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Abstract

We study the potential effects on the real economy and welfare of four fiscal policy
responses to an energy supply shock: energy vouchers to all households, only to low-
income households, or to non-energy goods producers, and subsidies for investments
in the energy sector. The analysis relies on a DSGE model that explicitly models the
energy sector. Calibrating the model to Swedish data, our results show that the sub-
sidy for the investment in energy sector is the most effective instrument to reduce the
energy price in the short- to medium term. This policy is, however, welfare dominated
by energy vouchers given to households as it immediately compensates low-income,
non-saving households in the event of the shock. Giving the energy voucher to the
non-energy firms prevents energy prices from falling as fast as they would without
policy intervention. It is also the least desirable from a welfare perspective.
Keywords: energy price, investment subsidy, energy voucher
JEL Codes: D58, E62, H53
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1 Introduction

During the recent years, energy prices increased substantially in Sweden and Europe. For
example, the daily average price of a kWh in southern Sweden increased from less than 0.1
Euro to more than 0.5 Euro between 2021 and 2022, and the increases in price have been
even larger in other Kuropean countries. This development has led to energy poverty among
households and loss of profits for firms, and subsequently, policy makers have suggested a
range of measures to mitigate the effects of these electricity price shocks, including subsidies,

energy vouchers and price ceilings (e.g., Ari et al. (2022); EU-commision (2022b)).

In this paper, we use a dynamic stochastic general equilibrium (DSGE) model to quantify
the macroeconomic effects of the suggested policies. We focus on four distinct policies that
are either proposed or already implemented in Europe and/or Sweden: an energy voucher to
households; an energy voucher to non-energy goods producers, and subsidies to investments
in the energy sector; see, e.g., EU-commision (2022b). Especially the investment subsidy is a
novel aspect of our policy analysis. In particular, while such policies have been highlighted by
both EU and member states as a mean to reduce the exposure to high energy prices, previous
literature has tended to focus on the macroeconomic effects of demand-side policies such as
energy vouchers and subsidies to consumers. Since our model includes energy producers, we
are able to also study supply-side policies. Here, we would like to point out that the current
paper is not looking for a first-best policy; the objective of this paper is rather to quantify
the macroeconomic effects of policies that are on the table, regardless of whether they are

to be considered first-best policies.

The general equilibrium framework is important for several reasons. We mainly acknowledge
that energy is a fundamental input in the production of goods and services, and is also a
necessity for a modern lifestyle. Price fluctuations in energy thereby explicitly and implicitly
affects both the demand and supply side of commodity and factor markets. Ultimately, the

DSGE framework can be designed to capture both the demand-side and the supply-side



effects through household and firm resource allocation.

In more detail, we develop a model which consists of energy producers, producers of “non-
energy” goods such as commodities and services, households, and a government. The energy
produced is used both as input in the production of non-energy goods, and for direct con-
sumption by the households. To keep our results general to any sort of energy supply shock,
not necessarily induced by geopolitical conflicts or sudden mark-up changes, we model the
energy shock as a total factor productivity (TFP) shock to the production function of the
energy producer.

In the current political debate, energy poverty, equity and redistribution of wealth are high-
lighted as key focuses for the suggested policies. However, in Sweden, energy poverty in
Sweden is mostly related to some households living hand-to-mouth. This distinguishes en-
ergy poverty in Sweden from many traditional measures of energy poverty, such as the
inability to heat homes. In this sense, energy poverty in Sweden is exposed at price peaks,
and the ability to dodge price peaks becomes an important quality among households to
reduce their vulnerability to energy poverty (see, for example, the discussion in von Platten
(2022b); Antunes et al. (2023) and https://energy-poverty.ec.europa.eu/index en).
To reflect this stylized fact, our model includes three distinct type of households: rational
savers with either high or low skill, and low-skilled hand-to-mouth households. This allows
our model to capture key aspects of energy poverty that has been highlighted by recent

literature.

To quantify the effects of the different policies on the real economy and economic welfare,
we calibrate the model to Swedish data. Sweden is an interesting case to study, given that
Sweden has a very high — among the ten highest — energy intensity per capita. This is
explained both by the cold and long winters, and an energy-intensive industry, and it implies
that Sweden may be particularly vulnerable to energy supply shocks. Furthermore, Sweden
has a large domestic energy production, is less reliant on energy imports than many other

countries, and is a net exporter of electricity. This means that the Swedish government may


https://energy-poverty.ec.europa.eu/index_en)

be able to target energy production through, e.g, subsidies, to a larger extent than many

other countries.

In brief, our results reveal that the subsidy for the investment in the energy sector is the
most effective instrument to reduce the energy price in the short- to medium term. This
policy is, however, welfare dominated by energy vouchers given to households. The energy
voucher given directly to non-energy firms has the risk to increase the energy price, and

decrease considerably welfare.

Our results have important policy implications: if the government aims to reduce the energy
price, then they should focus on the subsidies for energy investments. If the government
considers households’ welfare as the most important indicator, then they should consider
energy vouchers to all households (not only to low-income households). This is apparently

what the Swedish government is practicing at the moment.

The rest of the paper is structured as follows: We describe the policy background in Sec-
tion 2, and review the literature on the macroeconomic effects of energy crisis and policies
in Section 3. Section 4 details the model and equilibrium conditions. Section 5 outlines
the calibration of the model to Swedish data, and the policy simulations are contained in

Section 6. Section 7 concludes the paper.

2 Institutional context

According to the EU Commission and the UN, the very high energy prices during the recent
years are primarily driven by two factors: first, there has been an increased global demand
for gas following the economic recovery after Covid-19 (EU-commision (2022b); UN (2022)).
This increase in demand has not been matched by an increase in supply, with consequences
both in the EU and in other regions of the world. Second, the exports of gas from Russia
has decreased following Russia’s attack on Ukraine, with the deliberate attempt by Russia

to use energy as a political weapon. Furthermore, postponed infrastructure investments



and maintenance during the pandemic has also constrained gas supply. Since gas prices are
important determinants of electricity prices in most of the EU, increased gas prices has sub-
sequently affected electricity prices. In addition, electricity prices has also increased because
of, for example, low reservoir levels in the hydropower production (due to lower-than-usual
precipitation) and less wind than usual. This has resulted in lower production of renewable
energy in Europe. Finally, nuclear power production has decreased by approximately 20

percent in the EU.

As a consequence of these events, energy prices have increased dramatically in Europe. To
give a sense of magnitude, electricity prices for household consumers increased from 2021 to
2022 in all except five EU Member States, with the biggest increase in Czechia (61.8 percent),
followed by Latvia (59.4 percent) and Denmark (57.3 percent); see Figure 1. Non-household

consumers faced similar prices increases, as illustrated in Figure 2.1

Similar to the rest of EU, Sweden also faced large energy price increases during 2021 and
2022, especially in the electricity market. While Sweden does not import Russian gas to
produce electricity or heating to any large extent, Sweden’s electricity market is integrated
with northern Europe, and is therefore affected by what happens in continental Europe, and
this caused Swedish electricity prices to increase substantially. The electricity spot price in
southern Sweden is illustrated in Figure 3, and evidently, Sweden has had low and stable
prices for a long time, but have in especially 2021 and 2022 seen both higher and more
variable prices.

The recent energy price shocks have affected everyone, but low-income households may have
been particurlarly vulnerable to such price shocks since these households typically spend a
larger share of their income on energy and electricity, compared to households with higher
income (see, for example, Ari et al. (2022)). To give a sense of magnitude, about nine

percent of the EU population, or approximately 40 million people, were unable to keep their

!During 2023, prices stabilized somewhat. See https://ec.europa.eu/eurostat/statistics
-explained/index.php7title=Electricity price_statistics.
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Figure 1: Percentage change in electricity prices for households between first half of 2021
and first half of 2022
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Figure 2: Percentage change in electricity prices for non-household consumers between first
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Figure 3: Daily average spot price in southern Sweden (SE4). Source: https://www
.nordpoolgroup.com/en/

homes adequately warm according to figures for 2022, and this is an increase from previous
years.? As already alluded to, while Sweden historically has had a relatively low prevalence
of energy poverty, many households are unable to dodge price peaks and may need support
in times of very high energy prices, such as during the last few years (von Platten (2022b);
Antunes et al. (2023)). Increasing inflation on other goods and services has exacerbated the

situation.

Energy price shocks have not only affect households, but also industry, and it seems likely
that especially energy-intensive sectors are severely affected (e.g., UN (2022)). Most no-
tably, such energy-intensive industries play an important role in many countries, with, for
example, the iron and steel, minerals, refineries, and chemical industries combined employed

an estimated 3.2 million people in the EU in 2019, accounting for approximately 11 percent

2See  https://energy.ec.europa.eu/topics/markets-and-consumers/energy-consumer-rights/
energy-poverty_en
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of total industrial employment (UN (2022)). The fact that many of these industries produce
intermediate goods, such as wood, paper and steel, implies that the energy price shocks
transmit to the rest of the economies, and may have a wider impact on industrial output

and competitiveness.

To mitigate the effects of high energy prices, policy makers in Europe and Sweden have
suggested a range of policies, of which some also have been implemented. For example, the
EU Commission has published the communication ” Tackling rising energy prices: a toolbox
for action and support” (see EU-commision (2022b)), which includes a range of measures,
such as price caps, temporary tax breaks and social payments for households at the risk
of energy poverty, and different type of energy vouchers and subsidies for consumers and
firms. In the medium to long run, the suggested policies also include support mechanisms
for expansion of supply and distribution. For example, EU-commision (2022b) mentions
investments subsidies in renewable energy as a medium-run tool to mitigate the effects of
high energy prices in the future, with the motivation that with more renewable energy in
the energy market, the most expensive fossil fuels will be crowded out of the market, which

reduces energy prices in the future.

Some of these measures have already been implemented: at the EU level (see EU-commision
(2022a)), member states have agreed to reduce electricity consumption by 10 percent, and
to reduce consumption in peak hours by 5 percent. Furthermore, most of the member states
3

have implemented a temporary revenue cap on electricity production, where excess revenues

from electricity production are redustrubuted to electricity customers.

Other measures have also been implemented on a national level. In Sweden, the govern-
ment has implemented monetary transfers to all households in early 2022, to households
in southern Sweden in early 2023, and again a subsidy to all households in mid 2023. In

all these three cases, the value of the voucher was based on past consumption. To illus-

3Excess revenues is defined as prices about a reference price of €180/MWh



trate, the first voucher paid between 10 and 200 Euro depending on past consumption;
the second voucher paid approximately 0.05 Euro per kWh of consumption between Oc-
tober 2021 and September 2022; the third voucher paid approximately 0.05 to 0.1 Euro
per kWh of consumption in November and December 2022. See https://www.svk.se/en/
electricity-support-electricity-consumers/ for further details. Swedish firms also
received monetary support, and in total, the supports in Sweden during 2022 and 2023
amounted to approximately 6 billion Euro. For the whole of Europe, the total value of

support mechanisms since 2021 is approximately 650 billion euros.

In addition to the measures suggested by EU-commision (2022b) and implemented by mem-
ber states such as Sweden (e.g., energy vouchers to households and firms), the recent energy
price hikes have also sparked more interest in expanding domestic energy production. While
the expansion of renewable energy has been advocated for long by governments and EU as
key to reducing carbon emissions and enabling electrification of, e.g., transports and indus-
tries, the recent energy crisis has emphasized an even greater need for more generation to
also ensure low and stable prices. For example, both EU and Sweden have started to discuss
an expansion of nuclear energy production, including different forms of subsidies, in addition

to the expansion of renewable energy.*

3 Literature Review

The literature on the macroeconomic effects of energy supply shocks is large, and started of
with the early literature on the effects of the oil crisis of the 70’s and 80’s (see, for example,
Hamilton (1983) and Hamilton (1988) and more recently Kilian (2008); Hamilton (2008)).
These papers mostly find that energy price shocks in the past were often followed by large

economic recessions, which suggests a causal link from higher energy prices to reductions in

4See, for example, Halkos and Zisiadou (2023) but also https://www.euronews.com/my-europe/
2023/09/26/european-commission-is-willing-to-consider-subsidies-for-nuclear-technology
-says-von-der-1 and https://www.regeringen.se/pressmeddelanden/2023/12/finansiering-och
-riskdelning-vid-investeringar-i-nya-karnkraftsreaktorer/
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output, increasing unemployment, and higher inflation.

However, there is less consensus on the underlying mechanisms of the relation between
energy crisis and output reductions, and this have implications for policies to mitigating
the consequences of such energy price shocks. For example, Kim and Loungani (1992) use
a dynamic stochastic general equilibrium model where energy is an input to production
(but is not consumed directly by households), and show that show that energy price shocks
can only explain a small part of the output fluctuations observed in U.S. data. On the
other hand, Hamilton (2008) argues that oil shocks can significantly affect the economy by
reducing spending on goods other than energy. For example, oil shocks can make consumers

postpone their purchase of durable goods and in general reduce investments.

On a similiar note, Kilian (2008) finds that a large increase in energy prices also leads
a reduction in the demand for goods and services, and show that there may be several
reasons for this: first, the negative income effect lowers consumers’ purchasing power; second,
the uncertainty effect that leads to consumers increasing their precautionary savings and
reducing contemporaneous consumption; and third, some goods may be complementary to

energy, and the demand for these goods fall as energy prices increase.

Dhawan and Jeske (2008) formulate a model that distinguishes between investment in con-
sumer durables and capital goods, and, contrary to Kim and Loungani (1992), also includes
energy use by households. This model is subsequently used to evaluate the consequences of
energy price shocks on output fluctuations, and the results indicate that the effects of energy
price shocks on output are to some extent mitigated by reducing investment in durables and

in fixed capital.

Cashin et al. (2014) study the impacts of macroeconomic effects of both supply and demand
shocks to the energy sector across a wide range of countries and macroeconomic variables,
and show that the economic consequences of an energy shock depends on whether the shock

is driven by increased demand or decreased supply. Furthermore, they show that while oil-

10



importing countries typically face a relatively long-term decrease in output in response to
a supply-driven increase in oil prices, the impact is positive for energy-exporting countries,

and especially those that possess large oil and gas reserves.

van de Ven and Fouquet (2017) analyze whether an economy’s vulnerability and resilience
to shocks depends on the level of economic development. Using 100 years of data on the
United Kingdom, the paper distinguish between supply and demand shocks to energy prices,
and estimates how these shocks affect output. The results reveal that the impacts of sup-
ply shocks increased with the UK’s increasing dependence on coal, and declined with the

country’s transition to oil.

Balke and Brown (2018) provide a model of the U.S. economy where energy is used both in
production and in transportation services, where, in particular, the addition of a transporta-
tion sector allows the model to capture an important channel through which energy prices
can affect economic activity. The model is a standard macroeconomic DSGE framework that
includes nominal and real frictions, and using this model, the authors show that decreasing
steady-state U.S. energy consumption substantially reduces the response of output to energy

prices.

Cai et al. (2022) analyze OPEC and non-OPEC oil supply reductions and the effects on the
euro area. They using a structural vector autoregressive regression model, and show that
while both type of shocks decrease industrial output and increase unemployment, there is
a difference between OPEC and non-OPEC energy supply shocks regarding the effects on

consumer prices.

More recently, several working papers (e.g., Lorenzoni and Werning (2023); Blanchard and
Bernanke (2023); Gagliardone and Gertler (2023)) all show that the last years’ energy price

shocks can explain recent inflation developments.

There are, as far as we are aware, few papers on energy shocks for the Nordic countries, but

one exception is Amundsen and Bergman (2006) who investigate causes to why the supply

11



shock in 2002-2003 which occurred as a result of unusually low hydropower reservoir levels
did not affect the Nordic countries to any large extent. Their analysis reveal that most of
the negative effects of this supply shock was offset by increasing imports of energy, most

notably from Russia and Germany.

Related is also von Platten (2022b), who explores vulnerability to heating-related energy
poverty in Swedish single-family housing by analysing factors influencing households’ abil-
ity to pay for heating and invest in energy efficiency. The results reveal that there are
geographic, as well as socio-demographic factors, influencing the energy vulnerability expe-
rienced by Swedish households and that energy poverty in Sweden is accentuated in times

of very high energy prices. See also von Platten (2022a).

Several studies have analyzed the effects of different support schemes to mitigate the con-
sequences of energy supply shocks. For example, Plante (2014) constructs a model where
both households and firms use energy, and show that in the long run, distortions from en-
ergy subsidies create welfare losses, and that the subsidies lead to crowding out of non-oil

consumption, inefficient allocations of labor, and distortions in relative prices.

Yau and Chen (2021) measure the welfare effects of energy subsidies for an energy-importing
country using a structural macroeconomic model that includes energy and durable goods
consumption. The model is calibrated to fit the economy of Taiwan. Because Taiwan
imports most of its energy, their model does not include energy production, and the supply
of energy is exogenously given. The results show that subsidies to firms are better from a
welfare perspective, compared to subsidies to households, and the reason for this result is
that energy is mostly consumed by industries rather than by households. The welfare effects

are, however, very small.

Wildauer et al. (2023) analyze the distributional effects of energy price shocks using a three-
sector model (energy, goods and services). The model is calibrated to US data, and is used

to analyse how energy shocks lead to redistribution of income between workers and firms

12



and between sectors of the economy. In brief, their results show that the shocks makes
non-energy firms increasing their prices, which reduces real wages, and redistributes income
towards energy firms. Finally, they compare three policies for mitigating the consequences
of the energy price shock: redistributing windfall profits to workers, regulation on wages,
and aggregate demand contraction through monetary or fiscal policy. They show that a
redistribution of profits via a windfall tax is the most effective policy when it comes to

reducing inflation without increasing unemployment.

Pieroni (2023) study the macroeconomic effects of energy supply shocks on European economies
using a heterogeneous agents new Keynesian model with exogenous energy supply, and sub-
sequently use the model to understand how fiscal and monetary policy can be used to
mitigate the effects of supply shocks. The main findings is that income inequality (before
the shock) amplifies the consequences of the energy shock, but that these consequences can

be mitigated by monetary and fiscal policy.

During the last year, several working papers have analyzed the consequences of the recent
energy price hikes, with a particular focus on the effects of different fiscal support mecha-
nisms.> For example, Bayer et al. (2023) study the effectiveness of fiscal responses to energy
price shocks in a two-country heterogeneous agents new Keynesian model, calibrated to the
German and Italian economies. A key feature in their model is that the total supply of
energy in the union is inelastic, reflecting restrictions on energy import capacity. Using
this modeling framework, they show that while energy subsidies can stabilize the domestic
economy, they generate negative spillovers to the other country by increasing prices. Trans-
fers based on historical energy consumption are less effective in the domestic economy than

subsidies, but do not reduce economic activity abroad.

Auclert et al. (2023) is another recent working paper, and similarly to Langot et al. (2023);

Bayer et al. (2023), use a heterogeneous-agent New Keynesian model to study the macroe-

5 A number of papers have also studied macroeconomic policies in response to energy supply shocks; see,
for example, Chan et al. (2022); Pieroni (2023).
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conomic effects of energy price shocks in energy-importing economies. They show that
increases in energy prices reduce income and leads to a recession, and while fiscal policy,
such as energy subsidies, can mitigate the domestic effects of the shock, the policy has large
negative externalities on other economies, which is in line with the results in Bayer et al.
(2023).

Another recent working paper is Langot et al. (2023) who analyze the macroeconomic and
re-distributive effects of a subsidy on energy. To that affect, they formulate a new-Keynesian
business cycle model with heterogeneous agents (similar to Bayer et al. (2023)), and show
that the energy subsidy leads to an increased growth, reduction in inflation and that it to
some extent offset the increase in consumption inequality induced by the energy shock (the

latter is the case even if the policy is not targeted at the poorest households).

Finally, the current paper focuses on energy supply shocks and how different policy instru-
ments, suggested by policy makers, can mitigate the consequences of such shocks in the
short to medium term. In the longer run, the key policy challenge is the green transition
of societies and energy markets, with phasing out of fossil energy in favour of renewables.
While this development may affect energy prices, and while households and firms may need
supporting mechanisms during this period of transition, the analysis of this long-term devel-
opment is outside the scope of the current paper (but see, for example, Papiez et al. (2021);

Wang et al. (2021); Afshan et al. (2024); Gonzalez-Torres et al. (2023)).

3.1 Our contribution

The current paper contributes to the previous literature reviewed above in several ways:
first, the current paper studies the Swedish context, which is different from many other
European countries in several important dimensions. For example, Sweden is very energy
intensive (top ten in the world), which is mainly explained by long and cold winters and
an energy-intensive industry. Furthermore, Sweden has a lot of domestic energy production

(especially electricity production) and a low import dependence on energy, whereas many
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other European countries rely to a large extent on imports of energy (e.g., Germany) and

electricity (e.g., Italy and France).%

Second, and related to the first item, while several papers have analyzed the macroeconomic
effects of energy shocks and how fiscal policy can mitigate these effects, many of them do
not model the energy sector, but rather assume that energy supply is exogenous (e.g., Bayer
et al. (2023); Langot et al. (2023); Pieroni (2023)). One motivation for this may be that
the domestic energy production in many countries is small, and that many countries depend
to a large extent on imports of energy. The current paper, on the other hand, explicitly
models the energy supply. Importantly, this allows us to investigate not only the effect of
demand-side policies, but also the effects of support schemes targeting the production of
energy, such as investment subsidies to energy-producing firms. Measures to accelerate the
expansion of renewable energy have been highlighted by EU-commision (2022b) as a way
to mitigate the effect of high, and our model allows us to understand how such policies
compare to, e.g., energy vouchers to households and firms. Obviously, such policies are only
relevant for economies with domestic energy production, which further motivates our focus

on Sweden.

Third, we contribute to the literature on supply-side energy policies aiming at increasing
supply (most notably the supply of renewables); see, for example, Bohringer et al. (2022);
Trujillo-Baute et al. (2018); Schmalensee (2012). Specifically, we explore how an investment
subsidy targeting the production of energy affects a range of macroeconomic quantities,

including energy prices and consumption.

Fourth, we allow for heterogeneity among households across two dimensions: their skill
level, and whether they are rational savers or live hand-to-mouth. This is different from

many previous papers, such as Yau and Chen (2021); Wildauer et al. (2023), that model the

6See, for example, https://www.statista.com/statistics/1405405/net-electricity-exports
-europe-by-country/ and https://ec.europa.eu/eurostat/statistics-explained/index.php
?7title=Archive:EU_energy mix_and_import_dependency.
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behavior of a representative household, but is in line with an emerging strand of literature
exploring the effects of energy supply shocks when households are heterogenous (e.g., Auclert
et al. (2023); Pieroni (2023); Chan et al. (2022)). In particular, this heterogeneity allows us
to analyze re-distributive effects of both energy shocks and associated policies, and also allow
us to explore the effects of policies targeting low-income households and households that are
unable to mitigate the effects of price shocks, even if they are relatively short term. This

aspect of energy poverty is highlighted in recent literature; see, for example, von Platten

(2022b) for the Swedish context.

To summarize, the current paper makes several important contributions to the existing
literature on the consequences of energy shocks to the economy. Next, we turn to a more

detailed description of our modeling framework.

4 Model

Time is discrete and denoted t. Consider an economy that consists of heterogeneous house-
holds, differing in productivity and optimization behavior, an energy sector, a non-energy
sector that produces non-durable goods, and a government. The energy good is both con-
sumed by households and used as a factor input good in the production of non-energy goods.
The government collects revenue from labor income taxation, and uses this revenue to fi-
nance different fiscal policies. The fiscal policy mix we consider are: an energy voucher to all
households, an energy voucher to low-income households, an energy voucher to non-energy

producers, and a subsidy for capital investments in the energy sector.

4.1 Energy Producer

Let the energy producer be denoted by index e. We assume that the energy producer only

uses capital K, as input in the production function:”

"Data from Statistics Sweden shows that the expenditure share on capital in the sector for heating and
electricity is 0.63. The average for all other sectors is 0.16. Regarding labor, the share is 0.35 for heating
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Y;a,t - Ae,tKe,t—la (1>

where Y, ; is the output. The technology A., is specific to the energy sector and is assumed

to follow a stochastic process:

log(Ae:) = (1 — pa.)log(Ac) + pa, log(Aci—1) + €., (2)

where €y, , is the technology shock, and p,, is an autoregressive parameter that captures
the persistence of the shock. We require this process to be stationary, which implies that

|pAe| < 1

The energy producer’s profit writes:
He,t = Ye,t - Re,tKe,t—ly (3)
and we assume that the energy producer earns zero-profit:

Ret - Pe,tAe,ta (4>

)

which defines the capital demand of the energy producer. This implies that the real rate of

return is equal to the value of the marginal product of capital.

4.2 Non-energy Goods Producer

Let the non-energy producer be denoted by index n. The non-energy goods producer uses
a composite of labor H, capital K,,, and energy FE, to produce a single non-durable good.

We assume a CES production function:

en—1

1 en—1 1 T’I’L e en 1 57’57';1 en
Yn,t = An,t[ﬂ/;}; Kn’i + /Jn,ig (En7t + P—75) —|— (1 — /J“nk’ — Mne)sn Ht n }snfl’ (5)

and electricity, while it is on average 0.78 for all other sectors.
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where fi,k, tine € (0,1) are the shares of capital and energy used as inputs in the production
of non-energy goods. ¢, is the elasticity of substitution between the inputs. T, .; is an

energy voucher provided by the government for energy consumption only.

The technology A, is specific to the non-energy goods sector and is assumed to follow a

stochastic process:

log(Ant) = (1 — pa,)log(A,) + pa, log(Ani—1) +€a,, (6)

where €4, , is the technology shock, and p,, is an autoregressive parameter which captures

the decay of the shock. We assume also this process to be stationary, which implies that

Normalizing the price of the non-energy good to unity, the non-energy goods producer

maximizes profit by solving the following problem:

max Hn,t = Yn,t - Wn,th - Rn,tKn,t—l - Pe,tEn,t- (7)
Kn,tythEn,t

The first order conditions for the maximization problem are:

1

o = i () ®
1
We = (1 ok = ) s (20 " (10)
where E}; , = E, 1+ TIZ;;‘. That is, the firm decides on the level of capital, energy, and labor,

’

such that the value of the marginal product of the input is equal to its factor price.
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4.3 Households

Households either admit to Ricardian equivalence and save rationally, or live hand-to-mouth
and do not save by assumption. This heterogeneity is included to account for the stylized
fact that some households do not save (see, e.g., von Platten (2022b)). Let superscript
J = RS denote Ricardian savers and j = HT' M denote hand-to-mouth households. Except
when explicitly needed, this index will be suppressed to avoid notational clutter. Ricardian
households also differ in skill, indexed by 4, where ¢ = 1 denotes low-skilled households and
1 = 2 is high-skill. We further assume that all hand-to-mouth households are low-skilled.
Normalizing the population to 1, let A and A#T™ denote the corresponding population

2
weights such that AHTM 4+ 5™ ARS =1,
i=1

At each instant in time, the Ricardian households derive utility from total consumption cfts

and leisure 1 — A7,, where hit is their labor supply. Assuming additive separable CRRA

it

preferences, each household type maximizes the expected sum of its intertemporal utility:

- (C?t)k7 (hjt)HU)

E = =), 11
0 ; p < 1—7v 1+o (11)
where v > 0 is the inverse of the elasticity of intertemporal substitution of consumption

and o > 0 denotes the inverse of the Frisch elasticity of labor supply. 2 > 0 is the weight

attached to the disutility of labor. The total consumption is a composite of consumption of

the energy cézt and non-energy goods ¢’

n,,t)

defined by a CES integration:

—€_

e—1
- Vi Theit) e\
cz,t=<us(c;i,t+ B ) <cﬁ>) (12)
e,t

o=

where . is the proportion of energy in the composite good in steady state, and e the
elasticity of substitution between the different types of goods. The household also receives
an energy voucher T}, . ; which is a lump-sum transfer that is earmarked for the consumption

of energy.
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Since the energy sector only demands capital as input, total hours worked by the household

hit is in the non-energy good sector only:

hzt hil,z,t (13>
A Ricardian household’s budget constraint is given by:
t+P€tcezt+vanzt+(1_86t)2nvezt+Tﬁn(k‘lfft_knzt 1) (kfft_kezt 1)
S (1 — wz) Wtﬁihﬁts —+ 7—‘7;715 + Rmtkﬁgt—l + R&tkf,ft—l (14)

where P, ; is the relative price of energy. w is the income tax rate. Since households are
the owner of the capital stock, and we abstract from financial intermediaries, they carry the
investment adjustment costs 22 (kF, — k59, |)? and L= (kES, — kR, _)%. s, is the subsidy
households receive when they invest in the energy sector. For each unit of labor supplied,
the households earn an effective wage rate of Wie;, where W; is the per-unit of efficient
labor wage rate, and ¢; reflects the households marginal productivity. 7;; is a lump-sum
transfer which can differ between skill-groups, but is independent of whether the household

saves rationally or lives hand-to-mouth. inv®, j = {n,e} is the investment in energy and

]11‘,7

non-energy sectors, which is defined as :

RS RS
va]zt k]zt ( 6) ]’Lt 17j_{n 6} (15)
The Ricardian households choose {ce Tt ff‘f /s hﬁts ; kfff ‘s kfft} to maximize their lifetime util-

ity function subject to the budget constraint. The first order conditions are:
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1
€

MBS = (1= g )e () e (RS ) (16)

n,,t

1 T ..
Py = i (eff) e (el + =) (17)
et

(1 —@)e WA = se(hfS)e (18)
Rypy1+1—0,+ ?ﬁn(kf,ﬁtﬂ - kﬁit
I+ ¢n(k§,2t - kiitq)
Reppr+ (1= 0)(1 = Sepr1) + he(KI5 ) — kfft)ARs (20)

(1 - Se,t) + ¢e(k§5t - kfﬁt—l) bt

)
)\i%ts = Ep )\ftil (19)

Afts - Etﬁ

For the hand-to-mouth consumers, their utility function and consumption functions are sim-
ilar to the rational saving households. The difference between hand-to-mouth and rational
saving is that since the hand-to-mouth household type by construction does not save, their
budget constraint collapses to a static trade-off:

HTM PeicgtTM < (1 =) Weer B ™ + Ty, (21)

n,t

The first order conditions for hand-to-mouth households are:

NITM (1 — )7 (ITM )= (HTM )~ (22)
1 T
P = (ef )7 (M o 1) (23)
e,t
(1—w1)61Wt)\fITM = %(htHTM)" (24)

4.4 Aggregation

The aggregates are the weighted sum of household quantities. For household consumption

of the non-energy good:

T,0,t)

2
Chy = ATV Z AFSChS (25)
i=1
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household consumption of the energy-good:

2
The 1;
A i CARE SO ED W G e

Pet

)

labor supply:
2
Hy = ATT™M e T 1N " A€ n S

2,t
i=1

and the capital supply for the production of the non-energy good:

n,i,t’

2
Koy =Y ASES
=1

the production of energy:

e,i,t?

2
Ke7t _ Z AfSkRS
=1

and investment :

2

INVe, =Y AfSinol

et
=1
2

INV, =Y A¥inl

n,i,t
i=1

4.5 Government

(26)

(27)

(28)

(29)

(30)

(31)

We assume that the government operates on a balanced budget at each instant in time.

That is, we rule out the option of debt-financing fiscal policy. Revenue is collected from

labor income taxes such that wW, H, is the aggregate revenue. The budget constraint of the

public sector is given by:

Ti+Ther +Ther + St Koy = wWi H,

(32)

That is, any revenue not used for financing the energy vouchers or the investment subsidy

goes towards a lump-sum transfer to the households. Both the lump-sum transfers and the
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energy voucher could be designed to vary with the skill-level of the household:

T, = (MM 1 ABSYT 4+ ABST,, (33)

and

Thes = (MM 4 AR, o1+ AT 00 (34)

We assume that the lump-sum transfer to low-income households is proportional to that to
high-income households:

Tl,t = O{Tgﬂf. (35)

4.6 Market Clearing Conditions

Based on the resource constraint condition®:

PYey +Y1 =PoiEpy + PeiCot +Ther + Pey + Cpy + INV, + INV,,

+ Zi:1,2 AZRS%”(]{RS — k9 )2 + 2121,2 Aﬁsﬁ(kﬁs - k’fft_l)? (36)

n,i,t n,i,t—1 2 et

We assume that all capital in the economy is derived one-to-one from the non-energy good.
The capital adjustment costs are also measured by the units of non-energy goods.

Last, we impose the condition that the market of energy goods clears :

The,t + Tne,t
Pe,t Pe,t

Yer = Ens + Cet + (37)

5 Calibration

We calibrate the model to match the steady state values for the real economic variables
according to aggregate consumer and production statistics, based on recent Swedish data.

For the few parameters where we lack targets in the data, we resort to using standard values

8The derivation of resource constraint can be found in Appendix.
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from the business cycle literature.

The Swedish context

Starting with the cost shares in the production of non-energy goods, we have used firm-level
panel data from Sweden on cost shares, covering the years 2003-2021. The data is sourced
from Statistics Sweden and covers all manufacturing industries in Sweden. Older versions
of these data have been used in previous papers; see, for example, Amjadi et al. (2018);
Dahlqvist et al. (2021). We subsequently set p,r = 0.18 and u,. = 0.05. For the capital
depreciation rates, we follow Edquist and Henrekson (2017) and set them to 0.087. This is

similar to standard values in the literature.

For the elasticity of substitution between energy and capital and labor in production, we
follow Broberg et al. (2015) who develop a CGE model for Sweden, and set this parameter
to 0.8. The capital adjustment cost parameters are set to ¢, = ¢, = 10, and we perform a

sensitivity analysis concerning these parameters in Appendix C.

According to Statistics Sweden (see https://www.statistikdatabasen.scb.se), the av-
erage annual income in Sweden was approximately 32,000 euros in 2022. According to the
same source, the average electricity expenditure for households was 1300 euros. This implies
that on average, households spend approximately ten percent of their income on electricity.

Thus, we set p. = 0.1.

To compute the skill premium, we use annual earnings statistics for Sweden in 2015, including
both natives and immigrants, as reported in Friedrich et al. (2021). Specifically, we calculate
that P75/P25=1.8, which we match by first normalizing ¢; = 1 and then setting e; = 1.8.

Regarding measures of the proportion of households living hand-to-mouth, a recent study
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by von Platten (2022a) show that approximately 20 percent of the Swedish households often
need to reduce their indoor heating to reduce costs. These results are based on a national
survey in 2021. We interpret these results as 20 percent of households being financially

AHTM - setting the share of

constrained, and use these results as a basis for our parameter
hand-to-mouth households equal to 0.2 We assume that the rest of the population is divided
between high- and low-skilled such that 50 percent of the population is high-income (i.e.,

AfS = 0.3 and AR =0.5).

The total labor income tax wedge in Sweden is currently 42.4 %. Consequently, we set
w = 0.424.° We calculate the overall redistribution of the Swedish tax/transfer system by
taking the difference between the Gini coefficient for factor income and the Gini coefficient
for disposable income in per cent of the Gini coefficient for factor income (see OECD (2023)).

This gives us a value of roughly 27 %, which we use to parameterize o = 1.27.

To the best of our understanding, empirical evidence on the relevant Frisch elasticity (ac-
counting for both intensive and extensive margin responses to a change in the wage rate) for
Sweden is scant at best. Previous literature that calibrate DSGE models to Sweden have

generally assumed the inverse of the Frisch elasticity o to be around 2 (Olovsson, 2009).

» allows us to scale the fraction of time that the household devotes to work. It is standard

to target a value of H; = 0.33, and this corresponds well to the Swedish context.

General business cycle literature

The discount factor is set to 5 = 0.97 which corresponds to an annual discount rate close to
4%. The inverse elasticity of intertemporal substitution is set to v = 1 which is consistent

with balanced growth (Lucas Jr, 1990).

9

see, e.g., https://www.oecd.org/tax/tax-policy/taxing-wages-brochure.pdf
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Table 1: Calibration of structural parameters and steady state values

Description Parameter Value Source

The Swedish context

Share of capital used as an input in the production of non-energy goods [k 0.18 Statistics Sweden/own calculation
Share of electricity used as an input in the production of non-energy goods flne 0.05 Statistics Sweden/own calculation
Capital depreciation rate Oy e 0.087 Edquist and Henrekson (2017)
Elasticity of substitution between energy and capital and labor in production €n 0.8 Broberg et al. (2015)

Share of energy consumption e 0.1 Statistics Sweden/own calculation
Elasticity of substitution between energy and non-energy goods consumption € 0.8 authors’ calibration

Inverse of the wage elasticity of labor supply o 2 Olovsson (2009)

Productivity low-skilled €1 1 Friedrich et al. (2021)
Productivity high-skilled € 1.8 Friedrich et al. (2021)

Share of hand-to-mouth AHTM 0.2 von Platten (2022b)

Share of low-income Ricardian households AfS 0.3 Statistics Sweden/own calculation
Share of high-income Ricardian households AFS 0.5 Statistics Sweden/own calculation
Income tax rate w 0.424 Tax wedge on labor income
Proportion of lump-sum to low-income households over high-income households « 1.27 OECD data/own calculation
Dis-utility of work Fa 40.2830 Works 1/3 of time endowment
Business cycle literature

Discount factor B8 0.97 Annual discount rate of 3%
Inverse of the elasticity of intertemporal substitution of consumption v 1 Lucas Jr (1990)

Other

Parameter for adjustment cost b, 10

Parameter for adjustment cost e 10

6 Simulation

First, we simulate the potential effects of the different fiscal instruments: energy vouchers

given to: all households, low-income households, and non-energy firms, and a subsidy for

investments in the energy sector, in addition to a business-as-usual (BAU) scenario in which

the government does not specifically address the negative energy supply shock. As it is

complicated to model the international geopolitical situation, which is the cause of energy

supply shock/crisis, therefore, in our model, for simplification, the energy supply shock is

captured by a fall of productivity in the energy sector. Based on the policy debate (see

Sections 1 and 2), we consider that the energy price is likely a key indicator of interest for

the government. This experiment is contained in Section 6.1. Second, as evaluating policies
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based on prices alone likely masks important welfare effects, we complete the analysis by

comparing the welfare effects in Section 6.2.

6.1 Real economic effects

Figure 4 and 5 depict the real economic effects of a -1pp negative TFP shock, and the com-
parison with the application of 4 different fiscal policies, with the same budget as 1% of GDP.

0 in which the government does not intervene in

Let us first consider the BAU scenario®
the market adjustment back to the pre-shock steady state. As energy is consumed both
directly by the household C.,, and also used as an input in the production of non-energy
goods L, ., the negative TFP shock to the energy sector implies a negative aggregate supply
shock to the economy as a whole. As the shock reduces energy output Y., in the economy,
the price of energy increases. The increased energy price, in turn, makes the production of
non-energy goods more expensive, such that output falls also in this sector. This increases
the price of the non-energy good as well, but relatively less compared to the energy price.
Ultimately, the relative price of energy P, ; increases. The reduced output and higher energy
price increases the value of the marginal product of capital in this sector (see Eq. 4), which
implies an increase in the real rate of return of investments in capital for the energy sector.

As such, investments in the energy sector increase which partially offsets the negative output

gap. As the negative TFP shock decays, the economy gradually reverts back to steady-state.

Now, let us instead consider that the government intervenes through active fiscal policy.
The investment subsidy (EV2INV) leads to increased capital investments in the energy sec-
tor K.;. As a result, energy output Y, increases such that energy prices fall more rapidly

relative to the other policies and the BAU scenario.

0Tn Figure 4 and 5, IRF’s associated with the baseline scenario is very close to the scenario with energy
vouchers to households. In Appendix B, we illustrate the deviations from the BAU scenario.
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As the relative price of energy falls, households consume relatively more energy goods so
that C7, increases, and relatively less non-energy goods, so that C,; decreases. Given
the reduced relative price, the demand for energy as an input good in the production of
non-energy goods also increase. The initial drop in C7, can be explained by the following
mechanism: when non-energy goods consumption cfht, j = {rs, htm} decreases, the marginal
utility )\gyt, j = {rs, htm} increases according to equation 16 and 22. Consequently, from
equation 17 and 23, in the short term, this effect on the energy consumption is dominant.
Later, the effect from a relatively lower energy price becomes dominant and the energy con-

sumption increases.

Recall that the investment/capital goods are assumed to be derived one to one from non-
energy goods. As such, the increase in non-energy production Y, ; reflects an increase in
savings in the energy sector, corresponding to an increase in K.,. This explains why the
overall demand for non-energy goods increases despite of the fall of consumption of non-

energy goods.

As the energy production increase, the marginal productivity of capital in this sector falls.
This effect, coupled with the fall in the energy price, implies that the returns to investments
in the energy sector R.; also falls (see equation 4). Meanwhile, as the subsidy gives incen-
tives for the household to divert investments from the non-energy sector to the energy sector,
capital K, falls in this sector. As a result, the remaining capital stock is more productive,
and consequently, returns to non-energy capital return, i.e., the interest rate Iz, ;, increases.
Concerning the labor market, as investment subsidy increases non-energy goods production,
the return of labor increases (see equation 24). Households will therefore work more and
there is more labor supply in the non-energy sector. In equilibrium, the labor supply effect

is dominant and the wage level in equilibrium W, falls.
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Turning to the energy vouchers to households, we compare the outcomes for our indicators
of giving the voucher only to low-income households (EV2LHH), in an egalitarian effort, or
to all households (EV2HH).

In the scenario where energy vouchers are given to low-income households only, the household
voucher policy effectively corresponds to a redistribution of funds from high- to low-income
households. As a non-trivial fraction of low-income households live hand-to-mouth, this
policy reduces total savings in the economy. The total effect is however found to be very
small, but it does give rise to an increase in the returns to both non-energy capital and
returns to energy capital. If, instead, the energy voucher is given to all households, the
real economic outcome does not diverge much from the BAU scenario. Again, the negative
TFP shock to the energy producer leads to lower energy output and increased energy prices.
As a result, capital becomes more productive in this sector, and the value of the marginal
product increase following an increase in the energy price. Consequently, the rate of return
to investments in the energy sector increases, and households redirect some of their invest-
ments from the non-energy sector towards savings in the energy sector. This contributes
to increasing the energy supply, and subsequently, the energy price falls. Overall, the real
economic effects of giving energy vouchers to the households are found to be very small

relative to the BAU scenario.

As for the energy vouchers directly given to non-energy firms (EV2F), the voucher leads
to an increase in the non-energy firms’ demand for energy as input in the production. As
non-energy firms consume more energy, the rise of demand drives up the energy price P, ;.'*
As the energy goods become more expensive, the total consumption of energy goods C¢,
falls. As energy goods and non-energy goods are complementary for households, households

also consume less non-energy goods. The total energy input for non-energy firms E ; first

"In the very short term, the energy price P.; decreases, as shown in the net effects of fiscal instruments
Figures 8 and 9. This short-term effect originates from equation 9. However, in the medium and long run,
the demand effects become dominant and the energy price P, ; rises.
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rises then declines due to the increase in the relative price. The total energy production Y,
falls. The wage level increases in very short term according to equation 10; this encourages
households to work more, and the total working hours H; increase. In general equilibrium,
the labor supply effect is dominant, and the wage level declines. Because of the increase of
labor input, the production of non-energy goods Y, ; increases. As the wage level decreases,
the investment of households in both the energy and non-energy sectors fall, and capital K.,
and K, ; decline. The interest rate in the non-energy sector R, ; decreases because of the
fall of capital from households. The interest rate in the energy sector R., first falls because
of the fall of the energy price (equation 4). In the medium and long run, it increases because

of the rise of energy prices and the fall of investments from households.

Ultimately, from this analysis, we conclude that if the primary aim of the government is to
reduce energy prices at a faster rate compared to the reduction achieved trough the market
adjustment, the subsidy for capital investments in the energy sector is the preferable policy

option of the menu considered here.
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6.2 Welfare Analysis

So far, we have studied the effects of different fiscal policies on a rich set of real economic
variables. While policy makers, and their voters for that matter, could be interested in
targeting one particular economic variable, such as the energy price, this likely masks im-
portant welfare effects. To complete the analysis, we therefor simulate the welfare effects

of the different fiscal instruments. The welfare effects are computed relative to a baseline

14 AL labor(H)
12
10

B

1]

4

2

0 (\‘—"‘—'_—— —-

% [ 12 18 24 30 3B

4 depgtlenergy input in non-energy goods production(E nstar)

scenario in which there is -1pp shock on the productivity of the energy sector A ;.

Welfare W F; is calculated by using the following recursive function:

WEF, =UT, 4+ BW F14
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where UT; is the weighted sum of household utilities:

UT, = APuty + AFPutdy + AT Mg M (38)
j (i)' (W) . s
ut], = T — ,j={RS,HTM},i={1,2if j = RS} (39)

The welfare effects are presented in Table 3, where we have sorted the policies from the

smallest welfare effect to the largest.

A somewhat surprising result is that the subsidy for capital investments in the energy sector
is welfare-dominated by energy vouchers to households. The intuition to this result is that
this subsidy only directly benefits rational savers of both high- and low-income. Indeed,
subsidizing investments does not compensate the hand-to-mouth households for their lack
of insuring measures against potential energy poverty. As such, it does not directly reduce
the burden on hand-to-mouth consumers of the energy supply shock. Also, relative to the
BAU scenario, the hand-to-mouth households now receive a lower lump-sum transfer. Any
positive effect for hand-to-mouth households instead follows indirectly through a swifter re-

duction in energy prices.

The energy voucher given to firms results in lower consumption of all goods, and less leisure,
when compared to the BAU scenario. As a result, this policy results in the lowest level of

welfare.

To summarize, our results show that if the government aims to reduce energy prices, then
they should focus on the subsidies for energy investments. On the other hand, if the gov-
ernment considers households’ welfare as the most important objective, then they should

consider energy vouchers to all households (not only to low-income households).
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Table 3: Welfare analysis, % deviation from baseline

Energy policies Welfare effects

energy vouchers to all households, 1% GDP -5.07E-6
energy vouchers to low-income households only, 1% GDP -2.94E-3
subsidies for energy investment, 1% GDP -1.41E-3

energy vouchers to firms, 1% GDP -1.77E-2

7 Conclusion

The present paper studies the potential macroeconomic effects of various fiscal policy in-
centives following a negative energy supply shock. To this end, we build a heterogeneous
agent DSGE model where energy production is endogenous. To the best of our knowledge,
this is the first paper to study the effects of such a policy within a DSGE framework. Both
Ricardian and hand-to-mouth households populate the model, capturing a reality that some
households do not save, and thus are more vulnerable to negative economic shocks as they

can’t hedge against sudden price increases.

In numerical experiments, we study the macroeconomic effects of four fiscal policies that
have either been proposed or implemented in the European Union: energy vouchers that are
directed to either all households, low-income households, or to non-energy producers, and a
subsidy for investments in the capital sector. Since the energy price increase follows from a
supply shock, the latter is the most effective to reduce the energy price in the short term.
However, this policy is welfare-dominated by vouchers to households.

Any policy that redistributes income to low-income households will reduce total savings in

the economy as a fraction of low-income households never save by assumption.

We conclude that if the government only targets lower energy prices, then they should fo-
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cus on the subsidies for energy investment. If the government wants to help alleviate the
increased living costs and energy poverty, they should instead consider energy vouchers to
all households. According to our results, an energy voucher given directly to non-energy
firms is inferior to the other policies both when it comes to reducing the energy price, and

in terms of welfare.

The findings in this paper raises several suggestions for future research. First, in our model,
and as is standard in the literature, investments are marginal. In reality, however, invest-
ments in energy production are typically lumpy and non-marginal, and dominated by large
producers (increasing capacity by building new nuclear- or hydropower plants are good ex-
amples). Such investments take a long time to realize. It is likely that this type of lumpiness
in the capacity will reduce the effectiveness of investment subsidies in reducing the energy
price in the short- to medium term. Rather, we would expect that big push-type investments
are necessary to ensure that capacity is expanded to the degree where it has a real impact
on energy prices. Future research concerning investment subsidies to mitigate the effects of

supply shocks should take this into account.

Similarly, while our analysis suggests that it is better to subsidize all households than to
target low-income households, this ignores the fact that some households with limited lig-
uidity are unable to cope with high energy prices even for a short time period. While this
is partially accounted for through the inclusion of hand-to-mouth consumers in our model,
we do not explicitly model a minimum subsistence level of energy consumption as we as-
sume standard CRRA preferences. The positive welfare effects of reducing the burden on

low-income households are therefore likely downward biased.
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A IRFs of BAU
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B Net effects of 4 fiscal instruments

An alternative way to illustrate the effects of the different policies is to compare them relative
to BAU, rather than comparing them to steady state. As before, the fiscal budget is 1% of
GDP. Figures 8 and 9 show the results.
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C Sensitivity test on the capital adjustment cost

In this section, we study the sensitivity of our results to changes in the capital adjustment
cost parameters. The results are presented in figures 10 to 12. First, figure 10 shows the
simulation with smaller capital adjustment cost parameters: ¢, = ¢, = 5.

Evidently, we see that the main results do not change; i.e., the subsidy for investment in the
energy sector is the most effective to bring the energy price down and increase the production.
Next, figure 11 shows the simulation with larger capital adjustment cost parameters equal
to ¢ = ¢, = 20, and figure 12 shows the simulation with even larger capital adjustment
cost parameters of ¢, = ¢, = 50. We see that as we increase the values of ¢, and ¢,, i.e.,
when the capital adjustment becomes more costly, the effects from fiscal policies become
less evident. Concerning the energy price P.,;, when the capital adjustment becomes more
costly, it takes more time for the energy supply effect to dominate and there is more and more
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delay to the decline of the energy price compared to BAU. In the extreme case, where we
set ¢ = ¢, = 500, the investment subsidy (the purple curve) has almost no effect compared
to BAU. As for the scenario with extremely large capital adjustment cost, the effects from
equation 9 become dominant and the energy price is lower than in the BAU. Nevertheless,
it is not effective to increase households energy consumption nor energy production.
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Figure 10: Effects of 4 fiscal instruments and BAU, with the same budget as 1% of GDP,
Ge = Pn =15
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Last, we perform the welfare analysis under the different values assumed for the capital
adjustment costs. These results are presented in Table 4. In all the scenarios, the welfare
effects show that the energy voucher to firms generate the largest welfare loss, and the energy
voucher to all household generates the least welfare loss. The welfare loss from the subsidy
for energy investment decreases with capital adjustment cost. In other words, when there
is more friction in the capital market, the investment subsidy welfare loss of the subsidy for
capital investments in the energy sector becomes smaller.

Table 4: Welfare analysis, % deviation from baseline

Energy policies, values of ¢, ¢, 5 10 20 50 500

energy vouchers to all households, 1% GDP -1.64E-7 -5.55E-6 -9.45E-6 -1.25E-5 -1.51E-5
energy vouchers to low-income households only, 1% GDP -1.42E-3 -1.61E-3 -1.75E-3 -1.86E-3 -1.96E-3
subsidies for energy investment, 1% GDP -2.37TE-3 -1.67E-3 -1.11E-3 -5.95E-4 -1.20E-4
energy vouchers to firms, 1% GDP -1.18E-2 -1.22E-2 -1.25E-2 -1.29E-2 -1.33E-2
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D Calculation of resource constraint

We add the budget constraints of households weighted by the proportion of each household,
we get

Cot + PesCey + INV,y + (1= s )INVy + ) Afsﬁ(/ﬁs — KBS )2

2 n,,t n,,t—1
i=1,2
+ Y Afs%(kfft — k) = (1= w)WiH, + Ty + Ry Kpyo1 + RepKey1 (40)
i=1,2

In the RHS of the equation above, we substitute the government transfer 7; by the budget
constrain of the government, we get :

Cot + PeiCey + INV,y + (1= 5o )INVey + ) Affs%(lﬁs — k)2

2 n,i,t n,i,t—1
i=1,2

Ye
) AR - K )

2 e,i,t
i=1,2

= WWiHy — (Ther +Ther + SetINVey) + (1 —w)WiHe + Ry K po1 + Re i Ker 1
= WiH; — (Thet + Thet + SetINVey) + Ryt Knt1 + Re i Kera

We then substitute the labor and capital costs on the RHS by the zero profit conditions of
energy and non-energy firms :

RHS = Y, — Ry Kni1— PetEpy + Rt K1 + PeyYer — (Ther + Thet + SetINVLL)
= Y1+ PetYer — PerBnt — (Ther +Ther + SetINVLy)

Finally we have the LHS = RHS in equation 40, i.e.

Cot + PeiCoy + INVyy 4+ (1= s )INVy + ) ARS YR (pRS, _ kRS )2

2 n,t,t n,i,t—1
i=1,2

Pe
+ Z Aﬁsg(kfis,t - kfftfl)z
i=1,2

= Y1+ PetYer — PerBnt — (Ther + Thet + SetINVLy)

which is equivalent to (the final resource constraint)

Yot +PetYer =Cryp+ PeyCop + PeyBpy + INV,  + INV +Ther + Tt
(o e
oY A s g Y AL, s 2 (a1

i=1,2 i=1,2
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