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Competitive trilateral lobbying for and against subsidizing green energy

Rudiger Pethig, University of Siegen

1 The problem

Many countries have adopted policies to curb carbon emissions and promote renewable
energy with a wide variety of policy instruments. Prominent are command-and-control
measures, energy or emission taxes, cap-and-trade schemes, implicit or explicit green energy
subsidies, and/or renewable portfolio standards with either tradable green certificates or feed-
in tariffs. To keep focused, we will consider an economy that fights climate change via an
economy-wide cap-and-trade scheme for carbon emissions and, in addition, sets up a per-unit
subsidy on green energy. Notwithstanding practical complexities, the stand-alone cap-and-
trade scheme tends to implement the (binding) carbon cap in a cost effective way. It follows
that if we focus on the climate policy target exclusively, the overlapping green energy subsidy
creates an excess cost because it is distortionary and, by policy design, leaves unchanged the
level of carbon emissions. The theoretical and applied economic literature (e.g. Fischer and

Newell 2008, Béhringer et al. 2009) widely agrees on that conclusion.*

To provide a convincing economic rationale for double regulation we therefore need to
examine possible market imperfections other than the climate externality the green energy
subsidy might be capable to alleviate. The theoretical literature on green energy promotion
addresses learning-by-doing and technology spillovers (e.g. Fischer 2008, Blasi and Requate
2010) and some other distortions such as imperfect property rights or information (e.g. Ben-
near and Stavins 2007). However, there appears to be little agreement on whether such market
imperfections are empirically relevant enough to make the case for green energy subsidies.
Toman (1993) surveys potential externalities relating to insecurity of energy supply and ar-
gues that more analysis is needed to demonstrate that there are substantial external cost spill-
overs associated with import dependence. Eichner and Pethig (2010) reach a similar conclu-

! In a report to the ministry, the Scientific Council to the German Federal Ministry of Economic Affairs (2004)
recommended terminating the promotion of green energy on the grounds that the introduction of the European
emission trading scheme has turned the promotion of green energy into an ecologically useless and economically
expensive instrument.



sion in a model with risk avers consumers. Overall, welfare economic arguments in favor of
overlapping subsidies to green energy do not yet seem to be sufficiently substantiated on sci-
entific terms (Bohringer et al. 2010). Our assessment is that the reasons for governments to
subsidize green energy are not compelling.

That assessment is in stark contrast with the practice of double regulation in many coun-
tries. We therefore suggest searching for an explanation in the realm of political economy.
That is, we will focus on the political decision making process that accounts for the prefer-
ences of consumer-voters and/or for the political influence and activity of pressure groups in
favor of or against green energy subsidies. Along with consumers we envisage the industries
producing green energy from regenerative resources and black energy from fossil fuel as rele-
vant stakeholders in the formation of subsidy policy. Throughout the paper these three groups
are assumed to take a predetermined cap-and-trade scheme as given and seek to shift the sub-

sidy rate in their group’s favor against the resistance of at least one other group.

Suppose first, a well-informed® median consumer-voter adopts the economists’ prevailing
view on overlapping green energy subsidies outlined above and is asked to vote on the subsi-
dy rate. As she would then rightly expect a utility loss from the green energy subsidy (to be
demonstrated below in analytical terms) she would clearly vote against its introduction, unless
her preferences have a green component amounting to a positive willingness to pay for green
energy. We interpret that green preference - which consumers may or may not have - as their
desire (and willingness to pay) for a sustainable development, their desire to reduce and even-
tually phase out the consumption of fossil fuel and/or, perhaps, their desire to reduce the de-

pendence on insecure fossil fuel imports.

The straightforward conclusion is that if one takes the standard median-voter approach in
isolation, green preferences are necessary and sufficient for explaining the existence of the
subsidy. That is less clear, however, if we add to the scenario the industries producing green
and black energy as important stakeholders in the formation of subsidy. As expected, the
black industry turns out to be against and the green industry in favor of the subsidy. In the
present paper we model both industries as well as the ‘group of consumers’ as pressure
groups, where the consumer group may owe its political influence partly to its political weight

2 Incomplete or incorrect information on the part of consumers may be an important issue that we do not address.
For example, the environmental group BUND has argued in a recent message that the subsidized expansion of
green energy is the so far most successful climate policy measure in Germany.



as voters (see above) and partly to their own lobbying activity. The policy makers fix the sub-
sidy rate by responding to the complementary or countervailing pressure of these three inter-
acting stakeholders. The lobby groups play Nash in a general equilibrium model of a small
open economy, and our principal interest is to identify the determinants of the sign and mag-
nitude of the subsidy rate resulting from pressure group competition.

In the large literature on the economic theory of policy, analyses of voting, special interest
groups, rent seeking and pressure group competition (e.g. Olson 1965, Becker 1983, Mueller
2003) are well established. Yet many theoretical studies on pressure group competition focus
on two groups only. We are not aware of analytical studies on pressure group competition
aimed at explaining the introduction of green energy subsidies observed in practice.

The paper is organized as follows. Section 2 develops the parametric model of a small
open economy. Section 3 solves the competitive equilibrium in that economy for alternative
predetermined rates of the green energy subsidy and shows how the stakeholder groups bene-
fit or lose from exogenous variations in the subsidy rate. Section 4 introduces simple hypothe-
ses on how the three stakeholder groups build up political pressure and under which condi-
tions and how their political influence contributes to fixing the subsidy rate. Section 5 con-
cludes.

2 The economy

Figure 1 illustrates the structure of the simple model. The economy produces three goods:
a consumption good, energy from fossil fuel (called black energy, for short) and energy from
renewable resources (called green energy).

Consumption of

Good X | Energy

X |z
E | b
Consumption good| |Green energy| |Black energy

| | e

Domestic productive factor| |Imported fossil fuel

Figure 1: The structure of the model



Both types of energy are perfect substitutes. All fossil fuel, e, is imported and is used as an
input in the production of black energy. For the benefit of informative results we resort to
parametric functions. Carbon emissions are proportional to fossil fuel. The analytical model is

completely described as follows.

£, Possibilities of producing consumption good X )
X=X —=
2 d and green energy G (= the green industry)

Production of black energy B with fossil fuel e
b=¢ef _ (2)

(= the black industry)
z,:=b+g Total energy supply

(Black and green energy are perfect substitutes) (3)
U=C,z, —% 2 +x,+yg Utility of the representative consumer 4
e==¢€ Permit market clearing (€ = carbon emission cap) 5)
X—X,—p,e=0 Trade balance  (good X = numéraire) (6)
X = X4 Market clearing for consumption good X @)
Z, =1, Energy market clearing (8)
m, = p,b—(p,+t)e Profit of the black industry (9)
Ty = x+( p, + s) g Profit of the green industry’ (10)
yi=m+m,—sg+te=x—pe+p,(b+g)  National income (11)

In the model (1) — (11), X,, ¢,, ¢, >0,y >0 and B €]0,1[ are parameters and p, >0 is
the exogenous import price of fossil fuel. & is the marginal cost of the first unit of green en-

ergy in terms of good X, formally dx/dg‘g:1 =—¢&. We refer to ¥ as ‘green preference pa-

s m, includes the profit proper of the green industry as well as the market value of a (domestic) input that is

implicit in the production possibility function (1). Ultimately, both components of 7z belong to the consumer*s
income, (11).



rameter’, because the component yg of the utility function (4) reflects the consumers’ prefer-
ence for domestic green energy. Although we allow for y =0, ¥ >0 will turn out to play a a

key role for the outcome of the lobbying game.

There are three policy instruments: the emission cap € assumed to be binding, the emis-
sion permit price t, and the green energy subsidy s (green subsidy, for short). The government
aims to prevent total carbon emissions (= total fossil fuel input) from exceeding the cap €
and implements that goal by means of an emission trading scheme. The (endogenous) permit
price t equilibrates the permit market*, (5). Throughout the paper that cap-and-trade scheme
will be assumed to be given. That is, our analysis of political decision making will not include
the determination of the emission cap but rather focuses on the green subsidy, s, in an econo-
my with the cap-and-trade scheme being preinstalled.

To prepare for the analysis of subsidy policy formation, we first need to explore how the
consumers and the black and green industries are affected by alternative exogenous subsidy
rates.

3 The competitive economy with predetermined green energy subsidy

For any given green subsidy s>0, the allocation (b,e,g,X,X,,X,,Z,,z4) and the prices
(p,.t) constitute a competitive equilibrium, if (b,e, g,X, Xy, X, Z,,24) and (p,,t) satisfy (1) -
(11), if the consumer maximizes (4) subject to (11) taking g, y and p, as given, and if the
industries maximize (9) and (10), respectively, taking p,, s and t as given. In this section we
will first calculate the equilibrium allocation and then determine the equilibrium levels of util-
ity and profits.

Since e=¢, the first-order condition dz, /de=pBp,e’*—p,—t=0 immediately deter-

mines the permit price t=pBp,E”*—p, which implements the emission cap &. From

[

dz,/dg= =-&g+p,+s =0and (1) follows

* Alternatively, t can be interpreted as an emission tax whose rate is set as to satisfy (5).



pz+s (pZ+S)2

2¢

g= and X=X, — (12)

The consumer maximizes with respect to z, her utility (4) subject to x, =y - p,z,. When we

Co_pz

combine the resulting demand function z, e with (3) and g from (12), the equilibrium
- . C—Pp, P,+S = = _p .
condition (8) turns into . = +b, where b :=€". We solve for p, and obtain
p,=7,—(1-7)s, where® 7, :=r(c0—t_)c) and 7:=—° e]01[. (13)

c+&

Since we envisage an economy in which p, >0 in case of s = 0, it is natural to assume that

. . . .. C, —
the composite parameter 7, in (13) is positive. From z = S P and (13) follows
C

(1-7)c, +7hc G

z=(,+¢s, where ;= -

“T050 and ¢i=—— >0, (14)
c c+¢

p,+S=71,+7S. (15)

Next we determine the equilibrium utility by accounting for (3), (11), (15) and the equilib-
rium values g and z in (12) and (14) in the utility function u=c,z—(c/2)z°+ y—p,z+yg.

We find, after some rearrangement of terms,

2 2
~ T _ G T
U=V, +—s——s", where v, ::h+c0§0+x0— pee—i——". (16)

s 2 S 22

Equation (16) specifies the consumers’ stakes in the green energy subsidy. Obviously, without

green preferences (y =0) consumers lose from subsidizing green energy, because

(dl]/ds)y:O <0 and (dzl]/dsz) , <0 forall s>0. But the consumers’ favorite subsidy rate

/e
is positive, if and only if their preferences have a green component (y > 0). Their favorite rate

is the larger, the greater is the green preference parameter y .

® To avoid clutter, we define (here and below) various letters for frequently used composite terms. A list of all
such terms is provided in the Appendix A.1.



Since the form (4) of the utility function is quite restrictive, concerns are justified about the

robustness of (16). Yet we know from the general theory of taxation that all distortionary tax-
es and subsidies create excess burdens and therefore the property (dl]/ ds)y:O <0 forall s>0
is not specific to the functional form (4). Moreover, the excess burden tends to be progres-
sively increasing in distortionary taxes or subsidies® which is exactly the property of (16)
((dzl]/dsz)y:0 <0). One might therefore prefer replacing the utility function (4) with a more
general function. Yet out tentative calculations with a Cobb-Douglas utility function turned

out to get so complex that meaningful analytical results cannot be derived. That is why we
will keep using (4) and (16) in the present paper.

Next consider the equilibrium profits of the industries. Making use of t=p,g”"—p, in

[

(9), of g and x from (12) in (10) and of (13) and (15) we derive

=P =Bl -1-r)s] a7, r B (B8 g

The black industry’s only way to influence its profit through lobbying is to influence the en-
ergy price which, in turn, depends on the rate of the subsidy, (13). As (18) implies

dz,/ds <0, the black industry’s interest clearly is to use its political influence for reducing

the subsidy rate.” The green industry is affected by an increase in s through two channels. The

direct effect ds >0 raises the producer price from p,+s to p,+s+ds. But p, declines (see

(13)) and therefore the net effect is what matters. The net effect turns out to be positive (see

(15)) which implies d7z,/ds >0, as expected. Therefore the green industry will lobby for an

increase in the subsidy. Thus we have established
Result 1.
(i)  The profit of the green industry is progressively increasing in the subsidy.

(i)  The profit of the black industry is linearly declining in the subsidy.

® Auerbach (1991, p. 74) shows in a partial equilibrium market model that if a single tax is imposed upon a state
without taxes, the excess burden increases approximately with the square of the tax.

" We have disregarded in our simple model that in real economies the consumption good industry also uses sub-
stantial amounts of energy as an input. Since the price of energy is decreasing in the subsidy the energy input
becomes less expensive which, in turn, would tend to increase the green industry’s pressure for the subsidy.



(iif) If consumers have no green preferences (y =0), they suffer a loss from the subsidy
which is progressively increasing in the subsidy. Otherwise, their favorite subsidy rate,

S, , is positive, and is the higher, the stronger are their green preferences (s, =7 ).

For the case y =0, Result 1iii is in line with the pertaining economic literature: If a cap-

and-trade scheme is preinstalled and fighting climate change is considered the stand-alone
political target, green energy subsidies are not only ecologically useless (by presupposition)
but also create excess costs that take the form of a loss in utility here. The subsidy causes an
allocative distortion as it boosts green energy production and reduces the production of the
consumption good, and it also causes a shift in profits from the black to the green industry
(Results 1i and 1ii). The clear message of Result 1 is that the subsidy cannot be justified on
normative welfare economic grounds unless the consumers’ preferences are sufficiently
green. It is worthwhile noting that for all ¥ >0 the consumers lose when a green energy tax (s

< 0) is levied, because the tax is also distortionary.? As a consequence, if ¥ =0, the consum-

ers’ favorite tax/subsidy rate is s = 0.

4 The lobbying game

We have identified above three stakeholder groups regarding the policy of subsidizing
green energy: the green industry, the black industry, and the (group of) consumers, indexed g,
b and c, respectively. We now conceive of each group i, i=Db, ¢, g as a lobby for or against
the green subsidy that is capable to invest the effort r. in order to influence in its own favor
the political process of fixing the subsidy rate. The lobbying input r, is supposed to be a real
expenditure of group i in units of consumption good X. More specifically, group i’s lobbying
activity is a process of exerting pressure, G, -r”> with G >0, exerted on policy makers in
order to induce them to shift the subsidy rate in group i’s favor. The pressure parameter

indicates the ‘productivity’ of building up pressure. For given lobbying input r. the level of

pressure depends on various group characteristics, notably on the effectiveness of the institu-
tional and organizational structure of lobby activities. The better organized the group’s inter-

8 For analytical convenience - rather than for empirical relevance - we will later allow for a green energy tax (s <
0) without placing much attention on scenarios where the outcome is a tax.



ests are in the political arena’, the larger is ¢, . Yet how effective group i’s pressure is in shift-
ing the subsidy in its favor does not only depend on its lobbying productivity ¢. but also on
the political weight, w., which policy makers attach to the group and which will be further
specified below. We assume that in response to the lobby groups’ activities the government

determines the rate of the subsidy according to

_ _ 12 12 V2 _ o U2
s_S(r)_chcrc + WG F,  — W0, =ar

12 1/2
+a,r2 —a,n?, (19)

where :=(1,,1.,1,), a:=wg, for i=b,c,g, q=§ for i=b,g, g =d,-sign[y-S(r,)]
and S(r_c):zs(r) for r,=0. We assume w, >0 and interpret w, as the political weight the

sitting government attaches to group i. The more the government cares for the interests of

group i — for whatever reasons — the larger is w. .Given the specific functional form of S in
(16), it is natural to set g, =G, and g, =(, because sign ds/dw, =signdz,/ds for i=b, g.
However, since di/ds can take on any sign, we need to take a closer look at what the appro-
priate sign of ¢ is. To that end denote by S(r_) the rate of the subsidy or tax for r, =0 and

recall that s; =y is the consumers’ favorite rate. With this notation, suppose that S(r) >

s. =7 =0 which means that the black lobby’s influence on the subsidy is stronger than the
green lobby’s. In that case the consumers lobby for a reduction in the subsidy rat, hence

q. =—d.. If, however, S(r_c)< v, the consumers lobby for an increase in the subsidy rate
and hence ¢, = .. Casual empirical evidence suggests the opposite, i.e. that S(r_c) > s ap-

pears to be unlikely and the more so the greater is ¥ .'° For these reasons we will consider the

case g, >0 in the subsequent analysis unless stated otherwise.

The weight w, may also be interpreted as partly reflecting the consumers’ role as voters

(see above) and to some extent their role as lobbyists'! with the implied distance or nearness

to the government in office. It indicates, in particular, the amount of attention the consumers’

° The strategies and obstacles of providing the public good ‘promoting the goals of a special interest group’ are
analyzed in a large literature initiated by the seminal work of Olson (1965).

1% We provide rigorous conditions for S (r,) >0in the Nash equilibrium without consumers in Result 3 below.

! There are also various ‘lobby’ groups of citizens (NGOs etc.), mainly pro renewable energy, that are not ex-
plicitly modeled here.

10



preferences receive from the government. A plausible hypothesis appears to be that the small-
er is the actual majority for the incumbent government and hence its probability of being

reelected, the larger is w, in absolute terms and the smaller are w, and w, .

The definition a, :=w,q;, serves to simplify the notation in the remainder of the paper. We
refer to a as group i’s political influence. Note that exogenous changes in a, whose impact
we will study below can result from a shift in group i’s lobbying productivity ¢. and/or from
a shift in the political weight the government attaches to the group. In particular, a, =0 may
either follow from the group’s failure to voice its interests in the political arena (G, = 0) or

from the government’s reluctance to give in to the group’s pressure (w. =0).

As the lobbying efforts r, are real resource costs, they cut into the industries' profits as well

as into the consumer’s utility via a decline in disposable income. Accordingly, we account for
(19) and replace the equations (16) and (18) by the payoff functions

1°(r):=(1- B)br,—(1-7)(1- B)bS(r)-r,, (20a)
H°(r)::v0+%8(r)—27—§s(r)2—rb—rc—rg, (20b)
Hg(r)::xo+W—rg. (20c)

I1°(r) and I1°(r) are profits net of the industries' lobbying efforts and I1°(r) is the con-
sumers' utility in the presence of lobbying efforts. To verify the definition of I1°(r) observe
that the consumers’ disposable income y =x—p.e+ p,z from (11) needs to be replaced by'?
y=X-1L -1, —r,—pg. Hence it is ultimately the consumers who bear the total social cost of
lobbying. It is also worth recalling that IT' (r) fori=b,c, g rethe equilibrium profits and the

equilibrium utility, respectively, in an economy with fixed lobbying efforts.

12 Correspondingly, the trade balance (6) needs to be replaced by x — L—r-r-x-pe=0.

11



Summing up, we have turned the competitive economy with fixed subsidy of Section 3 in a

lobbying game model with the three players B, C and G whose strategies are r,,r, andr,,

respectively, and whose payoffs are IT (r) for i=Db, c, g in (20). Since the players have op-
posing interests regarding government action and refrain from cooperation, the Nash equilib-

rium is the natural solution concept. Using the standard notation*? (ri, I, rk)s(rfi, ri) for
i=b,c,g the triple (rbN, rY, rgN) constitutes a Nash equilibrium, if for i =b,c,g the inequali-
ty I, (rY, i ) =T, (rY}, ;) holds for all r, >0. Hence the Nash equilibrium is the solution of

the equations™*

Hb(r):ab(l_ﬂ)(l_f)b ~1<0 and rII° =0

b 2er]2 b= "y ! (Zla)
-S
Hﬁc(r)::%—léo and rII; =0, (21b)
S
H%(r)_agf[rgﬂ: (1) -1<0 and 117 =0. (21c)
9

For both analytical convenience and notational simplification we replace the strategies r.
by p,:=r"? for i=b,c,g keeping in mind that since r >0, we require r, = p’,if p, >0
and r. =0 otherwise. Suppose, for the time being, there is an interior Nash equilibrium. We

set H'r =0 for all i and use (21) to calculate the reaction functions

abt
2

Dy = =:p, with 7:=(1-8)(1-7)€]0,1] (22)

— ac}/T abacT _ aCaQT 23
2¢yair  2e+ak !’ 2e+ai !l (23)

Pec

** The definition of r, is r,:=(r, ) fori, jk=b,c,g; jk=i; j=k.

 For further properties of the payoff-functions and, in particular, for the second-order conditions of maximizing
IT'(r) with respect to r see the Appendix A.1.

12



2 2
ar, T aa.r a.a,r

= 2.2 2 2Pt ng 2 P - (24)
E—art &-ar —ar

Pq

Observe first that according to (22) the black industry has a dominant strategy, o, , and
py is positive, if and only if that sector has political influence (a, > 0). Its strategy is domi-
nant for two reasons. The other stakeholders’ strategies affect the black industry’s payoff
(20a) only through their impact on the subsidy rate S(p), and in (19) S(p) is assumed to be
additive in p,, p, and p,. An immediate implication is that irrespective of whether or not the
other players exert political influence, the black industry lobby is active if and only if a, >0.
It generates the pressure h p,' and thus reduces the subsidy rate compared to the level with-

out its lobbying activity. Obviously, if the black industry is the only active lobby group, then
green energy would be taxed rather than subsidized (S(p)=—a,p; <0).

The shape of the green industry’s reaction function (24) depends on the sign of (5 —ajrz).

Closer inspection shows that ¢ >a; /4 is sufficient for & >aZz*, all £ >0. Since casual evi-
dence suggests that the green industry lobby’s influence appears to be relatively small (a,

small) and the consumer demand for energy is rather price inelastic'® (c large), the condition

c> ag /4 is plausible and will therefore be assumed to hold hereafter.

The dominant strategy (22) considerably simplifies the analysis of the game because we
can insert the constant p.' directly into the reaction functions of the players C and G. Given
py from (22), it is straightforward to solve (23) and (24) for p.' and pgN . Yet we postpone

the solution and discussion of the full three-players game in order to characterize and interpret

first the “partial’ lobbying games generated by setting equal to zero one or two parameters a, .

The median voter solution as limiting case of lobbying. Consumer-voters dominate the

political decision process, if the political weight of the black and green industries vanishes (

dz C
1> The price elasticity of energy demand, d_i = —(—0_1) <0, is the smaller in absolute terms, c. p., the
p, z cz

larger is c.

13



a,,a, = 0) and the voters weight becomes large. If a,,a, — 0, then (22) and (24) readily

yield limap" =0 for i = b, g. Moreover, (21b) implies lim p, = lim ac_wzzo and
30 a0 a—e 254+’
a,,3;=0 a,,3;=0 Cc
a’yr
lim S(p)= lim —~——=y. Hence we have established
8 a0 8 a0 2g+acr

Result 2. Suppose in a two-candidate political system with majority rule policymakers are

immune against political pressure from the black and green lobbies (a,, a, =0). To win the

election a candidate must place arbitrarily high political weight on the consumer-voters (

a, — o) and thus offer them their favorite rate s, =y of the green energy subsidy.

Consumers contra the black industry. Suppose next the green industry is small relative to

the black industry and it lacks political influence (a, =0). Then the equations (22) and (23)

readily yield the Nash equilibrium

N abT N AT aar
= and = + : 25
=70 P “2cvair 2e+ak!” )

aczyf B 35675 and

Accounting for (25) and a, =0 in (19) results in S(p)= 212
+a’t

S(p){}fJ@afy{

That equivalence immediately yields

AV
ALV

} =a’bc(1- B).

Result 3. Suppose the green industry lacks political influence (a, =0, &,,a, >0),

(i)  The consumer lobby is always active against the black industry lobby.

(i)  Green preferences (y >0) are a necessary condition for subsidizing green energy. The
necessary and sufficient condition is that the product a’y exceeds some threshold value

which is the higher,

- the larger is the black industry’s political influence (a, large),

- the less stringent is the carbon emission cap €,

14



- the more price inelastic is the energy demand (c large),

- the less increasing is the unit cost of producing black energy (S large).

We have thus shown that y >0 is necessary but not sufficient for S(p)>0. In other
words, if the green industry lobby is inactive, the green energy subsidy is not an outcome of
the lobbying game with a, =0 unless consumers exhibit green preferences. Yet it is also in-
teresting to observe that if y =0, the consumer lobby is still active (p."* >0 in (25)) because
in that case the consumers’ favorite rate is s = 0. The outcome of the two-group lobbying
game is still a tax, S(p)<0, whose rate ‘S(p)‘ is smaller, though, than that which would
prevail when the black industry were the only active lobby group.

The green and black industries competing for political influence. If the consumers lack

political influence (a, =0), the equations (22) and (24) readily yield the Nash equilibrium

ar(r —aer) ) N —
=——"—"250,if a c, —bc
and pgu Z > 0P < Co .

=0 otherwise

(26)

If a o) >c, —bc (with ¢, >bc by assumption) the black industry lobby’s pressure and politi-
cal influence is so strong that it does not pay for the green industry to build up counter-pres-

sure. That outcome is the less likely, the more stringent is the emission cap (b =&” small)

and the greater and the less price elastic is the demand for energy (c, large and ¢ small). Note,
however, that p, " >0 is only necessary but not sufficient for S( o) > 0. To see that, we com-

2a’rr,—a; 74

bine (26) with (19) and a, =0 and obtain S(p)= 2(§ . 2) and
—alr
> 3, |>| be(1-B)(c+¢)
GIEEE R =

That equivalence immediately yields*®

Result 4. Suppose, the consumers lack political influence (a, =0,a,,a, >0).

** From p, <0 and r, =0 follows S(r)=-ap, .
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(i)  The green industry refrains from lobbying (leaving the political arena to the black in-

dustry), if the black industry lobby is very strong (a,p0, >¢,— be).

(i)  Otherwise the green industry lobby succeeds inducing the government to subsidize

green energy, if and only if its relative political weight, a,/a,, exceeds some threshold

value which is the higher,

the smaller is the marginal cost of green energy (in terms of good X) (& small),

the less stringent is the carbon emission cap €,

the more price inelastic is the energy demand (c large, c, small),

the less increasing is the marginal costs of producing black energy (S large).

Consumers and green industry contra black industry. The special cases discussed above
provided insights into the conditions for introducing a green subsidy under the constraint that
one or two players are inactive. We will now complement that analysis by studying the inter-
action of all three players. As pointed out above, our attention will be restricted to consumers

with green preferences (¥ > 0), because in view of Result 4 and casual empirical evidence it

is unrealistic that the green industry lobby would succeed in introducing a green subsidy
against the joint counter pressure of black industry and consumers.

The observation (22) that the black industry has a dominant strategy allows us to replace
p, in the reaction functions (23) and (24) by the positive constant p;'. Technically speaking,

we disregard the black industry as a player and focus on the (non-cooperative) game between
consumers and the green industry both of which have an interest, to prevent the green energy
tax that would be levied if they would not take part in the lobbying game. The pertaining reac-

tion functions are
N N 2
acT(}/ +a, 0, ) acagT agT(TO — a0, T) acagT
= - —p, and p, = +

p..
‘ 26 +a’r 26 +a’t E-ax’ E-ax’’

(27)

In (27) the consumers’ reaction function is downward sloping implying that the green indus-

try’s lobbying efforts are strategic substitutes for the consumers’ efforts. Under the assump-
tion & > af’r2 (see above) the slope of the consumers’ reaction function is positive implying

that the consumers’ support for the subsidy is a strategic complement for the green industry’s
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lobbying efforts. In other words, if the green industry steps up its lobbying efforts, it discour-
ages the consumers’ lobbying. In contrast, the green industry responds to an increase in the
consumers’ lobbying efforts by stepping up its own lobbying. The reason for that asymmetry

in best replies is that the profit of the green industry (7, in (18)) is increasing and strictly

convex in the subsidy, whereas the consumer’s utility (4 in (16)) is strictly concave.

We have derived the solution of the equations (27) for p and pé“ in the Appendix A.3. It

reads'’
o = acr(;/g?+abpg'§—a§rro) > 0@}/{>} aSTZ(cO—BC)—abprf (28)
‘ (2& +alr)e = < g !
. _agr[afr(ro+yr)+2§(ro—abpg“rﬂ > v [< afyr+(2§+a§r)(c0—5c)
Py = (2§_+afr)§ {:}0 < &0 > + 2¢ (29)

When combined with some further properties of the Nash equilibrium that we have estab-
lished in the Appendix A.3, the equations (28) and (29) yield

Result 5. Suppose, all stakeholders have political influence (a,, a,, a, >0).
()  If the green industry’s political influence is strong (@, large) and/or the consumers’
green preferences are weak (y small), the consumers refrain from lobbying.

(it)  If the consumer lobby is active along with the lobby of the black industry and the black

industry’s influence is intermediate,

. ra'r . 2(c —hc
i.e. age}ka,m+i—y|: with ko::((:l—(:)>0,
2¢ 2bzg bz

the green industry joins the pressure group competition even though it would have re-
mained inactive in the absence of the consumer lobby’s activity.

(iii) 1f all lobby groups are active (p" >0 for i =D, ¢, g) and the black industry lobby is not

too strong (&,p." > ¢, —bc),

' Note that (28) and (29) yield p|' = p!" for a, =0 and p, = p." for a_= 0, which is required for consisten-
cy.
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(@) the subsidy rate is higher than in the case where either the consumers (a, =0) or the

green industry lobby (a, = 0) lack political weight;

(b) the consumers’ lobbying effort is smaller than in the case where the green industry

lacks political weight (a, =0);

(c) the green industry’s lobbying effort is larger than in the case where the consumers lack

political weight (a, =0).

The straightforward reason for Result 5i is that the green industry’s payoff is increasing
and strictly convex in the subsidy, whereas the consumers’ utility is strictly concave in the

subsidy. Consumers will even switch sides in the lobbying game, if a, becomes too large

and/or y too small.® While the green industry’s lobbying discourages the consumers’ drive

for the subsidy (Result 5i), the consumers’ lobbying activity encourages the green industry’s
lobbying efforts (Result 5ii). Essentially, the Results 5i and 5ii are in line with our finding
above that the green industry lobby takes the consumers’ efforts to be complementary while
the consumers consider the green industry lobby’s efforts as substitutes. That asymmetry is
also the principal driving force for the observations listed in Result 5iii which compare subsi-
dy decision making in the case where all players are active with scenarios in which either the

consumers or the green industry lack political influence.

In order to gain further insights into the determinants of subsidizing green energy, we now
perform some comparative statics of a Nash equilibrium with positive lobbying efforts of all
players. The analysis (in the Appendix A.4) of the displacement effects of exogenous changes
in various model parameters yields
Result 6. Suppose all lobby groups have political influence and are active (a >0 and
p >0 fori=h,c, g). Following the (exogenous) variation of the parameter a,, a,, a, € or

y the direction of change is

(i) inthe lobby groups’ efforts:

u = a, a a 3 Y

'8 To avoid additional notational complexity, we will not include that scenario in the formal model, however.
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or, 1 ou 0 0
or, I op 7 | 7 n
odou| - | =2 | + : '

(i) in the subsidy rate: 2> <0, % 50, % <0, % 50 and

oa, oa, 08 oy

30 o PR Gl i o 0 S (30)
8ac < < ‘):

+)

Result 6i summarizes the shifts in the groups’ lobbying efforts following small variations
in model parameters. As expected, the efforts of both the black and green industry are increas-
ing in their respective political influence (or,/da, >0 for i = b, g), but the sign of or,/0da, is

d(a.p))
oa

op. __4p &
da, 2&+a’t

unclear. Interestingly, we find that =pl +a, >0 irrespective of the

C C

sign of or,/0a,, i.e. the consumers always use their increased political influence oa, >0 for
raising the subsidy rate. The characteristics of the players C and G do not impact on the black
industry’s lobbying effort, of course, because the strategy p,' is dominant. However, the
black industry’s political influence has an impact on the other groups. It stimulates the lobby-
ing effort of the consumers and discourages that of the green industry. Another interesting
observation is that the response of group C’s [group G’s] effort to an increase in the political
influence of group G [group C] is ambiguous. Both cross effects or,/da; fori, j =c, g, i # j
are the more likely positive, the greener the consumer preferences (¥ large) and the greater is
the black industry’s political influence (a, large). The greening of preferences raises the ef-
fort of group C and group G, but tightening the emission cap (0€ <0) diminishes the con-
sumers’ lobbying effort while the green industry increases its effort. The latter pushes harder
for the subsidy taking advantage of the black industry’s weakening through reduced profits. In
contrast, the consumers aim to retard the green industry’s revitalized drive because their mar-
ginal utility is declining in the subsidy.

Result 6ii is as expected with regard to the impact on the subsidy of changes in a,, a, and

y . Tightening the emission cap increases the subsidy rate (os/ce >0) mainly because it re-
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duces the profit of the black industry that then lowers its pressure to curb the green energy
subsidy. The shift in the subsidy induced by an increase in the consumers’ political influence,

(0s/0a,), is particularly interesting, because in contrast to 0s/da,, which is unambiguously

positive, 0s/0a, may attain either sign. 0s/da_ >0 is the more likely®®,
- the greener are consumer preferences (¥ large);

- the smaller is the political influence of the green and black industry (a, and a, small):

- the smaller and the more price elastic is the demand for energy (c, and ¢ small).

5 Concluding remarks

As we have pointed out in the introduction, we cannot see convincing welfare economic
arguments in favor of a subsidy on green energy that complements a country’s carbon emis-
sion cap-and-trade scheme. In order to understand the wide-spread double regulation in prac-
tical policy, we focus on the political economy of the green energy subsidy and seek to ex-
plain its rate as the outcome of a trilateral tug of war between the pertinent stakeholder
groups. Quite obviously, the green industry uses its political influence to push for the subsidy
while the black industry exerts countervailing pressure. Casual empirical evidence suggests
that the former is far smaller and likely also less influential than the latter in the process of
policy formation. Therefore the explanation of the subsidy crucially depends on the interac-
tion of both industry lobbies with a third stakeholder group, the consumers, whose political
influence may reflect their role as voters and/or lobbyists. If the consumers would share the
view that the overlapping subsidy merely generates excess costs, then our model of competi-
tive lobbying would predict under plausible conditions a green energy tax rather than a subsi-
dy. Most likely a precondition for a subsidy being the outcome of the lobbying game is that
the consumers have ‘green preferences’, i.e. that they derive extra utility from green energy.
That hypothesis might be interpreted as reflecting the consumers” ‘warm glow’ environmental

awareness or their willingness to support a more sustainable development.

9 A necessary condition for &s/da, <o is that dp! /da, <0, because ds/da, - 8(acch )/aac +(8pg /aac)ag

and 8(acch )/ oa_ has been shown to be positive above.
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The game of competitive lobbying is developed in the framework of a simple small open
economy with endogenous determination of both the energy price and the green energy subsi-
dy. The upside of using parametric functions is that we can fully solve the competitive eco-
nomic equilibrium as well as the lobbying Nash equilibrium which, in turn, allows us to trace
the determinants of the equilibrium subsidy rate in great detail. The price to be paid for the
specific and informative results is that various real-world complexities are omitted. Among
the issues in need of more careful future consideration and modeling are the following. Real-
world energy markets are far from perfectly competitive; the consumption good sector and the
green energy industry should not be lumped together, as we did for reasons of tractability; our
model abstracts from the empirical feature of energy as an important intermediate good in the
consumption good sector; the additive separable function of subsidy formation (19) that re-
sults in the black industry’s strategy being dominant should be replaced by a less restrictive

function.
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Appendix A

A.1 List of terms defined to simplify notation

a:=qw fori=h,c,g, b:=¢’>0, Ei=¢é-ar’,
cj::é>0 &o=(1-7)c, +becr >0, p,i=r"*fori=b,c,g,
T cfeje]Ol[ 7,:=7(c,—bc), 7:=(1-B)(1-7)>0,
vo'_%+c0§0+xo—pe§—£2"2—g—§, V,:=Cy,{ —CLL, — e: 7;: 7;8—7

Assumptions on the parameter space: We assume ¢, >bc and hence 7, >0, because other-
wise p, =7,—(1-7)s<0 for s =0. We also assume ¢ >a_ /4 because that inequality is plau-
sible (see the discussion following equation (24)). It implies & =¢&—a;r” >0 which, in turn,

is sufficient for the payoff function I1° being strictly concave in r, (see below).

A.2 Properties of the payoff functions IT', i =b,c,g.

abz
( )_ 4ti.b3/2

|Imeb—oo and 1I1°

(A
r,—0 b

+
lIimIl;, =< -1} < vy
r.—0 e —

+ o0 _
!ILT(])HQQ = {_—i} = (co—bc){

<0,

az|r—(a,0,—am,) |
4,8

AV

}(agpg - abpb) and ch'crc ==

ALV

}(abpb -a,p,) and
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i a,r’ [(cO ~bc)-(a,p, —a.p. )]

. 2p3¢

We conclude: (i) Hﬁ’brb <0 holds unconditionally and arg max IT* > 0.
)

(i) arg max IT° is unique and > O 1f and only if > (3,0 — 30,
fe =0 otherwise

(ili) arg max IT° is unique and | > O if and only if (c; —bc) > (a,p, - a.p.)
s =0 otherwise

A.3 Nash equilibrium

In our calculations below we disregard temporarily the constraints p, >0. We know from

(22) that p,' =a,b7 /2. To compute p.' we insert p, from (24) into (23):

:acr(;/+abpb“‘)_ a,a,r .agr(ro—abpg“r)_ ala’r®

N
¢ 28 +a’r 28 +a’r & (2§+a§r)§p° ’
A A
(26+alr)é+alair® | agf(r+ap) )-aalr’(r,-an')
(2&+alr)E Pe = (2&+al7)E

We simplify the terms A, and A as follows:

A = (2&+alr)(&-alr’)+alalr® = 2&° +alrE —2alr’E = (28 +alr)E,
A = ar(y+apn) )(&-alr’)-aal’ (5, -a,0)7)
= ayrf +a,3a,0 ¢ —a,a,a 't — 8,8 T T, + 3,38, 0, T
= ar(yE +a,p)é-altry).
Hence

v acr(y§+abp§§—a§n()) ~ acr[(y+abpr)é—(;/1+fo)a;f]
Pe = (28 +akr)e - (28 +akr)e '

(A1)
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(28) follows from (A1) after the constraint o' >0 has appropriately been accounted for.

We rearrange terms and rewrite (Al) as follows:

pN — 2‘§+ac2‘[ le_aca;TZ(}/T+TO) — pN1+a§T2 [chNlé_aC(yT-i_TO)} (AZ)
‘ 28+alr’" (28 +alr)e ¢ (28 +alr)e ’
where pl'* is defined in (25). Moreover, we find that
a,(y7+1,) = ayr+aaplr+ar, —aapr = (2§+afr)pc“1+2°—§p§1 and obtain
T
9
a’a’r’ a.a, &
ch - chl_ c g le_ cg é le, (A3)

(2§_+afr)§ ‘ (2§+afr)e§ ’

N1

where pg* is defined in (26). (A3) implies that if p' >0 for all i and p;*>0, then

p. < pet (Result 4iiib). Next we compute pg by inserting p, from (23) into (24):

N N
agT(To—abe 1)4_acag'r2 .acr(;/+abpb ) ] ajayr’ o
£ 2 26 +a’t 26 +a’c’

C

py =

A
(22+alr)E+alals® | a r(ro—abpb“‘r)+afagrs(;/+abpg“) _

(2&+al7)€ Po = 3 (2&+al7)€

A
agr(ro —abprr)(Zé + afr)+ afagr3(;/ +a,p) )

(2§+afr)§_

We simplify the term A, as follows:

A, = agT(To—ath)NT)(2§+ac2T)+ afagfs(j/+abpt')\'),

2 N 2 N_2 2 2 2 N_2
(2§+acT)TO_2abpb Té_abacpbf +ayr taapp T :|’

1
o}
N

Hence

24



agT|:a(:2T(TO +VT)+2§(TO _abpt!\lf)] 28 JRU a’a,t’(z,+77)

=z

Po = (2§_+afr)e§ 28 +a’t P (295 +a r) (Ad)
- e _affz p;1+afagz2(ro+yr) . alt|a,z(r,+y7)—-Ep;" |
28 +alt (28 +akr)e . (2& +alr)e
We further convert the term
[a,r(ro+77)—En | = a; [(;/+abpb )é-(re +ro)a§r]:@p§.
and rewrite (A4) as
Py = Py +aarp . (A5)

(A5) implies that if p" >0 foralliand p," >0, then p; > p;'* (Result 4iiic).

A.4 Comparative statics of the Nash equilibrium (interior solution)

Response of the subsidy rate to parameter changes. We combine the equations (19), (22),

(25), (26) (A2) and (A4) to obtain s"=-ap, +ﬂ, where @:=2& +a’r >0,
w

0:=a’(y+a,n')+2a(z,~a,p)'7), and 7,:=1(c,—bc). Differentiation with respect to the

parameters a,,a_,a,,b and ¥ yields

i) g’
ds = —p!'da, —a,dp, —iz(— 4a 7’da, +2acrdac)9+1[(;/+abpg“ )2a,da, +a’dy +
w w
+a’p,'da, +a,a’d p, +(7, — a,0,'7 )4,da, — 2alcrdb — 282 p)'da, — 2a2a,7d p, |
= %{(—p&“wz + aczprm)—Zang“rza)) da, +2ar [a)(;f +a,0p )— 10] da, +a’rewdy —

2 2 3 N 2 2 2_2
— 2a’cr’wdb +4[agr 0+a,r0(1,—a,p, r)] da, + (- a,0’ + a,a’tw - 23,a}°w)dp,,

o’ds = —4p)éwda, +4acr[§_(7/+ a,pp )—aST(TO —abpg“r)] da, +a’rwdy +
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+ 4agr[a91'29 +o(7- abprf)] da, — w(2ajce? + a7z ) db

Inspection of ds/da, reveals (%S = 4agT [y§+abpb“‘§—a§rz (c,—bc-a,p," )] and hence
@

> >| a%?(c,—bc
ﬁ{}om{} ar(ahe) | e
aa‘c < <

Response of lobbying efforts to parameter changes. To simplify notation (for use in the

N (i
Appendix only) we invoke (28) and (29) and define p :ﬂ for i = ¢, g, where

D(i)
N(g)= agr[afr(ro +y7)+28 (To —~ abpfr)] :
N(c):=a,r (€ +a,0'¢—altr,) and D(c)=D(g):=(2& +alr)é.
Observe also that dz, =—crdb and d& = —2agrzdag . Total differentiation of (22), (25) and

(26) yields dp)’ :b;daﬁ%db and D(i)dp" =dN(i)-p"dD(i) fori=c, g.

More specifically,

D(c)dp = ydaC +acr(§d;/ —2ayr’da, + aicr’db+2p, Eda, +

C

2
- %db +2a,rr,da ) +4a, p, T°Eda, —2a,p, 7 da, .

2a,D(c)dp) = 4alp)éda, +| 28 +(a, ~1)a,r | pl'éda, +alr(2ajcr? + 77z ) db -

+4a,7’ [ché + aff(y -, +l:_lc)]dag + 2a’t€dy.

N
D(g)dp, = ;g) da, + agr[Zacr(ro +y7)da, —acr’db+air’dy — 2ceédb -
¢}
—4a’p)'r*¢da, —aZalr zzdb | +4a,pyriéday + 22, p) rEda,
a,D(g )dp; = — 4a§prT§dab +2ar [aST(TO +7) —pg'é‘]dac +(N (9) +4agp3‘12§)dag
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+ +aja;rdy —air’ (afCT +2¢&+ aézf)db :
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