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Europe beyond Coal — An Economic and Climate
Impact Assessment

Abstract

Several European countries have decided to phase out coal power generation. Emissions from
electricity generation are already regulated by the EU Emissions Trading System (ETS), and in
some countries like Germany the phaseout of coal will be accompanied with cancellation of
emissions allowances. In this paper we examine the consequences of phasing out coal, both for
the broader economy, the electricity sector, and for CO2 emissions. We show analytically how
the welfare impacts for a phaseout region depend on i) whether and how allowances are
canceled, ii) whether other countries join phaseout policies, and iii) terms-of-trade effects in the
ETS market. Based on numerical simulations with a computable general equilibrium model for
the European economy, we quantify the economic and environmental impacts of alternative
phaseout scenarios, considering both unilateral and multilateral phaseout. We find that terms-of-
trade effects in the ETS market play an important role for the welfare effects across EU member
states. For Germany, coal phaseout combined with unilateral cancellation of allowances is found
to be welfare-improving if the German citizens value emissions reductions at 65 Euro per ton or
more.
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1. Introduction

In order to keep global warming well below two degrees Celsius, most of the global coal reserves
have to be left in the ground (McGlade and Ekins, 2015). Coal is the most carbon-intensive fossil fuel,
and is also the dominant energy carrier in the electricity sector, with a global market share of more
than one third (BP, 2019). There are currently numerous initiatives throughout the world to phase
out coal, especially in electricity generation. A large majority of the EU member states have decided
to phase out coal (Agora Energiewende and Sandbag, 2020). Switching away from coal power to
other electricity technologies is often regarded as the cheapest abatement option of some size
(Gillingham and Stock, 2018). Moreover, global investment banks and funds are increasingly
excluding coal power and coal extraction from their portfolio reflecting concerns on global climate
change.? On the other hand, accelerated phaseout of coal power comes with additional costs of
stranded investment, which must be traded off against the environmental benefits of CO, reduction.
The aim of this paper is to shed some light into the heated policy debate on the pros and cons of a
premature phaseout of coal.

In the EU, Germany is by far the biggest coal power producer (BP, 2019). The country has a long
tradition in domestic coal mining, too, justified by domestic energy security considerations
(Storchmann, 2005; Herpich et al., 2018). While domestic hard coal extraction has meanwhile been
phased out on economic grounds, lignite extraction and associated power production is still
competitive, securing thousands of jobs in economically weak areas. In the beginning of 2019, the
German government-appointed coal commission suggested to gradually phase out coal-fired power
generation and lignite mining by 2038 (Kommission “Wachstum, Strukturwandel und
Beschéftigung”, 2019).2 The German government accepted that plan and put forward a proposed
legislation for the parliament in January 2020 (Szabo and Garside, 2020).

In this paper we investigate the consequences of phasing out coal power generation by EU countries.
We consider unilateral phaseout as well as joint phaseout by a coalition of several EU countries,
examining both economy-wide effects, changes in the electricity market, and impacts on CO;
emissions.

CO; emissions from electricity generation are already regulated by the EU Emissions Trading System
(ETS). Hence, a decision to accelerate the phaseout of coal can risk the waterbed effect, that is,
emissions in other parts of Europe may increase, given that the overall cap on emissions is fixed
(Bohringer and Rosendahl, 2010). If so, one may risk ending up with additional welfare costs without
additional climate benefits. In fear of the waterbed effect, the German coal commission proposed to
cancel allowances along with the phaseout of coal (Szabo and Garside, 2020). Such cancellations to
mitigate the waterbed effect may also take place through the Market Stability Reserve (MSR)
reducing the long-term cap in the EU ETS (Perino, 2018).

We first develop a theoretical model that captures the most important elements needed to analyze
the effects of coal phaseout in the electricity sector. In particular, we show how domestic welfare

1 https://en.wikipedia.org/wiki/Fossil fuel phase-out

2 More than 100 financial institutions globally have announced restrictions on financing coal power or coal
mines, including e.g. JPMorgan and Morgan Stanley (IEEFA, 2020). In 2016, the world’s biggest sovereign
wealth fund, Norway's Government Pension Fund Global, decided to divest from coal companies (NBIM, 2016).
3 Evans (2019) assesses the business-as-usual German coal power capacity in 2038 to be 17 GW, compared to
38 GW in 2019.
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impacts of coal phaseout depend on i) whether and how allowances are canceled, ii) whether or not
other countries phase out coal, and iii) terms-of-trade effects in the ETS market.

Next, we apply a computable general equilibrium (CGE) model for the EU economy featuring a
bottom-up representation of the electricity generation with discrete power technologies. As
Germany accounts for one third of EU’s coal power generation (BP, 2019) and pushes for a
premature coal phaseout, our numerical analysis focuses on a German coal phaseout. However, we
also consider unilateral phaseout in other EU countries as well as the joint phaseout in various EU
countries. The simulation results show that the economic welfare costs of phasing out coal power
depend crucially on the market share of coal power in the electricity sector. Hence, Germany is
much more affected than most other EU countries (except Poland which is even more coal-based
than Germany in power generation), facing non-negligible costs. The numerical results suggest that
most other EU countries are slightly worse off by German coal phaseout. Most EU members are net
exporters of emissions allowances, and thus face terms-of-trade losses in the ETS market as the ETS
price drops significantly along with German coal phaseout. If many EU countries phase out coal
jointly, most of them are worse off than when acting alone. The main explanation is again terms-of-
trade losses in the ETS market due to stronger price reduction. Further, when disregarding
environmental benefits, cancellation of allowances increases Germany’s welfare costs. Accounting
for environmental benefits, we find that a coal phaseout cum cancellation is welfare-improving for
Germany (compared to no phaseout) if the German citizens value emissions reductions at 65 Euro
per ton or more. If allowances are instead cancelled via the MSR, the required price tag is much
lower.

Only a few previous papers have investigated the economy-wide impacts of phasing out coal, and its
interactions with an ETS. The closest work to ours is by Eichner and Pethig (2019a) but they don’t
consider welfare gains from reduced emissions; furthermore, they provide only very rough
guantitative estimates based on a simplistic calibration of their stylized analytical model, whereas
we complement our theoretical analysis with quantitative insights from a large-scale CGE model of
the European economy calibrated to national input-output accounts and bilateral trade flows. Oei et
al. (2020) examine the implications of German coal phaseout for different parts of the country,
through soft-linking an energy system model with an input-output model and a regional
macroeconomic model for Germany, concluding that a faster phaseout would lead to a quicker
recovery for the most exposed regions. Somewhat related, Gerarden et al. (2020) apply a model of
the US electricity market and examines the effects of a surcharge on coal mining, effectively
increasing the costs of coal power production. They find that such a policy can be almost as effective
as a downstream CO; price for electricity generation.

Our paper contributes to the literature on overlapping regulation in climate policy. Several studies
have analyzed and discussed the waterbed effect, as mentioned above. For instance, Bohringer and
Rosendahl (2010) show that supporting green electricity also benefits the most emission-intensive
electricity such as coal power if an emissions trading system with a fixed emissions cap is already in
place: subsidizing green electricity depresses the emission price which benefits more emission-
intensive coal at the expense of less emission-intensive gas. This is consistent with empirical findings
in Novan (2017), that is, in a situation with emissions trading for NOy in the US, expansion of
renewables increased (unregulated) emissions of SO,. On the other hand, Lecuyer and Quirion
(2013) argue that overlapping regulation can be justified when there is uncertainty whether the
emissions cap will be binding, while Newbery et al. (2019) make a case for the UK carbon price floor
that overlaps with the EU ETS (see also Antimiani et al., 2016). Goulder and Stavins (2012) consider



interactions between federal and state climate policy in the US, concluding that state effort in the
presence of federal policy can be useful or counterproductive.*

There is also a strand of literature discussing coal phaseout from a political economy or policy
science perspective. For instance, Vogt-Schilb and Hallegatte (2017) argue that to minimize social
and economic disruptions, policymakers can supplement low carbon prices with complementary
policies such as moratoriums on new coal power plants. Aklin and Urpelainen (2013) discuss how
political competition can influence sustainable energy transition paths, pointing to e.g. government’s
political costs of going against the interests of the fossil fuel industry. Oei et al. (2019) discuss the
German policies leading up to the recent coal phaseout decision, emphasizing the need to combine
climate, energy, social, and structural policies. Rinscheid and Wistenhagen (2019) conclude based
on a large-scale survey that the average German voter prefers a faster phaseout than the German
coal commission and government have proposed. Another relevant issue, discussed in e.g. Newbery
et al. (2019), is whether domestic emissions reductions is a separate motivation.® Ancillary benefits
from reduced emissions of local and regional pollutants can also be an additional motivation (Scasny
et al., 2015).

In the next section, we set up a stylized analytical model and derive some theoretical results
regarding coal phaseout. In Section 3 we present our CGE analysis of alternative coal phaseout
scenarios in the EU. Section 4 concludes.

2. Theoretical analysis

2.1 Model description

Consider a model with three regions (r = 1,2,3), which have a joint emissions trading system (ETS)
that covers the electricity sector and the industry sector. The ETS price is denoted p2.

The electricity sector in each region consists of three technologies j, coal (C), gas (G) and carbon-free
(R). To simplify, we disregard trade in electricity (bilateral trade in electricity is included in the

numerical model). Production of electricity (E) from technology j in region r is denoted yfj . We
assume that CO, emissions from coal and gas power production is proportional to output, but with

different emissions intensities oj: qu =0 yfj . For each technology, the costs of electricity

production are (in aggregate) a strictly convex function of output: ij = ij (yfj) , with CEj '>0 and

E n
rj

markets are then given by:

c_. "> 0. The profits of electricity producers in region r by technology j on competitive electricity

(1) 7TrE,j = prEYrE,j _CrE,j(yrE,j)_ qurE,j =(prE —0; pQ)yF,j _CrE,j(yrE,j)
The first-order condition for electricity producers is (assuming interior solution):

(2) pr=cr;'(y5;)+o;p°

4 Other studies of overlapping climate regulation are, e.g., Fischer and Preonas (2010), Jarke and Perino (2017),
and Eichner and Pethig (2019b).

5> Several countries have national climate plans with specific targets for domestic emissions. For instance,
Germany’s target for 2030 is to cut domestic greenhouse gas emissions by at least 55 percent compared to
1990 levels (BMUB, 2016).



The industry sector (/) in each region is trading with the rest of the world at an exogenous world

market price p'.® Production and emissions of the industry sector in each region is denoted yr' and

qr' , while the sector’s use of electricity is denoted (-),I . The costs of production excluding purchase of
electricity and emissions quotas are an increasing function of output and a decreasing function of
both electricity use and emissions:’ CrI = CrI (yrI ,erI ,qr') . The cost function is strictly convex in output,
electricity use and emissions; the cross-derivatives are assumed to be negative, ® and

0°c/ okok - 0°c 1 010l —26%c / okél > 0 for any pair of variables y, e and g (inserted for k and /). The
profit for industry producers are:

@) i =py e (yeha)-pre - p,

The first order conditions for industry sector producers are then (assuming interior solution):
(@) p'=ac(yea0)/ oy,

(5) P =—0c(y;.e,0p)/ dey

(6)  p¥=—oc(y;.e.0q)/q

Consumers (and other sectors) also use electricity, denoted ef , and their gross consumer surplus in
the electricity market is an increasing and strictly concave function of electricity consumption:

u® =u’(e°). Net consumer surplus is given by:°
C CraC E.C
(7) 7o =U; (er )_ Pr€
The first order condition for consumers is then (assuming interior solution):
E CisAC
(8) P =u (&)
Equilibrium in the electricity market in each region and in the ETS market is given by:

(9 Dy =6+
j

(10) ZLZQ,E,,- +Q!J=5=ZQ
T\

r

® Hence, we treat the industry market very differently from the electricity market. Although this surely is a
simplification, it reflects that industry products are much more traded internationally than electricity, the main
reason being that costs of electricity transportation are much higher. Even within the EU, where electricity in
principle can be freely traded between member states, gross trade in electricity amounts to a modest share of
total electricity consumption in most countries.

7 Emissions here refer to direct emissions at the industry plant, not indirect emissions from the use of
electricity. The assumption of costs decreasing in emissions simply mean that it is costly to reduce emissions.

8 This implies that the marginal costs of production (excl. payments for electricity and emissions) increase if
either electricity use or emissions decline, and that electricity use and emissions are complementary goods.
Note that emissions are closely linked to the use of fossil fuels at the industry plant. Whether electricity and
emissions (fossil fuels) are complements or substitutes in reality, will differ among plants.

9 Since the industry sector is trading at an exogenous world market price, there are no direct link between the
industry sector and the consumer surplus. Hence, we can disregard other factors that affect consumers’ utility.



where Q is the exogenous emissions cap, and Q, is the exogenous number of allowances allocated

—REF
toregionr.’®Let Q  refer to the initial emissions cap, i.e., before any coal phaseout decision.

We assume that the regions may have different views about the climate change problem, and hence
value potential emissions reductions differently.'? Region r’s valuation per ton emissions reductions
is denoted t,. We can think of this as a regional price tag on emissions, which can have different
motivations.!? We assume that the price tag is independent of whether emissions reductions take
place domestically or abroad.?

National welfare is then given by the sum of consumer surplus, producer surplus in electricity and
industry sectors, government revenues from sales of allowances, and valuation of emissions
reductions (if any):

W, =zl +) n7, +7 + p9Q, +7, ((SREF —(3)
j

=uf (") pfes + 3 [ pryr; —c5 (v - p%ar; [+ 'y,
i

11 B - -
- <l (v, el,0)) - pfel =% +p°Q, +7,(Q" Q]

:“rc(erc)‘ZCrE,j(yrE,j)+ p'y —c (). +p°| Q, —quE,,- —q, +rr(6REF —6)
] i

The first term in (11) (last line) is gross consumer surplus, the second term is costs of electricity
production, the third and four terms together are profits from industry production, the fifth term is
net trade surplus in the emissions allowance market, while the last term is the value of emissions
reductions.

2.1 Effects of phasing out of coal power

No change in emissions cap

Assume now that region 1 decides to phase out coal power (“coal phaseout”). Initially, regions 2 and
3 do not (below we consider the case when also region 2 phases out coal). Moreover, initially the

emissions cap is unchanged. We consider first marginal exogenous reductions in coal use ( dylyc <0),

so that we can analyze mathematically the sign of direction for the other variables. Phasing out coal
power can then be seen as a succession of marginal reductions in coal use.

10n the EU ETS, a large part of allowances are given out for free to the industry sector. Introducing exogenous
free allocation to the industry sector wouldn’t change our results as long as the sum of free allocation and
auctioned allowances for each region is unchanged. In the numerical model we distinguish between free
allocation and auctioned allowances.

11 We disregard emissions outside the ETS, and also emissions outside the three regions. Interactions between
ETS and Non-ETS sectors are likely of second order in our analysis of coal phaseout, as is carbon leakage to
other regions too (Bohringer et al., 2017).

12 The price tag may be motivated by e.g. an assumed social cost of carbon (for the world or the region), or to
an assumed global carbon price consistent with the two (or 1.5) degrees target, or to other externalities that
are not fully internalized such as technology spillovers or local air pollution, or to set the example for a
decarbonized economy, or simply political economy motives such as pressure from lobby groups.

13 If the price tag were higher for domestic reductions, e.g., due to a target for national emissions (Newbery et
al., 2019; BMUB, 2016), the welfare benefits from unilateral coal phaseout would intuitively increase.



Table 1 shows the sign of direction for the most interesting variables. We refer to Appendix A for a
detailed derivation of these signs — here we just point to some important findings. Coal phaseout in
region 1 implies excess demand in the domestic electricity market, and excess supply in the quota
market. The former leads to higher electricity price, and stimulates production of gas and renewable
power in region 1, while at the same time reducing electricity use. Excess supply in the quota market
leads to a lower quota price, which stimulates gas power production further and increases industry
emissions in region 1. However, as electricity use decreases due to higher electricity price, we
cannot rule out that industry emissions may go down.

We further notice that the effects in regions 2 and 3 are almost the mirror image of what happens in
region 1. The only link between the regions is via the ETS and the quota price. In particular, coal
power production and industry emissions increase in regions 2 and 3, while the effects on gas power
is ambiguous (in the simulations they increase).

Table 1. Effects of phasing out coal in region 1. Unchanged emissions cap

dpE dp® | dyf. | dySe | dyS, | dg; | Doy | dQ
j

Region 1 + - - + + ? - -

Regions 2&3 - - + ? - + + +

Next, we consider the effects on welfare in region r by a marginal reduction in coal power
production in region 1 ( dyfc < 0). By differentiating (11) (and using first order and equilibrium

conditions above) we get for region 1:
(12) AW, =(ce (yre) + o P2 — pf ) (~dyre ) +dp® [51 -y a5 - ]
j

Initially, when coal power generation is marginally reduced, the first parenthesis is zero (cf. (2)). The
last parenthesis is also zero if we consider three symmetric regions, in which case there would be no
initial net trade in emissions.!* However, as we continue to reduce coal power generation, the first
parenthesis becomes more and more negative (the electricity price increases while the marginal
production costs of coal power decreases) and also the second parenthesis becomes negative
(gradually higher net export of emissions allowances combined with reduced quota price). Hence,
the welfare effect of reducing coal power production is negative for region 1. If region 1 is initially a
net importer of emissions quotas (Q, > 6, ), the last term in (12) is initially positive, and a marginal
reduction in coal power production enhances domestic welfare. However, as coal power production
is further reduced, the first term again becomes negative, and may eventually dominate the last
term (which may also turn negative at some point if the region turns from a net importer into a net
exporter of emissions quotas). Still, we cannot rule out the possibility that phasing out coal totally is
welfare enhancing for region 1 if the region is a net importer of quotas.

Returning to the symmetric case, we concluded that welfare effects for region 1 are negative. One
reason for this is that the phaseout of coal does not reduce total emissions as long as the emissions
cap is unchanged (we consider changes in the emissions cap below). Furthermore, phaseout of coal

14 By symmetric regions, we mean identical utility and cost functions (and equal Q, ), so that emissions,
consumption and production are equal across regions (and hence no initial trade). - may still vary though.



means that the region must rely on more expensive electricity production than before. This reduces
the net surplus in the electricity market in region 1 (the gains from lower quota price is of second
order here).

For regions 2 and 3, the welfare change is as follows:
(13)  dw, :dpQ(Q—quj—q:J r=2,3
i

In the symmetric case, the welfare of the two regions will gradually increase as region 1 is phasing
out coal, due to a combination of lower quota price and gradually higher net import of quotas. If
region 2 or 3 is initially a net exporter of quotas, the initial welfare effect is negative for this region.

We sum up these results in the following proposition:
Proposition 1.

Consider an ETS regulating emissions in several regions. If one region reduces its coal power
generation unilaterally, then:

e The welfare effects of this region are negative if it is not a net importer of quotas initially.
e For each of the other regions the welfare effects are positive if it is not a net exporter of quotas
initially.

Change in the emissions cap

So far, we have assumed that the emissions cap is unchanged. Inspired by more recent
developments in the EU ETS, which open up for adjustments of the EU-wide cap, we will now
consider two alternative ways the cap can be reduced alongside the coal phaseout. First, region 1

may decide to cancel allowances unilaterally by reducing its share of auctioned allowances:

dQ, = w"” o dy; . <0, where wV is the unilateral cancellation rate where we assume 0 < w” < 1. If w"

=1, the reduction of the cap corresponds exactly to the emissions from the reduced coal power
production. Second, the cap may be automatically reduced as a response to reduced demand for
allowances, with proportional reductions in all regions’ auctioned allowances:

dQ = w*(o.dyS:) <0 with0< wA < 1and dQ, = ((3r /6)d6 . This setting is mimicking the Market

Stability Reserve (MSR) in the EU ETS within a static framework, and we will refer to this as joint
cancellation.?®

Whether the cap is reduced unilaterally or jointly has no bearing for the market outcome in our
model, but it is important for the regional welfare assessment. The market effects for the three
regions are now more ambiguous. First of all, it depends on the cancellation rate — if this is close to
zero, we are basically back to the case in Table 1 with unambiguously lower quota price. If the
cancellation rate is set to one, the quota price may decrease or increase. The outcome depends on
how gas power production and industry activity in region 1 react to higher electricity price (cf.
Appendix A). If higher emissions from gas power production dominate lower industry emissions at
the initial quota price, the quota price will increase. If industry emissions respond strongest, the
guota price will decrease. In the latter case (“Alternative 1”), i.e., if the quota price drops, we get the

15 As mentioned in the introduction, the MSR most likely implies that reduced demand for allowances in the
near future will decrease the long-term emissions cap, while the implications are more uncertain if demand is
reduced several years from now. We return to this issue in the numerical simulations.



same qualitative results as without any change in the emissions cap (see Table 1). However, the
guantitative impacts are smaller. If the quota price increases (“Alternative 2”), the effects in regions
2 and 3 are turned around, see Table 2. Effects in region 1 are almost the same as before
(qualitatively), except that industry emissions now unambiguously fall. The numerical simulations in
Section 3 suggest that for most regions Alternative 2 is most likely if the cancellation rate is high, i.e.,
the quota price increases. An intuitive reason is that gas power generation is likely to respond more
to electricity price changes than industry production, provided that gas power is a viable option in
that region.

Table 2. Effects of phasing out coal in region 1 combined with cancellation of allowances.
Alternative 2: Higher quota price”

dp; dp® dyrE,c dyrE,G dyrE,R da, quE,j dQ,
j

Region 1 + + - + + - - -

Regions 2&3 + + - ? + - - R

* Alternative 1 (lower quota price) has the same signs as in Table 1.

The welfare effects are slightly changed since total emissions are no longer fixed. In the case with
unilateral cancellation, we get the following expressions for respectively region 1 and regions 2 and
3:

(14) AW, =(cie (Vi) +oc P — pf ) (—dyie) +dp® (51 IR j+ oo, (~dyic) (7, - p?)
i

(15)  dW, =dp® (Q ->q5 —qr'}+a)urroc (—dys) r=2,3
i

Note that there is an additional term in both expressions, reflecting the cancellation of allowances
and hence reduced overall emissions. If region 1 values emissions reductions at the initial quota
price, 7, = pQ , this last term is initially zero and hence the welfare effect of a marginal reduction in
coal power is still zero in the case with symmetric regions. Moreover, a further reduction of coal
power production along with cancellation of allowances will reduce welfare, as the sum of the first
and third term becomes more and more negative (irrespective of whether the quota price increases
or decreases), and the second term is also negative.'® Hence, in this case the effects on welfare are
qualitatively the same as without cancellation. If 7, < pQ , then this policy is obviously decreasing

welfare, also initially.

On the other hand, if region 1 has a higher valuation of emissions than reflected by the initial quota

price, meaning 7, > pQ , then a marginal reduction in coal power, combined with cancellation of
allowances, enhances welfare initially (again assuming symmetric regions). However, as coal power
production is reduced further, and eventually phased out, the welfare effect is generally ambiguous
and depends crucially on the size of 7; (relative to pQ ), as well as the welfare costs of discarding

profitable coal power generation. The size of the second term in (14) is still negative (see above), but
most likely smaller in size than in (12), since the quota price changes less.

16 There will either be net export of allowances from region 1 and lower quota price (Alternative 1, see Table
1), or net import of allowances and higher quota price (Alternative 2, see Table 2).



If the regions are not symmetric, it also matters whether region 1 is initially a net importer or
exporter of quotas. In the former case, a marginal reduction of coal power might be beneficial even

if 7, < pQ , while in the latter case it might reduce welfare even if 7, > pQ .

The welfare impacts of gradually phasing out coal combined with unilateral cancellation of
allowances can be illustrated in Figure 1. Four alternatives are shown, where three of them assume

initial welfare gains (e.g., symmetric regions and 7, > pQ ). In the “Initial loss” case, no reduction of
coal power is obviously the best choice. In the “Low initial gains” case, reducing some coal
generation would be beneficial, but phasing out all coal generation reduces welfare compared to the
initial situation. In the “Medium initial gains” case, completely phasing out coal enhances welfare,
but the optimal regulation is to only partly phase out coal, that is, reduce coal generation until the
point where the curve intersects with the horizontal axis (i.e., where dW turns negative). Finally, in
the “High initial gains” case, completely phasing out coal is in fact the optimal policy, as the welfare
effects of an additional reduction in coal generation are always positive. Which of the four
alternatives that apply is an empirical question and may vary across regions.

——High initial gains Medium initial gains Low initial gains Initial loss
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Figure 1. Marginal welfare effects in region 1 of gradually phasing out coal power
production in region 1, combined with unilateral cancellation of allowances.
lllustration of four different cases.

Regions 2 and 3 will still have higher welfare from coal phaseout in region 1, as their terms of trade
in the ETS market still improves (in both Alternative 1 and 2). In addition, they get a positive effect
from lower global emissions (last term in (15)). Hence, (partly) phasing out coal might be a win-win
situation for the three regions if region 1 has a high valuation of emissions reductions.

So far, we have assessed the welfare implications of coal phaseout without cancellation, and of coal
phaseout with cancellation, but what about the difference between these two? That is, what if
region 1 has decided to phase out coal and considers whether to also cancel allowances. From the
discussion above, we can unambiguously state the following in the symmetric case: If region 1
reduces its coal power production marginally from its initial level, it is better off by cancelling
allowances if and only if 7, > pQ . When coal power production is reduced further, things become

ambiguous. The last term in (14) will still be positive if and only if 7, > pQ , but the size of the two
first terms in (12) and (14) will differ (since the variables will differ in size). However, the second



term will very likely be less negative with cancellation than without, as both the price decrease and
net export in the ETS market will be lower (and possibly shift sign) with cancellation. That is,
cancellation is good from a terms-of-trade perspective in the ETS market. The first term is more
difficult to assess, as cancellation of quotas will increase both the quota price and the electricity
price. To sum up, there is one ambiguous and one positive effect of cancellation (first and second

terms in (14)) and one that is positive if and only if 7, > pQ . This jointly suggests that it is likely

welfare enhancing to combine phasing out coal with cancellation of quota if the price tag on
emissions is at least as high as the ETS price (this is the case in the simulations below). However,
again this is an empirical question.

We sum up the main findings above in the following proposition:
Proposition 2.

Consider an ETS regulating emissions in several regions. If one region reduces its coal power
generation unilaterally followed by unilateral cancellation of emissions allowances, then:

e [fthe regions are symmetric, then the welfare effect for acting region of the first unit of coal
power reduction is positive if and only if its valuation of emissions exceeds the ETS price.

e  Whether a complete phaseout of coal is beneficial for the acing region, and whether coal
phaseout with cancellation of allowances improves its welfare compared to coal phaseout
without cancellation, are ambiguous and depend crucially on the region’s emissions valuation.

e The welfare effects for each of the other regions are positive if it is not a net exporter of quotas
initially.

Assume now instead that the emissions cap is jointly reduced along with decreased demand for
allowances, meaning that the reduced auctioning is distributed across regions instead of applying
only to region 1. The welfare effects are then:

(16)
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The last term in (16) is more likely to be positive than the last term in (14), especially if region 1 is
relatively small, as cancellation of allowances is distributed across regions. Thus, starting to phase

out coal may be welfare-improving for region 1 even if 7, < pQ . On the other hand, if region 1 has a

high valuation of emissions reductions, and w” << wV, the last term in (14) may be bigger than (16).
Thus, it might be the case that a complete phaseout of coal is welfare-improving with unilateral
cancellation of quotas but not with joint (but more limited) cancellation of quotas.

For regions 2 and 3 the welfare effects are now more ambiguous as they lose income from sales of
allowances. If they have low valuation of emissions reductions, their welfare is likely reduced.

We sum up our findings in the following proposition:

Proposition 3.



Consider an ETS regulating emissions in several regions. If one region reduces its coal power
generation unilaterally followed by joint cancellation of emissions allowances, then:

e The welfare effect for the acting region of the first unit of coal power reduction is positive if its
valuation of emissions is not too far below the ETS price and it is not a net exporter of quotas.

o Whether a complete phaseout of coal is beneficial for the acting region, and whether coal
phaseout with cancellation of allowances improves its welfare compared to coal phaseout
without cancellation, are ambiguous and depend crucially on the region’s valuation of emissions.

o The welfare effects for the other regions are ambiguous.

Joint phaseout of coal by several regions

What if region 2 goes together with region 1 in phasing out coal? In this subsection we assume
symmetric regions. Obviously, for region 3 the welfare effects are positive as before, but stronger.

Without cancellation, the welfare effects for regions 1 and 2 are given by equation (12) (with
subscript r = 1,2 instead of 1). For region 2, the welfare effects correspond to what we found for
region 1 above. That is, the marginal welfare effect is initially zero, but then more and more negative
as more and more coal is phased out.

For region 1, it is ambiguous whether its welfare effects become more or less negative when region
2 joins. Both terms in (12) can go either up or down.’

With unilateral cancellation by the two regions (and equal wV), the welfare effects for regions 1 and
2 are given by a slightly modified equation (14):
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Now the marginal welfare impacts for the two regions are initially strictly positive if the regions
value emissions reductions at 7, = pQ . Hence, all three regions gain from this policy, which may
seem surprising at first glance. The intuition is that the total welfare gain (for the three regions

together) from one unit emissions reduction is ZTr > pQ .12 Whether complete coal phaseout is
r

welfare improving or not is ambiguous as before. If 7, <0.5 pQ , the welfare effect is negative also for
the first unit of reduction.

For region 1 it is most likely beneficial that region 2 also phases out coal in the case with unilateral
cancellation. For marginal reductions in coal power, it is unambiguously beneficial that region 2
joins, as the first two terms in (14) and (18) are zero, while the last term is biggest in (18). For bigger
reductions it is slightly more ambiguous. However, we noticed above that the effect on the quota
price of this policy is not clear. If the quota price doesn’t change when region 2 joins in, the two first

71n the first term, both the quota price and the electricity price decline. In the second term, the decline in the
guota price becomes bigger whereas the net export becomes smaller.

18 This illustrates a potential inconsistency of summing the value of emissions reductions over several
countries, especially if tr is set equal to the global social cost of carbon. It’s beyond the scope of this paper to
discuss what the appropriate value of 1 should be. An alternative approach to (18) could be that each country
only values the emissions reductions following from its own actions.



terms in (14) and (18) do not change, and hence region 1’s welfare becomes unambiguously more
positive or less negative.

With joint cancellation, the welfare effects for regions 1 and 2 become:
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J
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The only difference compared to (16) (when region 1 acts alone) is that the last term is bigger in
absolute value. Hence, if a marginal reduction in coal power generation is beneficial for region 1, it is
even more beneficial if region 2 also joins. However, region 1 benefits less from region 2’s
participation compared to unilateral cancellation as some of the additional cancellation means less
sales of allowances from region 1.

Proposition 4.

Consider an ETS regulating emissions in several symmetric regions, and that one region has already
decided to reduce its coal power generation. If a second region makes the same decision, then:

e The impact on the first region’s welfare is ambiguous if there is no cancellation of allowances, or
if there is joint cancellation of allowances.

e [fcoal phaseout is combined with unilateral cancellation, the welfare effect for the first region (of
the second region’s decision) is positive if the impact on the quota price is sufficiently small.

3. Numerical analysis

Our theoretical analysis provides valuable insights into the fundamental economic effects triggered
by coal phaseout policies. Yet, it is stylized and misses various real-world features that are
potentially important for drawing viable policy conclusions. For example, countries are
heterogeneous in production and consumption and we typically observe electricity trade between
neighboring countries. Furthermore, economic adjustments to a coal phaseout is driven through
complex substitution, output and income effects across multiple markets triggered by policy-induced
changes in relative prices. We therefore complement our theoretical partial equilibrium analysis
with computable general equilibrium (CGE) simulations based on empirical data. The strength of CGE
models is their rigorous microeconomic foundation in Walrasian equilibrium theory, which
accommodates the comprehensive welfare analysis of market supply and demand responses to
policy shocks. Quantitative equilibrium analysis provides counterfactual ex-ante comparisons,
assessing the outcomes with a reform in place against a reference situation without such a reform.
Below, we first provide a non-technical summary of the CGE model and its parameterization. We
then lay out alternative policy scenarios of phasing out coal and discuss simulation results.

3.1 Model structure, data and parametrization

We adopt a standard multi-region multi-sector CGE model of global trade and energy use (see e.g.
Bohringer et al. 2015, 2018), but refine the modeling of the electricity sector compared to a standard



CGE model. For the sake of brevity, we refer to Appendix B for a non-technical summary of key
model characteristics,!® and center our attention here on how the electricity sector is modeled.

Given the paramount importance of the electricity sector with respect to the phaseout of coal, we
distinguish different power generation technologies that produce electricity by combining inputs of
labor, fuel, and materials with technology-specific resources (capital and natural resources such as
water, sun, wind, biomass). For each technology, power generation takes place with decreasing
returns to scale and responds to changes in electricity prices according to technology-specific supply
elasticities (see Appendix B for details). Within each region, electricity output from different
technologies is treated as a homogeneous good which enters as an input to the regional distribution
and transmission electricity sector. Bilateral trade is modeled following Armington’s differentiated
goods approach, where domestic and foreign goods are distinguished by origin (Armington, 1969).
Trade in electricity takes place only via the distribution and transmission electricity sector.?

For model parameterization, base-year data together with exogenous elasticities determine the free
parameters of the functional forms. We use most recent data from the global macroeconomic
balances as published by the Joint Research Centre (JRC) of the EU Commission (Keramides et al.
2018, and Rey Los Santos et al., 2018). The JRC data includes detailed macroeconomic accounts on
production, consumption, and bilateral trade together with information on physical energy flows
and CO; emissions for 40 regions and 31 sectors covering the overall world economy.?! The
electricity sector in the JRC dataset is decomposed by region into 11 discrete generation
technologies and a residual transmission and distribution sector.

Beyond the explicit information on discrete power technologies, another appealing feature of the
JRC dataset is that it includes official baseline projections of future economic activities and energy
use in five-year intervals until 2050.%> We can readily use these projected input-output tables and
bilateral trade flow for our model calibration thereby establishing a baseline scenario against which
we measure the implications of policy counterfactuals such as alternative coal phaseout scenarios.

The JRC dataset can be flexibly aggregated across sectors and regions to reflect specific
requirements of the policy issue under investigation. For our analysis, we keep with all the different
primary and secondary energy carriers in the original dataset: Coal, Crude Qil, Natural Gas, Refined
Oil, and Electricity. This disaggregation is essential in order to distinguish energy goods by CO,
intensity and the degree of substitutability. In addition, we keep all emission-intensive and trade-
exposed (EITE) industries covered by the EU ETS (i.e., Chemical Products, Non-Metallic Minerals, Iron
& Steel, Non-Ferrous Metals, and Air Transport) separate. Furthermore, we maintain the detailed
description of electricity supply provided in the JRC dataset with its explicit representation of
discrete power technologies which are central to coal phaseout policies.

19 A detailed algebraic exposition of the generic multi-region multi sector CGE model is provided in Bdhringer
et al. (2018).

20 We do not model transmission capacities explicitly. However, even with high Armington elasticities for
electricity trade between EU regions (16 between domestic and imported electricity, and 32 between different
importing regions), trade is limited by the initial trade volumes due to the CES structure.

21 As a starting point, the JRC dataset builds upon the GTAP database which in its latest version covers 141
regions and 65 sectors of the global economy for the base-year 2014 (Aguiar et al., 2019).

22 The projected input-output tables provide a holistic picture of the future economy and energy system
reflecting a common sense business-as-usual development.The input-output tables for future years are
constructed using a RAS balancing procedure that ensures consistency of various data sources within a multi-
region accounting framework (Rey Los Santos et al., 2018).



The regional coverage in our composite dataset used for model simulations reflects our focus on
coal phaseout in Europe. The European Union is divided into 12 regions, based on country size,
geographical location and policies regarding coal phaseout. For the sake of compactness, we limit
the explicit representation of other regions to one non-EU European region, three major EU trading
partners (USA, Russia, China), while treating the remainder of the global economy through a

composite region Rest of the World.

Table 3 provides an overview of the sectors (incl. power technologies) and regions that are

represented in our model.

Table 3. Sectors and regions in the CGE model (acronyms provided in brackets)

Sectors and commodities?

Countries and regions

Primary energy sectors
Coal (COA)
Crude Qil (CRU)
Natural Gas (GAS)
Emission-intensive and trade-exposed sectors
Chemical Products (CRP)
Non-Metallic Minerals (NMM)
Iron and Steel (I_S)
Non-Ferrous Metals (NFM)
Refined Qil (OIL)
Paper Products, Publishing (PPP)
Air Transport (ATP)
Electricity generation and distribution