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Abstract

Reaching the temperature targets of the Paris Agreement requires a fast and drastic reduction
in coal use. Yet, phasing out coal could lead to undesirable effects such as decreasing wages
and rising electricity prices. Which policies are most efficient in counteracting these potential
negative effects? To address this question, we introduce a general equilibrium model that
combines firm heterogeneity and endogenous market entry with an electricity sector that, inter
alia, uses clean and dirty (coal) resources. Within our model, we implement a coal phase-out as
well as different complementary policy measures, which subsidize (1) market entry fixed costs,
(2) production fixed cost, (3) wages, or (4) electricity prices. We solve our model numerically
and show that targeted policies in the form of direct subsidies counteract falling wages and
increasing electricity prices at lower welfare costs. With regard to wages, we find that a direct
wage subsidy of 3.5 % allows to raise the wage to its initial level prior to the coal phase-out at
a welfare loss of 0.02 %, which is 10 times less compared to a market entry subsidy and more
than 15 times less compared to a production fixed cost subsidy. Hence, targeted policies are
superior in addressing adverse effects of a coal phase-out.

Keywords: Coal Phase-out, Policy Choice, Welfare, Regulation, Structural Change,
General Equilibrium Model

JEL Codes: Q38, Q48, Q52, Q58

*We are grateful to Monica Giulietti and Elmar Hillebrand for helpful comments and fruitful discussions.
Declarations: This work was funded by the German Federal Ministry for Education and Research, grant no.
01LA1826B (PEGASOS project). We declare that there are no competing interests.

fUniversity of Bochum, gerald.zunker@rub.de (Corresponding Author)

#University of Bochum, andreas.loeschel@rub.de

$Leibniz Institute for Economic Research

IFraunhofer Center for International Management and Knowledge Economy

I University of Miinster, joerg.lingens@wwu.de

**University of Applied Labour Studies, marco.de-pinto@hdba.de



1 Introduction

Coal-based electricity production accounts for about one third of global COs-emissions and rep-
resents the single most important source of emissions in many countries (Oberschelp et al. [2019;
IEA [2019). A prompt coal phase-out is essential if we are to limit climate change and reach the
goals of the Paris Agreement (Rinscheid and Wiistenhagen 2019)). Phasing out coal, though, will
lead to challenging structural transformations as coal fired power plants are the reliable and cheap
backbone of many countries’ electricity system (Jakob et al.|2020; Kalkuhl et al.2019)). A phase-out
of coal could lead to spiking electricity prices that give rise to undesirable distributional effects.
Also, the coal industry is geographically located in particular regions, even within countries. Job
and income losses would hence be highly concentrated, resulting in an uneven distribution of the
potential burden. This implies that the political hurdles that must be overcome to abandon coal
are immense.

Against this background, there exists a discussion on which policy measures can be taken
to alleviate undesirable consequences and distributional effects of a coal phase-out. This may
also be an important factor for its political feasibility as a just transition is more than a moral
imperative (see OECD 2019, Jakob et al. 2020, Muttitt and Kartha [2020| or Bang et al. 2022)).
Offering an economic perspective to coal regions and new employment opportunities to workers are
important parts of a successful phase-out (Rinscheid and Wiistenhagen [2019; Green and Gambhir
2020)). New opportunities also help to prevent outward migration and economic hardship, which
otherwise pose a threat to the affected regions (Oei, Hermann, et al. 2020; Oei, Brauers, et al.|2020).
However, not only the economic situation of coal regions is of great concern, but also the burden of
rising electricity prices. They affect production opportunities and pose a major challenge to poor
households (Mayer et al. [2020; Cheon and Urpelainen [2013; Ohlendorf et al. [2022). Taking these
concerns into account is necessary to achieve an equitable transition, and to ensure that the coal
phase-out is politically feasible (Mayer et al.|2020; He et al. [2020).

Complementary policy measures are therefore part of a successful real-world phase-out. In the
German case, for example, the federal government appointed the so-called Coal Commission in 2018,
which comprised of representatives from academia, energy industry, environmental organizations,

labor unions, and political parties. Its goal was to develop a time-line for the coal phase-out in



Germany and to identify complementary policy measures in order to support affected regions and
to promote their economic development. The Coal Commission published its recommendations as
a report in early 2019, and it is rather specific about what measures should be implemented. They
range from support for local companies and transfer payments for affected workers all the way to
subsidies for electricity consumers (BMWK 2019)). The problem, however, is that these policies aim
at a relatively complex and interdependent economic structure. As such, it is not straightforward
how they translate into the desired outcomes.

In this paper, we address this issue by setting up a general equilibrium framework, which
accounts for an electricity producing sector inspired by Acemoglu et al. (2012) and Loschel and
Otto (2009) as well an endogenous market structure with heterogeneous consumption good firms
in the spirit of Melitz (2003). Within this framework, we implement a stylized coal phase-out
(refraining to use coal for electricity production) as well as additional policy interventions inspired
by the German Coal Commission’s proposal. This includes (1) a market entry fixed cost subsidy,
(2) a production fixed cost subsidy, (3) a wage subsidy, and (4) an electricity price subsidy. We
solve our model numerically, using parameters from related literature, and analyze the general
equilibrium effects of the coal phase-out as well as the policies. Subsequently, we discuss these
effects against the background of pursuing a just transition, as we want to assess how the impacts
of a coal phase-out on households and industry can be alleviated. This provides the basis for a
more informed discussion about which policies may be more helpful to mitigate adverse effects in
order to achieve a high level of social acceptance and political feasibility for a coal phase-out.

Our results show that phasing out coal leads, ceteris paribus, to an increase in the electricity
price by 28.5 % and a decrease in the wage by 2.5 % in our model. The market structure does
not change with a coal phase-out. Both the number of firms in the market and their average
productivity stay the sameE Firms are nevertheless affected by a coal phase-out as they sell
lower quantities. The reason is that decreasing wages cause labor income and hence demand for

consumption goods to decrease. Welfare decreases under the coal phase-out. This is not surprising

1. The intuition behind this result is that as wages fall, input costs for firms decline. This allows less productive
firms to survive, such that the number of producing firms increases, while their average productivity decreases. This,
however, also leads to rising expected profits such that more firms try to enter the market. Competition becomes
more intense and the productivity required for survival increases (and so does the average productivity), while the
number of producing firms decreases. As these effects perfectly offset each other, average productivity and the number
of producing firms return to their initial levels. The effects of the rising electricity price are the exact opposite and
therefore offset each other in an analogous way.



as we do not model negative externalities caused by burning coal explicitly. We deliberately refrain
from modelling these externalities, because we take the coal phase-out for granted and do not take
a stand on its overall welfare effects. We are more interested in the extent to which potential policy
measures can address frequently communicated public worries, namely rising electricity prices and
worse economic prospects in terms of wages and jobs in the affected regions (ILO 2015; Heinrichs
et al. |2017).

Regarding the policy interventions, we find that in general each of them counteracts the negative
effects of a coal phase-out on wages and electricity prices. But they also decrease welfare in all
scenarios. This welfare result is in line with previous literature (Jung 2012, |2015) and arises from
the fact that the only additional friction in our model is due to the monopolistic market structure,
which in general equilibrium does not play a role because all relative prices are solely determined
by marginal costs (see, Pearce 1952 for a similar argument)ﬂ The important point, however, is
that the policies we consider are characterized by different degrees of welfare losses. We observe
that direct subsidies counteract the effects of a coal phase-out at substantially lower welfare losses.
A direct wage subsidy of 3.5 %, for example, allows to raise the wage to its initial level prior to the
coal phase-out at a welfare loss of 0.02 %. For comparison, raising the wage to its initial level using
a production fixed cost subsidy results in a welfare loss that is 15 times larger. Thus, the welfare
cost of reaching a specific goal highly depends on the policy at hands.

Our paper adds to two strands of literature. On a conceptual level, we contribute to the
literature on the consequences of phasing out coal and which measures can be taken to address
them. This literature, on the one hand, examines the effects of past declines in coal mining. That
includes the decline in Germany during the past 60 years (Oei, Brauers, et al. [2020; Morton and
Miiller 2016)), but also the decline in other countries such as the US (Black et al. |2005) or the
UK (Aragoén et al. 2018). On the other hand, it takes a forward-looking position to assess the

consequences of upcoming phase-outs of coal-based electricity production. In doing so, it most

2. This result could be different if we would complement our differentiated consumption good sector by a numeraire
sector that produces a homogeneous good under constant returns to scale, like Pfliiger and Siidekum (2013]) do.
Including such numeraire sector induces a mark-up distortion because the numeraire good is priced at social marginal
costs whereas the differentiated varieties are priced above social marginal costs (due to mark-up pricing). Consumers
spend too little on the differentiated varieties and too much on the numeraire. This distortion can be reduced by
policy measures such as a market entry subsidy, which in turn leads to positive welfare effects. However, we use
a one-sector setup without a numeraire sector because we want to start from a first-best solution rather than a
second-best solution in order to observe the pure effect of our policies without creating friction or interaction with
any imperfections.



frequently considers the effects on carbon emissions as well as the labor and energy market (Gillich
et al. |2020; Keles and Yilmaz [2020; Kittel et al. |2020; Heinisch et al. 2021; Oei, Hermann, et
al. 2020). Some studies, however, also address local environmental and health benefits (Rauner
et al. [2020) or the public attitudes towards a phase-out (Heinrichs et al. 2017; Rinscheid and
Wiistenhagen [2019). What has not been taken into account so far is that the coal phase-out as well
as the proposed policy interventions might also affect the market structure. In fact, some of the
policy interventions even specifically aim to change the market structure by encouraging market
entry through start up grants and innovation labs, or by supporting production of new firms via
investment in public infrastructure. We pick up on this point by analyzing the coal phase-out
and the additional policy interventions under firm heterogeneity and endogenous firm entry. This
allows us to understand the selection and reallocation effects of policies in a rich general equilibrium
framework.

On an operative level, we contribute to the literature that investigates the allocative effects of
policies using the heterogeneous firm model by Melitz (2003). Within this framework, not only
trade policies such as import tariffs (Demidova and Rodriguez-Clare 2009), border carbon adjust-
ment mechanisms (Bohringer et al. 2012; Balistreri and Rutherford 2012; Balistreri et al. 2018)
or subsidies for foreign direct investment (Chor 2009)) have been analysed, but also questions con-
cerning the optimal market structure. See, for example, Jung (2012) or Pfliiger and Stidekum
(2013), who analyze the welfare effects of fixed cost subsidies. We build upon these insights when
analyzing policies that aim at alleviating the negative effects of a coal phase-out. However, we
extend the Melitz model to account for an electricity sector, while at the same time keeping the
model tractable. This offers a new perspective for applications of the standard heterogeneous firm
framework.

The remainder of our paper is structured as follows. Chapter [2] outlines the basic setup of our
model, how firms behave, as well as the aggregation over firms and consumers. In chapter |3 we
derive the equilibrium conditions of our model, and show how they change if we allow for policy
interventions by the government. Chapter [4] presents the numerical solution of our model. That
includes our parameter choice, our main results, and multiple robustness checks against alternative
parameterizations. Chapter [b| concludes and discusses limitations as well as potential extensions of

our model.



2 The Model

2.1 Set-Up

We consider a closed economy which is endowed with labor L, a dirty resource R and a clean
resource V. The former resource will be interpreted as fossil fuels (part of which is coal) and
the latter as renewables. There is an energy sector, where the three inputs are used to produce
electricity, and there is a consumption goods sector, where labor and electricity are used to produce
differentiated varieties of a commodity. Workers are mobile across both sectorsE| Since the labor
market is perfectly competitive, there is no unemployment and each worker receives the same wage

w.

Representative Consumer
A representative consumer decides upon the level of demand for any given variety. The utility U

of the representative consumer is given by the CES-aggregate over all available varieties M, which

Uz[/OMdowf p=2=1 1)

ag

reads

where x(w) denotes the consumed quantity of variety w and o (> 1) measures the elasticity of
substitution between any two varieties. Maximizing and taking into account that income I

equals expenditures yields the demand function
2(w) = TP 7p(w) ™7 = Ip(w) ™7, (2)

1
with p(w) denoting the price of variety w and P = <f0M p(w)l_adw) "7 =1 the associated CES

price index (minimum expenditure for one unit of U), which is our numeraire.

Consumption Good Sector
The consumption good sector is characterized by monopolistic competition, endogenous entry and

firm heterogeneity a la Melitz (2003). We, however, allow for two inputs, the primary input labor

3. Haywood et al. (2021)) estimate a simple job search framework using data on employment biographies of former
German coal workers. They show that former coal workers rarely become unemployed, because they are typically
highly educated, which makes a career switch or a switch to other industries fairly easy.



[ and the intermediate input electricity e. The production function is
z(0) =01%'""" 0<a<l. (3)

We assume that firm productivity 6 is Pareto distributed with density g(#), shape parameter ¢
(> 0 —1), and lower bound b (> 0). The distribution function reads G(#) = 1 — (b/0)¢. Operating
profits are

m(0) = p(0)x(0) — wi(0) — Pre(d), (4)

where Pg denotes the (unit) price of electricity which is purchased from the energy sector. As
in Melitz (2003)), firms learn about their productivity after market entry, while they decide upon
production afterwards. Both market entry and production require investments, which are expressed
by fixed costs measured in labor units. Market entry costs are wF', which all firms have to bear
in order to be endowed with some productivity. Production fixed costs wFp are only incurred if
firms decide to take up production. Because each firm produces one unique variety, M denotes the

mass of firms operating in the market.

Energy Sector
In the energy sector, there is perfect competition with an exogenously given unit mass of competi-
tors. The production function is

— P (R + V) 5
e=Lg(RP+V?) (5)

where L is labor that is used for the production of electricity and R and V denote the clean and
dirty resource, respectively, that is used in producing electricityﬁ The elasticity of substitution
between the two types of resources in the composite is given by op = 1/(1 — ¢). Profit is then
given byl

TFE:PEe—wLE—pRR—va. (6)

4. This modelling approach is inspired by papers like Acemoglu et al. (2012)), Loschel and Otto (2009), Otto et
al. (2008) as well as Otto et al. (2007)), where clean and dirty inputs are used for production under constant elasticity
of substitution. However, we explicitly add labor as an input to energy production, assuming a unit elasticity of
substitution between labor and the resource composite to keep the analysis tractable.

5. In the setup we present here, electricity producing firms buy the resources from resource owners at fixed prices
pr and py. Alternatively, we could have assumed a setup in which energy firms are vertically integrated owners of
the resources. In this case, the profit is just 7g = Pre — wLE, which is then also the resource rent.



2.2 Firm Behavior

Consumption Good Sector
In the consumption good sector, the sequence of events is as follows. First, firms decide upon
market entry and whether to start producing. After this decision, they optimally choose how much
to produce and thereby how many inputs to employ.

By backwards induction, we first solve the input and production choice of a firm with produc-
tivity @ producing variety w. Cost minimization for producing = gives the demand functions for

electricity and labor. The solution is

l—aw
T o Pg 1o
0.0 =5 (125 0

The cost function of a firm endowed with productivity # is then given by

TPy “w™

C(ZE7 9) =z 9 Y

9)

—Q
with ¥ = ( 1 ) ( a ) . The firm sets the price such that operating profits are maximized,

11—« 11—«

taking the demand function ([2)) into account. This yields

_ ldC(a:,Q) _ 10(:1:,9)7 (10)

0
p()pdx P

where the last step follows from linear homogeneity of production. Operating profit in equilibrium

can hence be expressed as

m(0) = (1 = p)p(0)x(0) = 7(6) /0, (11)

where 7(6) denotes firm revenue in equilibrium. Using and (2)), revenue reads

oo\ (0D
7(6) = p(B)a(0) = Ip(9)"") = (“I“PEQ‘“> , (12)

p

which implies that 7 (and hence 7) in equilibrium is decreasing in wage and electricity price and

increasing in productivity and the overall market size measured by aggregate income in the economy.



A firm starts production only if operating profits (weakly) exceed production fixed costs. At
the margin, we have

m(0) = whp, (13)

where 6 denotes the lowest productivity of all firms operating in the consumption good sector.
This is the Zero-Profit-Cutoff Condition (ZPC). Moreover, a firm will enter the market, i.e., being
endowed with a productivity, only if expected profits (weakly) exceed market entry costs. This

free-entry condition (FE) is binding and can thus be written as

/b " (5 (0) — wFp) g(6)d0 = wF. (14)

Energy Sector
Firms in the energy sector maximize profits g by choosing the employment Lg. Considering a

situation in which the resources are supplied inelastically at R and V', labor demand is given byﬁ
Pp\ 17
-3, - _1
Lp = <5E) (R? +V¥)%. (15)
w
Further, we can write down the electricity supply asﬂ
Py 27 \
B = (5E> (Re + V). (16)
w

2.3 Aggregation

In the consumption sector, total employment and electricity demand are defined by

Ly=M /6 10V u(6)d0, (17)

Ex =M /9 = e(0)u(0)do, (18)

6. In appendix we show that the general structure of the labor demand function in the energy sector remains
by and large the same if we consider positively supplied resources R and V. The difference is, however, that the
adjustment need in the labor market in case of a coal phase-out is larger under positively supplied resources. The
case of a fixed resource base that we consider here in the main text hence represents the conservative case concerning
the distributional effects and the needs for policy adjustment under a coal phase-out.

7. The same supply structure would apply in the vertically integrated energy firm.



respectively, where we used the truncated distribution of active firms

p(d) =g(0 160 =0) = 1;(}((9;)(9). (19)

Similarly to Melitz (2003]), we can calculate the average productivity of firms operating in the

market as

6 = [/Oo GU‘IM(G)dH] . (20)

9

Then, aggregate employment can be expressed as Ly = MI(f) and aggregate electricity use is
given by Ex = Me(0). Aggregate operating profits are given by II = M (). This implies that
the aggregate levels are identical to a scenario where M identical firms with productivity 6 would
produce in the consumption good sector.

Since we normalize the mass of firms in the energy sector at unity, aggregate employment Lg

in this sector and aggregate electricity supply Eg are given by and , respectively.

Income is defined by
I= w(LX + MFp + M€F+LE) +1I — w(MFD + MeF) + PpEg — wLpg, (21)

where M, = M(1 — G(6))~! denotes the mass of firms entering the market. Aggregate income
hence consists of labor income, profits in the consumption good sector, profits in the energy sector,
and the resource rent. The resource rent, however, cancels out because it is not only a rent to the

resource owners, but also a cost to the energy firms.

3 Equilibrium

When deriving the equilibrium, we consider two scenarios. In the baseline framework, the economy
is described as in the previous section. Then, we allow for policy interventions by the government,

which alter the equilibrium conditions and outcomes compared to the baseline setting.



3.1 Baseline Framework
3.1.1 Firm-Selection

Firm-selection is measured by productivity @ of the least productive active firm. The higher this
cutoff productivity, the more intense is the firm-selection and the higher is the average productivity

6 of operating firms (see equation )

0 (g) | (22)

Plugging the ZPC into and applying the Pareto distribution, we obtain

To determine 6, note that

~\ o—1
() = (Z) wFp = ﬁc_l)wFD. (23)

This shows that the average profits in the consumption good sector are solely determined by the
production fixed costs, which are a function of the ensuing equilibrium wage in the economy. This
is a well-known consequence of the assumed Pareto distribution (Egger and Kreickemeier 2009; de
Pinto and Michaelis 2016)).

In equilibrium, expected profit can be written as

00 oo —(oc-1)
/ 7(0)(6)do = ( / 0”‘1u(0)d0> P77y =(=a (i’) I
0 [4

~(o-1)
_ o=t p (e == <‘1’> I (24)
0

= ().
Using this, the FE in equilibrium reads

/:O 7(0)(6)d6 = 1_“’5(9) +wFp

em(d) =b 0°wF + wFp,

(25)

where the last line results from using the Pareto distribution. Inserting into and using

10



as well as the Pareto distribution yields

1
c—1 Fp\e
0 =b| ————~— 26
- ( ) (26)
- ¢ o1
0" =b| ——— 0*. 2
(=e=n) 8 0
The superscript * indicates equilibrium outcomes.

3.1.2 Income, Mass of Firms and Input Prices

In equilibrium, income (21)) is a function of aggregate revenue only, i.e.ﬂ

I = Mr(6). (28)
Using and , we obtain
I= M%wFD. (29)
The CES price index can be expressed as
1
P= M [ [ e Do T = a6 (30)

The mass of firms has to adjust in equilibrium such that P is identical to one, as the normalization
requires. Moreover, the labor endowment must be equal to the aggregate labor demand of both
sectors and the electricity supply of the energy sector must be identical to the electricity demand
of the consumption good sector in the equilibrium. Using the labor market clearing condition

L = Lg + Lx and the energy market clearing condition Ex = Eg together with and , we

8. See appendix for a derivation of the equilibrium income.

11



can then formulate a system of four equations in four unknowns (w, Pg, M, I):

1
_ ~ -8  _ _ 1
L = MI(6*,w, Pg,I)+MFp + M(1— G(6*))"'F + <5PE> (R Ue) (31)
w
Lx -~
Lg
P % 1
Me(0*,w, Pg,I) = <5E> (R?+ V%)%, (32)
w
Ex
Eg
ocC
I=M——— wF,
c—(a—l)w D, (33)
M = p(6*,w, Pp)° L. (34)

This system of equations implicitly determines the equilibrium input prices w* and Py, the equi-
librium mass of firms M™* and equilibrium income [I* as function of model parameters only, for
instance of the amount of dirty resource R. Note that equilibrium income measures welfare as well

since we normalize the price index P.

3.2 Policy Interventions

We consider four different policy interventions based on the proposal of the German Coal Com-
mission: a market entry subsidy, a production fixed cost subsidy, a wage subsidy and an electricity
price subsidy. The real-world policy instruments to subsidize market entry include, for example,
start up grants and establishing innovation labs, while investments in public infrastructure are a
means to subsidize production fixed costs. In order to subsidize wages and electricity prices, the
Coal Commission recommends to compensate workers for wage losses and to reduce grid charges
(BMWK [2019).

We designed our model in a way that allows us to implement these measures in a stylized
manner. We implement the market entry subsidy Sg as a reduction in market entry cost to
wF x (1 —Sp). This directly affects firm-selection, implying that the cutoff productivity is altered
by this policy. Analogously, a subsidy Sr,, on production fixed costs implies that firms’ payments
to start production decrease to wFp x (1 — Sp,), which also affects firm-selection. The wage
subsidy S, lowers the wage that consumption good firms and energy firms have to pay in our

model to w x (1 —S,,). Workers, however, earn the full wage w. Finally, the electricity price

12



subsidy Sp, reduces the (unit) price that firms in the consumption sector must pay for electricity
to Pg x (1 — Sp,), while firms in the energy sector still receive Pg. All interventions we consider
are financed by a lump-sum tax paid by the representative consumer.

The equilibrium conditions for our policy interventions are derived in appendices [B.1] and [B:2]

4 Numerical Solution

4.1 Parameterization

Due to the non-linearities in our model, we rely on a numerical rather than an analytical solution.
Given that we want to better understand and quantify the allocative effects of our policies and
also want to gain some understanding of which policy is more effective in alleviating the effects of
a coal phase-out, we choose our parameter values carefully based on the relevant literature. For a
summary of our parameter values, see table

For the distribution of productivities and the production fixed costs, we use parameters from
Balistreri et al. (2011), who structurally estimate a Melitz model. Specifically, they estimate the
shape parameter ¢ of the Pareto distribution and the production fixed costs Fp for a variety of
countries and geographical regions, using data from the Global Trade Analysis Project. As such,
the parameter values we adopt for ¢ and Fp are estimated values for Europe. To obtain their
estimates, the authors use parameters from previous studies by Bernard et al. (2003) and Bernard
et al. (2007), which we adopt as well.

Bernard et al. (2003)) estimate the elasticity of substitution o between varieties. To obtain this
parameter, they set up a theoretical model that reflects basic facts about manufacturing plants
like firm heterogeneity or higher productivity among exporters. Afterwards, they fit their model to
bilateral trade data on 47 countries and more than 1,000,000 different consumption goods. Bernard
et al. (2007)) estimate further key parameters of the Melitz model. Specifically, they estimate the
minimum productivity b and the market entry fixed cost F' using plant-level U.S. manufacturing
data.

The output elasticities of labor, a and 3, correspond to the cost share of labor in producing

electricity and consumption goods, respectively. Data on the cost shares are taken from the Genesis

13



data base of the German Federal Statistical Office[

The elasticity of substitution o between clean and dirty energy resources is taken from Papa-
georgiou et al. (2017)), who estimate this parameter within the energy aggregate of macroeconomic
production functions. To do so, they exploit cross-country data on energy use by fuel for 26 coun-
tries from the new World Input Output Database (WIOD). Their estimated elasticity parameter
is 1.85 for the electricity sector, which implies that clean and dirty energy resources are (gross)
substitutes.

The labor endowment L = 7,083 is the sum of employees (in 1,000) working in the energy sector
(250) as well as the manufacturing sector (6,833) in Germany, obtained from the German Federal
Statistical Office[X]

Finally, we need parameters for the clean energy resource endowment V and the dirty energy
resource endowment R. We calibrate the total resource endowment (V + R) such that the total
electricity demand of the consumption good sector Ex reflects its true consumption of 245.8 TWh
per year (see BMWK [2021). The total amount of resources following from this calibration is
V + R = 121.5. The allocation of the total energy resource endowment between clean V and dirty
R resources follows their respective shares in gross electricity production in Germany. According
to the Federal Ministry for Economic Affairs and Climate Action (BMWK 2021)), 51.65 % of
Germany’s gross electricity production in 2019 originated from dirty resources (hard coal, lignite,
mineral oil, natural gas, nuclear power), while 48.35 % originated from clean resources (onshore
and offshore wind, hydropower, biomass, photovoltaics). This results in V' = 121.5 x 0.4835 = 58.75
and R = 121.5 x 0.5165 = 62.75.

To implement a coal phase-out, we reduce the dirty resource endowment from R = 121.5 x
0.5165 = 62.75 to R = 121.5 x 0.2808 = 33.89, because coal accounts for a share of around 23.57 %

in gross electricity production in Germany (BMWK [2021)).

4.2 Results

In this chapter, we present our main results. First, we analyze the effects of a coal phase-out on the

electricity price, wages, consumption good prices, income, and market structure, which is described

9. Data on the cost shares are taken from Genesis data bases 43221 and 42251, respectively.
10. Sectoral employment data can be found in Genesis data base 13111.

14



Table 1: Parameter Values Used for Numerical Solution

Parameter Description Value Source
o Elasticity of substitution 3.8 Bernard et al. 2003
c Shape parameter 4.582 Balistreri et al. 2011
b Minimum productivity 0.2 Bernard et al. 2007
L Labor endowment 7,083  Federal Statistical Office
F Market entry fixed cost 2 Bernard et al. 2007
Fp Production fixed cost 0.33 Balistreri et al. 2011
R Dirty resource endowment (pre phase-out)  62.75 BMWK 2021
R Dirty resource endowment (post phase-out)  33.89 BMWK [2021
v Clean resource endowment 58.75 BMWK 2021
o Output elasticity of labor (X prod.) 0.9097 Federal Statistical Office
I6; Output elasticity of labor (E prod.) 0.0427 Federal Statistical Office
op = ﬁ Resource elasticity of substitution (E prod.)  1.85  Papageorgiou et al. 2017

by the mass of firms operating in the market and their average productivity. The coal phase-
out is modelled by reducing the amount of dirty energy resources used for electricity production
(from R to R). The corresponding figure (1| shows relative values compared to the initial level
before a coal phase-out, where values smaller (larger) than one indicate decreases (increases)E-]
Second, we investigate the impact of the aforementioned policy interventions. The starting point
for this analysis is the new equilibrium we obtain after implementing a coal phase-out. We consider
policies individually to focus on their generic effect on the above mentioned outcomes. For each
policy, we gradually increase the strength of the subsidy starting at 0 and reaching to more than
50 % SubsidizationB Third, we evaluate which of our policy interventions might be the most
suitable to soften or even reverse potential negative effects of a coal phase-out in order to achieve

high levels of acceptance by households and industry.

4.2.1 Coal Phase-Out

In the energy market, phasing out coal leads to lower supply of electricity, which causes the elec-
tricity price to rise (figure . At the same time, energy firms demand less labor when they reduce
their production, which leads to layoffs. Workers who lose their job in the energy sector reallocate

to the consumption good sector because workers are perfectly mobile between sectors. This process

11. For the robustness checks, looking at relative values also makes it easier to compare results between different
parameterizations.

12. We limit the plot range to only account for subsidies that seem to be politically feasible. In addition, we check
that the government’s budget constraint is met for all plotted values, that is, we ensure that total subsidy spending
does not exceed income.
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of reallocating workers to the consumption good sector leads to lower wages since labor demand in
the energy sector decreases and labor supply in the consumption good sector increases (figure .
Although the wage and the electricity price change, marginal costs for any given productivity level
remain constant, because the increase in electricity costs is perfectly offset by the decrease in wage
costs. This reflects the linear-homogeneous production structure of our model where marginal costs

do not vary with the size of the economy.

Figure 1: Coal Exit
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Figure [1] shows the effects of a coal phase-out on the different equilibrium variables in our model.
All values are relative to the initial equilibrium levels before a coal phase-out.

As shown in figures[Idand[Id] the market structure is unaffected by a coal phase-out. Intuitively,
expected profits increase because the decline in wages implies a reduction of fixed costs. This
reduces, ceteris paribus, the cutoff productivity. If more firms are sufficiently productive to earn
positive operational profits, though, the mass of firms increases. This leads to fiercer competition

and raises, ceteris paribus, the cutoff productivity. Due to our model specification, all firms are

16



equally affected by these two effects, such that the effects equalize and the cutoff productivity
remains constantE Accordingly, the average productivity of active firms also remains constant.
With respect to the mass of firms, there is also an offsetting mechanism. Since energy prices are
higher, expected profits, ceteris paribus, decline, which reduces the mass of firms to its initial level.
An implication of the constant average productivity, combined with the constant marginal costs
discussed above, is that the average price of consumption goods remains constant (figure (Le]).
Finally, income and hence welfare decline (figure , which is due to the reduction in wage

income.

4.2.2 Policy Interventions

Market Entry Subsidy

One of the major concerns associated with a coal phase-out is that it might deteriorate the economic
production base of affected regions. This fear is deeply rooted among citizens living in coal areas,
mainly because of negative experiences with structural change in the past (Johnstone and Kivimaa
2018; Brauers and Oei 2020; Campbell, Coenen, et al. 2017; UBA |2022). In order to stabilize the
industry structure when regions face a coal phase-out, it is often considered to support market entry
of new firms. This is also reflected in the suggestions of the German Coal Commission, which aim
to facilitate market entry through multiple tools. This includes, for example, providing financial
support through start up grants and establishing innovation labs, which encourage creative ideas
and foster swift product development (BMWK 2019).

In our model, a market entry subsidy increases expected profits net of market entry costs, which
raises the mass of firms entering the market. Competition hence becomes more severe, which leads
to an increase in the cutoff productivity and a decrease in the mass of active firms (figure . If
the cutoff productivity increases, the average productivity of active firms increases as well (figure
2b)). This yields, ceteris paribus, a reduction of the average price of consumption goods (figure .
Moreover, labor demand increases since the number of entering firms rises. This, in turn, causes

the wage to increase (figure .

13. This result is analogous to papers like Egger and Kreickemeier (2009) and de Pinto and Michaelis (2016)), where
the market structure is also independent of the input quantities.
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Figure 2: Market Entry Subsidy
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Regarding the electricity market, there are opposing effects. On the one hand, the reduction of
active firms leads to a decrease in electricity demand. On the other hand, firms are on average larger
and demand more electricity for production purposes. Additionally, the increase in wages leads to a
substitution towards more energy intensive production, which further increases electricity demand.
In case of a small subsidy, the latter effects outweigh the former, resulting in higher electricity
demand and higher electricity price. For larger subsidies, the former effect dominates, such that
electricity demand and electricity price decrease. Thus, the electricity price is a hump-shaped

function of the subsidy (figure E Although the described opposing effects are relevant for the

14. The hump shape is difficult to see in figure [2¢] due to the scaling. We have chosen this scaling, however, in order
to (1) show the full range of the effect and (2) to make the graphs uniform and hence comparable with each other.
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labor market as well, the wage decreasing effect of having less active firms in the market never
dominates. This is due to the fact that the increased demand for market entry workers puts
comparatively stronger upward pressure on the wage.

Concerning welfare, the subsidy distorts the allocation of labor towards producing the fixed
market entry resource, which leads to decreasing income (figure . This is due to the aforemen-
tioned effect that we start from a first-best situation, since the implicit externality that results
from coal-fired electricity generation has been internalized by limiting coal use via command and

control.

Production Fixed Cost Subsidy

Subsidies towards production fixed costs aim at stabilizing the industry structure in a similar way
as a market entry subsidy. Practical approaches to subsidizing production fixed costs include mea-
sures like innovation funds that provide financial support to growth-oriented, emerging companies
(BMWK 2019). An alternative way to reduce production fixed costs, which is considered a priority
by the German Coal Commission, is investment in public infrastructure (Egger and Falkinger [2006;
Bougheas et al. [2000; BMWK 2019).

When production fixed cost are subsidized, the expected profit from entering the market in-
creases. This creates an incentive for more firms to enter the market, which implies fiercer com-
petition. However, starting production also becomes cheaper. This first-order effect dominates the
change in competition intensity, such that the cutoff productivity and hence the average productiv-

ity decline (figure . The average price for consumption goods therefore increases, ceteris paribus

(figure [3b).
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Figure 3: Production Fixed Costs Subsidy
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Although firms are on average less productive and hence smaller, there will be more producing
firms in the market (figure , which has repercussions on the input markets. Aggregate labor
demand (for production purposes but also for producing the fixed production resource) increases
such that the wage increases (figure . Regarding the electricity market, there are again opposing
effects. First, increasing wages induce a substitution towards more energy-intense production.
Second, there are more producing firms in the market. What opposes these effects is that firms
are smaller and therefore demand less electricity on average. Analog to the market entry subsidy,
the electricity demand increasing effects dominate in case of a small subsidy, while the demand
decreasing effect dominates in case of a larger subsidy. As a result, the electricity price also
responds in a hump-shaped way to the production fixed cost subsidy (figure [3€)).

Welfare again decreases compared to the initial situation of a coal phase-out without any addi-
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tional policy (figure . The production fixed cost subsidy causes a misallocation of labor resulting
in too many firms entering the market that are on average insufficiently productive. The important
question, however, that we will discuss when evaluating the different policies, is which policy can
stabilize declining wages and rising electricity prices caused by the coal phase-out at a lower welfare

cost.

Wage Subsidy

Among the main arguments raised by opponents of a coal phase-out is that workers in the energy
industry lose their jobs and hence face worse wage prospects (or employment prospects in a rigid
wage setting). They frequently refer to threatened livelihoods and emphasize that workers in the
energy industry would be disproportionately burdened (Leipprand and Flachsland [2018)). The
German Coal Commission therefore proposes to address these concerns directly by subsidizing
wages. (BMWK 2019).

A wage subsidy decreases wage payments by firms without putting pressure on household wages
(compare figures and . It thereby leads to higher labor demand in the consumption good
sector as well as the energy sector. Since wages are subsidized, but electricity prices are not, firms
in the consumption good sector adjust their production and substitute away from electricity to
produce more labor intensive. This causes electricity demand and hence the electricity price to
decrease (figure [4d).

The cutoff productivity is unaffected by the subsidy. There are two effects that offset each
other. On the one hand, production costs decrease due to the wage subsidy, which raises expected
profits. More firms enter the market, such that competition becomes more intense. On the other
hand, starting production is easier for firms as production costs decline. The former effect raises
the cutoff productivity, while the latter reduces it. On balance, the cutoff productivity remains

constant, and so does the average productivity (figure .
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Figure 4: Wage Subsidy
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Figure@ shows the effects of a wage subsidy on the different equilibrium variables in our model.
All values are relative to the equilibrium levels after a coal phase-out.

Since wages (from the firms’ perspective) and electricity prices decline, marginal production

costs decrease, which reduces the average price of consumption goods (figure .

This, in turn,
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leads to fiercer competition, which has a detrimental effect on consumption good firms as it forces

part of them to exit the market. Consequently, the mass of producing firms declines (figure .
With increasing wages for workers, one would expect that income also increases. The subsidy,

however, is financed by a lump-sum tax. The effect of the tax outweighs the effect from rising

wages, which leads to a decreasing income (figure .

Electricity Price Subsidy

Low (or at least stable) electricity prices are being perceived as an important prerequisite for the
acceptability of any reform or transformation in the energy sector. Firms need reliable and cheap
electricity for production purposes and households consider cheap electricity as an important factor
determining their subjective well-being (Welsch and Biermann [2014]). A potential way to achieve
this objective is a direct electricity price subsidy, which could be implemented, for example, through
a reduction in grid charges (BMWK 2019).

An electricity price subsidy drives a wedge between the electricity price that energy producers
receive and the price consumption good firms have to pay (compare figure and . In the
consumption good sector, this results in a substitution away from labor, putting downward pressure
on the wage. But since electricity producing firms expand and increase their labor demand, this is

more than offset, causing the wage to increase (figure .
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Figure 5: Electricity Price Subsidy
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Figure [5| shows the effects of an electricity price subsidy on the different equilibrium variables in our model.

All values are relative to the equilibrium levels after a coal phase-out.

The decline in production costs for consumption good firms has very similar effects, compared

to a wage subsidy. Due to the same offsetting mechanism (see above), average productivity remains

constant (figure . Marginal production costs in the consumption sector and the average price

of consumption goods decline (figure , because the decrease in the electricity price outweighs

the increase in the wage. Therefore, the mass of firms operating in the market declines under an
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electricity price subsidy as well (figure .
Income also decreases (figure . This is due to the fact that rising wages and the resulting

increase in labor income cannot compensate for the financing cost (lump-sum tax).

4.2.3 Policy Comparison

A coal phase-out leads to a decline in both electricity supply and labor demand. This inevitably
causes consumption good firms to pay a higher price for electricity, while workers receive lower
wages (or face worse employment prospects in a rigid wage setting)E Such shocks on the labor
or the energy market tend to result in strong political opposition. They diminish voters’ trust in
political institutions as well as their support for political measures (Jensen et al.|2017; Im et al.|[2019}
Margalit 2019; Baccini and Weymouth [2021; Egli et al. |2022), while at the same time boosting
efforts to prevent or soften policies via lobbying (Kim et al. [2016; Gullberg 2008; Markussen and
Svendsen [2005; Li et al. [2019; Cadoret and Padovano 2016|). Keeping energy prices stable and
creating employment opportunities for workers are hence key elements of a politically feasible coal
phase-out. Here, we therefore evaluate which of the policy measures at hand alleviates the impact
of the coal phase-out on the wage or the electricity price at a lower welfare costs. In addition, we
examine whether we can possibly even return the wage or the electricity price to their initial level
prior to the coal phase-out, and what welfare losses would be associated with this.

Regarding the effect of the coal phase-out on the labor market, we find that the most efficient
way to counteract deteriorating wages is a direct wage subsidy. It increases the wage at consid-
erably lower welfare costs, compared to the other policy measures we consider. We illustrate the
differences between the individual measures in figure [l On the vertical axis, it shows the increase
in wages under the different subsidies, and on the horizontal axis, it shows the associated welfare
costs. Thereby, values above (below) one indicate increases (decreases) in the wage relative to the

equilibrium level after a coal phase-out.

15. For comparable results regarding the effects of a coal phase-out on the labor market and the electricity market,
see Heinisch et al. (2021) and Keles and Yilmaz (2020), respectively.
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Figure 6: Policy Comparison: Effects on the Wage

Wage received by Workers w
110 ,

1.05:/

' ,.—'__",:--""‘""—' — — —- Market Entry Subsidy

i - -

= Production Fixed Cost Subsidy
1.00 g

L — == Wage Subsidy

Electricity Price Subsidy

0.95+
0.90 ————to L \Welfare Loss
0.000 0.002 0.004 0.006 0.008 0.010

Figure |§| shows the effects of the proposed policies on the equilibrium wage in our model as well as the
associated welfare losses. All values are relative to the equilibrium wage level after a coal phase-out.

If we set the specific goal to raise the wage to its initial level prior to the coal phase-out, a
3.5 % wage subsidy is sufficient, implying a welfare loss of only 0.02 % (compare table . If a
market entry subsidy were used instead, a 14 % subsidy would be needed to restore wages. The
associated welfare loss, though, would be 10 times larger compared to the direct wage subsidy. In
case of a fixed production cost subsidy, a 21 % subsidy would be required, which would decrease
welfare more than 15 times as much as the direct wage subsidy. Moreover, such a strong production
fixed cost subsidy would reduce the average productivity of consumption good firms by about 5 %
and thereby raise the average price of consumption goods by more than 7 %. An electricity price
subsidy, though, does not allow to restore the wage. Its effect on wages is so small that the subsidy
expenditure exceeds the economy’s income before we reach the initial wage level prior to the coal
phase-out (denoted as 'N/A’ in table [2)).

If we aim to keep the electricity price stable, the direct subsidy is the preferable optionE For
any given welfare loss, it reduces the electricity price that consumption good firms pay to the

largest extent among all policy interventions we consider (compare figure . In addition, it has

16. Our finding that we can stabilize the wage and the electricity price at lower welfare costs if we address them
directly is consistent with previous studies. Fischer and Newell (2008), for example, assess different policy options
(emissions tax, fossil fuels tax, direct renewables subsidy, renewables R&D subsidy) to increase renewable energy
production, and evaluate their performance with respect to welfare. They find that the direct subsidy is the most
efficient policy to boost renewables production.
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Table 2: Effects of Restoring the Wage

FSub Fp Sub wSub Pg Sub
Required Subsidy 14% 21% 3.5% N/A
Electricity price (received) | -0.09% -0.24% -0.06%  N/A
Electricity price (paid) -0.09% -0.24% -0.06%  N/A
Wage (received) 2.53%  2.53% 2.53% N/A
Wage (paid) 2.53%  2.53% -0.99%  N/A
Average productivity 3.35%  -5.01% 0% N/A
Average price -0.98%  7.68% -0.92%  N/A
Mass of firms -2.72%  23.01% -2.54% N/A
Income/Welfare -0.21% -0.36% -0.02%  N/A

almost no effect on other equilibrium variables. However, even though the direct subsidy offers
the strongest decrease in the electricity price, it is not possible to drive the electricity price down
to its initial level prior to the coal phase-out. Introducing an electricity price subsidy creates an
incentive for energy companies to produce more electricity since they receive a higher price. At
the same time, it creates an incentive for consumption good firms to use more electricity because
electricity as an input becomes cheaper. As the equilibrium quantity increases, the marginal cost of
producing electricity increase exponentially, whereas consumption good firms’ marginal willingness
to pay for electricity decreases less sharply. Electricity supply thereby becomes less price elastic,
whereas electricity demand becomes more price elastic. The price increasing effect of the subsidy
on producers’ prices hence becomes relatively stronger compared to the price decreasing effect
on consumption good firms’ prices. Lowering prices for consumption good firms thus requires
increasingly large subsidy expenditures and comes at increasingly large welfare losses (figure .
As such, the budget needed for the subsidy exceeds the economy’s income before we can reach the

initial electricity price level.
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Figure 7: Policy Comparison: Effects on the Electricity Price
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Figure |Z| shows the effects of the proposed policies on the equilibrium electricity price in our model as well as
the associated welfare losses. All values are relative to the equilibrium electricity price after a coal phase-out.

4.3 Robustness

To test whether our results are robust, we solve our model with several alternative parameterizations
and investigate whether they lead to qualitatively and quantitatively similar results. In this section,
we describe which alternative parameterizations we use for the robustness checks and what results

they generate.

4.3.1 Alternative Parameterizations

We first check the robustness of our results against alternative parameterizations from the related
literature (parameterizations 2 to 7 in table 3). This includes Pfliiger and Siidekum (2013), Chor
(2009), de Pinto and Lingens (2019), Felbermayr and Prat (2011), Cui (2017) and Bernard et
al. (2007). Their parameterizations differ in terms of the elasticity of substitution, distribution of
productivities (shape & minimum productivity), labor endowment as well as fixed costs for market
entry and productionm

For the robustness against alternative resource endowments, we consider both a parameteriza-

tion, where the energy resource endowment is 10 times larger (parameterization 8), as well as a

17. While testing these parameterizations, we avoid any further changes in the parameter values. We always maintain
1) the same ratio between labor endowment and energy resource endowment as in the main parameterization, 2) the
same ratio of dirty to clean resources (51.65 % dirty & 48.35 % clean), and 3) reduce the use of dirty resources by
the same proportion when phasing out coal.
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parameterization, where the energy resource endowment is 10 times smaller (parameterization 9),
compared to our main parameterization.

Regarding the output elasticities in the consumption good sector, there is a debate on whether
they actually correspond to their cost shares or not. Kiimmel et al. (2015)), Kiimmel and Linden-
berger (2014), Kiimmel et al. (2010)), Ayres et al. (2013]), and Lindenberger and Kiimmel (2011])
argue that the output elasticity must be smaller for labor and larger for electricity to reflect his-
torical economic growth in Germany, Japan, or the US. To account for this possibility, we test for
the robustness of our results against a lower output elasticity of labor, which comes hand-in-hand
with a higher output elasticity of electricity (parameterization 10). The parameter value that we
use for this parameterization is an estimate from Lindenberger and Kiimmel (2011)). To the best
of our knowledge, their estimate is the lowest value in the literature and hence the one that differs
most from our main parameterization.

In our main parameterization, we assume a value of 1.85 for the elasticity of resource substitution
op. For our robustness checks, we consider a higher elasticity of substitution (parameterization 12),
which implies that energy resources substitute more easily for each other. Specifically, we assume
a value of o = 3, which is taken from Acemoglu et al. (2012). We do not consider the case of
complementary energy resources (og < 1), because the case of substitutes (op > 1) seems to be
the empirically more relevant benchmark (Stern 2012)@

Finally, we also check the robustness against alternative output elasticities in the energy sector
for the sake of completeness. We consider a higher output elasticity for labor and hence a lower
output elasticity of resources (parameterization 11).

Table 3 provides an overview of all alternative parameterizations we consider. Parameter values

that differ from our main parameterization are highlighted in bold letters.

18. In a meta-analysis, Stern (2012) summarizes the results of 47 studies on the elasticity of substitution between
different energy resources and none of them reports complementary energy resources.
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Table 3: Alternative Parameterizations for Robustness Check
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Parameter Description Values
o Elasticity of subst. 3.8 3.8 3.8 3.8 8.6 4.0 3.8 3.8 3.8 3.8 3.8 3.8
c Shape parameter 4.582 3.4 3.4 4582  9.23 4.25 3.4 | 4582 4582 | 4.582  4.582 | 4.582
m Minimum prod. 0.2 0.1 0.04 0.2 0.62 0 0.2 0.2 0.2 0.2 0.2 0.2
L Labor endowment 7,083 100 100,000 2 1 1,362 1,000 | 7,083 7,083 | 7,083 7,083 | 7,083
F Market entry fixed cost 2 2 100 2 0.6 1 2 2 2 2 2 2
Fp Production fixed cost 0.33 1 10 0.251 0.01 1 0.1 033 033 | 033 033 | 0.33
R Dirty res. end. (ex ante) || 62.75 || 0.8860  886.0  0.0177 0.0089 12.067 8.860 | 627.5 6.275 | 62.75  62.75 | 62.75
R Dirty res. end. (ex post) | 33.89 || 04817  481.7  0.0096 0.0048 6.560 4.817 | 338.9 3.389 | 33.89 33.89 | 33.89
Vv Clean resource end. 58.75 || 0.8294 8294  0.0166 0.0083 11.296 8.294 | 587.5 5.875 | 58.75 58.75 | 58.7H
o} Outp. elast. labor (X) || 0.9097 || 0.9097  0.9097  0.9097 0.9097 0.9097 0.9097 | 0.9097 0.9097 | 0.53  0.9097 | 0.9097
Io} Outp. elast. labor (E) || 0.0427 || 0.0427  0.0427  0.0427 0.0427 0.0427 0.0427 | 0.0427 0.0427 | 0.0427 0.10 | 0.0427
op = & Resource elast. of subst. || 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.8 1.85 1.85 | 3.00
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4.3.2 Results

Our robustness checks show that none of the alternative parameterizations qualitatively changes our
results. The effects of the coal phase-out and the individual policy interventions are qualitatively
identical under all parameterizations. With regard to our policy comparison, we find that direct
subsidies always counteract falling wages and increasing electricity prices at lower welfare costs.
We further observe that we can never drive the electricity price down to its initial level prior to
the coal phase-out, but that we can always restore the wage. We hence argue that our results are
qualitatively robust.

In terms of quantitative robustness, we find that our results for the coal phase-out are quanti-
tatively identical under most alternative parameterizations, indicating that they are independent
of most parameter values. There are only three exceptions.

First, under a higher elasticity of resource substitution (parameterization 12), the electricity
supply of the energy sector decreases less in case of a coal phase-out, since the reduction in dirty
resource use is more easily substituted by clean resources. If the initial effect on the energy sector
is smaller, this also softens all subsequent effects in our model. We therefore observe a smaller
increase in the electricity price, a smaller decrease in the wage, as well as a smaller decrease in
income. Compared to our main parameterization, though, the quantitative differences are very
small, since the elasticity of resource substitution is already high under the main parameterization.

Second, if one assumes a higher output elasticity for labor and hence a lower output elastic-
ity for resources in the energy sector (parameterization 11), the electricity supply decreases less
sharply under a coal phase-out. The initial effect in the energy sector is therefore smaller such
that all subsequent effects are smaller as well (similar to the case of a higher elasticity of resource
substitution).

Third, if we consider a lower output elasticity for labor and hence a higher output elasticity
for electricity in the consumption good sector (parameterization 10), the reduction in electricity
supply caused by a coal phase-out forces consumption good firms to scale down production to
a larger extent. They hence reduce both their labor demand and their electricity demand more
sharply. In comparison to the main parameterization, this leads to a stronger decrease in the wage,

but a smaller increase in the electricity price.
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Next, we consider the quantitative robustness of our individual policy measures and our policy
comparison. For the effects of the individual policy measures, we find that our results only differ
in the percentage range under the alternative parameterizations, and in most cases even in the
per thousand range. We further observe that a direct wage subsidy between 3.0 % and 3.5 %
is sufficient to raise the wage to its initial level prior to the coal phase-out under almost every
alternative parameterization. This is on par with or even below the required subsidy level of our
main parameterization. The same applies to the associated welfare losses. Ranging between 0.01 %
and 0.02 %, they are just as large or even smaller than under our main parameterization.

The only exception where a substantially larger subsidy is required to restore the wage level is
under a lower output elasticity for labor in the consumption good sector (parameterization 10). If
the output elasticity is lower, wages decrease more strongly in case of a coal phase-out (as explained
above). Thus, bringing wages up to their initial level before the coal phase-out requires a stronger
wage subsidy (19 %) and causes a larger welfare loss (0.5 %). However, restoring wages would, due
to the larger decline, also require a stronger market entry subsidy or a stronger production fixed
cost subsidy. The market entry subsidy would need to be at 41 % and the production fixed cost
subsidy as high as 55.5 %. Such high subsidies, in turn, not only seem to be hardly feasible from a
political perspective, but they would also cause even greater welfare losses. Specifically, they would
be 5 times larger (2.5 %) under a market entry and 9 times larger (4.5 %) under a production fixed,
compared to the direct wage subsidy. We hence argue that even for this parameterization the key
message of our paper, that falling wages can be compensated at substantially lower welfare costs if
they are subsidized directly, is quantitatively robust.

Detailed results of our robustness checks, including output tables for all parameterizations, can

be found in Appendix [C]

5 Conclusion

In this paper, we set up a general equilibrium model with heterogeneous firms and endogenous
market entry a la Melitz (2003). Inspired by Acemoglu et al. (2012) and Loschel and Otto (2009),
we extend the standard framework by including an energy sector that produces electricity using

labor as well as clean and dirty resources. Within our model, we implement a coal phase-out by
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reducing the amount of dirty resources used to generate electricity. Starting from post phase-out
equilibrium, we introduce a set of policy interventions financed by a lump-sum tax. We solve our
model numerically using parameters from the related literature, and analyze the general equilibrium
effects of a coal phase-out as well as the policy measures.

Our results show that a coal phase-out leads to rising electricity prices, falling wages as well as
declining income, whereas the market structure (measured by the number of producing firms in the
consumption good sector and their average productivity) remains unaffected in our model. For the
policy measures, we find that all of them help to counteract the negative effects of the coal phase-
out on wages and the electricity price. They differ substantially, however, in what welfare loss they
imply. A comparison indicates that falling wages and rising electricity prices can be counteracted
with lower welfare losses if they are subsidized directly.

In particular, a direct wage subsidy allows to raise the wage to its initial level prior to the
coal phase-out at a minor welfare loss of 0.02 %, which is 15 times less compared to raising the
wage with a production fixed cost subsidy. The wage subsidy thereby relieves workers, who would
otherwise bear the main burden of a coal phase-out.

When we think about the validity of our policy analysis, though, we need to be aware of potential
limitations of our approach. A first limitation is that we consider an economy under autarky rather
than an open economy. This simplification allows us to keep the effects of the coal phase-out and the
policy interventions tractable. It also implies, however, that we neglect potential additional effects
(and potential strategic interaction by choosing optimal policies) that could arise through trade
channels. In an open economy model without an energy sector, Pfliiger and Stidekum (2013) show
that it becomes more difficult for foreign firms to enter the export market, if domestic firms receive
a market entry subsidy. Domestic firms become more productive, charge lower prices, and hence
become more competitive on average. This lowers the expected export profits and hence the export
incentives of foreign companies, and strengthens the market position of domestic firms. A similar
argument applies to the wage subsidy and the electricity price subsidy. As inputs get cheaper,
firms face lower marginal costs and charge lower prices. This creates a competitive advantage for
domestic firms and allows to gain market share. In contrast, a production fixed cost subsidy may
weaken the market position of domestic firms, as they become less productive, charge higher prices,

and hence become less competitive.
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A second limitation is that we consider a static model with exogenous technology. Under
endogenous technological change, investment in more efficient technology is typically affected by the
relative prices of inputs, with higher investment being directed towards technologies that substitute
more expensive inputs (Acemoglu 2002; Acemoglu et al. [2012; Otto et al. 2007; Otto et al. [2008;
Loschel and Otto [2009; Linn [2008; Newell et al. [1999)). An electricity price subsidy could hence
diminish the incentive to invest in renewable clean resources or energy-efficient technology as is
makes electricity relatively cheaper (Fouquet 2016; Ley et al. 2016]). The same applies to the market
entry subsidy and the production fixed cost subsidy@ Discouraging or delaying technological
change might be costly, as it could result in an extended transition period with slow growth in the
future (Acemoglu et al. 2012; Loschel and Otto 2009)). The only policy measure we consider that
makes electricity relatively more expensive, and thus might encourage investment in energy-efficient
technology and accelerate the transition process, is a wage subsidy.

Our study is only a first attempt to better understand which policy interventions might be
helpful to counteract negative effects of a coal phase-out. For our analysis, however, we set up
a rich and tractable general equilibrium framework. This provides us not only with a detailed
picture of the allocative effects of the phase-out and potential additional policies, but also with
a better understanding of the underlying mechanisms. It moreover allows us to obtain a rough
estimate of the welfare costs associated with each policy. Our analysis hence provides the basis for
a more informed discussion about which policies may be helpful to mitigate adverse effects of the
coal phase-out on consumers and industry in order to achieve a high level of social acceptance and
political feasibility.

Our paper, however, might also offer political guidance beyond the coal phase-out. A recent
example is that Germany and other European countries face a decline in Russian energy supplies,
which are difficult to substitute in the short and medium run (Bachmann, Baqaee, Bayer, Kuhn,
Loschel, Moll, et al. [2022; Bachmann, Baqaee, Bayer, Kuhn, Léschel, McWilliams, et al. 2022} IEA
2022; Hausmann et al. [2022). In response to that, the German Federal Government implemented
(among other measures) a temporary tax cut on fuels (BMF [2022)). The interesting point here is

that the effects of both the initial reduction in resource supply and the tax cut are consistent with

19. For large subsidies, a market entry subsidy and a production fixed cost subsidy lead to rising wages and falling
electricity prices. And for small subsidies, the increase in the wage outweighs the increase in the electricity price.
Thus, in either case, electricity becomes relatively cheaper under these subsidies.
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the results of our model. The former caused rising energy prices (Hausmann et al. |2022; Halser
and Paraschiv |2022) as well as decreasing wages and employment (Kagerl et al. 2022 Weyerstrass
et al.[2022), while the latter has been widely criticized for raising the prices suppliers receive rather
than lowering the prices consumers have to pay (Bach 2022; Duso 2022). This emphasizes that
energy price subsidies might not be the preferable political measure to address energy resource
scarcity, and highlights that our model might have important implications for how to deal with

energy resource shortages more generally.
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A Appendix: Equilibrium Income

Income is defined by , which we can simplify as
I =wLx + 11+ PpEs. (35)
Given that aggregate operational profits are
o0
II = M/ T(Q)M(G)d@ —wLx — PpFEx, (36)
0

we get

I= M/ T7(0)u(0)d0 + PpEs — PpEx. (37)
o

In equilibrium, the energy market clearing condition Fx = Eg then implies
[e.e]
I= M/ T(0)u(0)de. (38)
0

Inserting and taking into account the average productivity of firms operating in the market

(20)), equilibrium income in our model can be written as

I=Mr7(h). (39)

B Appendix: Policy Interventions

B.1 Subsidy on Market Entry or Production Fixed Costs

In case of the market entry subsidy, the cutoff productivity must be transformed to

o) =m (1 sp>>i ’
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which also implies (w). The equilibrium conditions then read

ocC

I=M F
c— (-1
M = p(6(w), w, Pg) ",

M

T =wF
w *SF*l—G(Q(w))’

=M.

with T' denoting the lump-sum tax. The equation system - implicitly determines the

equilibrium levels of 03, wk, Py , M3, It and T, where the subscript F' is used to indicate the
Py Wps gy, Mps IR F

subsidy on market entry costs.

In a similar vein, the modified cutoff productivity in a situation where the government imple-

ments a subsidy on production fixed costs is given by

R

The equilibrium conditions are

L=MI0(w),w, Pg,I)+ MFp+M[l - G@w)) ' F
; (ﬂff)lﬁ (B¢ +79)%,

B
Me(f(w),w, Pg,I) = (,825) e (R? + Vw)i ,

ocC
I=M—FwkF 1-5
C—(O’—l)w D*( FD)?

M = p(é(w)v w, PE>J_17

T:w*FD*SFD*M.

(46)

The equation system - implicitly determines the equilibrium levels of 07, , wi, Pg.
D
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My, Iy, and T}, where the subscript Fp is used to indicate the subsidy on production fixed
costs.
B.2 Subsidy on Wages or Electricity Prices

If a subsidy is paid on wages, firm-selection is not affected. The equilibrium conditions are

L= MI(6*, w(l —Sy),Pg,I)+ MFp + M(1—-G#*)'F
1

1-8 1 <52)
(P tsy) @7
P = 1
Me(0*,w(1 — Sy), Pg,I) = (Bw(l —ESw)> (R?+ V%)%, (53)
I:MC_(J_l)wFD(l Sw), (54)
M = p(0*,w(l — S,), Pg)°~ !, (55)
T =w* Sy * (Lx(0*,w(l —8y),Pg, I, M)+ Lg(w(l — Sy), Pg)). (56)

The equation system - implicitly determines the equilibrium levels of wy,, Pr , My, I},
and T}, where the subscript w is used to indicate the subsidy on wages.

The electricity price subsidy has no effect on firm-selection as well. Thus, we get

L = MI(0*,w, Pg(1 — Sp.),I) + MFp + M(1 - G(6*))"'F

1 (57)
Pr\1-8  _ 1
+<ﬁE> (R? +V¥#)7%
w
P\ 75 s
Me(l w0, Pu(1 = ). 1) = (5 ) (B2 479 (58)
oc
M = p(6*,w, Ps(1 — Sp,))° ", (60)
T:PE*SPE*Ex(é*,’w,PE(l—SPE),I,M). (61)

The equation system - implicitly determines the equilibrium levels of w}ZE, PEP , M]";E,
E

Ip, and T, where the subscript Pp is used to indicate the subsidy on electricity.
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C Appendix: Robustness Results

C.1 Robustness Results — Positively Supplied Resources

In the main text of the paper, we have argued that the clean and dirty energy resource are supplied
inelastically, which made the labour demand function of the energy sector straightforward. In this
section of the appendix, we argue that the general structure of this demand function remains by
and large the same if we consider positively supplied resources R and V.

Given the production structure from before
e=Ll (RF + V) (62)
=LE

and the price taking behavior of energy firms, we can write down the demand system for the three

inputs as

BLETN(RP V9P = w (63)
201 - B)(R? +V¥) 7 'Re1 = Py (64)
LE(1—B)(RE +V¥) ¢ 'vel=py (65)

Suppose that instead of assuming a fixed supply R and V, we assume that the (inverse) supply

functions for the two inputs are given by

Pr = OgRY (66)

Py =0,V (67)

where we assume the general functional form to be identical and we only consider differences in
(absolute) marginal costs.
Using the demand relation fixes the ’dirtyness’ of the energy input in equilibrium as a function

of relative prices

P R 1/(p—1)
n-(v) )
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Combining this with the supply functions fixes the expansion path such that we have

9R R il R 1/(e—-1)
wl(v) =) a2
which results in )
_p—-1
(gi) Ty R (70)

Plugging this into the demand relation for the clean resource gives

1-8

0 1902—42 - 1
Y=
Lg(1-5) (J) + vi-imeyel = py,
(71)
s (1 -pevr=p
1-p5
L 0=V,
o ( Py ) ’
2 154
pi—p 7
where O := ((%) e —|—) . As a final step, plugging this into the labor demand function
gives
-8
BLETV(RP 4+ V9) T = w
=N 5[/%_1‘/1_5@(1_5)/(1_,8_90) = w (72)
1-8
o <1 _ ﬁ@) OU=B)/(1=B=¢) — 4.
Py

This shows that the labor demand of the energy sector becomes horizontal if energy firms have
an adjustment margin along the energy inputs, which due to the assumed linear homogeneity of
production. In this case, policies that reduce the use of the dirty (coal) resource imply an increase
in fg, which results in a downward shift of the labor demand curve. This is similar to the case of
a fixed resource base where R is reduced. The difference here is that the adjustment need in the
labor market, i.e. the wage decrease that is needed to absorb labor in the consumption good sector
from the energy sector, is now larger. As such, the adjustments are qualitative identical, but they
are quantitatively larger. The case with a fixed resource base that we consider in the main text
hence represents the conservative case concerning the distributional effects and the needs for policy

adjustment.
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C.2 Robustness Results — Coal Phase-Out

The subsequent tables show what results we obtain for the coal phase-out, using the alternative
parameterizations. The column on the far right of each table shows the ratio of the equilibrium
results before and after the phase-out. Ratios above (below) one indicate that the equilibrium value

increases (decreases) as a result of the coal phase-out.

Table 4: (1) Main Parameterization - Effects of the Coal Phase-Out

Before Exit After Exit Ratio (after/before)
Electricity price 3.4786 4.47042 1.28512
Wage 1.70178 1.65993 0.975407
Average productivity | 0.208719 0.208719 1.
Average price 15.9845 15.9845 1.
Mass of firms 2,346.15 2,346.15 1.
Income/Welfare 12,873.7 12,557.1 0.975407

Table 5: (2) Pfliiger & Siidekum 2013 - Effects of the Coal Phase-Out

Before Exit  After Exit Ratio (after/before)
Electricity price 0.440354 0.565907 1.28512
Wage 0.215428 0.21013 0.975407
Average productivity | 0.238382 0.238382 1.
Average price 1.77167 1.77167 1.
Mass of firms 4.95989 4.95989 1.
Income/Welfare 23.0083 22.4424 0.975407

Table 6: (3) Chor 2009 - Effects of the Coal Phase-Out

Before Exit After Exit Ratio (after/before)
Electricity price 0.568288 0.730317 1.28512
Wage 0.278015 0.271177 0.975407
Average productivity 0.059396 0.059396 1.
Average price 9.17632 9.17632 1.
Mass of firms 495.989 495.989 1.
Income/Welfare 29,692.8 28,962.5 0.975407

50



Table 7: (4) de Pinto & Lingens 2019 - Effects of the Coal Phase-Out

Electricity price
Wage

Average productivity
Average price

Mass of firms
Income/Welfare

Before Exit After Exit Ratio (after/before)
0.195139 0.250777 1.28512
0.095465 0.093117 0.975407
0.196619 0.196619 1.
0.951863 0.951863 1.

0.87098 0.87098 1.
0.203919 0.198904 0.975407

Table 8: (5) Felbermayr & Prat 2011 - Effects of the Coal Phase-Out

Electricity price
Wage

Average productivity
Average price

Mass of firms
Income/Welfare

Before Exit After Exit Ratio (after/before)
0.972562 1.24986 1.28512
0.394612 0.384908 0.975407
0.59056 0.59056 1.

1.11086 1.11086 1.
2.22331 2.22331 1.
0.427251 0.416744 0.975407

Table 9: (6) Cui 2017 - Effects of the Coal Phase-Out

Electricity price
Wage

Average productivity
Average price

Mass of firms
Income/Welfare

Before Exit  After Exit Ratio (after/before)
0.094665 0.121656 1.28512
0.045481 0.044362 0.975407
0.018477 0.018477 1.

4.74879 4.74879 1.
107.09 107.09 1.
66.2389 64.6099 0.975407

Table 10: (7) Bernard et al. 2007 - Effects of the Coal Phase-Out

Electricity price
Wage

Average productivity
Average price

Mass of firms
Income/Welfare

Before Exit After Exit Ratio (after/before)
2.3174 2.97813 1.28512
1.1337 1.10582 0.975407

0.242207 0.242207 1.
9.17632 9.17632 1.
495.989 495.989 1.
1,210.83  1,181.05 0.975407

Table 11: (8) High Resource Endowment - Effects of the Coal Phase-Out

Electricity price
Wage

Average productivity
Average price

Mass of firms
Income/Welfare

Before Exit After Exit Ratio (after/before)
0.468327 0.601856 1.28512
2.07658 2.02551 0.975407
0.208719 0.208719 1.

15.9845 15.9845 1.
2,346.15 2,346.15 1.
15,709. 15,322.7 0.975407
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Table 12: (9) Low Resource Endowment - Effects of the Coal Phase-Out

Before Exit

After Exit

Ratio (after/before)

Electricity price
Wage

Average productivity
Average price

Mass of firms
Income/Welfare

25.8381
1.39463
0.208719
15.9845
2,346.15
10,550.2

33.205
1.36034
0.208719
15.9845
2,346.15
10,290.7

1.28512
0.975407
1.

1.

1.
0.975407

Table 13: (10) Low Output Elasticity (X) - Effects of the Coal Phase-Out

Before Exit After Exit Ratio (after/before)
Electricity price 5.55832 6.43302 1.15737
Wage 0.406011 0.356658 0.878444
Average productivity 0.208719 0.208719 1.
Average price 18.0285 18.0285 1.
Mass of firms 3,286.16 3,286.16 1.
Income/Welfare 4,302.02 3,779.08 0.878444

Table 14: (11) High Output Elasticity (E) - Effects of the Coal Phase-Out

Before Exit

After Exit

Ratio (after/before)

Electricity price
Wage

Average productivity
Average price

Mass of firms
Income/Welfare

3.65912
1.69056
0.208719
15.9613
2,336.63
12,737.

4.63233
1.65144
0.208719
15.9613
2,336.63
12,442.3

1.26597
0.976862
1.

1.

1.
0.976862

Table 15: (12) High Elasticity of Resource Substitution - Effects of the Coal Phase-Out

Before Exit  After Exit Ratio (after/before)
Electricity price 5.23241 6.6808 1.27681
Wage 1.6342 1.59504 0.976035
Average productivity 0.208719 0.208719 1.
Average price 15.9845 15.9845 1.
Mass of firms 2,346.15 2,346.15 1.
Income/Welfare 12,362.5 12,066.2 0.976035
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C.3 Robustness Results — Policy Interventions

The tables below show what results we obtain for the policy interventions, using the alternative
parameterizations. The upper part of each table reports absolute values, whereas the lower part
reports ratios. Ratios above (below) one indicate that the equilibrium value increases (decreases).

All robustness results we present in the tables are for a 20 % subsidy, that is, they show results
for a 20 % market entry subsidy, a 20 % production fixed cost subsidy, a 20 % wage subsidy, and

a 20 % energy price subsidy.

Table 16: (1) Main Parameterization - Effects of Policy Interventions

Absolute values
After Exit F Sub Fp Sub w Sub Pgr Sub
Electricity price (received) | 4.47042  4.45735  4.46098  4.43192  5.53464

Electricity price (paid) 4.47042 4.45735  4.46098  4.43192  4.42771
Wage (received) 1.65993 1.72305  1.69974  1.94622  1.66102
Wage (paid) 1.65993 1.72305  1.69974  1.55697  1.66102
Average productivity 0.208719  0.219135 0.198798 0.208719 0.208719
Average price 15.9845 15.7463  17.1446  15.0682  15.9801
Mass of firms 2,346.15 2,249.56  2,854.67 1,988.71 2,344.37
Income/Welfare 12,557.1 12,498. 12,516.2 12,479.8 12,555.8

Relative values (ratios)

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.997077 0.997889 0.991388  1.23806
Electricity price (paid) 1 0.997077 0.997889 0.991388 0.990447
Wage (received) 1 1.03802  1.02398  1.17247  1.00066
Wage (paid) 1 1.03802  1.02398 0.937974  1.00066
Average productivity 1. 1.04991  0.952467 1 1

1

1

1

Average price 0.985097  1.07258 0.942677 0.999729
Mass of firms 0.95883  1.21675 0.847648 0.999242
Income/Welfare 0.995289 0.996741  0.99384  0.999897
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Table 17: (2) Pfliiger & Siiddekum 2013 - Effects of Policy Interventions

Absolute values

After Exit F Sub Fp Sub w Sub Pgr Sub
Electricity price (received) | 0.565907  0.563959 0.565302 0.561033 0.700626
Electricity price (paid) 0.565907  0.563959 0.565302 0.561033 0.560501
Wage (received) 0.21013  0.220992 0.212396 0.24637  0.210267
Wage (paid) 0.21013  0.220992 0.212396 0.197096 0.210267
Average productivity 0.238382  0.254552  0.22324 0.238382 0.238382
Average price 1.77167 1.73643  1.91021  1.67011  1.77119
Mass of firms 4.95989 4.68858  6.12392  4.20424  4.95613
Income/Welfare 22.4424 22,3115 224067  22.3042  22.4401

Relative values (ratios)

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.996558 0.998931 0.991388  1.23806
Electricity price (paid) 1 0.996558 0.998931 0.991388 0.990447
Wage (received) 1 1.0517  1.01079  1.17247  1.00066
Wage (paid) 1 1.0517  1.01079 0.937974 1.00066
Average productivity 1. 1.06783  0.936477 1. 1.
Average price 1 0.98011 1.0782  0.942677 0.999729
Mass of firms 1 0.9453  1.23469 0.847648 0.999242
Income/Welfare 1 0.994167 0.998406 0.99384  0.999897

Table 18: (3) Chor 2009 - Effects of Policy Interventions
Absolute values

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) | 0.730317  0.727803 0.729536 0.724027 0.904175
Electricity price (paid) 0.730317  0.727803 0.729536 0.724027 0.72334
Wage (received) 0.271177  0.285196 0.274102 0.317947 0.271355
Wage (paid) 0.271177  0.285196 0.274102 0.254357 0.271355
Average productivity 0.059396  0.063425 0.055623 0.059396 0.059396
Average price 9.17632 8.9938  9.89391  8.6503  9.17383
Mass of firms 495.989 468.858  612.392  420.424  495.613
Income/Welfare 28,962.5  28,793.6 28,916.4 28,784.1 28,959.5

Relative values (ratios)

After Exit F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.996558 0.998931 0.991388  1.23806
Electricity price (paid) 1 0.996558 0.998931 0.991388 0.990447
Wage (received) 1 1.0517  1.01079  1.17247  1.00066
Wage (paid) 1 1.0517  1.01079 0.937974 1.00066
Average productivity 1. 1.06783  0.936477 1. 1.
Average price 1 0.98011 1.0782  0.942677 0.999729
Mass of firms 1 0.9453  1.23469 0.847648 0.999242
Income/Welfare 1 0.994167 0.998406 0.99384  0.999897
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Table 19: (4) de Pinto & Lingens 2019 - Effects of Policy Interventions

Absolute values

After Exit F Sub Fp Sub w Sub Pgr Sub
Electricity price (received) | 0.250777  0.250044 0.250248 0.248617 0.310477
Electricity price (paid) 0.250777  0.250044 0.250248 0.248617 0.248381
Wage (received) 0.093117  0.096658  0.09535 0.109177 0.093178
Wage (paid) 0.093117  0.096658  0.09535 0.087342 0.093178
Average productivity 0.196619  0.206431 0.187273 0.196619 0.196619
Average price 0.951863  0.937677 1.02095 0.897299 0.951605
Mass of firms 0.87098  0.835122  1.05977 0.738285 0.87032
Income/Welfare 0.198904  0.197967 0.198256 0.197678 0.198883

Relative values (ratios)

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.997077 0.997889 0.991388  1.23806
Electricity price (paid) 1. 0.997077 0.997889 0.991388  0.990447
Wage (received) 1. 1.03802  1.02398  1.17247  1.00066
Wage (paid) 1. 1.03802  1.02398 0.937974  1.00066
Average productivity 1. 1.04991  0.952467 1. 1.
Average price 1. 0.985097 1.07258  0.942677 0.999729
Mass of firms 1. 0.95883  1.21675 0.847648 0.999242
Income/Welfare 1. 0.995289 0.996741  0.99384  0.999897

Table 20: (5) Felbermayr & Prat 2011 - Effects of Policy Interventions

Absolute values

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1.24986 1.24802 1.24939  1.24512 1.54741
Electricity price (paid) 1.24986 1.24802 1.24939  1.24512 1.23793
Wage (received) 0.384908  0.393871 0.386812 0.467751 0.385223
Wage (paid) 0.384908  0.393871 0.386812 0.374201 0.385223
Average productivity 0.59056  0.605011 0.576454  0.59056  0.59056
Average price 1.11086 1.10712 1.14312 1.08234  1.11072
Mass of firms 2.22331 2.16715  2.76378  1.82459 = 2.22126
Income/Welfare 0.416744  0.415676 0.41649 0.415617 0.416701

Relative values (ratios)

After Exit F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.998529 0.999629 0.99621  1.23807
Electricity price (paid) 1. 0.998529 0.999629 0.99621  0.990454
Wage (received) 1. 1.02329  1.00495  1.21523  1.00082
Wage (paid) 1. 1.02329  1.00495 0.972184  1.00082
Average productivity 1. 1.02447  0.976114 1. 1.
Average price 1. 0.996639 1.02905  0.97433  0.999879
Mass of firms 1. 0.974739  1.24309 0.820664 0.999079
Income/Welfare 1. 0.997439 0.999392 0.997295 0.999897
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Table 21: (6) Cui 2017 - Effects of Policy Interventions

Absolute values

After Exit F Sub Fp Sub w Sub Pgr Sub
Electricity price (received) | 0.121656  0.121291 0.121466 0.120661 0.150617
Electricity price (paid) 0.121656  0.121291 0.121466 0.120661 0.120494
Wage (received) 0.044362  0.046224 0.045126 0.052181 0.044392
Wage (paid) 0.044362  0.046224 0.045126 0.041745 0.044392
Average productivity 0.018477 0.019473 0.017531 0.018477 0.018477
Average price 4.74879 4.67638  5.08239  4.48988  4.74757
Mass of firms 107.09 102.266 ~ 131.282  90.5113  107.007
Income/Welfare 64.6099 64.2894  64.4554 64.232 64.6033

Relative values (ratios)

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.996999 0.998437 0.991821  1.23806
Electricity price (paid) 1. 0.996999 0.998437 0.991821 0.990448
Wage (received) 1. 1.04198  1.01722  1.17625  1.00067
Wage (paid) 1. 1.04198  1.01722  0.940997 1.00067
Average productivity 1. 1.05391  0.94885 1. 1.
Average price 1. 0.984752 1.07025  0.945478 0.999742
Mass of firms 1. 0.954949  1.2259  0.845189 0.999228
Income/Welfare 1. 0.995039 0.997608 0.994151 0.999897

Table 22: (7) Bernard et al. 2007 - Effects of Policy Interventions
Absolute values

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) | 2.97813 296788 297494  2.95248  3.6871
Electricity price (paid) 2.97813 2.96788 297494 295248  2.94968
Wage (received) 1.10582 1.16299  1.11775  1.29654  1.10655
Wage (paid) 1.10582 1.16299  1.11775  1.03723  1.10655
Average productivity 0.242207  0.258636 0.226821 0.242207 0.242207
Average price 9.17632 8.9938 9.89391 8.6503 9.17383
Mass of firms 495.989 468.858  612.392  420.424  495.613
Income/Welfare 1,181.05 1,174.16  1,179.17 1,173.77 1,180.93

Relative values (ratios)

After Exit F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.996558 0.998931 0.991388  1.23806
Electricity price (paid) 1 0.996558 0.998931 0.991388 0.990447
Wage (received) 1 1.0517  1.01079  1.17247  1.00066
Wage (paid) 1 1.0517  1.01079 0.937974 1.00066
Average productivity 1. 1.06783  0.936477 1. 1.
Average price 1 0.98011 1.0782  0.942677 0.999729
Mass of firms 1 0.9453 1.23469  0.847648 0.999242
Income/Welfare 1 0.994167 0.998406 0.99384  0.999897
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Table 23: (8) High Resource Endowment - Effects of Policy Interventions

Absolute values

After Exit F Sub Fp Sub w Sub Pgr Sub
Electricity price (received) | 0.601856  0.600096 0.600585 0.596672 0.745132
Electricity price (paid) 0.601856  0.600096 0.600585 0.596672 0.596106
Wage (received) 2.02551 2.10253  2.07408  2.37484  2.02684
Wage (paid) 2.02551 2.10253  2.07408  1.89988  2.02684
Average productivity 0.208719  0.219135 0.198798 0.208719 0.208719
Average price 15.9845 15.7463  17.1446  15.0682  15.9801
Mass of firms 92,346.15  2,249.56 2.854.67 1,988.71 2,344.37
Income/Welfare 15,322.7  15,250.5 15,2727 15,228.3 15,321.1

Relative values (ratios)

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.997077 0.997889 0.991388  1.23806
Electricity price (paid) 1. 0.997077 0.997889 0.991388 0.990447
Wage (received) 1. 1.03802  1.02398  1.17247  1.00066
Wage (paid) 1. 1.03802  1.02398 0.937974  1.00066
Average productivity 1. 1.04991  0.952467 1. 1.
Average price 1. 0.985097 1.07258 0.942677 0.999729
Mass of firms 1. 0.95883  1.21675 0.847648 0.999242
Income/Welfare 1. 0.995289 0.996741 0.99384  0.999897

Table 24: (9) Low Resource Endowment - Effects of Policy Interventions

Absolute values

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 33.205 33.108  33.1349 329191  41.1098
Electricity price (paid) 33.205 33.108 33.1349  32.9191  32.8878
Wage (received) 1.36034 1.41206  1.39296  1.59495  1.36123
Wage (paid) 1.36034 1.41206  1.39296  1.27596  1.36123
Average productivity 0.208719  0.219135 0.198798 0.208719 0.208719
Average price 15.9845 15.7463  17.1446  15.0682  15.9801
Mass of firms 2,346.15  2,249.56  2,854.67 1,988.71  2,344.37
Income/Welfare 10,290.7 10,242.2  10,257.2 10,227.3 10,289.7

Relative values (ratios)

After Exit F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.997077 0.997889 0.991388  1.23806
Electricity price (paid) 1. 0.997077 0.997889 0.991388 0.990447
Wage (received) 1. 1.03802  1.02398  1.17247  1.00066
Wage (paid) 1. 1.03802  1.02398 0.937974  1.00066
Average productivity 1. 1.04991  0.952467 1. 1.
Average price 1. 0.985097 1.07258  0.942677 0.999729
Mass of firms 1. 0.95883  1.21675 0.847648 0.999242
Income/Welfare 1. 0.995289 0.996741  0.99384  0.999897
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Table 25: (10) Low Output Elasticity (X) - Effects of Policy Interventions

Absolute values

After Exit F Sub Fp Sub w Sub Pgr Sub
Electricity price (received) | 6.43302 6.42151  6.42351  6.37667  7.96271
Electricity price (paid) 6.43302 6.42151  6.42351  6.37667  6.37017
Wage (received) 0.356658  0.376492  0.36917  0.408551 0.358442
Wage (paid) 0.356658  0.376492  0.36917  0.326841 0.358442
Average productivity 0.208719  0.219135 0.198798 0.208719 0.208719
Average price 18.0285 17.6564  19.2639  17.1423  17.9931
Mass of firms 3,286.16  3,099.74 3,956.27 2,853.61 3,268.09
Income/Welfare 3,779.08  3,762.93 3,767.45 3,759.12  3,777.1

Relative values (ratios)

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.998212 0.998523 0.99124  1.23779
Electricity price (paid) 1. 0.998212 0.998523 0.99124  0.99023
Wage (received) 1. 1.05561  1.03508  1.1455 1.005
Wage (paid) 1. 1.05561  1.03508 0.916399  1.005
Average productivity 1. 1.04991  0.952467 1. 1.
Average price 1. 0.979358  1.06853  0.950843 0.998032
Mass of firms 1. 0.94327  1.20392  0.86837  0.9945
Income/Welfare 1. 0.995726  0.996923 0.994717 0.999475

Table 26: (11) High Output Elasticity (E) - Effects of Policy Interventions

Absolute values

After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) | 4.63233 4.62983  4.62964  4.5773  5.66227
Electricity price (paid) 4.63233 4.62983  4.62964 4.5773 4.52982
Wage (received) 1.65144 1.71394  1.69086  1.93671  1.65397
Wage (paid) 1.65144 1.71394  1.69086  1.54937  1.65397
Average productivity 0.208719  0.219135 0.198798 0.208719 0.208719
Average price 15.9613 15.7244  17.1204 15.045 15.9512
Mass of firms 2,336.63  2,240.81 2,843.4 1,980.16 2,332.51
Income/Welfare 12,442.3 12,383.6  12,401.7 12,365.5 12,439.3

Relative values (ratios)

After Exit F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.999461 0.999419 0.988122 1.22234
Electricity price (paid) 1. 0.999461 0.999419 0.988122  0.97787
Wage (received) 1. 1.03785  1.02387  1.17274  1.00153
Wage (paid) 1. 1.03785  1.02387 0.938192  1.00153
Average productivity 1. 1.04991  0.952467 1. 1.
Average price 1. 0.985156 1.07262  0.942595 0.999369
Mass of firms 1. 0.95899  1.21688 0.847443 0.998234
Income/Welfare 1. 0.995284 0.996739 0.993831  0.99976
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Table 27: (12) High Elasticity of Resource Substitution - Effects of Policy Interventions

Absolute values
After Exit  F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 6.6808 6.66127 6.6667 6.62326  8.27122

Electricity price (paid) 6.6808 6.66127 6.6667 6.62326  6.61698
Wage (received) 1.59504 1.65569  1.63328  1.87013  1.59608
Wage (paid) 1.59504 1.65569  1.63328  1.4961 1.59608
Average productivity 0.208719  0.219135 0.198798 0.208719 0.208719
Average price 15.9845 15.7463  17.1446  15.0682  15.9801

Mass of firms 2,346.15  2,249.56  2,854.67 1,988.71  2,344.37
Income/Welfare 12,066.2  12,009.4 12,026.9 11,991.9  12,065.

Relative values (ratios)

After Exit F Sub Fp Sub w Sub Pg Sub
Electricity price (received) 1. 0.997077  0.997889 0.991388  1.23806
Electricity price (paid) 0.997077 0.997889 0.991388 0.990447
Wage (received) 1.03802  1.02398  1.17247  1.00066
Wage (paid) 1.03802  1.02398 0.937974  1.00066
Average productivity 1.04991  0.952467 1. 1.

Average price 0.985097 1.07258 0.942677 0.999729
Mass of firms 0.95883  1.21675 0.847648 0.999242
Income/Welfare 0.995289 0.996741  0.99384  0.999897
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C.4 Robustness Results — Policy Comparison

The subsequent tables show what results we obtain for our policy comparison, using the alternative
parameterizations. The upper part of each table reports (1) how strong the respective subsidy
needs to be in order to restore the initial wage level prior to the coal phase-out, and (2) what
effects this has on the equilibrium variables in our model. The lower part of each table reports (1)
how strong the respective subsidy needs to be in order to achieve a 1 % decrease in the electricity
price paid by consumption good firms, and (2) what effects this has on the equilibrium variables
in our model. Both the upper and the lower part report the effects on the equilibrium variables as
ratios. Ratios above (below) one indicate that the equilibrium value increases (decreases).

'N/A’ indicates that we can not restore the wage with the respective subsidy (upper part), or
that we we can not reach a 1 % decrease in the electricity price paid by consumption good firms
(lower part), because the budget required for the subsidy exceeds the economy’s income before we

can reach the respective target.

Table 28: (1) Main Parameterization - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pr Sub
Subsidy / 0.140 0.210 0.035 N/A
Electricity price (received) 1 0.999054 0.997571 0.999416 N/A
Electricity price (paid) 1 0.999054 0.997571 0.999416 N/A
Wage (received) 1 1.02578  1.0253  1.02591 N/A
Wage (paid) 1 1.02578 1.0253  0.990002 N/A
Average productivity 1 1.03346  0.949856 1. N/A
Average price 1 0.9902 1.07676  0.990849 N/A
Mass of firms 1 0.972801  1.23008  0.974587 N/A
Income/Welfare 1 0.997878  0.996352  0.999838 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pr Sub
Subsidy / 0.305 0.345 0.215 0.205
Electricity price (received) 1 0.990219 0.990079 0.990137  1.24551
Electricity price (paid) 1 0.990219 0.990079 0.990137 0.990177
Wage (received) 1 1.06156  1.04458  1.18826  1.00067
Wage (paid) 1 1.06156  1.04458 0.932784  1.00067
Average productivity 1 1.08265 0.911791 1. 1.
Average price 1 0.974381 1.14011 0.937824 0.999721
Mass of firms 1 0.92991 1.4436  0.835487 0.999218
Income/Welfare 1 0.987151 0.987715 0.992776 0.999891
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Table 29: (2) Pfliiger & Siidekum 2013 - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.105 0.415 0.035 N/A
Electricity price (received) 1 0.999726  0.991363 0.999416 N/A
Electricity price (paid) 1 0.999726  0.991363 0.999416 N/A
Wage (received) 1 1.0257 1.02473  1.02591 N/A
Wage (paid) 1 1.0257  1.02473  0.990002 N/A
Average productivity 1 1.03317 0.854115 1. N/A
Average price 1 0.990477  1.19618  0.990849 N/A
Mass of firms 1 0.973563  1.6513  0.974587 N/A
Income/Welfare 1 0.998583  0.9899  0.999838 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.305 0.345 0.215 0.205
Electricity price (received) 1 0.990219 0.990079 0.990137  1.24551
Electricity price (paid) 1 0.990219 0.990079 0.990137 0.990177
Wage (received) 1 1.06156  1.04458  1.18826  1.00067
Wage (paid) 1 1.06156  1.04458  0.932784  1.00067
Average productivity 1 1.08265 0.911791 1. 1.
Average price 1 0.974381 1.14011 0.937824 0.999721
Mass of firms 1 0.92991 1.4436  0.835487 0.999218
Income/Welfare 1 0.987151 0.987715 0.992776 0.999891
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Table 30: (3) Chor 2009 - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.105 0.415 0.035 N/A
Electricity price (received) 1 0.999726  0.991363 0.999416 N/A
Electricity price (paid) 1 0.999726  0.991363 0.999416 N/A
Wage (received) 1 1.0257 1.02473  1.02591 N/A
Wage (paid) 1 1.0257  1.02473  0.990002 N/A
Average productivity 1 1.03317 0.854115 1. N/A
Average price 1 0.990477  1.19618  0.990849 N/A
Mass of firms 1 0.973563  1.6513  0.974587 N/A
Income/Welfare 1 0.998583  0.9899  0.999838 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.285 0.43 0.215 0.205
Electricity price (received) 1 0.990345 0.990365 0.990137  1.24551
Electricity price (paid) 1 0.990345 0.990365 0.990137 0.990177
Wage (received) 1 1.07765  1.02581  1.18826  1.00067
Wage (paid) 1 1.07765  1.02581 0.932784  1.00067
Average productivity 1 1.1037  0.847615 1. 1.
Average price 1 0.968974  1.2064  0.937824 0.999721
Mass of firms 1 0.915532  1.69111 0.835487 0.999218
Income/Welfare 1 0.98662 0.988813 0.992776 0.999891
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Table 31: (4) de Pinto & Lingens 2019 - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.140 0.210 0.035 N/A
Electricity price (received) 1 0.999054 0.997571 0.999416 N/A
Electricity price (paid) 1 0.999054 0.997571 0.999416 N/A
Wage (received) 1 1.02578 1.0253 1.02591 N/A
Wage (paid) 1 1.02578  1.0253  0.990002 N/A
Average productivity 1 1.03346  0.949856 1. N/A
Average price 1 0.9902 1.07676  0.990849 N/A
Mass of firms 1 0.972801 1.23008  0.974587 N/A
Income/Welfare 1 0.997878 0.996352 0.999838 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.305 0.345 0.215 0.205
Electricity price (received) 1 0.990219 0.990079 0.990137  1.24551
Electricity price (paid) 1 0.990219 0.990079 0.990137 0.990177
Wage (received) 1 1.06156  1.04458  1.18826  1.00067
Wage (paid) 1 1.06156  1.04458  0.932784  1.00067
Average productivity 1 1.08265 0.911791 1. 1.
Average price 1 0.974381 1.14011 0.937824 0.999721
Mass of firms 1 0.92991 1.4436  0.835487 0.999218
Income/Welfare 1 0.987151 0.987715 0.992776 0.999891
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Table 32: (5) Felbermayr & Pratt 2011 - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.215 0.685 0.03 N/A
Electricity price (received) 1 0.998164 0.97972  0.999785 N/A
Electricity price (paid) 1 0.998164 0.97972  0.999785 N/A
Wage (received) 1 1.02528  1.02502  1.02698 N/A
Wage (paid) 1 1.02528  1.02502  0.99617 N/A
Average productivity 1 1.02657  0.88236 1. N/A
Average price 1 0.996323 1.15695 0.996496 N/A
Mass of firms 1 0.972392  3.0282  0.973677  N/A
Income/Welfare 1 0.996971 0.977747 0.999947  N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.375 0.575 0.325 0.205
Electricity price (received) 1 0.99048  0.990222 0.990211 1.24551
Electricity price (paid) 1 0.99048 0.990222 0.990211 0.990184
Wage (received) 1 1.04938  1.01872  1.40947  1.00084
Wage (paid) 1 1.04938  1.01872 0.951391 1.00084
Average productivity 1 1.05224  0.911462 1. 1.
Average price 1 0.992092 1.11481 0.954833 0.999875
Mass of firms 1 0.941444  2.28423  0.703797  0.99905
Income/Welfare 1 0.987931 0.98897 0.991979 0.999891
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Table 33: (6) Cui 2017 - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.125 0.295 0.035 N/A
Electricity price (received) 1 0.999387 0.995301 0.999445 N/A
Electricity price (paid) 1 0.999387 0.995301 0.999445 N/A
Wage (received) 1 1.02516  1.02663  1.02642 N/A
Wage (paid) 1 1.02516  1.02663  0.990491 N/A
Average productivity 1 1.03192  0.921043 1. N/A
Average price 1 0.991172 1.11152  0.991296 N/A
Mass of firms 1 0.97375  1.37326 0.974114 N/A
Income/Welfare 1 0.998252  0.993926 0.999846 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.3 0.375 0.215 0.205
Electricity price (received) 1 0.990321 0.990613 0.990635 1.24551
Electricity price (paid) 1 0.990321  0.990613 0.990635 0.990177
Wage (received) 1 1.06686  1.03531  1.19243  1.00069
Wage (paid) 1 1.06686  1.03531  0.93606  1.00069
Average productivity 1 1.08755  0.895307 1. 1.
Average price 1 0.97441  1.15177 0.940862 0.999734
Mass of firms 1 0.925178  1.52792  0.83287  0.999203
Income/Welfare 1 0.987038 0.988665 0.993142 0.999891
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Table 34: (7) Bernard et al. 2007 - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.105 0.415 0.035 N/A
Electricity price (received) 1 0.999726  0.991363 0.999416 N/A
Electricity price (paid) 1 0.999726  0.991363 0.999416 N/A
Wage (received) 1 1.0257 1.02473  1.02591 N/A
Wage (paid) 1 1.0257  1.02473  0.990002 N/A
Average productivity 1 1.03317 0.854115 1. N/A
Average price 1 0.990477  1.19618  0.990849 N/A
Mass of firms 1 0.973563  1.6513  0.974587 N/A
Income/Welfare 1 0.998583  0.9899  0.999838 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.285 0.43 0.215 0.205
Electricity price (received) 1 0.990345 0.990365 0.990137  1.24551
Electricity price (paid) 1 0.990345 0.990365 0.990137 0.990177
Wage (received) 1 1.07765  1.02581  1.18826  1.00067
Wage (paid) 1 1.07765  1.02581 0.932784  1.00067
Average productivity 1 1.1037  0.847615 1. 1.
Average price 1 0.968974  1.2064  0.937824 0.999721
Mass of firms 1 0.915532  1.69111 0.835487 0.999218
Income/Welfare 1 0.98662 0.988813 0.992776 0.999891
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Table 35: (8) High Resource Endowment - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.140 0.210 0.035 N/A
Electricity price (received) 1 0.999054 0.997571 0.999416 N/A
Electricity price (paid) 1 0.999054 0.997571 0.999416 N/A
Wage (received) 1 1.02578 1.0253 1.02591 N/A
Wage (paid) 1 1.02578  1.0253  0.990002 N/A
Average productivity 1 1.03346  0.949856 1. N/A
Average price 1 0.9902 1.07676  0.990849 N/A
Mass of firms 1 0.972801 1.23008  0.974587 N/A
Income/Welfare 1 0.997878 0.996352 0.999838 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.305 0.345 0.215 0.205
Electricity price (received) 1 0.990219 0.990079 0.990137  1.24551
Electricity price (paid) 1 0.990219 0.990079 0.990137 0.990177
Wage (received) 1 1.06156  1.04458  1.18826  1.00067
Wage (paid) 1 1.06156  1.04458  0.932784  1.00067
Average productivity 1 1.08265 0.911791 1. 1.
Average price 1 0.974381 1.14011 0.937824 0.999721
Mass of firms 1 0.92991 1.4436  0.835487 0.999218
Income/Welfare 1 0.987151 0.987715 0.992776 0.999891
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Table 36: (9) Low Resource Endowment - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.140 0.210 0.035 N/A
Electricity price (received) 1 0.999054 0.997571 0.999416 N/A
Electricity price (paid) 1 0.999054 0.997571 0.999416 N/A
Wage (received) 1 1.02578 1.0253 1.02591 N/A
Wage (paid) 1 1.02578  1.0253  0.990002 N/A
Average productivity 1 1.03346  0.949856 1. N/A
Average price 1 0.9902 1.07676  0.990849 N/A
Mass of firms 1 0.972801 1.23008  0.974587 N/A
Income/Welfare 1 0.997878 0.996352 0.999838 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.305 0.345 0.215 0.205
Electricity price (received) 1 0.990219 0.990079 0.990137  1.24551
Electricity price (paid) 1 0.990219 0.990079 0.990137 0.990177
Wage (received) 1 1.06156  1.04458  1.18826  1.00067
Wage (paid) 1 1.06156  1.04458  0.932784  1.00067
Average productivity 1 1.08265 0.911791 1. 1.
Average price 1 0.974381 1.14011 0.937824 0.999721
Mass of firms 1 0.92991 1.4436  0.835487 0.999218
Income/Welfare 1 0.987151 0.987715 0.992776 0.999891
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Table 37: (10) Low Output Elasticity (X) - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.41 0.555 0.19 N/A
Electricity price (received) 1 0.981682 0.962124 0.991984 N/A
Electricity price (paid) 1 0.981682 0.962124 0.991984 N/A
Wage (received) 1 1.13826  1.13732  1.13684 N/A
Wage (paid) 1 1.13826  1.13732  0.920838 N/A
Average productivity 1 1.12205 0.838024 1. N/A
Average price 1 0.946287 1.25453  0.953618 N/A
Mass of firms 1 0.85677  1.88689  0.875484 N/A
Income/Welfare 1 0.975224  0.954972 0.995283 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.335 0.365 0.215 0.2
Electricity price (received) 1 0.990195 0.990208 0.990051  1.23779
Electricity price (paid) 1 0.990195 0.990208 0.990051  0.99023
Wage (received) 1 1.10479  1.07348  1.15883 1.005
Wage (paid) 1 1.10479  1.07348  0.909682  1.005
Average productivity 1 1.09312  0.905641 1. 1.
Average price 1 0.95997  1.14118 0.946609 0.998032
Mass of firms 1 0.891911  1.44742  0.857585  0.9945
Income/Welfare 1 0.98537  0.986648 0.993796 0.999475
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Table 38: (11) High Output Elasticity (E) - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.13 0.2 0.03 N/A
Electricity price (received) 1 1.00072  0.999419 0.999038 N/A
Electricity price (paid) 1 1.00072  0.999419 0.999038 N/A
Wage (received) 1 1.02371  1.02387  1.02215 N/A
Wage (paid) 1 1.02371  1.02387  0.991485 N/A
Average productivity 1 1.03086  0.952467 1. N/A
Average price 1 0.991027 1.07262  0.992164 N/A
Mass of firms 1 0.975077  1.21688  0.978215 N/A
Income/Welfare 1 0.998193 0.996739 0.999881 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.345 0.375 0.175 0.1
Electricity price (received) 1 0.990945 0.990921 0.990402  1.0995
Electricity price (paid) 1 0.990945 0.990921 0.990402  0.989546
Wage (received) 1 1.07095  1.04899  1.14743  1.00073
Wage (paid) 1 1.07095  1.04899 0.946629  1.00073
Average productivity 1 1.09674  0.902509 1. 1.
Average price 1 0.96966  1.15634 0.950501 0.999719
Mass of firms 1 0.917349  1.5019  0.867495 0.999214
Income/Welfare 1 0.982434 0.984671 0.995389  0.999948
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Table 39: (12) High Elasticity of Resource Substitution - Policy Comparison

Restoring the wage

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.14 0.21 0.035 N/A
Electricity price (received) 1 0.999054 0.997571 0.999416 N/A
Electricity price (paid) 1 0.999054 0.997571 0.999416 N/A
Wage (received) 1 1.02578 1.0253 1.02591 N/A
Wage (paid) 1 1.02578  1.0253  0.990002 N/A
Average productivity 1 1.03346  0.949856 1. N/A
Average price 1 0.9902 1.07676  0.990849 N/A
Mass of firms 1 0.972801 1.23008  0.974587 N/A
Income/Welfare 1 0.997878 0.996352 0.999838 N/A

1 % decrease in electricity price

After Exit F Sub Fp Sub w Sub Pg Sub
Subsidy / 0.305 0.345 0.215 0.205
Electricity price (received) 1 0.990219 0.990079 0.990137  1.24551
Electricity price (paid) 1 0.990219 0.990079 0.990137 0.990177
Wage (received) 1 1.06156  1.04458  1.18826  1.00067
Wage (paid) 1 1.06156  1.04458  0.932784  1.00067
Average productivity 1 1.08265 0.911791 1. 1.
Average price 1 0.974381 1.14011 0.937824 0.999721
Mass of firms 1 0.92991 1.4436  0.835487 0.999218
Income/Welfare 1 0.987151 0.987715 0.992776 0.999891
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