorporating an investment choice
between sustainable and unsustainable projects.

4.4 Impacts of cash flow volatility

In the real option analysis, it is important to study the comparative statics with respect to o
because o affects the results thorough the option channel rather than the NPV channel. As
shown in Proposition 2, higher o increases the value of the option to invest in the high-profit
and high-cost project (i.e., the sustainable project) rather than the low-profit and low-cost
project (i.e., the unsustainable project) in the unlevered model. This result holds true in
the levered model because the impact of o on the leverage effect (i.e., ¢2/¢1) is relatively
weak. Figure4 plots x©, xV, x?, C, VE(x), VY (x), LV, and CS for volatility ¢ = 0.1 to
0.5, where the black solid and blue dashed lines represent the levered and unlevered cases,
respectively. Sustainability conditions (3) and (24) hold for o > 0.147 and ¢ > 0.152,
respectively, where the graphs other than V£ (x) and VY (x) jump at the switching points.

Although the jumps are characteristic of a model with project choice, most of the other
results are straightforward and consistent with the standard results in real options theory. For
instance, xZ, xU, VL(x), and VU(x) increase in o in the top-left and center-right panels.
This is consistent with the well-known result that higher o increases the option value of
waiting for a better economic state [e.g., Dixit and Pindyck (1994)]. In the bottom-left panel,
LV decreases in o, which is consistent with the well-known result that higher o increases
bankruptcy risk and hence decreases leverage (e.g., Leland (1994)). Although x? is not
monotonic in the upper-right panel, it is not notable. In fact, the gap between x* and x?
increases in o, which is consistent with the standard result.

The bottom-right panel is most interesting in Fig. 4. In the panel, CS; and CS; (i.e., CS
within each project region) increase in o . This is because adjustment of capital structure (i.e.,
a decrease in L'V with higher o) does not fully offset the increase in bankruptcy risk with
higher o. Although this result is consistent with the standard result in the capital structure
literature [e.g., Leland (1994)], the switch between the unsustainable and sustainable projects
changes the monotonic result. Note that C S is much higher due to the forced exit risk (i.e.,
the second term of the numerator in (22)) than CS,. Lower o can cause the firm to choose
the unsustainable project and hence increase CS. In fact, in the bottom-right panel, C'S is
higher for 0 = 0.1 to 0.152 than for o = 0.152 to 0.5. This counter-intuitive result may warn
against the apparent argument that a less volatile economy encourages stable development
and hence improves sustainability. Indeed, the model indicates the opposite possibility, that
is, lower o discourages sustainable investments and increases corporate bankruptcies.

4.5 Impacts of corporate tax rate
It is also interesting to study the effects of corporate tax rate 7 on the results in terms of

policy implications. Obviously, tax reductions only for sustainable projects, like subsidies,
reduce investment cost /> and encourage sustainable investing. The question is as to whether
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Fig.4 Comparative statics with respect to volatility o

lower taxation of firms encourages sustainable investing. Sustainability condition (3) does
not depend on 7 in the unlevered model, while sustainability condition (24) depends on t
through the leverage effect ¢, /¢;. In other words, t affects the choice between the sustain-
able and unsustainable projects only through the capital structure channel. As seen in the
previous subsections, ¢, /¢ does not change greatly with parameters. Even though t sig-
nificantly affects the capital structure in tradeoff theory, ¢»/¢;changes from 0.993 to 0.935
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with variation of T = 0.05 to 0.55. Because of the small impact of 7 on ¢, /¢1, sustainability
condition (24) holds for T = 0.05 to 0.55. To see the weak impacts of 7 on the sustainability
choice, I reset I = 140, where the other parameter values remain as in Table 1. Note that
the sustainable and unsustainable project values are almost equal for 7, = 140.

Figure 5 plots xLxV xP c, vEix), vU(x), LV,andCS for corporate tax rate T = 0.05
to 0.55, where the black solid and blue dashed lines represent the levered and unlevered cases,
respectively. Sustainability condition (3) holds true regardless of t in the unlevered model,
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while sustainability condition (24) hold for 7 < 0.307, where the graphs other than vL(x)
jump at the switching points. This result implies that lower T encourages sustainable investing.
The reason is explained as follows. According to tradeoff theory, lower t reduces the tax
advantages of debt and hence reduce LV (see the bottom-left panel of Fig.5). That is, the
firm is less leveraged and approximates the unlevered firm as t decreases. As explained in
Proposition 4, the unleverd firm is more likely to choose the sustainable project than the highly
levered firm is. Thus, lower 7 encourages sustainable investing by decreasing L V. As a policy
implication, tax reductions could lead to safer capital structure and encourage sustainable
investing, although the effects on sustainability through capital structure are indirect and
weaker than the NPV and option effects. Note that this result is based on permanently lower
levels of corporate tax rates. Tax reductions for a short period can discourage sustainable
investing because the firm focuses on short-term cash flows rather than long-term cash flows.

The center-right panel of Fig.5 shows that VZL(x) and VY (x) decrease in 7. The results
are straightforward because higher v decreases the NPV of cash flows. More interestingly,
the gap between V£ (x) and VY (x) increases in 7. In fact, VY (x) decreases almost linearly,
but the slope of VX (x) moderates, especially after the switching point t = 0.307. That is, the
levered firm mitigates the negative impact of higher T by choosing the unsustainable project
and higher LV (see the bottom-left panel) with greater tax advantages. In the top-left panel,
xL jumps downward at the switching point from the sustainable project to the unsustainable
project, whereas lel, xé“ (i.e., xL within each project region), and xV = xéj increase in t.
The monotonic increase within each region is explained by the straightforward effect that
higher t decreases the NPV of cash flows and delays investment. However, in the levered
model, the monotonic result does not hold due to the switch from the sustainable project to
the unsustainable project. In fact, x* is higher for T = 0.05 to 0.307 than for = 0.307 to
0.55. This implies that low tax rate policies may improve corporate sustainability but delay
corporate investment.

5 Conclusion

This paper investigates a firm’s choice of project sustainability, investment timing, and capital
structure in the real options model. In the model, the firm chooses between sustainable
and unsustainable projects, where the sustainable project with high investment cost yields
perpetual cash flows, but the unsustainable project with low investment cost has risk of
cash flow termination (i.e., ESG risk). This paper analytically derives the unlevered and
levered model solutions including the sustainability conditions and shows the effects of key
parameters on the results. The main results are summarized below.

With higher ESG risk, lower discount rate, and higher growth rate, the firm is more likely
to invest in the sustainable project mainly because these factors increase the advantage of
the sustainable NPV over the unsustainable NPV. Higher volatility encourages sustainable
investing mainly through the option effect. The firm with a less sustainable project adopts
higher leverage because the increased probability of ESG-forced exit decreases the probability
of debt-driven bankruptcy. Consequently, the leverage effect is larger for the less sustainable
firm despite its higher cost of debt. Through the leverage effect, access to debt financing
decreases the advantage of the sustainable project over the unsustainable project and hence
discourages sustainable investing. A higher corporate tax rate can also discourage sustainable
investing through the leverage effect, but the leverage effect is weaker than the NPV and option
effects.
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These results clarify the market conditions and firm characteristics that promote sustain-
able investing and entail many policy implications. However, it must be noted that parameter
shifts (e.g., market and policy shifts) that encourage sustainable investing do not necessar-
ily accelerate investment because sustainable investment timing is later than unsustainable
investment timing, due to higher investment cost. For instance, contrary to straightforward
expectations, lower discount rate and higher growth rate can delay corporate investment
through switch from the unsustainable investment to the sustainable investment.
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A Proof of Proposition 1

It is easy to show that the value function (4) with investment threshold (5) is the solution to
the problem with only the sustainable project, i.e., supy o7 E [e 7T (@Y X(T) — I)].

Define f(x) = (4)— (afjx —1I1).Below, I will show that f(x) > Oholds forallx > Oifand
only if condition (3) holds. The solution to f'(x*) = 0 becomes x* = xg (a1 /a)V/B=D ¢
O, xg ). Note that f(x) is convex because of 8 > 1. Therefore, by the first-order condition,
I have

min f(x) = f(x")

B 1
U\ B-1 U\ B-1
a a
U.U 1 U U 1
:(02X2 —12) 7 —al x2 7 +I]
ap az
551

=1 -1 a

1— 12 )
U

a,

which is nonnegative if and only if condition (3) holds.

Under condition (3), the value function (4) dominates the payoff of the unsustainable
project, and hence, the firm has no possibility of investing in the unsustainable project. Then,
problem is reduced to supyc7 E [e T (Y X(T) — )], and the solution is (4).

Next, assume that condition (3) does not hold. In this case, the firm has a possibility of
investing in the unsustainable project because of f(x*) < 0. On the other hand, ag x—1I >
alU x — I1 holds for x — oo. Then, I can conjecture the two stopping regions, namely
the unsustainable investment region [xf/l, xf]z] and sustainable investment region [xgl, 0),
where xIU2 < xé’l. This conjecture is verified in Décamps et al. (2006). By the value matching
conditions at thresholds xlul R x%, and x%, the value function is expressed as (6), and the state
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prices are defined by

xﬂ(szl)Vz — (xgl)ﬁxh

AY(x) = : (29)
P — (SDE )
UNByv2 — B(xUyr2
Xp)Px xP(x
£ () = o2 . (30)
(x]z)ﬂ(le)yz - (xz])ﬂ(xlz)yz
where y» represents the negative characteristic root y, = 05 — p/o? —

\/(,LL/O’2 — 0.5)2 + 2r /o2, Note that A(x) and X (x) stand for the present values of $1 con-
tingent on the unsustainable investment and sustainable investment, respectively. Equation
(7) follows from the smooth pasting condition at xlU1 . Thresholds xsz and xgl are determined
by the smooth pasting conditions:

@/ xfh — 1)(AYY (xfh) + @Y 5] — p)(EYY ) = aV, 31

@/ xfh — 1)(AYY (5 + @¥ 53 — ) (EYY (3 = df. (32)

B Proof of Proposition 2

Clearly, higher I, A, and lower I, expand region (3). Higher o increases /(8 — 1) because
of 38/d0 < 0.1 Then, higher o expands the region (3). Higher w and lower r increase
(r— w4+ A)/(r — ) as far as r > p is satisfied. Higher i and lower r also increases
B/(B — 1) because of 98/du < 0 and 98/9r > 0. Then, higher u and lower r expands the
region (3).

Note that investment thresholds (5) and (7) are 8/(8 — 1) times the zero-NPV thresholds,
and higher /(8 — 1) means the higher value of waiting. Thus, I can state that o affects
sustainability condition (3) through the option effect, whereas u and r affects (3) through
the NPV and option effects.

C Proof of Proposition 3

I can trace the proof in Appendix A by replacing af] and ag with alL and azL respectively,
and hence the proof is omitted. Sustainability condition (24) follows from azL / al" = (r—
w4 M2/ ((r — wdr). The state prices AL (x) and £* (x) are defined by

xﬂ(xé‘l)yz — (szl)ﬂxVZ

S EATE A AT AT >
Bl = O G (34)
(b (ke — (b B (xf)r
Thresholds x 11‘2 and X2L1 are determined by the smooth pasting conditions:
(atxfy — IN(AMY (xy) + (a5 x5 — R)(E") (xfy) = af, (35)
(afxfy — IN(AYY (e5) + (a5 x5 — D)(EY) (x3)) = a3 . (36)

14 The sensitivities of B to o, i, and r are well known [e.g., see (Dixit & Pindyck, 1994)].
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D Proof of Proposition 4

Clearly, d¢p1 /dh1 < Oholdsin (20),and dy; /X < Oholdsin (12). Then, itis sufficient to show
that 0h1/9y; > 0. Simplify the notation by defining the function 41 (y1) = (1 — Ayl)]/ g
for y; < 0, where A is a positive constant. By calculating the derivative, I have

hi(y1) Ay
o =2 (1n<1 — Ay + —y> (37)
Y1 1 —Ap
Define
) =In(l — Ay + —2L
1 — A)/l
and calculate the derivative
A%y
/
y)=——"—5 <01 <0).
FTE A a2 =Y

Then, g(y1) > g(0) = 0 holds for all y; < 0, which implies h’1 (y1) > 0in (37).
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