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Abstract

We study the interaction of climate policies and investments into fossil and renewable en-
ergy generation capacity if policies are set by democratically elected governments and can
lead to stranded assets. We develop an overlapping generations model, where elections
determine carbon taxation and green investment subsidies, and individuals make invest-
ments into fossil and renewable capacity. We find that some fossil investments become
stranded assets, if the party offering the higher carbon tax is unexpectedly elected. In
contrast, if the individuals have perfect foresight, there are no stranded assets, climate
damages are fixed and carbon taxation only serves redistributive purposes. Then, there
is either no or prohibitive carbon taxation and energy generation completely relies on
renewables in the latter case. Green investment subsidies can be used by governments to
bind the hands of their successor. If the party representing the young generation is in
power, it can use a high subsidy to reduce or even avoid potentially stranded assets in the
next period. With endogenous reelection probability, we show that this party can also
use investment subsidies strategically to influence the elections. The party that represents
the old generation abstains from both types of climate policies to avoid a redistribution
of income towards the young generation.
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1. Introduction

In order to avoid dangerous anthropogenic climate change, drastic mitigation policies
are necessary to curb greenhouse gas emissions. Concerning fossil reserves, McGlade and
Ekins (2015) estimate that about one third of global oil, one half of global gas and 80%
of coal reserves must be left unburned to limit global warming to 2°C. Semieniuk et al.
(2022) calculate that plausible policies lead to stranded assets in the upstream oil and gas
sector worth over $1 trillion and Edwards et al. (2022) find that fossil power plants worth
up to $1.4 trillion might become stranded. In some countries, such as India, potentially
stranded assets are highly concentrated in the hands of few owners (von Dulong, 2023).
Investors already acknowledge the risk of asset stranding (Sen and von Schickfus, 2020;
Bolton and Kacperczyk, 2021) and the macrofinancial transition risks of destabilizing the
economic and financial system have to be considered (Van der Ploeg and Rezai, 2020a;
Campiglio and van der Ploeg, 2022). However, we still see significant investments into
the fossil energy sector (IEA, 2023c). This raises the question how such fossil investments
influence the implementation of climate policies if governments act in the interest of their
voters, who might have undertaken such investments.

In this paper, we study the interaction of investments in fossil energy production and
climate policies that are endogenously chosen by elected governments that, instead of
maximizing social welfare, cater climate policies to their party’s voters. In a model of
overlapping generations, we account for the fact that investments in one period will gen-
erate returns in the next period, i.e. that fossil asset stranding today will hurt individuals
that invested in these assets before. We show how uncertainty about election results can
lead to stranded assets under rational expectations. Further, we show that, under uncer-
tain election outcomes, it is nevertheless optimal for individuals to invest in fossil assets.
Our results also highlight that governments can use green investment subsidies to bind
the hands of their successors and avoid stranded assets.

Economists have only started to investigate the political implications of asset stranding
(von Dulong et al., 2023) and most existing papers take climate policy uncertainty as
exogenous (van der Ploeg and Rezai, 2020b; Diluiso et al., 2021; Bretschger and Soretz,
2022). A notable exemption that is closely related to our paper is Kalkuhl et al. (2020),
who obtain quite extreme results. They consider a model where policy makers cannot

commit to announced carbon taxes and choose to deviate after investments have been



made due to lobbying power or fiscal considerations. As a result, time-consistent policies
imply either zero or prohibitively high carbon taxes, with the latter leading to zero fossil
investments.

We analyze an overlapping generations model with both endogenous climate policy
choice and endogenous investment decisions. Investments can be used to either build up
fossil fuel based (black) energy generation capacity or renewables based (green) capacity.
The investments into both capacities depend on the expectation with respect to future
carbon taxes and current green investment subsidies. If individuals have perfect foresight,
our results are in line with Kalkuhl et al. (2020), i.e. the carbon tax is either zero or pro-
hibitive, with black investments being zero in the latter case. In case of uncertain election
outcomes, both green and black investments depend on the expected carbon tax rate and
the current green investment subsidy. If individuals expect one party to win with a high
probability and their expectations are met, there are no stranded assets. In contrast, if
individuals expect the party offering the lower tax rate to win, their expectations aren’t
met and the green investment subsidy is low, some black investments become stranded
assets.

The green investment subsidy may be used by the government to bind the hands of
its successor. If the party representing the young generation holds office (Y-government)
and its reelection probability is small, it can use a high subsidy rate to ensure that the
succeeding government will not implement a high carbon tax in the next period, so that
no black capacity gets stranded. With endogenous election probability, the party will also
use the subsidy to manipulate the election probability in its favor. Our result suggests
that a Y-government will reduce the subsidy rate to boost black capacity investments.
Consequently, the individuals of its generation will have to bear higher losses if the elec-
tions are lost, which gives them an incentive to vote for their party. In contrast, the party
representing the old generation abstains from climate policies to avoid a redistribution of
income in favor of the young generation.

We structure the remainder of the paper as follows: in Section 2 we introduce the
model. We solve for the energy market equilibrium and the preferred tax rates of the
parties in Sections 3 and 4. Investment decisions are analyzed in Section 5 and Section 6

turns to the government’s decision with respect to the subsidy rate. Section 7 concludes.



2. Model
2.1. Basic assumptions

We consider an overlapping generations model in discrete time, so that at every point
in time ¢ two generations, an old one and a young one, are alive. Both generations consist
of atomistic individuals and the generations’ size is normalized to unity. While the lifespan
of the old generation ends in period ¢, young individuals live until the end of the following

period t + 1. The utility function of individual j of generation ¢ = y, o is given by
V(b g e\ E) = U + g) + ¢ — H(E,) (1)

= B[ + 9] = 5 b +9¥')" + i = hE, 2)

where b denotes black energy (fossil fuel) consumption, g/’ green energy (renewable)
consumption and cij consumption of a final (numéraire) good x. Climate damages caused
by the CO, stock E; are covered by the linear damage function H(F;) = hFE;.! The
parameters 3, v and h are positive.

Specialized capital goods (wind turbines, solar panels, coal power plants, etc.), i.e.
energy generation capacities, are required to produce energy.? By appropriate unit choice,
we assume that every capacity unit allows the production of one unit of energy, so that
Z; denotes both the black capacity at time ¢ and the maximal amount of black energy
generated at time ¢, i.e. aggregated black energy supply b; cannot exceed capacity Z;.
Analogously, @); denotes the green capacity and the maximal amount of green energy
available at time ¢, so that aggregated green energy supply g¢g; cannot be greater than

capacity Q);. We assume
L1 = z, (3)
Qt+1 = G- (4)

Thus, similar to Battaglini and Harstad (2016), there is an investment lag implying that

capacity investments z; and ¢; in period ¢ build up new capacity in the next period t + 1.

Linear damage functions are widely used in the literature - cf. Hoel (2011), Battaglini and Harstad
(2016), Kollenbach and Schopf (2022), and Eichner and Kollenbach (2022). According to Golosov et al.
(2014), the relation between the stock of COg and temperature is concave, while the relation of tem-
perature and climate damages is convex. Thus, a linear damage functions can be considered a good
approximation.

2The accumulation of a green energy generation capacity is discussed by Tsur and Zemel (2011) and
Kollenbach (2017b). Among others, Campbell (1980), Cairns (2001), and Kollenbach (2017a) analyze
fossil fuel related capital investments.



Furthermore, the capacity of period t depreciates completely, so that the capacity of
period t + 1 only depends on investments in period . In case of green energy, we assume
that no other production factors are necessary, because the main inputs such as solar
radiation or wind are freely available. In contrast, black energy production requires fossil
fuels such as coal or gas. We consider the fuel reserves to be practically unlimited but
costly to extract.?

Burning fossil fuels unleashes CO,, which accumulates in the atmosphere according to
t

By =0} +0E_1 =Y 0""b, + 6'Ey, (5)

n=0

where 1 — ¢ € [0,1] is the natural regeneration rate and E; > 0 the emission stock
endowment.? We assume 3 > 2[1 + pd]h, where p € [0,1] is the discount factor.

The final good x is produced by means of labor [; according to the linear production
function z = F(l;) = al;, with a > 0 denoting labor productivity. Labor, in turn, is
inelastically supplied by the young generation, i.e. each young individual inelastically
supplies one unit of labor receiving labor income L. Income is used to finance consump-
tion of energy and the final good, and to invest into energy generation capacity.” The
corresponding investment costs are given by z; in case of black capacity investments and
by aq;, with o > 1, in case of green capacity investments. Thus, the budget constraint of

a young individual reads
T . . . . .
Lt 5 =c’+z +la—adel +pebi” +pygt”, (6)

where p, and p, are the prices of black and green energy, respectively, o, € [0, — 1) is
a subsidy for green capacity investments, and 7" is a governmental transfer. Due to (3)
and (4), every young individual will own a part Zf 41 and Qg 41, respectively, of the energy
generation capacities installed in the following period ¢ + 1, while the current capacities
Z; and (); are completely owned by the old generation. Selling the corresponding energy
is the only source of income for the old generation in ¢. The budget constraint of an old

individual j reads

sj Sj sj sj T 0j 0j oj
pbbt] - M(btj) - tht] ‘l’pggtJ + b = Ct] +pbbtj + pggt]a (7)

3According to Andruleit et al. (2012), the static range of coal reserves and resources exceeds 5000
years.

4See Battaglini and Harstad (2016) for a similar approach.

5The case where only a fraction of the young generation invests into energy generation capacities is
left for future research.



where 6, is a fossil fuel tax , gi/ green energy supply, b’ black energy supply and

M) =% [b7) (8)

the corresponding extraction cost function of fossil fuels. We assume that one unit of
fuel is needed to produce one unit of black energy.® By assuming that the government’s

budget is balanced in every period, we get
T = thf — O0(t. (9)

Thus, the transfer T' is positive if the fuel tax revenues exceed the expenditure for sub-
sidies. The energy markets are cleared by b; = . by =32 i b7 and gf = 3 i g7 =
> Zj 92j~
2.2. Political system

Following Alesina and Tabellini (1990), we consider two parties Y and O, which may
hold office during period t and determine the fuel tax rate 6; and the green capacity sub-
sidy o;. Because all individuals of a generation are alike with the exception of ideological
preferences, we assume that party Y [O] represents the young [old| generation. That
is, party i = Y, O sets the policy instruments such that they maximizes welfare W, of
the young/old generation at time ¢, which yields the preferred tax rates 8} and 6, and
preferred subsidy rates o) and ¢”. Which party holds office is determined by majority
voting. We compare the benchmark case with certainty about electoral outcomes with
the case with exogenously given election probabilities as well as with endogenously de-
termined election probabilities. To solve the latter case, we assume that each individual
has preferences in favor of party Y, which are given by ¥¥ + v, with U¥ denoting an
ideological bias of generation i’s individual 5 and y indicating the general popularity of
party Y. Both U¥ and y are uniformly distributed around mean 0 with density £ and v,

respectively.” Thus, individual j of generation i votes for party Y if
WY 4wty > WO (10)

holds. For a given realization of the popularity y, the indifferent voter in generation i is

characterized by her ideological preferences Wi = W0 — WY — . All individuals with a

6 Alternatively, 8, denotes the price of an emission certificate if an ETS is implemented.
An extraction cost function, which convexly increases in fuel extraction is also used by Tsur and Zemel
(2005).

"Cf. Persson and Tabellini (2002, chap. 13) for a similar approach.



higher ¥ vote for party Y, whereas all individuals with a lower U¥ vote for party O. We
assume that politicians are partisan and implement their parties’ preferred fuel taxes after
the elections. The vote share of party O is given by vs® = %50 [ﬁ;o + 2%0} —I—%Sy [\ify + Q%y} )
In the following, we assume that £° = £Y = £, i.e. that ideological preferences have the
same distribution in both generations. Then, party’s O probability of winning the elections
at time ¢ is given by

v

2

Ty

{ (We0 — weY] + [Wtyo _ Wtyy} } n % (11)

The probability that the young party wins the elections is 1 — 7m;. We see that the
party representing the generation that has more to lose if the other party is elected and

implements its preferred policy has a higher probability to win the elections.
2.5. Timing

The timing in our model is is illustrated in Fig. 1. At the beginning of each period,
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Figure 1: Timing

elections are held and the winning party sets the fuel tax and the green capacity subsidy.
Subsequently, individuals non-cooperatively determine their consumption levels cf;j , bij , gzj ,
young individuals decide how much to invest into generation capacities and old individuals
set the energy supply levels bfj, gfj. Finally, the markets are cleared, where we assume

that all individuals are price takers. Due to the investment lag, investments made in ¢ — 1



are not relevant for the energy market equilibrium of that period but for the equilibrium
of the following period t. This implies that the investment decision of period t —1 depends
on the subsidy o;_; and on the expectations about the election outcome in period ¢, which
determine the expected tax rate E(6;) = ©;.

We determine the market equilibrium of period ¢ by solving the four stages

1) Determine subsidy o;_1,

2) Determine investments at time ¢t — 1,

3) Determine fuel tax 60; given the election outcome at time ¢,

4) Determine energy demand, supply and market equilibrium at time ¢

by backward induction in the following sections.

3. Energy market

First, we present the individuals’ decisions with respect to energy consumption, energy
supply and capacity investments given the fuel tax rate 6, the capacity subsidy o;, and
the energy generation capacities Z; and ();. Subsequently, we describe the energy market
equilibrium at time ¢, which is then used to determine the preferred tax rate of party YV
and O, the capacity investments of period ¢t — 1, and the preferred subsidy rate of party
Y and O at time ¢t — 1.

Because individuals of one generation only differ in their ideological preferences, which
do not affect the aforementioned decisions, we consider one representative individual per

generation.

3.1. The individuals’ decision rules

By substituting (7) into (2), the indirect utility function of the representative old
individual net of ideological preferences reads

(7 (1.0 o 15 .S\ __ o o Y 0 012 s m . s\2 s s
V(b + g7, b, 97) = BB, +g7] — By 07 + g/1” + pub; — E(bt) — 0.0} + pyg; (12)
12

T (o} o
+ 5~ Peby — pegi — hE.
The individual maximizes (12) with respect to Y, g7, bf and g; given the capacity con-
straints Z; > b; and @)y > g;. Due to the atomistic population structure, the individual

neglects her impact on the emission stock F;. Assuming an interior solution with respect

to energy consumption by and g;, the corresponding first-order conditions yield

U'(b 4 g7) = B — 77 + g7] = po = pg = p1, (13)

8



pe = mb; + 0 + Ay, (14)

Pt = >\g' (].5)
The complementary slackness conditions read
(@) : Ay >0, \p[Z; — b]] =0, (b) : Ag >0, N\[Q: — g;] = 0. (16)

According to (13), the old individual increases her consumption of both kinds of energy
until her marginal utility from energy consumption equals the energy price p;. Because
black and green energy are perfect substitutes, p; denotes the price for both energy types.
Green energy generation is not associated with any other costs than capacity investments.
Consequently, (15) and (16)(b) imply that the complete stock Q; is used.® In contrast,
some black capacity may remain unused in period £, i.e. some black capacity may become
a stranded asset. In this case, A, = 0 and (14) implies that black energy supply is increased
until the energy price equals the sum of marginal extraction costs and the fuel tax.

For the representative young individual we get

T
VO +glza) = B +al) = B4+ L = o ala .

— puelbf 4+ g{] — hE; + pf/(berl + 9¢1, bl gts+1)'
(17) is maximized with respect to b/, g/, 2 and ¢ given the expected fuel tax rate
E(0;41) = ©441, the expected energy price E(p;11) = Piy1 and the expected black energy
supply E(b7,,) = Bi41 of period t + 1. Assuming an interior solution with respect to

energy consumption bf and g, the first-order conditions yield

U'(bf +g!) = B —b} + gf] = pr, (18)
p [Py —mBy1 — O] =1, if Zy1 — By =0, (19)
pPi1 = a—oy. (20)

Analogous to (13), (18) implies that energy consumption of the young individual equates
marginal utility with the energy price. (20) shows that the discounted value of the ex-
pected marginal gain from green capacity investments (left-hand side) has to equal the

respective marginal costs (right-hand side). In case of black capacity investments, the

8We neglect the case of a low energy demand that is not sufficient to fully use the green energy
capacity, because this case is of little interest in the context of the energy transition.



analogous statement is only true if the individual expects that the complete capacity is
used in the following period. If this is not the case, an additional black capacity invest-
ment unit causes costs but is not expected to generate any returns in the next period and
is, therefore, not optimal. In other words, the young individual does not invest into what
she expects to become a stranded asset.

By using (19) and (20) we get

a—o —1 B O 41 (21)

L =
pm m

which constitutes a negative correlation of black capacity investments z; = Z;,; with
both the green capacity subsidy and the expected tax rate. If marginal investment costs
of black and green capacity are identical (o — o, = 1), green capacity investments are
superior, because green energy supply is not taxed and not associated with extraction
costs as in case of fossil fuels. In contrast, if &« — oy > 1, black capacity investments are

positive as long as the expected tax rate falls short of @=2t=1

3.2. Energy market equilibrium

Aggregate energy demand is given by

_ B — bt
D(p;) =2 o (22)

while green energy supply is (J; and the black energy supply function reads

) —0
) = min { 2,224 (23)

An equilibrium on the energy market requires D(p;) = Q; + b (p;) to hold, which yields

.
2P0 ame i by < 7,
D= 2m—+y 2m+y t — (24)
\/6—%[@&4'215], if bf = Z,
(
W9 if by < 7,
=4 L (25)
\ Zy, otherwise.

The energy market equilibrium is illustrated in Fig. 2. In the left panel, we assume that
the black capacity is not completely used, i.e. that some black investments made in £ — 1
are stranded assets. Then, A\, = 0 and the intersection of the ), line with the demand
curve determines total energy consumption b; + @); and the energy price in equilibrium.

Because green energy is only used if it is cheaper than black energy, the intersection of

10
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Figure 2: Equilibrium on the energy market with b < Z; (left panel) and b] = Z; (right panel)

the A4 line and the marginal black energy costs curve gives black energy consumption b;.
The difference between total energy consumption and black energy supply needs to equal
green capacity (), which determines the level of )\,. Because green energy production
is not associated with variable costs, area A denotes the green capacity rent. Profits
from black energy supply are given by B and tax revenues by 7. While tax revenues
are equally distributed among the old and young generation, both the profits from black
energy supply and the green capacity rent belong to the old generation. Differentiating
the first lines of (24) and (25) with respect to the capacities @); and Z;, and the tax rate

0, yields
Ops ym Opy Ipy Y
(a) 0Q; 2m + vy <0, (b) 0Z, 0 (c) 00,  2m +~ >0, (26)
obg v obg obg 2
@ o0, = amiy =" oz =0 g =gy < @0

Thus, a higher green capacity ); reduces the energy price, because the marginal green
capacity rent A\, needs to be lower to ensure the complete utilization of @);. Due to
the lower energy price, black energy supply is also reduced implying that a higher green
capacity ); not only leads to more energy consumption but also to a substitution of black
energy by green energy. The effect of a higher capacity on the green capacity rent is
ambiguous, because a higher (); increases the rent, while a lower price reduces it. An

increase of the black capacity does not affect the equilibrium, because the capacity is not

11



completely used.

In case of a higher tax rate #;, the marginal black energy cost curve is shifted up-
wards, so that )\, increases to ensure that there is no excess demand for green energy.
Consequently, both energy price and green capacity rent increase with the tax rate. With
respect to black energy supply, two opposing effects emerge. On the one hand, a higher
energy price boosts black energy supply. On the other hand, a higher tax reduces black
energy supply. According to (27), the latter effect dominates.

Suppose now that the black capacity constraint binds (right panel of Fig. 2). Then,
the ordinate-intercept of the marginal black energy cost curve equals the sum of A\, > 0
and ¢;. Again, the intersection of the A\, line with the demand curve determines total
energy consumption and the energy price. However, )\, is now such that the intersection
of the )\, line with the marginal black energy costs curve implies a black energy supply
of b = Z;, while )\, ensures that the difference between total energy consumption and
Z; equals ;. As in case of a non-binding capacity constraint, areas A and T denote the
green capacity rent and the tax revenues, respectively. The profits of black energy supply
are now given by the sum of B and (', where C is the black capacity rent.

Differentiating the second lines of (24) and (25) with respect to the capacities ¢); and
Zy, and the tax rate 0, yields

Opy v Opy 7 Opy
7 " = _ 41 — = 2
(@) 500 =3 <0 ) 55 =3 <0, © 55 =0 8
ob: ov: ob;
(@) 50 =0 0) 557 =10, () 55 =0 (29)

Because both capacities are completely used, an increase of (); and Z; lowers the energy
price. However, a higher green capacity does not affect black energy supply, due to the
binding black capacity constraint. In contrast, the binding constraint implies that every
additional black capacity unit is used and, therefore, increases fuel supply. The binding
black capacity constraint also explains why the tax rate neither affects the energy price
nor black energy supply. Rather, differentiating p; = mZ; + 6; + A\, shows that a higher
tax rate only reduces the black capacity rent. That is, the higher the tax rate, the smaller
[larger| area C' [T in Fig. 2 (right panel).

By taking (3) and (4) into account, the expected energy price of period ¢ + 1 can be

: .1 0P, oP, OP, i
written as P11 = Pi1(qy, ¢, ©441), with 8;? <0, 821 <0, and Will > 0. Substituting

12



into (20) and (21) yields z; = z(0y, O441) and ¢ = q;(0y, Opy1), with

0z 1 0z 1
(a) a_ai == < 0, (b) 8@;1 =-——<0, (30)
8(] 1 0P1 1 8(] 10P41 _ 0P
t pm Ozt 0 t m Oz 00¢41
q) At —em 9n b b - > 0. 31
W on = W ge =" @

Ceteris paribus, both a higher subsidy and a higher expected tax rate boost green capacity

investments but depress black capacity accumulation.

4. Preferred tax rates

If party i = O,Y holds office in period ¢, it sets the fuel tax 6! such that it maximizes

welfare

Wy = B[b](0:) + g7 (6:)] — % [6(0:) + g7 (00)]° — pe(6) [b(6,) + g7 (0:)]

P00 (00) = 5 B30 — 03 (0) + pi(0) Qs (32)
+ thf(et> B U;Qt(o-ta ®t+1) —h [bf(@t) + 5Et71] 7
WY = B0 + gt (0] = 5 [(00) + g (O] — pu(6) B (00) — gt (01)] + L

2

N 0.7 (6:) — 0;%(%7 O11) (33)

— W (b} (6:) + 0B ] + p {mepa W + [1 = mpa W2 T

— [a — o¢lqi (o1, Or41) — 2(01, Oppa)

of the generation the party represents. Restricting our analysis to non-negative tax rates,

the first-order conditions give’

(
Ob __ 4m+y dm+2vyp _ 2m e 1S

0? _ ‘gt =3 Qt+ 5 h ~ 5, if bt < Zta (34>

| 607 = 0, if b = 7,

4

4Am—42 m : s

o _ 92”’ = _%Qt + Wm[l + pé]h + 431+76’ it bf < Zy, (35)
;=

\HE/Z:—%Qt—Zm%Zt—i—ﬁ, if b = Z;.

Consider a binding black capacity constraint. Then, environmental damages are fixed,
so that the preferred tax rates do not depend on h. Rather, the tax only redistributes
the black capacity rent. While the rent belongs to the old generation only, 50% of tax

revenues are distributed to the young generation. Consequently, party O prefers a tax

9See Appendix A.1. Note that the linearity of the damage function implies that the probability 7
and the expected tax rate ©;y1 do not depend on the current tax rate ;. The analysis of the preferred
subsidy rates is postponed to section 6, because it requires the expected tax rate .

13



rate of zero, so that there is no redistribution. In contrast, the preferred tax p, — mZ; of
party Y eliminates \, implying that 50% of the black capacity rent is redistributed to the
young generation. In case of a non-binding black capacity constraint, both party O and
party Y prefer a higher tax rate if the environmental problem is more serious, i.e. if the
marginal climate damage h is higher. In case of party Y, the term [1 + pd] reflects that
the young generation of period t suffers from higher emissions in the current and in the
following period.

The effect of a higher green capacity differs between the tax rates. A higher green
capacity increases the preferred tax rate of party O but decreases the preferred tax rate of
party Y. Both effects are driven by the green capacity rent. (26)(a) shows that the energy
price and, therefore, the marginal rent decreases with a higher capacity. To counter this
effect, party O takes (26)(c) into account, i.e. that a higher tax boosts the energy price.
Because the young generation only has to pay for the green capacity rent, party Y prefers
the tax rate to decrease with (), so that the depressing effect of a higher capacity ¢); on
the marginal rent is amplified.

Finally, let us verify whether the tax rates can be used to implement the social op-
timum. The taxation of black energy is only necessary, if the black capacity does not
equal its socially optimal value. Consequently, §9% is only optimal in the knife-edge case
that the black capacity Z; is socially optimal. In contrast, 8} % is never socially opti-
mal, because the social planner has no interests in income redistribution as long as the
individuals’ marginal utilities are identical, which is ensured by (13) and (18). In case
of a sub-optimally high black capacity, neither #°° nor #X° can implement the socially
optimal fuel use, because both tax rates take only the climate damages into account that
occur during the lifespan of the old or young generation, respectively. In contrast, a social

planner does consider all following generations and, therefore, the climate damages for all

points in time ¢ > ¢.1° Proposition 1 follows directly.

Proposition 1 Neither of the preferred tax rates of party O and Y s socially optimal.

5. Optimal investments

The capacities (); and Z; are equal to the investments made in the preceding period t—

1. Because the optimization problem is the same for every young generation, (19) and

0This argument abstracts from the knife-edge case that the inefficiencies embodied in Q(t) exactly
outweigh the inefficiencies of 6P° or 6Y°| respectively.

14



(20) hold. Thus, the capacity investments made in ¢ — 1 depend on the subsidy rate
0,_1 and the expectations of the young generation in ¢ — 1 about the energy price, fuel
supply and the fuel tax rate in period t. The representative young individual of period
t — 1 expects that party O [Y] wins and implements its preferred tax rate 62 [0}] with
probability 7 [1 — 7.

5.1. Perfect foresight

At first, suppose that the young generation of period ¢t — 1 has perfect foresight, so
that ©; = 6;, where 6, is given by either (34) or (35). In Appendix A.2 we prove

Proposition 2 Suppose that the young generation of period t — 1 has perfect foresight.
o [f party O wins the elections in period t, the tax rate 6, is zero, and capacities are
given by

oa—op_1 — 1 2 1
Z = — = — _—
t mp ) Qt 75+pm

2m+vya — o
Y pm

o [fpartyY wins the elections in period t, the tax rate 0y equals p;—mZ;, and capacities
are given by

Z =0, Qtzglﬁ—

Oé—o—t—l:|
N .

P

With perfect foresight, the black capacity constraint binds, because of the investment
costs. In period ¢t — 1, the representative young individual equates the expected marginal
profits to the marginal investment costs. However, investment costs are sunk in period ¢,
so that the individual would like to supply more black energy in ¢ than possible due to
the limited capacity.

If party O wins the elections in period ¢, the young individual of period ¢t —1 anticipates
a tax rate of #; = 0. Consequently, the representative young individual anticipates that
she completely acquires the rents of both black and green capacity investments in the
next period and invests into both technologies. In contrast, if party Y wins the elections
in period t, the young individual of period ¢t — 1 anticipates that the black capacity rent is
completely acquired by the government and partly redistributed to the young generation
of period t. Consequently, black capacity investments are nil and energy generation

completely relies on green technologies.

5.2. Imperfect foresight

In case of imperfect foresight, the representative individual of the young generation at

time t — 1 expects party O to win the elections in the next period with probability 7; and
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Table 1: Tax rate combinations

party Y to win with probability 1 — m;. Because party : = O, Y sets 6, € {Qib, Q,fz}, the
expected tax rate ©, is determined by one of the four combinations of Tab. 1. However,

Proposition 3, which is proven in Appendix A.3, rules out the combinations (I) and (III).

Proposition 3 If the individuals have no perfect foresight and party O wins the elections,
it implements a tax rate of 6; = 9% = 0 < min{0Y°, 074} and no black capacity becomes
a stranded asset.

The case 6; € {6)°,09"} is ruled out, because Proposition 2 implies that the black
capacity constraint binds if 6; = min {6}°,6°"}. In case of 6, € {6)%,07°}, the tax
rate 0} Z is such that the complete black scarcity rent is taxed away. Because the black
capacity constraint doesn’t bind if party O wins, %° > 0Y%4. Therefore, the profits from
black energy sales (area B in Fig. 2) decrease, more tax revenues per black energy unit are
redistributed to the young generation (higher area T'), and the green scarcity rent (area
A) increases. Proposition 3 implies that the last effect, which benefits the old generation,
is outweighed by the other two effects. Consequently, party O will implement 9% = 0 if

it wins the elections in period t.
5.2.1. Case (1)
In contrast, party Y may implement either 6}° or §Y4. In the first case, that is for

0, € {92/1’, QtOZ}, the expected tax rate and energy price are given by ©; = 1,097 + [1 —
)0, = [1=m )0 and P, = m, {8 — 3 [Z: + Q4] } +[1 -] [23:175 + LY — 2.

2m+y 't 2m+-y
Substituting into (20) and (21), and solving yield

1—m¢ 2m+me — 201 + 5 h + [a—op_1]m—1
4 _m Tt {8 = 2[1 + pd]h} + F= = | (36)

1—my Y
e 7Tt2 + 1

% [1 _ [14::;]?] B+ p7r_7§1 — [2m + 7] a;;;wq + 21:n7l't 2m—27;11[—~2_7;1+ﬂ [1+ pd] h

Q= - (37)

1—m¢ ol
“m 7Tt2 + 1

The capacities in period t are equal to the investments made in ¢ — 1. Therefore, (36)

and (37) imply that black capacity investments decrease with marginal environmental
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damages h, while green capacity investments increase with h, which is driven by the
expected tax rate ©,. The fiercer the environmental problem the higher the tax rate set
by party Y in t and, therefore, the higher the expected tax rate. Consequently, the young
generation of ¢ — 1 expects that it can use the less black capacity in period ¢ the higher
h, so that it reduces its black capacity investments. To substitute for the missing energy
generating capacity, green capacity investments increase.

Ceteris paribus, (36) and (37) also show that black [green| capacity investments de-
crease [increase| with the green subsidy rate o;_;. A higher subsidy rate renders green
capacity investments less costly, so that they increase in 0;_;. However, the correspond-
ing additional capacity will drive black capacity out of the market in period ¢ implying
a reduction of black capacity investments, because the young generation will not invest
what it expects to become a stranded asset.

At first, suppose that party O wins the elections in period ¢. Then, it implements the
tax rate §; = 027 = 0, so that b} = Z; and

T (B — 2[1 + polh} + 10 4 25 58
ﬂ’ﬂ}% —+ 1 ( )

Dt =

hold.!* Because the tax rate that party Y would like to implement increases in marginal
environmental damage h, young individuals of period t —1 invest more into green capacity
and less into black capacity the higher h. If party O then wins the election at time ¢, the
former effect outweighs the latter with respect to the price p;, which decreases in h. Ceteris
paribus, the positive effect of a higher subsidy on green capacity investments outweighs
the negative effect on black capacity investments, so that the total energy generation
capacity Q); + Z; increases with the subsidy rate explaining the depressing effect of o;_;
on the price at time ¢.

If party Y wins the elections in period t, it implements the tax rate

a—0o¢— 1+7T7a or—1— 1_2m+ﬂt7{ﬁ_2[1+p6]h}

Yb _ pm dm+y
et 1—7|'tﬂ- ¥ + 1 (39)
m 125)
Llomy 2mbmy[2mta] rg_ o 14+ pSlh Y+ CY*%—1*1_,'_2@*%—1 . . .
HIf b8 < Z, we find b = T e 1[,”11 %}H L_pm 27 which is positive by

B > 2[1 + pd]. The black capacity constraint does not bind if g — 2[1 4 pd] > [4m+”]{2ﬂ;;“t*1]+7} +
7217;1;[?1“] A positive tax rate ) ® is ensured by 8—2[1+4pd] < 2%’}@; [a 7l 4 Iy %} Because

[dm+y{2m[a—os_1]+7} dm+~y dm+y | a— Ut 1 a—oi_1—1
4pm? + 2mp[l—m¢] > 2m—+ymy + 2Tt pm

} , our restriction to non-negative tax

rates ensures a binding black capacity constralnt in case of §; = 9% = 0.
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The tax rate has straightforward properties. The larger the environmental damages of one
additional emission unit the higher the tax rate. Because the young generation of period ¢
also suffers from environmental damages in the next period, the effect is the stronger the
lower the natural regeneration rate (1 — §) and the higher the discount factor p. Ceteris
paribus, the tax rate is the lower the higher the subsidy rate o;_1, because of the positive
[negative| effect of the subsidy rate on green [black| capacity investments, which alleviates
the environmental problem. Substituting (39) into (25) and taking account of (37) yield

s 2
b = g 18— 2 (14 p0] B} (40)

Unsurprisingly, the same effects of h, p, and § that boost the tax rate lower the use of
black energy. However, the subsidy rate o, ; has no direct effect on black energy supply
at time ¢, because the positive effect of a lower tax rate and the negative effect of a higher

green capacity cancel each other out. Finally, the energy price at time t reads

ft%i+é%”a—UFy—H—4xh{ﬁ—2ﬂ+pﬂH  m

Py = kmm% +1

m

As in case of an O-government at time ¢, the energy price decreases with the subsidy rate
ceteris paribus, because of the positive effect of o,_; on total energy capacity. However,
higher environmental damages h boost the energy price. This implies that the effect of a
higher green capacity is dominated by the combined effects of a lower black capacity and
a higher tax rate.

To ensure a non-binding black capacity constraint,

1 2 —2[1 olh
O pm{B — 2[1 + pd]h}
T 4m+7

(42)

has to hold. That is, 0; € {Qfl’,@oz} is only possible if the subsidy rate o;,_; was set
sufficiently low. Otherwise, the high subsidy rate boosted green investments and depressed
black investments sufficiently such that the black capacity constraint binds in period ¢,

i.e. the economy is in case (IV).

5.2.2. Case (1V)
In case (IV), 6, € {6%,62%} holds with an expected tax rate of ©;, = [1 — m][5 —

3Q: — M%Zt] and an expected energy price of P, = 3 — 3Q; — 3Z;. Substituting into

(20) and (21), and solving yield
. Q — O¢—1 1

Zt - - ) (43)
pm ey
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2 2m+vya — o_ 1
ﬁ_ /y t1+

‘ . (44)
v ot pm pm,

Q=

Similar to case (II), the black [green| capacity investments decrease [increase| with the
subsidy rate ceteris paribus. If party O wins the elections in ¢, it implements 97 = 0.
In case that party Y wins, the tax rate reads 6, = %. In both cases the complete black
capacity is used in period ¢ and the energy price reads

a— 0t

p

Py = (45)

Ceteris paribus, a higher subsidy rate decreases the price, because the positive effect of
the subsidy on green capacity investments outweighs the negative effect on black capacity
investments, so that the total energy generation capacity increases.

The expectations about the elections outcome play a crucial role. If the individuals
rather expect party Y to win the elections in period ¢, i.e. if 7, — 0, (42) does not hold
and 6, € {0%2, e } In contrast, if m; is close to unity, individuals rather expect party
O to win the elections. Consequently, their black capacity investments are more oriented
to a tax rate of zero and, therefore, higher than in case of m; — 0. If party Y then wins,

the investments are too high and some become stranded assets.

5.2.3. Case (II) or Case (IV)

Before turning to the analysis of the optimal subsidy rate, we discuss whether case
(IT) and case (IV) describe stable equilibria. This is the case, if the best option of a
Y-government in period ¢ is to implement the tax rate 6)° [92/ Z} when facing case (II)
[(IV)] capacities as given by (36) and (37) [(43) and (44)]. For this purpose, we substitute
(36) - (41) and (43) - (45) into (32) and (33) and take account of (13) and (18), so that

welfare of old and young individuals, given that party O, Y holds office, can be written as

Wi (Quor1,70), Zorm1, m0), 101,70, 60,00, Quan (07 miin) ) (46)
WfY(Qt(at_l,ﬂt),bf(at_l,m),pt(at_l,m),9f(at_1,7rt),af,Qt+1(af,7rt+1))>, (47)
Wtyo (Qt(o—tfla’/rt)vZt(o—tflﬂrt)vpt(atflaﬂt)v0t070tOvQt+1(0t077rt+1))7 (48)
Zt+1(o-tov7rt+1)77rt+17Wtiol<o-t*1>7Wto+Yl(Ut*1))7

WtyY(Qt(Ut—lawt);bf(at—laﬁtLpt(at—laﬂ—t)a02/((71&—177‘-1&)70—2/7Qt—i—l(az/aﬂ't—o—l)a ( )
49
Zt+1(0-2/77Tt+1)77rt+17Wt(i4—01(0-t—1)7Wt0_|-Y1<0-t—1>>'
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Welfare of the young generation in period ¢ is higher with a the tax rate 6)° than with

the tax rate 0Y % if
AT = Wtyy< {1<Ut7177t)7b§(0't7177Tt)7pt(0't717Wt):ez/b(o'tflaﬂ't%o'tya

Qt+1<02/7 Tit1), Zt+1(‘7tya Ti41), Tet1s Wto+o1(0't—1)a W{fl(fftq))

20
—Wtyy< fI(Ut—lﬂTt),ZtH(Ut—hWt),pt(at—la7Tt),‘9tYZ(Ut—1,7Tt)7UtY, o
Qt-l—l(o-z/aﬂ—t—i-l)vZt-l—l(gg/vﬂ-t-&-l)?ﬁt-l—hWt(z&-ol(o-t—l)’mz-yl(o-t—l)> >0
and
AT = Wtyy< fV(Ut—h7Tt)7bf(Ut—h?Tt),pt(Ut—l,Wt),efb((ft—hﬂt),atya
Qt—i—l(o-z/:ﬂ-t-i-l)aZt-‘rl(o-z/’7Tt+1)>7rt+17Wt0+01<0-t—1>7WtZ-Y1(O-t—1)> (51)

—wyr <Qtlv(0t—1a7Tt)7ZtIV(0-t—1a7Tt)7pt(0-t—1;7rt)7efz(gt—bﬂt)’aty’
Qt+1(02/,7Tt+1),Zt+1(03/,7rt+1)>7ﬁ+1aWtﬁ(at%)?Wtfl(gt*l)) >0

hold, where (Z!1, Q) and (Z!V,Q!V) are the capacities as given by (36), (37) and (43),

(44), respectively. In Appendix A.4, we prove

Proposition 4 If party Y holds office in period t, it prefers a case (II) type policy if
011 # 011 and is indifferent between a case (I1I) type policy and a case (IV) type policy
if o1 = 0y_1.

Proposition 4 has the important implication that party Y, if in office at period t, is
never worse off with the tax rate 6}° than with the tax rate §YZ. Thus, if the subsidy
o1 falls short of 6, 1, party Y sets the fuel tax equal to 6Y° implying that a part of the
black capacity Z; becomes stranded assets. If the subsidy exceeds 7;_1, party ¥ would
still prefer the tax rate 92/ b. However, because 0;_; > &;_; violates (42), the black energy
supply associated with 0Y° exceeds the black capacity Z;, so that party Y is restricted to

case (IV) policies and sets the tax rate 6} %.12

6. Subsidy

The results of the previous sections allow us to analyze which subsidy rate is set by

party Y or O in period ¢t — 1, which is the last step in our backward induction.

2Note that Z, > b§ also yields (42) if Z; is given by (43) and b5 by b'""V as defined in Appendix
A4
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6.1. Ezxogenous election probability

At first, suppose that the election probability is exogenously given. If party O holds

office at period t — 1, it maximizes W29 with respect to o,_;, which yields

W _ 01 09 O <0 L= . (52)
dO’t,1 2 80,5,1 2 =l dO’t,1 ’
Because 8?7?_’51 is positive for both case (II) and case (IV), the Kuhn-Tucker-condition

implies 0 ;| = 0. Because the old generation does not benefit from subsidizing green
investments but has to bear a part of the costs, party O prefers a subsidy rate of zero.
If party Y holds office in t — 1, it maximizes I/Vty_y1 with respect to o,_;. The corre-

sponding first-order condition reads

Y o o
Cizvaiil - % - [O‘ B Utﬂ ai?fl - aitz_tl T {”tcclzzvfj 1= m] Cclivovf_?} =0 (3)
where
e L
oY S s s
MU0 g -
i 02 0o, ab;;

doi_1 2 Joi_q Oop_q
According to (53), the optimal subsidy rate equates the marginal benefits of a higher
subsidy with the marginal costs. The marginal benefits of period ¢ — 1 are given by higher
net grants for capacity investments, reflected by the first term of (53) and a reduction of
black capacity investment costs (92t/as,_, < 0). The marginal costs of period t—1 are given
by higher green capacity investments (9@t/as,_; > 0). With respect to period t, party Y

considers the expected marginal effect of a higher subsidy rate. If the young generation of

thoY
dos_1

period t—1 remains in power in period ¢, the marginal effect is given by and by

d
otherwise. In the former case, the first term of (54) reflects the price effect of a higher
subsidy rate on the net revenues from energy sales. The second and third term are the
energy production effects. Finally, the last term indicates the environmental effect, i.e.
that a higher subsidy reduces black capacity investments and, therefore, climate damages.
In case that the party representing the young generation of period ¢ wins the election at

period t, the three effects are supplemented by two tax effects. First, the third term of

(55) indicates the change of net tax payments caused by a change of the tax rate. Second,
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the fifth term represents the change of tax refunds caused by a changing black energy
production. The tax terms are missing in (54), because an O-government will implement
the tax rate 9% = 0 at time ¢.

Suppose that the economy is in case (II), i.e. that (42) holds. Then, we find that
a higher subsidy depresses the energy price p;, so that the price effects are negative. If
party Y holds office in period ¢, black energy supply b; is not affected by the subsidy
rate o, 1, while the tax rate 6, decreases with the subsidy. Thus, the black energy pro-
duction effect, the second tax effect and, in particular, the environmental effect of (55)

vanish. By solving (53), we get

2y
11
B 3—2m][1 -
o 4m2+4m7[1—7rt}27rt+727r?[1—wt]{m[ mlll - o]

2ml — 2m) + my
dm +

— pm[l — ] [5 — 91+ p(s]h} (56)

+ pmh | 2m + my[l — Wt]] }

The opposing signs of the terms in curly brackets reflect the opposing effects discussed
above. In particular, if party Y holds office in period ¢ — 1, it faces opposing effects of
marginal climate damages h, because the climate damage parameter directly influences
the equilibrium of period ¢. For example, (37) shows that the green capacity investments
are the higher the more serious the environmental problem. Furthermore, the energy price
py increases with h if party Y holds office in period ¢. Consequently, revenues from green
energy sales in period t are boosted. On the other hand, (36) shows that black capacity
investments are the lower the higher marginal climate damages. Given an O-government
in period t, also the energy price p; decreases in h. Both lead to lower revenues from

black energy sales. Which effects dominate, i.e. whether o/, increases or decreases with

2m
dm—~y’

h, depends on the election probability m;. If 7, < the positive effects dominate, so
that the subsidy rate increases with marginal climate damages.

Consider now case (IV). No matter if party Y or O is in power in period ¢, the price
py decreases with the subsidy rate, while the tax rate of period t is independent from the

subsidy rate. Because all black capacity is used in case (IV), the environmental effect in

both (54) and (55) is positive. Solving (53) yields

Y1 —a-+2ph
olty = L0200 (57)
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In contrast to case (II), the optimal subsidy rate unambiguously increases with the envi-
ronmental damage parameter h. The reason is that capacities, the energy price p; and the
tax rates 07 Z and 097 are independent from the climate damage parameter in case (IV).
Consequently, a higher h has no direct effects on a case (IV) equilibrium in period ¢. How-
ever, the binding black capacity constraint implies that in period ¢ — 1 a Y-government
can reduce future climate damages by increasing the subsidy rate, which reduces black
capacity investments. The higher marginal climate damages h, the more a Y-government

will use this channel.

Whether a Y-government should choose ¢/, or /", depends on the parameters of

the model. In Appendix A.5, we prove proposition 5.

Proposition 5 Suppose that party Y holds office in period t — 1.
(i) If a € [max{a™nIl oA} oI the subsidy rate oll, is feasible.
(ii) If o € [TV min{a!V, a®1V}], the subsidy rate olV| is feasible.
(iii) If the two parameter spaces from (i) and (i) overlap, ol!, is only superior to olV,,
if a < a.
The thresholds are given by

T dm +
min IV _ 2pvh ’

2m + vy
7 amin[] + 2pm + pﬁ)/ﬂ_t[l - ’/Tt] { h B - 2[1 + p5]h}

Y

3 — 27Tt E B 7Tt[4m + 'Y]

AIT _ minIl _ 2pym {m[ﬁ —2[1 + pdlh] Wth}

“ T 2m + 4dm +
oV =1+2ph
GAV _ gmintr | 200 Afl=m) v 2pm{f —2[1 + pilh}
2m—+vy  2m+ylm 2m 4y dm + vy ’
~ 1
o =

[4m + ]2 {4m[dm + ] [m + [m + |7 [1 — ]| + 72 [y[4m + 4] + 8m?2]}

{2 {mQ [4m + 7)? [élm2 + dmym [l — m)? + Pl — Wt]] [[4m + 7][2m + ]

0.5
— 2phm[dm + ][y 4 2m[l + )] + dpm?m (B — 2[1 + p5]h]] 2}

+ [4m + 7] {[Zm + 371 + 2ph] + 2mAPn?[3 + 4ph]
+ 16m? [2 4 dm[1 — m] + mlp + 2pml — m]][B — 2[1 + pdlh] + dphm,[1 + 7rt]H

+ 8[dm + ~]m>y {1 +4m[2 — 7] + 6phmy[1 + 7] + 77 |4ph[2 — 7]
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+p[2 — m][B—2[1 + p5]h]H + 4[4m + y]m?*y?m, {3[1 + )

4 2ph[l + ) + Am [l — m] + 6phm 2 — m) + pr? [5 91+ p5]hH }

To understand proposition 5, suppose that both 7, and 5 — 2[1 + pd]h are small. Then, it
can be shown that 0 < o™V < oV < oAV < omin!l < oA < o1 holds, which allows

us to illustrate the evolution of the subsidy rate o,_; dependent on « as in Fig. 3.1 The

A
AIV G AIT
Op—1 Oi—1 Op—1
v
Oi—1
0 " > Q
' II
: Ot—1
II
o111 0
OZmin A% G{IV amin II aAII aII

Figure 3: The optimal subsidy rate depending on «

ol olV, and 6;_; curves illustrate the linear relationship between o/, oIV}, 6, , and

13See Appendix 5.
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- AIT _ = 1 AIV _ = v :
a. The differences o2 = 6,-1 — 0,2, and 0> = 0,1 — 0, also linearly depend on

a and are illustrated by the corresponding curves. The subsidy o, can be only set if it

is positive and falls short of ,_;. The former implies o < o’ and the latter a > o',

Finally, 6,1 > 0 yields o™®!Z, In case of the subsidy ¢!V}, the difference o21" needs to
be negative and the subsidy rate positive, which gives min{a’"', oV} as upper limit for

min IV js given by the requirement

the parameter space allowing for o/V,. The lower limit «
that o] falls short of o — 1.1

Because of the small 7, the Y-government of period t — 1 expects to lose the next
elections with a high probability. Consequently, there is a high risk that some black
capacity investments made in t—1 end up as stranded assets. This implies a high incentive
for the Y-government to influence the next government in a way that reduces the carbon
tax set in period ¢, i.e. the Y-government wants to bind the hands of its successor.

If o is close to unity, i.e. if green capacity investments are cheap, the Y-government
can avoid the risk of stranded assets by granting a subsidy ;1 — o — 1, which (almost)
equates the costs of black and green capacity investments ensuring a reallocation of all
investments to green capacity. This is beneficial for the young generation of period t — 1
for two additional reasons. First, without a black capacity, there are no additional climate
damages and no extraction costs in the next period. Second, the profits of clean energy
production in period ¢ belong completely to the young generation of ¢ — 1, while half of
the subsidy costs are born by the old generation. The higher «, i.e. the more expensive
green capacity investments, the higher the subsidy rate o,_; — a — 1. At o™V the
high subsidy costs are no longer optimal and the optimal subsidy policy switches to
the ¢!V, regime. With this regime, the Y-government of period ¢t — 1 ensures that its
successor either sets 0; = 0 (if the elections are won) or 0; = 0FZ (if the elections are lost)
implying that the complete black capacity is used in period ¢. Thus, the Y-government
can successfully bind the hand of the next government. Under the o] regime, higher
green capacity costs lead to a lower subsidy. That is, it becomes increasingly beneficial for
the young generation of period ¢ — 1 to avoid high green capacity investments but to bear
the additional climate and extraction costs in the following period. At oY, this incentive

becomes so strong that the Y-government would be prefer a negative subsidy. Because

this is ruled out by assumption, the subsidy level remains nil for all a € [o!V, o®nil).

4 Note that 6;_1 < @ — 1 holds, so that 0!, < &;_; implies 0}, < a — 1.
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However, note that this zero subsidy still exceeds the critical value 6, ;1 and is, therefore,
sufficient to bind the hands of the government of period t. At o™/  the optimal subsidy
policy switches into the ¢;_; regime. The reason is that the young generation of period
t — 1 can no longer expect to be in a case (IV) situation with a subsidy rate of zero if its
party losses the elections in period t. Rather, in period t a Y-government will implement
a case (II) policy, because 0 < &;_1. To bind the hands of such a government, the Y-
government of period ¢ — 1 grants the smallest subsidy ensuring that there will be no
stranded assets in the next period. With more expensive green capacity investments, the
subsidy rate ,_; increases to counter the incentive of more black capacity investments.
At o the optimal case (II) subsidy rate o/, becomes feasible. That is, for a > a2
it is no longer optimal for the Y-government of period ¢ — 1 to fully bind its successors
hands but to accept that some black capacity investments will strand in period ¢ if the
elections are lost. To reduce the amount of possibly stranded black capacity, the subsidy

I is granted. As in case of 1"}, higher green capacity investments costs reduce

rate O'I
the subsidy and imply a subsidy rate of zero for all o > a!!

If the assumptions of a small election probability m; does not hold, the parameter
spaces allowing for o/f, and /¥, may overlap. In this case, the Y-government of period
t — 1 will choose the subsidy rate which maximizes welfare. The corresponding welfare
difference W2, (o1f 1) WYY (61V,) describes a parabola open downwards with the zeros at
a = +a, so that o!Z, will be chosen if o < &. It is noteworthy that cheap green capacity
investments now imply the subsidy rate o!Z,, while the opposite is true for a small election
probability m;. To rationalize this recall that black capacity investments are low in case
of a small a. Together with the Y-government’s high probability of winning the next
elections, this implies that black capacity investments are not at a high risk to become
stranded. Consequently, the Y-government has only small incentives to bind the hands
of its successor and grants only the small subsidy rate o/f,. However, if green capacity
investments are expensive, more black capacity investments are at risk, so that the Y-

governments opts for the o, subsidy rate, which ensures that there are no stranded

assets in period t.

6.2. Endogenous election probability

In this section, we relax the assumption of a fixed election probability. Thus, we

assume that the probability m; is given by (11) and is, therefore, subject to the different
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welfare functions that may emerge in period ¢. According to (46) - (49), these functions

depend on the subsidy rate o;,_; and the election probability 7; constituting
Ty = ﬂ-t(o-t—l)' (58)

By substituting into (32) and (33) for period ¢t — 1 and maximizing with respect to o, 1,
we can determine the preferred subsidy rates.

For this purpose, it is useful to rewrite (11) as
v oy 1
Tt = 5 AWt (O-t—ly 7Tt) + 5, (59)
with
AWtOY(Ut—hWt) = |:Wtoo<0't—177Tt)+WtyO(O't—1>7rt):| - |:Wtoy(0't—177Tt>+WtyY(Ut—177Tt)

as the welfare difference at time ¢ between an O-government and a Y-government. By
differentiating with respect to the subsidy rate, we find

v IAWELY (04_1,m¢)

dﬂ-t _ 2 Oop_1 (60)
doy_y 1 _ v9AW (oiorm) |
2 om

If the welfare difference increases with both the subsidy rate and the election probability
and is [in|sensitive with respect to the latter, a ruling party ¥ can increase the chances of
its generation to also form the government in period ¢ by lowering [increasing| the subsidy
rate. To determine the sign of (60), we differentiate between the cases (II) and (IV).

At first, consider case (IV). No matter which party is in power at period ¢, the ca-
pacities @; and Z; are completely used and the energy price is given by (45). Therefore,
also energy consumption of the two generations and emissions are not affected by the

government. Therefore, the welfare difference AWSY can be rewritten as
AWtOYJV(Ut—laWt) = oz[qf - quo] + [ZtY - Zto] + pAWSA,
with
AWtOH = [7t+1Wt0+01 + 1= 7Tt+1]WtO+Y1}o - [Wt-l-thLL?l +[1 - 7Tt+1]Wt(f1]y

as the difference between the expected welfare of the old generation in period t + 1 given
that either party O or party Y holds office in period ¢t. Because the investments ¢; and 2z,

of period ¢ and AI/VSA do not depend on the subsidies of period ¢ — 1, the numerator of
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(60) is zero. This implies that in case (IV) the election probability 7, cannot be influenced

by adjusting the subsidy in the period prior to the elections.

In case (II), difjl can be positive or negative. If party Y holds office in t—1, it considers

that the the subsidy level affects 7. Thus, the first order condition for maximizing WYY,
with respect to o, (which is given by (53) for exogenous election probabilities) becomes

thy_Yl _ % _ |:a _ O-t_li| 8Qt I 8Qt dﬂ't _ 3Zt 3Zt dﬂ't
dO't_l 2 2 aO't_l 871'15 dO't_l 8Ut_1 87rt dO't_l

oW 2o oWy d oW 2o oWy
o mm 4 L= m] e (W = WP L] ) = 0
80,5_1 aUt_l dUt_l 87Tt aﬂ't

(61)

The closed-form expression of diﬁl in case (II) is quite complicated and therefore dele-

gated to Appendix A.6. Depending on the parameters of the model, it can be positive
or negative. This implies, that following (61), party Y uses the subsidy to influence the
elections in the following period and therefore deviates strategically from the subsidy with
fixed election probabilities which is given by (56). To shed more light on the strategic

behavior we make use of a numerical example, with the parameters listed in Tab. 2.1°

Parameter Value

15} 49,805

~y 0.005

m 0.0116

P 0.3066

0 0.5144

o 2.5844

h 21,508.5222
v 20
Ey 0

L 2,000,000,000

Table 2: Parameter values for the numerical example

We find that a Y-government grants a subsidy of ¢} ; = 0.612131 leading to a re-
election probability of 77 = 0.957525. To interpret these values, we also calculate the
subsidy rate g;_1 a Y-government would implement that faces an exogenous reelection

probability of m, = 0.957525. According to our result, a Y-government would want to

15See Appendix A.7 for more details.
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heavily subsidize green capacity investments implying &; 1 — o > o7 ;.1 The compar-
ison of 0;—; and o7 ; shows that the strategic considerations induce a Y-government to
reduce the subsidy rate. This result might seem counter-intuitive first, because one would
expect a Y-government to be in favor of green capacity investments to reduce the climate
damages in the next period. To rationalize the result, recall that the party Y of period
t — 1 will represent the old generation in period ¢. According to (11), the party has two
channels to increase its voting share in period ¢. It can either increase the losses of its
generation if the elections will be lost or decrease the losses of the other generation if the
elections will be won. Our results suggest that the first channel is dominant. That is,
the Y-government grants less subsidies, so that green capacity investments are lower and
black capacity investments are higher than with an exogenous reelection probability. If
the elections are lost, this implies that more black capacities end as stranded assets or
that more black capacity rent is redistributed to the other generation. Both induces to
the individuals that turn old in period t to reelect the government. If the second channel
is dominant, a Y-government would grant a higher subsidy in ¢ — 1 leading to less black
capacity, so that the young generation of the next period can gain less from taxing this

capacity.
7. Conclusion

In this paper, we study the interaction of climate policies and investments into fossil
and renewable energy generation capacities if the policies are set by democratically elected
governments. In an overlapping generations model individuals invest into black and green
energy generation capacity of the next period. Elections are held in every period to deter-
mine climate policies, i.e. a carbon tax and a green investment subsidy, where the parties
represent the interest of the young generation (Y') and the old generation (O), respec-
tively. Climate policies are used for two purposes, the redistribution of income between
generations and the internalization of climate damages. To avoid income redistribution in
favor of the young generation, an O-government will always abstain from climate policies.
In contrast, a Y-government offers non-negative tax and subsidy rates.

The carbon tax affects environmental damages only if some black investments become

16 Alternatively, the exogenous probability that would induce a Y-government to set a subsidy rate of
or—1 = 0.612131 is 7, = 0.0146 < ;.

29



stranded assets. If this is not the case, the carbon tax is used for redistribution only, and
is either equal to zero (O-government) or equal to the black scarcity rent (Y-government).
In particular, this result occurs if the individuals have perfect foresight with respect to
the election outcome. Then, there is either no or prohibitive carbon taxation and energy
generation completely relies on renewables in the latter case. In case that the election
outcome is uncertain, we show that some black investments become stranded assets in
period t if the green investments subsidy of period ¢t — 1 was sufficiently low and party
Y, which offers a positive tax rate, wins the elections at time t although the individuals
expected party O to win with a high exogenously given probability. Then, the individuals
adjusted their investments to both a low green investment subsidy and a low expected tax
rate. However, after the elections they face a high tax rate implying that not the complete
black capacity will be used. It is noteworthy that a Y-government always prefers stranding
some black capacity and will only allow the use of the complete capacity if it is small.
An important implication of our model is that the black capacity is small if the green
investment subsidy of the previous period was sufficiently high.

With an exogenously given election probability, the subsidy rate set by a Y-government
depends on the severity of environmental damages, the costs of green capacity investments
and its reelection probability. If environmental damages are high, the reelection probabil-
ity is small and green investment costs low, the subsidy set is such that the black capacity
is small and completely used in the next period. In contrast, with high green investment
costs, the subsidy is not sufficiently high to ensure that a Y-government will not let some
capacities become stranded assets in the next period. If the reelection probability is high,
this relation may reverse.

Due to the investment lag, the green investment subsidy can be used to influence the
election outcome of the next period. An O-government will not make use of this opportu-
nity, because the current old generation will not be alive in the next period. In contrast,
party Y will use the subsidy in a strategic way. Our results suggest that a Y-government
sets a lower subsidy than with an exogenous election probability. This increases black
capacity investments and, therefore, the potential losses of the current young generation
if the elections in the next period will be lost, which induces the individuals of the current
young generation to vote for their party.

Our analysis can be extended in several directions. Population growth will affect
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the relative size of generations and, therefore, the election probability. If capacities are
not completely depreciated within one period, the evolution of the economy will become
path-depended affecting the decision problems of every period. Finally, the redistribution
motive will be affected if only a fraction of the young generation invests into energy

generation capacity. We leave these extensions for further research.

A. Appendix
A.1. Preferred tax rates

Differentiating (32) with respect to 6; yields

oW °© _ dp; dpt dbs dp, db;
bs_bs + +bs _bo+ o] &t _t
00, — do, " a6, 3 |Vgg, T Ol G~ R,
If the black capacity constraint does not bind, we set % = 0 and substitute Z—é’: = ﬁ,
db s 28—201—yQ+ o o 2m 0 mQ :
@ = 2m+w b = %, and b + g7 = % - % [ 25;1 - gmfw] to get the first line
of (34). If the black capacity constraint binds, fil—’;: = d49 = 0 and b = Z;, so that
W™ — —Z < 0 implying 67 = 0.
Differentiating (33) with respect to 6; yields
oWvY bs 0, db; d; db;
= D gl — L+ polh
(99t 2 d@t det det
If the black capacity constraint does not bind, we set 2% 80 = (0 and substitute ‘;%Z = ﬁ,
dby —20,— m m
0, = _2m2+77 b = = 232177@_3 and b) + g = g — ; 225117& — ;mf; to get the first
line of (35). If the black capacity constraint binds, Z%: = % = 0 and 0] = Z;, so

that W2 — % > 0. Thus, the preferred tax rate is set to its maximal level ensuring
b = Z;. According to (14) and (24), 6/ is set such that A\y(t) = 0 just holds implying

0f = —3Q¢ — Qm%zt + 5.
A.2. Perfect foresight

Suppose that party O wins the elections and implements the tax rate for the non-

binding capacity constraint 6, = 6 = Q) + 4m;“27h - @ Substituting into (21)

yields
a—op1—1 4dm+ dm + 2 2
Ly = = — PVQt _ AT ATy, + —8. (A1)
pm 2m mry vy

From (20), (24), (25), and (34) we get

20— 04 4
Qt:_w__h7 (A.2)
v P v
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2 4
b= 28-20,— ~h. (A.3)
gl v
Solving (A.1) - (A.3) yields
2 4 4 oy
z,=2p4+ 4y drlo ooty (A4)
v pmy
2 4 da-—o.
b= =f+-h— L (A5)

v g voop
so that Z; —b; < 0. Because the representative young individual of period ¢ —1 has perfect
foresight, she anticipates that the capacity constraint will bind in the next period ruling

out % = A‘m%Qt + A‘mT“'Vh — @ Consequently, §; = 097 = 0 implying

a—0p1 — 1

il Sy (A.6)
pm
2 1 2m + — 04—
Q=p+— LTI %L (A7)
v pm v pm

Suppose that party Y wins the elections and implements the tax rate for the non-
binding capacity constraint 6, = 6 = —2Q; + AmA2 ] 4+ pdlh + 222 Substituting into

Am+y Am—+y
(21) yields

a—1 v dm + 2y 1+ pd 2
Zy = —Q — h — . A8
! pm + QmQt dm+~v m 4m+’yﬁ (A.8)

From (20), (24), (25), and (34) we get
2 4m 4 20— 041
= - + 14 pélh — ————, A9
Q= 2B [+ = = (A9
2 4

by 1+ pdlh. (A.10)

T dm ¥ Cdm+ 0
Solving (A.8) - (A.10) yields

1 2
Zy=——+

gl el rrs et LR L (A.11)

so that Z; —b; < 0. Because the representative young individual of period £ —1 has perfect
foresight, she anticipates that the capacity constraint will bind in the next period ruling

out #¥* = —3Q¢+ i";;zj [14 po]h + 4Z'f,y. Consequently, 8, = 0Y% = 3 — Qe+ 2] —mZ,.

Substituting into (19) shows that the marginal profits from black capacity investments

are nil and, therefore, Z; = 0. Consequently, (20) and (24) imply

a=2s-2=.
g p
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A.3. Imperfect foresight

The tax rate is either 6% or 897 if party O wins and either 6*° or 67

if party Y wins.
Thus, the expected tax rate is given by one of the four combinations of Tab. 1.
Consider combination (I). Then, either 6, = 6% or 6, = ?* and ©, = m,0% +[1 —7,]0%".
Suppose 0% > Hfb. Then, the young generation invests less than in case of party Y’s
certain election but more than in case of party O’s certain election. From Proposition 2
we known that with perfect foresight the young generation’s black capacity investments
are too small to ensure b < Z;. Consequently, if party Y wins, the black capacity will
not be large enough to allow party Y to implement Hi/b, so that 0, = sz and b; = Z,. For
the case 0% < be, an analogous argument implies that party O implements 697 if it wins.

Thus, combination (I) can be ruled out.

Consider combination (IIT). The expected tax rate is given by

4m + 2(2m + 2m +
O =m |~ Yo+ X V)h——ﬁ} -] [5_% - 724 . (A12)
while the expected price at time ¢ reads
P = [%Qt + zh] - [ﬁ - —Qt 7Zt] . (A.13)
Substituting into (20) and (21) yields Z; = %6— 1112:: Qi+ j —eh [1jrth a_UpH and Z; =
Trm ] {2[04 — o1 — 1] = [dmm + 2my — 7)Qr — 4% [2m + A)h + Wﬂ} and
therefore
2 —op 1] —[1— 4
Q, = 21 o—oa] —[L=mly Zh, (A.14)
pYTIM g
2 da—o4 1-2 4
A Bl S L (A.15)
Yooy p pmm.

Combination (IIT) implies 69° > Y2 because the black capacity constraint should not
bind if party O wins but should be binding if party Y wins. Substituting (34), (35), (A.14)
and (A.15) yields —1 > 0, which obviously never holds. Consequently, combination (III)
is ruled out. In the remaining combinations (II) and (IV), party O implements 9% =

0
if it wins the elections at time ¢ implying a binding black capacity constraint. 0

A.4. Case (II) vs. Case (IV)

Suppose that the capacities Z/! and Q¥ are given by (36) and (37), and that party
Y holds office. To determine the welfare of the young generation at time ¢ if party Y
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implements the case (II) tax rate 6Y°, we need Wt‘ﬂ’n and W;ﬁ”, which can be written

asl?

WooIl _ BZt—i-l(O'ta Ter1) + Q1 (0 Te1) Y [Zeva (00, Tag1) + Qg (o3, 1))
t+1 - 2 2 4

Zyi1(op, mi1) + Qeer (0, m
Zea (00, Tu) B t1(e et +pto+1(0'ta7Tt+1>Zt+1(Uta7Tt+1)

- ptOJrl(Ut, 7Tt+1)

m
Y [Zi11 (0, 7Tt+1)]2 +pt0+1(0t, Ti41) Qi1 (00, Tis1)

—h [Zt+1(0t, Ter1) + 55?’11(%71, ) + 52Et—1} )

2 2 4

be 1 (o, mev1) + Qe (04, Ttn)
2zt 5 * A pzif—l(o-ta7rt+1)bf+1(0-tvﬂ-t+1)

2
oIl _ ﬂb§+1<0t777t+1) + Qir1(0, Te41) 7 [bf+1(0t, Tei1) + Qt+1(0t77Tt+1)]
t+1  —

- pz;l(ata Tit1)

m S 2 S
- 5 [bt+1(0t7 7Tt+1>] - 92;1(075; 7Tt+1)bt+1(0-t77rt+1) +P§r1(0t77Tt+1)Qt+1(Ut, 7Tt+1)

+ 9§1<Utaﬁt+1)bf+1(0t; 7Tt+1) - Ut+1Qt+2(Ut+1; 7Tt+2)
2

—h [bf+1 (O’t, 7Tt+1> + (5():’[[(015_1, 7Tt) + (52Et_1] s

where P! is given by (40). Consequently, welfare at time ¢ under case (II) policy reads

2
S s, 11 II
WYL _ 6bt’H(Ut—1, ) + Ql (01, m) Y [bt (op—1, ) + Q' (04—1, )
t 9 5 4
[bf’II(O—t—ly 7Tt) + QtII(O't_l, ﬂ-t)i|

- pfl(at—la Wt) 9 + L — [Oé - Ut]Qt+1(Ut, 7Tt+1)

93”(0%—1, Wt)b?H(Ut—lﬂTt) - UtQt+1<0t77Tt+1)

2
_ h |:b§711(0't71, 7Tt) + 6Et71:| —+ p {71-1‘,+1Wto_~_01711 + [1 B 7Tt+1]Wto+Y]’-II} ’

— Zpa (o4, mig1) +

where p!! is given by (41).

If party Y implements the tax rate Y Z, i.e. the case (IV) type policy, the welfare functions
for period t + 1 read

WOV _ ﬁZt+1(0t,7Tt+1) + Qt+1(0ta 7Tt+1) 7 [Zt+1(0t,77t+1) + Qt+1(0t, 7Tt+1)]2

t+1 2 2 4

Zigi(op, 4+ Qip1(op,
Ze1 (00, o) 5 t1(0 Mot +pto+1<<7t,7Tt+1)Zt+1(Ut,7Tt+1)

_pgl(UhWHl)

m
Y [Zt11 (0, 7Tt+1)]2 ‘HU?H(Ut, Ti1)Qit1(0, Te1)

—h [Zt+1<0'ta Tiy1) + 5Z,5H(Ut—177ﬁt) + 52Et71] )

17To ease notation, we take account of (52).
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2
WOVIVAIT _ Bbfﬂ(at,ﬂtﬂ) + Qi41(0¢, Teg1) 7 [bfﬂ(UtJtH) + Qt+1(0ta7rt+1)]

t+1 2 2 4

b} (o, Tpr1) + Qerr(op, T
_pﬁl(gtaﬂtH) tH( i) 5 10 i) pgﬂ(‘ftﬂrtﬂ)bfﬂ(at;7Tt+1>

m S 2 S
DY [th(Utv 7Tt+1)] - 62;1(0}7 7Tt+1>bt+1(0t77rt+1) +pz/ﬂ(fft;7Tt+1)Qt+1(Ut77Tt+1)

i 9&1(Ut>7ft+1)bf+1(0t, 7Tt+1) - Ut+1Qt+2(Ut+1a 7Tt+2)
2

—h |:b§+1(o—t7 Teg1) + 0 Z (o1, m) + (52Et71] .

Thus, welfare of the young generation in period t is given by

WtyY,IV,H _ ﬁZtH(Ut—b?Tt) + QfI(Ut—hWt) e [ZtH<Ut—177Tt) + Q{I(Ut—laﬂ—t)}Q
2 2 4

[ZtH(Ut—la ™) + Qi (011, 7775)}
2

Ut—l,Wt)ZtH(Ut—h 7Tt) - UtQt+1(Ut; Tiq1)

2
—h [Z/ (001, m) + 0B ] +p {WtHWt(lOfW’H +[1- 7Tt+1]W:imn} ’

- p{V’H(Ut—ly )

+ L — [0 — 04] Qi1 (0%, mip1)
QtYZ,H<

— Zy1 (o4, mig1) +

where the tax rate 6, 7'/ (o,_y,m,) and the price p; "' (o,_1, m;) read
vy
0 01, m) =~ 2QH (o1 m) — T
i
p,{V’H(Ut—bWt) =3 - 5 [ZtU(Ut—lﬂTt) + QZU(Ut—l,Wt)] .
The welfare difference is given by

T iy Il yY,IV,II
A =W, - W

{[4m + ~][r[ac — 1] — 1] = 2pmm [ — 2[1 + ,05]]1]}2.
2[4m + y][2m + ym, {1 — m]} p?

(A.16)

Suppose now that the capacities Z/V and QI are given by (43) and (44). If the Y-
government at time ¢ implements the tax rate 674, the welfare functions for period ¢ + 1
read
oIV _ 5Zt+1(0t777t+1) + Q1o 1) Y [Zega (00, Tepn) + Qri1(ot, myn))

t+1 - 2 2 4

Zia(oy, + Qii1(oy,
—P?+1(‘7t777t+1)[ t+1( ! t+1> 9 t+1( L tH)] +pto+1(‘7t77Tt+1)Zt+1(Ut>7Tt+1)

m
D) [Zt+1(0t,77t+1)]2 +p?+1(0t777t+1)@t+1(0t,77t+1)

—h [Zt+1(0t,77t+1) +0ZV (01, ™) + 52Et71} )
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2
Wwevlv _ 5b§+1(0ta Tii1) + Qer1(00, Tet1) 7 [bfﬂ(gt,ﬂtﬂ) + Q11 (0, 7Tt+1)}

t+1 2 2 4

b}, (o, +Q Ot, T s
t+1( t t+1) . t+1(t t+1) —|—pzjrl(Uty7Tt+1)bt+1<at’ﬂt+1)

_pgﬂ(atﬂtﬂ)

m S 2 S
DY [bt+1(‘7t777t+1)} - 95&(‘7& 7Tt+1)bt+1(f7t77rt+1) +P2/+1(Ut, Ti41) Quy1 (04, Tig1)

i 9%;1(@7 7Tt+1)bf+1(0t77rt+1) - Ut+1Qt+2<Ut+l77rt+2)
2

—h [b§+1(0t77rt+1) + 02V (011, m) + 52Et71] .

Consequently, welfare of the young generation at time ¢ is given by

2
WyY,IV _ BZtW(Ut—hWt) + Q{V(Ut—laﬂ-t) 7 [ZtIV(Ut—hWt) + QtIV(Ut—h?Tt)]
¢ 2 2 4
ZV (o, 1, m) + QI (0r 1,7
[ ¢ Zn ) 9 MG t>] + L = [a = 0]Qe11 (04, Te11)
Gfb(at_l, Wt)ZtW(Ut—lﬂTt) — 01Q1(0¢, Tp1)
2

—h 2]V (011, m) + 6Era] + p {WtHWtOflJV +1— 7Tt+1]Wt(iz/1’W} 7

- p{V(Ut—la 7Tt)

— Zy1(op, i) +

where p/V is determined by (45).

If the Y-government implements the case (II) policy, i.e. the tax rate 7°, the welfare

functions for period t + 1 read

OOV _ BZt+l(Ut77rt+l) + Qi1 (01, T41) _ 7 [Zi11 (08, Te1) + Qt+1(0t,7Tt+1)]2

Zii1(0, 1) + Qe (0, 7
—p&(ataﬂtﬂ)[ (o i) B (o0 M) +P?+1(Uta7Tt+1)Zt+1(0t77Tt+1)

m
iy (Zi41 (0, 7Tt+1)]2 +p?+1(0ta Ti1)Qit1(0t, Tey1)

—h [Zt+1 (04, Te41) + 61):,1[,1\/(@_1’ ) + 52Et—1} )

2
WoY,U,IV . b§+1(at77Tt+1) + Qt+1(0ta 7Tt+1) Y [bf+1<0t7 7Tt+1) + Qt+1(0t,77t+1)]
t+1 - B 2 - 5 4
b1 (00, mep1) + Qera (04, Te11)

- pzil(o-ta Tit1) 9 pt%ﬂ(O-t? 7Tt+1)bf+1(0t, Ti41)

m S 2 S
9 [th(Uta 7Tt+1>] - 92;1(0-2577Tt+1)bt+1(0-t777t+1) +pzjr1(0t7ﬂ't+1)Qt+1(Ut, Tis1)

4 92;1<Ut777t+1)bf+1(0t7 Ti41) — Ot41Qur2(0t41, Tit2)
2

— h [bf+1(0't, 7Tt+1) -+ (Sbf’ILIV(O't_l, 7Tt) + 52Et_1] .

To determine o
206 — 20, " (041, m) — QLY (04—1, 1)
2myy

s, IIIV
by

Y
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we have to take account of

dm + 2

esz,n/: 7 IV( T

5 [1+ pdlh +

3.

) m
g, (
t—1, /¢t ]m ’y

The welfare of the young generation of period ¢ reads
2

s, 11,1V v
WyY’I]’IV B /Bb?II’IV(O't_l, 7Tt) + Q{V(Ot_l, 7Tt) B 1 |:bt (Ut—la 7Tt) + Qt (Jt—la 7Tt)
; =

2 2 4
v bf’H’IV(Ut—h m) + QfY (01, Wt)]
— D (O-t—17 7Tt) 9 + L— [Oé - Ut]Qt+1(Ut7 7Tt+1)
eth’IV(Ut—la Wt)bf’HJV(Ut—lﬂTt) — 01Q11 (04, T41)

— Zi1(0, Teg1) + 7

_ [bf’H’IV(Ut—hﬁt) n 5Et—1i| iy {ﬂ_t+1W00 ALIV | - WtH]Wt(:zfl,H,Iv} ’

with ,
Yb,I
PV — 2mB +6; "V (011, ) - QY (o1, ™)
t - .

2m + v 2m + vy

The welfare difference reads

IV ryVILIV yY, IV
AV =W - Wi

_ {l4m +A][r[a — 0y1] — 1] = 2pmm,[B — 2[1 + pé]h]}Q. (A.17)
8m2[4m, + ~]m2p?

Both (A.16) and (A.17) describe a parabola with a zero at 0,_; = 6,1 and positive values
for all 0,1 # ;1. ]

A.5. Proof of Proposition 5

The subsidy rate of case (II) can be only set if o/, € [0,,]. The upper limit implies

that 024 = G;, — oll; > 0 has to hold. The interval [0,5;,] only exists if 5,1 > 0.

dofl, doplf dUt 1 d?ally dPoplf d%511
Because —— < 0, —/= >0, >0, and -7+ = —5- = — = =0, at 1 linearly

decreases in «, while both o2l and &, ; linearly increase in a. The zeros are given by

11 AIl

ol a1 and qmin!!

, which proves proposition 5(i).

The subsidy of case (IV) can be only set if /" € [6;,,a—1] and ¢/¥; > 0. The former

lower limit implies that o2V = &,, — ¢V} < 0 has to hold. The latter lower limit implies

v . v min
that A™® = o — 1 — o IV > 0 has to hold. Because ddtal < 0, do: tal > 0, dA > 0,

d20'IY dQO.AjV 2 A min
t—1 t—1 d=A _ 0 O'

_ _ AIV
da? da? T da?

, linearly decreases in «, while both ¢;2%" and

and

1V AIV

A™" Jinearly increase in . The zeros are given by oV, o®"V and a™n!V

, which proves

proposition 5(ii).
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Suppose that both ¢!, and ¢!V, are feasible for some a. Then, a Y-government

will set the subsidy rate of!, at time t — 1 if AW,_, = WY (o!1,) — W (c1"}). By
differentiating AW;_1, we find
dQAWt_l . —[]_ — 7Tt]

da? 8pm?2[4m + 7]27rt{4m2 + dmy[l — m]?m + 22l — Wt]}
{%@§+&wﬁﬁu+2mywnm%%43+u5—me]
+128n#7w{34—wu—5w4w4-+51mn%n[1+[1—7ﬂw4
+&#ﬁmﬁ+wm3+mﬂ}<o

Consequently, the extremum of AW,_; at
1
Wt{llm? [4m + ]2 + dm[m + v][4m + |7, — [2m + 7]2[16m? — ’72]7Tt2}

max
o —=

{%ﬁﬂ+%ﬂ+ﬂmfﬁk+¢ﬁ%ﬂ2+ﬂ4
+ 16m* [2 + 7 [4 — 4w + [2h + Blp + 2mp[B[L — 7] + 2hm] — 2h5[1 4 2[1 — 7Tt]7Tt],02H

+ 4m2yPm [3 + 2hp + Tm[1 + 2hp] — 7} [4 — Bp+2hp[4 + 5p]H
+8m’y [1 + T [8 + 6hp — mi[dm — 2h[5 — m]p + B[2 — m|p — 2hd[2 — Wt]PQ]H }

is a maximum. The zeros are given by a = +@, so that the government chooses o/f, if

a < Q. 0
The relations of o™ qmin IV oIl oA oIV and o™V used for Fig. 3 are given by
: 4pomh
oV _ qminlV _ pm >0,
2m + vy
GAIV IV 2m n dpm? {B — 2[1 + pd]h} ~ 2m[1 + 2ph
2m + v]m 2m + 7][4m + 7] 2m+y
Qi Il _ ATV Y1 —m —2pmh]  2pmA{S — 2[1 + pé]h}
2m + 7]m [2m +~][4m + 7]

QAT _ minTT _ 2ypm{hmi[4m + 4] — m[B — 2[1 + pd]h]}
[4m +~][2m + 7] ’
I AH:pHmLHmmWD_MP+%ﬁH_m”%mWn+ﬂ_mw_2H+MM”

ol —a
mldm + v]m[3 — 2m][2m + y7r]

If both m; and 8 — 2[1 + pd]h are sufficiently small, all stated differences are positive.

A.6. Changing the election probability by setting subsidies
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In case (II) we can derive a closed form expression for % using (60):

dmg _{ 1
doy_1 (4m 4+ v)v(2m — ~(m¢ — 1)me)

1

(4(me(a(ms — 2) — Bp(mw — 2) + 2hp(mwe + 6(we — 1)p) — 2miop_1 +4oi_1 — 2) + 2)m? + 27 (7 (—2hp(5p + 2)‘rrt2 + (2hp+ Bp+or—1 +2)mt —a(ms +2) + hp(6p+2) +2041 — 1) +1) m + ’727Tt2(704 — h(mg — D)p(6p+2) + 011 + 1))

[128p2m5 + 16(4V(7rt — 1a? — 4v(B(me — 1)p + h(dp — 2(8pme + 74))p + 2(m — Vo1 + Da + dv(my — Dor_;
+p (4vp(8p + 1) (6pme + m¢ + DR? = 20(2Bmep + 6(B2me — Dp+2)p + 2)h + 260 + 4vp + (m — 1) (820 = 129m¢ ) p) +4v(B(me — V)p + h(8p — 2(8pme + 70))p + 1>at_1)m4
+ 8y(vy (12 (Wf — 2} + 7"t) + 1) 0’
+v((Bp=2h(8p+1)p+20¢ 1) ] —3(—Bp+2h(8p+1)p—20¢_1)(—Bp+2h(8p+1)p—20; 1 +2)m; +2 (207 (8p + 1)(8p + 2)p” + Bor—1 — T)p — h(—108p + B(6p + 2)p + 4601 _1p + 6011 — 6)p + 2(04 1 — Noy—1 + 4) m¢
— 407 1 +40% (nf = 3nf + m — 1) +58p + hp(—68p — B(8p + 2)p + 2h(8p + 1)(3p + 2)p — 2) — 2(2h + B)poy 1 + 1200 1
+2a (2hp + Bp + 40¢ 1 + m ((—26p + 4h(Bp + 1)p — doy_1)m; — 6(—Bp + 2h(6p + 1)p — 2041 + Dyms — Bp + 2hp(28p + 3) — 4oy _1 + 14) — 6) — 8))m®
= 49*(v(me = Do (2(me — 2)me — 1) (277 = 3) p°
+v(2hp(8p +2)(—Bp + 2h(6p + 1)p — 20 _1)7f + (81 + p (—4p(8p + 1)h® = 28p(Bp + 8)h + 4(r 1 — 6)h+ B(Bp + 2041 +4))) 7}
—3(=4(os—1 — Dor_1 + B(p — 2p04_1) + 2hp(204_1 + 6p(20¢_1 — 3) — 5) — 4)77 — (0371 — 4hp(ép + 2)ot—1 — 280¢—1 — 7Bp + hp(106p — B(dp + 2)p + 2h(Sp + 1)(p + 2)p + 6) + 20) ¢
+o7_ o (me(12m —1)+1) —2(2h+B)p+hp(8p+2)0r 1 — 9o, _1+a (4hp(8p + 2w} — 2(2hp + Bp + A7) + 6(—Fp + 2h(5p + 1)p — 4oy 1 + 27} + 2(=2hp(Sp +2) + 001 — 14)me — hp(Sp + 2) — 2001 +9) +12))m”
= 27°(v(me = 1)nf 2me = 3)(2me + 1)p” + v(hp(Sp + 2)(=Bp + 2h(6p + V)p — dor—1)mf + (=207 (8p + 1)(8p +2)p° +2B(c4—1 + 1)p + h(Bp(5p +2) + 4(=36p + 041 —5))p + 041 (3041 +8)) 7}
+3a% (my + V)77 +3(4hp(8p +2) + (011 — Vo1 + )7 + (hp(Bp +2) + T)(or—1 = 2)me — hp(8p +2) — 2041 + a (¢ (4hp(8p + 2)7F — 2(2hp + Bp + By 1+ )7f + (3 — 604 1)me — hp(8p+2) = 7) +2) +6)m

=t (v(me = 1020 7] + v (o8 + 2)(a = o—1)m} + (a® = (hp(8p +2) +2(00—1 + 1))a + hp(6p + 2)(01—1 — 2) + 041 (041 +2)) mp +3(hp(3p +2) + Ve — hp(6p +2) = 3) m¢ +v) ] }7 (A.18)



A.7. Parameters of the numerical example

We assume that one period equals 40 years. With an annual discount-rate of 3%,
we get p = ﬁ ~ (0.3066. For the natural regeneration rate 1 — §, we make use of
Joos et al. (2013, pp.2801). According to their calculations, the fraction of one COy unit
emitted at time ¢ that remains in the atmosphere after ¢ € [0,1000] years is given by
0.2173 4 0.224¢ 000250 | () 9894002741 1 () 2763¢ 02323 For § = 40 we get § ~ 0.5144. To
get numbers for the marginal extraction costs m, the marginal climate damages h, and
the marginal capacity costs of green investments «, we use IWG (2016), IEA (2022), IEA
(2023a), and IRENA (2023). For «a, we calculate the average capacity costs of fossil fuel
fired (coal and gas) power plants per kWh in the USA, EU, China and India, and the
average capacity costs of renewables (PV, Wind, Nuclear) per kWh.’® The data of IEA
(2022) give the calculations summarized in Tab. A.3 - A.6, where the share of onshore
and offshore wind are taken from IRENA (2023). According to IEA (2023a), on average,
40% of annual investments into renewable energies and grids are used for grid investment
between 2021 and 2050. Therefore, we multiply the capacity costs of wind and solar

energy with 12.

Cost Capacity Lifetime Energy

oSt Factor Capacity Costs Production

Coal 2100 $/kW 35% 150 $/kWh 914 TWh

Gas 1000 $/kW 55% 45.45 $/kWh 1747 TWh

Nuclear 5000 $/kW 90% 138.89 $/kWh 804 TWh

PV 1866.67 $/kW 21% 222.22 $/kWh 185 TWh
Onshore Wind | 2033.33 $/kW 42% 121.03 $/kWh 441.83 TWh
Offshore Wind | 6766,67 $/kW 42% 402.78 $/kWh 0.17 TWh

Table A.3: Capacity costs in the USA

For the USA, we get average capacity costs in USD per kWh of 81.36 for fossil fuels
and of 144.18 for renewables. In case of the EU, the numbers are 144.56 and 252.19.
For China, we get 40.30 and 171.23. For India, we get 46.86 and 139.12. By using the

regions’ relative share of fuel production and green energy production, respectively, as

18We consider nuclear power as a renewable energy, because it is carbon free.
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Costs Capacity Lifetime Energy
Factor Capacity Costs Production
Coal 2000 $/kW 30% 166.67 $/kWh 484 TWh
Gas 1000 $/kW 20% 125 $/kWh 547 TWh
Nuclear 6600 $/kW 70% 235.71 $/kWh 607 TWh
PV 1650 $/kW 14% 294.64 $/kWh 202 TWh
Onshore Wind | 2916.67 $/kW 29% 251.44 $/kWh 386.12 TWh
Offshore Wind 5700 $/kW 50% 285 §/kWh 51.88 TWh
Table A.4: Capacity costs in the EU
Costs Capacity Lif'etime Energy
Factor | Capacity Costs Production
Coal 800 $/kW 50% 40 $/kWh 5536 TWh
Gas 560 §/kW 30% 46.67 $/kWh 257 TWh
Nuclear 2800 $/kW 80% 87.50 §/kWh 418 TWh
PV 1200 $/kW 13% 230.77 $/kWh 327 TWh
Onshore Wind | 1833.33 §/kW 26% 176.28 $/kWh 700.84 TWh
Offshore Wind 4700 $/kW 32% 367.19 $/kWh 61.16 TWh

Table A.5: Capacity costs in China

weights, the average capacity costs are 67.53 for fossil fuels and 172.72 for renewables.
Finally, we take into account that more solar and wind energy requires storage capacities.
According to IEA (2022), the world-wide battery capacity amounted to 45GW in 2022.
By assuming that the regions’ share of battery capacity is equal to the regions’ share of
world-wide solar and wind capacity and that the productivity of batteries is equal to the
one of solar and wind capacity, we get a production of 57.68 TWh. The costs per kWh are
3158, as stated by IEA (2022). This increases the average costs of renewables to 174.52,
which yields o &~ 2.5844.

According to IWG (2016, p.5), the social costs of carbon increase from 51$ per ton
of CO5 in 2020 to 85% per ton of COy in 2050. On average, we get 67.57$ per ton of
CO; or 67,571,428.57$ per Mt CO,. We multiply this with an average emission intensity
factor of 0.3183Mt COs per TWh, which calculated as stated in Tab. A.7. Thus, we set
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Costs Capacity Lifetime Energy
Factor Capacity Costs Production
Coal 1200 $/kW 65% 46.15 $/kWh 1270 TWh
Gas 700 $/kW 25% 70 $/kWh 39 TWh
Nuclear 2800 $/kW 80% 87.50 $/kWh 50 TWh
PV 1066.67 $/kW 20% 133.33 $/kWh 105 TWh
Onshore Wind | 1866.67 $/kW 26% 179.49 $/kWh 79 TWh
Offshore Wind 5100 $/kW 33% 386.36 $/kWh 0 TWh

Table A.6: Capacity costs in India

h = 21508.5222% per GWh.

World CO, World Energy Emission Factor in
Emissions Supply Mt COy/TWh
Coal 10876 Mt 30558 TWh 0.3559
Gas 3201 Mt 15834.6 TWh 0.2022

Table A.7: Average Emission Factor, Data from IEA (2022)

We set the marginal extraction costs m, such that they solve (14) for §; = A\, = 0. As
energy price, we use the average energy price of the USA, EU, China and India in 2022.
According to data from the International Energy Agency, the consumer price of electricity
was 151.28/MWh in the USA and 82.3$/MWh in China.!® For the EU, eurostat reportes
0.2168€/kWh and for India statista reports 6.29INR/kWh.?® With average exchange
rates of 1.053% /€ and 78.611INR/$, we get 228.24$/MWh and 80.013/MWh, respectively.
Thus, the average energy price is 122634.5488%/GWh, which yields m =~ 0.0116. The
remaining parameter (3, v, v and L are chosen such that we get an interior solution with
respect to the subsidy rate o,_; and the election probability m; in case of an endogenous

probability. Finally, we assume that the emission stock Ej is normalized to zero.

19Cf. TEA (2023b).
20Cf. eurostat (2023) and Statista (2023).

42



References

Alesina, A., Tabellini, G., 1990. A positive theory of fiscal deficits and government debt.
The Review of Economic Studies 57, 403-414.

Andruleit, H., Babies, H.G., Bahr, A., Kus, J., Mefner, J., Schauer, M., 2012. Energi-
estudie 2012: Reserven, Ressourcen und Verfiigharkeit. DERA Rohstoffinformationen
15.

Battaglini, M., Harstad, B., 2016. Participation and duration of environmental agree-

ments. Journal of Political Economy 124, 160-204.

Bolton, P., Kacperczyk, M., 2021. Do investors care about carbon risk? Journal of

financial economics 142, 517-549.

Bretschger, L., Soretz, S., 2022. Stranded assets: How policy uncertainty affects capital,

growth, and the environment. Environmental and Resource Economics 83, 261-288.

Cairns, R.D., 2001. Capacity Choice and the Theory of the Mine. Environmental and
Resource Economics 18, 129-148.

Campbell, H.F., 1980. The effect of capital intensity on the optimal rate of extraction of

a mineral deposit. Canadian Journal of Economics , 349-356.

Campiglio, E., van der Ploeg, F., 2022. Macrofinancial risks of the transition to a low-

carbon economy. Review of Environmental Economics and Policy 16, 173-195.

Diluiso, F., Annicchiarico, B., Kalkuhl, M., Minx, J.C., 2021. Climate actions and macro-
financial stability: The role of central banks. Journal of Environmental Economics and

Management 110, 102548.

von Dulong, A., 2023. Concentration of asset owners exposed to power sector stranded

assets may trigger climate policy resistance. Nature Communications 14, 6442.

von Dulong, A., Gard-Murray, A., Hagen, A., Jaakkola, N., Sen, S., 2023. Stranded assets:
Research gaps and implications for climate policy. Review of Environmental Economics

and Policy 17, 161-169.

43



Edwards, M.R., Cui, R., Bindl, M., Hultman, N., Mathur, K., McJeon, H., Iyer, G., Song,
J., Zhao, A., 2022. Quantifying the regional stranded asset risks from new coal plants
under 1.5°C. Environmental Research Letters 17, 024029.

Eichner, T., Kollenbach, G., 2022. Environmental agreements, research and technological

spillovers. European Journal of Operational Research 300, 366-377.

eurostat, 2023. Electricity prices for household consumers. URL: https:
//ec.europa.eu/eurostat/databrowser/view/nrg_pc_204/default/table?lang=

en&category=nrg.nrg_price.nrg_pc. |Online; accessed 09-February-2023|.

Golosov, M., Hassler, J., Krusell, P., Tsyvinski, A., 2014. Optimal taxes on fossil fuel in

general equilibrium. Econometrica 82, 41-88.

Hoel, M., 2011. The Supply Side of CO2 with Country Heterogeneity. The Scandinavian
Journal of Economics 113, 846-865.

IEA, 2022. World energy outlook 2022, IEA Paris, France.
IEA, 2023a. Electricity Grids and Secure Energy Transitions, IEA Paris, France.

IEA, 2023b. End-Use Prices Data Explorer. URL: https://www.iea.org/
data-and-statistics/data-tools/end-use-prices-data-explorer?tab=Yearly+

prices. [Online; accessed 09-February-2023|.
IEA, 2023c. World Energy Investment 2023. International Energy Agency.

IRENA, 2023. Renewebale energy statistics 2023. Technical Report. International Re-

newable Energy Agency, Abu Dhabi.

IWG, 2016. Technical Support Document: Technical Update of the Social Cost
of Carbon for Regulatory Impact Analysis Under Executive Order 12866. On-
line at: https://www.epa.gov/sites/production/files/2016-12/documents/sc\
_co2\_tsd\_august\_2016.pdf.

Joos, F., Roth, R., Fuglestvedt, J.S., Peters, G.P., Enting, [.G., Bloh, W.v., Brovkin,
V., Burke, E.J., Eby, M., Edwards, N.R., et al., 2013. Carbon dioxide and climate
impulse response functions for the computation of greenhouse gas metrics: a multi-

model analysis. Atmospheric Chemistry and Physics 13, 2793-2825.

44



Kalkuhl, M., Steckel, J.C., Edenhofer, O., 2020. All or nothing: Climate policy when
assets can become stranded. Journal of Environmental Economics and Management

100, 102214.

Kollenbach, G., 2017a. Endogenous growth with a limited fossil fuel extraction capacity.
Canadian Journal of Economics 50, 233-272.

Kollenbach, G., 2017b. On the optimal accumulation of renewable energy generation

capacity. Journal of Economic Dynamics and Control 77, 157-179.

Kollenbach, G., Schopf, M., 2022. Unilaterally optimal climate policy and the green

paradox. Journal of Environmental Economics and Management 113, 102649.

McGlade, C., Ekins, P., 2015. The geographical distribution of fossil fuels unused when
limiting global warming to 2°C. Nature 517, 187-190.

Persson, T., Tabellini, G., 2002. Political economics: explaining economic policy. MIT

press.

Van der Ploeg, F., Rezai, A., 2020a. Stranded assets in the transition to a carbon-free

economy. Annual review of resource economics 12, 281-298.

van der Ploeg, F., Rezai, A., 2020b. The risk of policy tipping and stranded carbon assets.

Journal of Environmental Economics and Management 100, 102258.

Semieniuk, G., Holden, P.B., Mercure, J.F., Salas, P., Pollitt, H., Jobson, K., Vercoulen,
P., Chewpreecha, U., Edwards, N.R., Vinuales, J.E., 2022. Stranded fossil-fuel assets

translate to major losses for investors in advanced economies. Nature Climate Change

1T,

Sen, S., von Schickfus, M.T., 2020. Climate policy, stranded assets, and investors’ expec-

tations. Journal of Environmental Economics and Management 100, 102277.

Statista, 2023. Average cost of state electricity supply in India from finan-
cial year 2010 to 2022. URL: https://www.statista.com/statistics/808201/

india-cost-of-state-electricity-supply/. |Online; accessed 09-February-2023|.

Tsur, Y., Zemel, A., 2005. Scarcity, growth and R&D. Journal of Environmental Eco-

nomics and Management 49, 484-499.

45



Tsur, Y., Zemel, A., 2011. On the dynamics of competing energy sources. Automatica

47, 1357-1365.

46



	Cover_Draft_14_final
	BSoE_DP_0033
	BSoE_DP_0033
	Political_economy_of_stranded_assets_19 (2)




