George etal Energy, Sustainability
Energy, Sustainability and Society (2024) 14:19

https://doi.org/10.1186/513705-024-00450-7 and Society

RESEARCH Open Access

: . : ®
Balancing the books: unveiling the direct iy

impact of an integrated energy system model
on industries, households and government
revenues

Jan Frederick George'?', Alexander Marx?, Anne Held', Jenny Winkler', Anke Bekk' and Mario Ragwitz?*

Abstract

Background The transition towards a sustainable energy system is reshaping the demand for final energy, driven

by the diffusion of new end-use technologies. This shift not only impacts consumers'energy expenses, but also holds
implications for the public budget. Building on data from a German energy transition scenario, we analyse the direct
impact of energy costs on industries, low-income households, and changes in government revenues from the taxes
and levies on final energy carriers. Our analysis considers the impact of current policies and explores a scenario intro-
ducing additional excise tax rates to offset potential revenue losses.

Results We found that substantial carbon price increases could generate revenues that offset the losses from excise
taxes on fossil fuels while enabling the financing of renewable support from the public budget by the end of this
decade. Nevertheless, a decline in government revenues from taxes and levies is anticipated after 2030 until the mid-
dle of the century due to the declining use of fossil fuels. Maintaining current excise tax revenues during the transition
could be achieved by introducing additional excise taxes on fossil fuels and electricity. Lastly, our analysis indicated

a continuous decline in household energy expenditures until 2050, whereas energy-intensive industries face adverse
impacts due to decarbonisation.

Conclusions This research provides valuable insights into the fiscal implications of the energy transition, shedding
light on different industrial sectors and households while considering the evolving impact on the public budget.
Policymakers may need to consider systemic reforms or alternative financing mechanisms outside the energy system
to balance the books.

Highlights

+Micro-simulations analysing the impact of taxes and levies on final energy

- Decreasing fossil final energy demand leads to substantial losses of government revenues
- Energy-intensive industries are adversely affected by decarbonisation

- Household energy costs are expected to decline
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Background

Climate change mitigation requires substantial changes
in energy conversion and utilisation [1]. Detailed sys-
tem models consistently indicate that decarbonisa-
tion efforts will be characterised by the integration of
renewable electricity in the industrial, transport, heat-
ing and cooling sectors, thereby forming an integrated
energy system [2, 3].

However, as [4] argues, increasing electrification
using emerging technologies poses challenges to vari-
ous stakeholders and has become a focal point for
resistance. There needs to be a greater understanding
of the potential consequences of this transition for indi-
vidual consumers [5]. However, impact analyses usu-
ally focus on aggregated welfare losses and do not cover
detailed distributional consequences [6-9].

Given the heterogeneity among energy consumers,
ranging from energy-intensive manufacturing indus-
tries with high annual production hours to low-income
households in poorly insulated dwellings, it can be
assumed that the impact of the energy transition is
likely to vary among consumers. Rising energy costs
during the transition can increase production costs,
affecting industries’ competitiveness as well as exacer-
bating energy poverty. Indirect effects, such as carbon
leakage (industries moving to countries with cheaper
energy prices) or weakened global market competitive-
ness, may also result [7, 10].

Therefore, this study’s first research topic aims to assess
the potential impact of energy costs on individual con-
sumers, such as firms and households, over time as
emerging electricity-based technologies are deployed. By
examining the energy expenses of individual consumers
during the transition, the findings will provide a founda-
tion to identify which consumers and sectors are likely to
experience particularly heavy burdens from rising energy
costs and need support to facilitate their successful inte-
gration into a sustainable energy future.

The energy costs for individual consumers are deter-
mined by the retail prices for final energy. These not only
comprise wholesale prices and mark-ups for procure-
ment, supply and margins, but also taxes and other levies
such as state-induced components (SIPC), for example,
excise taxes, carbon prices and grid fees. As the prevail-
ing SIPC architecture evolved within a fossil-dominated
energy system, there may be challenges for consumers
and different distributional impacts in different sectors as
they switch to renewable electricity-based technologies.

Moreover, many SIPC on final energy have provided
stable government revenues due to the inelastic energy
demand [11]. However, as the energy system transitions
towards an increasing use of renewable electricity, tar-
geted reductions of CO,-emitting final energy carriers
mean changes in the contribution of SIPC revenues to
the public budget. This can substantially affect the pub-
lic budget, as observed in a Slovenian case study on the
transport sector [12]. In addition, as different sectors
have distinct energy end-uses, the transition is likely to
change the sectoral distribution of SIPC payments.

To steer energy demand towards climate neutral-
ity, many countries have introduced emissions trading
systems (ETS) as market-based policy instruments to
internalise external costs and incentivise a shift from
fossil to renewable energy by increasing carbon prices
as part of the SIPC [13]. Rising carbon prices could
provide additional government revenues, which could
be used to finance policies supporting the energy tran-
sition. At the same time, however, carbon prices also
represent an additional financial burden on consum-
ers during the transition. Although they are similar to
excise taxes on fossil fuels, carbon price revenues will
actually decrease to zero as fossil fuels are phased out
of energy systems. Nonetheless, increasing carbon
prices can supplement government revenues in the
medium term [14].

Consequently, because the energy transition is likely
to burden consumers and decrease government rev-
enues, policymakers should seek to balance the books
when developing strategies and policies that provide
subsidies or reductions and exemptions for SIPC in
order to mitigate the impact of increasing energy costs
on consumers while maintaining stable finances in the
transition towards an electricity-based energy system.

To the best of our knowledge, the expected changes
to national and sectoral government revenues from
SIPC in the transition towards an integrated electric-
ity-based energy system have not yet been comprehen-
sively analysed. Therefore, this study’s second research
topic aims to assess the development of government
revenues from SIPC and the sectoral contributions of
SIPC payments in this transition. Both dimensions,
energy costs for consumers and government revenues,
are of interest to policymakers who need to identify the
cost burdens for consumers and gain an advance over-
view of the implications for government revenues due
to the energy transition.



George et al. Energy, Sustainability and Society (2024) 14:19

To conduct the impact analysis on industries, house-
holds, and government revenues, we used energy demand
data from a bottom-up model that identifies pathways
towards an integrated energy system. Unlike macroeco-
nomic models that rely on uncertain substitution elas-
ticities [15, 16], the results of bottom-up models provide
more precise information, accounting for technological
substitution, the existing technology stock, investment
cycles, and the diffusion of emerging electricity-based
process routes and technologies [15, 17]. Consequently,
the detailed transition paths of bottom-up models enable
the allocation of final energy demand to industrial sub-
sectors and household income segments, which enables
an assessment of the associated energy costs.

We focus our study on Germany, an economically
strong country in the European Union with consider-
able industrial value creation, comprehensive SIPC poli-
cies providing various exemptions and reductions for
manufacturing industries, and ambitious climate protec-
tion goals [18]. Additionally, excise taxes on final energy
contribute substantially to Germany’s public budget with
around €47 bn (around 6% of the total public budget in
each year between 2018 and 2020 [19]).

Furthermore, Germany introduced a levy on electric-
ity prices to finance the support for renewables with the
launch of its Renewable Energy Act in 2000. In principle,
every unit of electricity was charged equally, and the Ger-
man transmission grid operators determined the levy
rate yearly. However, there were substantial reductions
for industrial consumers with high electricity demand
(see §64 EEG).

In the past, all taxes and levies came with substantial
reductions and exemptions for industrial users [20, 21].
Given these tax privileges, excise tax reforms resulting
in higher SIPC rates in Germany show that these effec-
tively reduced industrial energy demand while having
low adverse employment effects [22]. Additionally, in the
German manufacturing sector, no differences in com-
petitiveness could be observed between firms receiv-
ing and those not receiving an electricity excise tax
rebate [23]. In an empirical study, Rosenberg et al. [24]
found that raising industries’ SIPC on electricity had no
noticeable impact on firms’ performance. Nonetheless,
the responses in a survey of 1500 executives of Ger-
man industrial firms indicated that raising the electricity
excise tax could hamper the future of Germany’s energy-
intensive industries, among which the metal processing
and basic chemicals producing industries have the high-
est risks [25].

Lutz et al. [26] use a macroeconomic model to dem-
onstrate how changes of SIPC can be employed to reach
climate targets and show effects for different industries.
GrofSmann et al. [27] extend this model and incorporate
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more detailed SIPC privileges. Their results suggest that
SIPC can be raised on industrial consumers without
decreasing their competitiveness. However, this model
does not explicitly account for switching from fossil fuels
to electricity-based production technologies. Using a
regional input—output model, Tébben [28] examines the
direct and indirect effects of the renewable levy on Ger-
man industries, but without considering substitution
elasticities between electricity and fossil fuels.

Implementing the European Emissions Trading Scheme
(EU ETS) in 2005 and the national ETS in 2021 have gen-
erated additional government revenues from carbon
prices. The intention is to use these revenues to partially
fund the renewable support scheme, which became part
of the state budget in 2022 [29]. The renewable support
scheme was projected to costs approximately €23 bn
in 2022 [30], with expected future cost reductions [31].
However, it is expected that the revenues from carbon
pricing will probably remain below the volume required
to finance the renewable support until 2025 [32].

Consequently, the analysis of Germany provides
insights into a comprehensive SIPC architecture, which
makes it possible to transfer the analysis to nations with
different SIPC regulations.

This paper aims to investigate the direct impacts of
Germany’s energy transition towards an integrated, elec-
tricity-based energy system on industrial subsectors, low-
income households, and the public budget and how these
impacts evolve over time. We conduct micro-simulations
to reproduce government revenues and sectoral contri-
butions. Further, we calculate the direct cost impacts of
two SIPC policies on industrial and low-income house-
hold segments based upon wholesale price projections
and grid charge developments from the literature. We
simulate two scenarios: Scenario A reflects the current
stated policies. In scenario B, we simulate an additional
excise tax on final energy. This helps policymakers to
identify consumers especially burdened by energy costs
and the potential development of government revenues
from SIPC over the course of the energy transition.

The paper is structured as follows. Methods section
explains our modelling approach to calculating govern-
ment revenues and the sectoral distribution of SIPC pay-
ments and measuring the direct impact on consumers.
Results section presents the simulation results and we
close with a discussion and conclusions part in Discus-
sion section.

Methods

For Germany, as part of the European energy system, var-
ious bottom-up system studies have evaluated potential
pathways for achieving climate neutrality [33—37]. These
scenario studies differ, especially in the expected share of
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direct electrification and use of synthetic energy carriers
[38]. By comparing different technology diffusion sce-
narios, the authors of [33] found that large-scale direct
electrification of processes and applications is the most
cost-efficient energy supply option. Due to the compre-
hensive data provided, we base our contribution on the
scenario studies described in [33]. We use the scenario
“IN Strom’, which reaches net-zero emissions in 2050
primarily through electrification, as it meets final energy
demand at the lowest energy system cost compared to
other scenarios.

This scenario study employs an extensive bottom-up
approach to ensure a sustainable and resilient European
energy system. Starting from the historical technology
stock and consumption behaviour in 2020, the scenario
study simulates the diffusion of technologies and energy
efficiency measures across all demand sectors to achieve
climate neutrality by 2050.

In the following section, we outline our approach to
simulate the impact of the final energy demand from
this scenario study on the public budget. We consider
the SIPC on final energy, including relevant reductions
and exemptions of the current taxation scheme on final
energy and the distribution of payments among the sec-
tors of industry, commerce trade and services (CTS),
households and public transport in Germany. We present
our modelling approach to measure the direct impacts
on industrial subsectors and households. Subsequently,
we simulate two SIPC policy scenarios. In the analysis,
we use real values with the base year of 2020, abstracting
from inflation.

Model description to simulate the effects on the public
budget

To analyse the government revenues and their secto-
ral distribution from SIPC on final energy prices, we
consider fiscal income Ilf (t) in euro per year t from the
most relevant revenue streams i, comprising excise taxes
on fossil energy [Energy Tax Act (2017)] and electricity
[Electricity Tax Act (2019)], and from carbon prices as
described in Eq. (1):

F () =Y Eep®) 5,0 )

There are (partial) exemptions and special regulations
for specific end-uses, processes and consumers, such as
manufacturing industries facing international competi-
tion. We cover the most relevant SIPC rates pj, indicated
by p either as the regular rate or a privileged rate.

The annual final energy demand E,(¢) is distinguished
by the final energy carrier ¢. Resulting CO, emissions
Q: (Es, ef ,, t) are calculated by multiplying the emission
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factor ef , of the final energy carrier by the final energy
demand.

We use official data from [39] and [19, 40—43] to allo-
cate the historical final energy demand to the regular and
privileged income streams of the industry, CTS, house-
holds, and transport sectors. The development of final
energy demand until 2050 is taken from [33].

We align the privileged categories to existing laws and
regulations in Germany. To enhance practicality and pro-
vide a more comprehensive overview of the reduced tax
rates, we convert the statutory reduced tax rates into per-
centages relative to the regular tax rates. For the excise
tax, apart from the regular rate, we distinguish between
full tax exemptions for specific processes and a 25%
reduction from the regular rate for both fossil fuels and
electricity for manufacturing industries. Additionally, we
consider a peak tax compensation rate for the manufac-
turing industry that reduces the regular excise tax rate by
73%. There are exemptions on regular tax rates for pub-
lic transport and air traffic for electricity, gasoline, diesel,
kerosene, and natural gas. Based on the current reduc-
tion rates, we consider a reduced rate for each mobility
fuel. Synthetic final energy carriers, e.g. kerosene, are
taxed as their fossil counterparts. SIPC are not applied to
evolving synthetic energy carriers like hydrogen.

The renewable support levy (Renewable Energies Act)
is considered for 2019 and 2020 as a balanced budget
policy until its financing reform in 2022." After 2022, we
consider this under public expenses. Privileged categories
for the renewable levy on electricity are divided into full
exemption and a special compensation scheme. In some
instances, full exemption is granted for the self-consump-
tion of on-site power plants. Reduced self-consumption
rates imply an 80% reduction for modernised existing
plants and a 60% reduction for renewable and efficient
gas plants. The special compensation scheme applies to
electricity-cost-intensive companies (BesAR) and repre-
sents a 95% reduction from the regular rate.

Table 1 displays an overview of all income streams
considered.

To allocate the final energy demand to each fiscal
income stream, we considered the share of final energy
demand granted privileged energy tax rates in the refer-
ence year (further explanations in Appendix). For fossil
energy demand, we assumed the share of privileged final
energy demand remains constant over time. Concern-
ing direct electrification technologies, we allocated and
updated the electricity demand to the income streams

1\We define a balanced budget policy as one that generates sufficient
income to finance its expenditure and, therefore, does not draw on the pub-
lic budget.
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over time according to the share of electricity used in
processes. The share of electrified processes is further
described in Appendix. The regular rate is allocated to
the residual final energy demand from the total demand.

We derived individual sector allocation factors af
to distribute the national final energy demand of each
income stream to a sectoral energy demand E; accord-
ing to Eq. (2). The individual allocation of energy demand
to the income streams in each sector is described in
Appendix.

Et) =) Ei(t) =Y _Eit) xafs. ©

The values from 2019 serve as a pre-crisis reference.
Revenues from carbon prices on fossil secondary energy
carriers used for electricity generation are not included
in this analysis.

Simulation of the direct impact on consumers

We investigate the direct impact of the “TN Strom” sce-
nario [33] on selected manufacturing industries and low-
income households.

We use a bottom-up approach and calculate the final
energy price p.(j,t) in euro per megawatt-hour by add-
ing consumer-specific price components. These consist
of the SIPC rates, the market-based price component
pr(j,t) and, if applicable, infrastructure-related levies

P5(j,t) for consumer type j distinguished into house-
holds and industries at a subsector level. Assumptions
about the developments of price components and con-
sumer-specific calculations of SIPC rates can be found in
Appendix.

We study the consequences of the energy transition
scenario for each industry by looking at the real unit
energy costs RUEC. This approach is recommended by
several authors (e.g. [44, 45]). The RUEC are defined as
the energy costs relative to the value added (see Eq. 3):

3)

where Cé represents the annual costs of final energy and

GVAK(t) the gross value added. To show the impact of
changes in energy costs on the gross value added, we first
add back the energy costs to the value added in 2019 in
Eq. (3).

The growth rate underlying the scenario “TN-Strom” is
used to extrapolate the gross value added into the future.
We then use the output growth rate g underlying the sce-
nario study “TN Strom” to extrapolate each subsector.
Then we deduct the calculated energy costs. The deriva-
tion of the energy costs Cé are explained in Appendix.
Therefore, the value added at time ¢ for industry & is:
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GVAK(t) = (GVA" (2019) + c’g(zozo))
(4)
t—2020 . Cg(t)

* (1+g())
Vulnerable households are of special interest when ana-
lysing energy cost impacts from the transition towards
an integrated energy system. To analyse the cost impacts,
we conduct micro-simulations of the real cost share of
total final energy costs rcse? distinguished for equiva-
lent disposable income (EDI) deciles d of households,
as described in Eq. (5). This metric was used in studies
[46-49] to analyse the cost impacts and distributional
effects of the SIPC framework on households. The EDI is
determined by dividing a household’s total net disposable
income by an equivalence factor, assigning each house-
hold to an EDI decile using the modified OECD equiva-
lence factor? [50]. This widely used approach ensures
the equalisation of incomes across different household
compositions:

Cd(t)
I4(t2019)

The energy costs Cg(t) are obtained by multiplying the
demand by the energy prices, including the respective
SIPC of different SIPC policy scenarios. The energy costs
within each EDI decile are calibrated for 2019 based upon
historical energy demand and energy prices. For this pur-
pose, the module takes the average energy demand of
each final energy carrier per EDI decile from [47] and
the income I per EDI decile household from [51]. The
average energy demand, energy cost and income per EDI
decile make it possible to simulate the vertical distribu-
tional effects of SIPC impact in the household sector.

We extend this approach to analyse the cost impacts of
SIPC policies on EDI households by accounting for future
energy demand in the transition towards an integrated
energy system. To incorporate this development, annual
changes in final energy demand for each EDI decile are
extrapolated based on the relative change in final energy
demand observed in the household sector of scenario
studies. In accordance with the other calculations, we
based this on the “TN Strom” scenario defined in the offi-
cial German Long-Term Scenarios study. More details on
the assumptions and sources for the development of final
energy demand and grid fees are provided in Appendix.

rcse? (t) =

(5)

% The EF is a sum of weights that take into account the age and number of
household members. The first member is assigned a weight of 1, while each
additional household member aged 14 or older is assigned a weight of 0.5,
and younger members are assigned a weight of 0.3.
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Table 2 Assumed carbon price developments

Sensitivity ETS year 2020 2025 2030 2035 2040 2045 2050

Low nETS €000/t - 387 9.9 1402 1742 2004 2200
EUETS €000/tcon 246 900

High nETS €000/t - 387 1300 2250 3000 3000 3000
EUETS €000/tcon 246 100.0

Assumption that carbon prices from EU ETS and nETS are merged in 2030. Sources: carbon price nETS: value in 2025 according to the German Fuel Emissions Trading
Act. Carbon price EU ETS: value in 2020 based on [52], value in 2025 based on ETS futures of [53] accessed 14th of July 2023; sensitivity with low carbon prices real

values for 2020 from [52]; sensitivity with high carbon prices from scenario [33]

Scenario description
We investigate the impact of two SIPC policy scenarios
and calculate each with two carbon price developments
as depicted in Table 2.

As of July 2022, renewable support is financed out-
side the energy system from the public budget and is no
longer applied as an SIPC on electricity.

Scenario A: stated policy

This scenario follows the stated SIPC policies on final
energy prices. We try to model tax exemptions and
reductions for industries as closely as possible to the cur-
rent tax law. We do not consider changes in the SIPC pol-
icies over time.

Scenario B: additional excise tax

This scenario considers an additional excise tax on final
energy prices to provide an additional income I, to keep
the revenues from excise taxes on fossil final energy and
electricity at the 2019 level of €46 bn [40, 41]. This sce-
nario shows how the tax regime in the energy sector
would have to change in order to maintain the same level
of state revenues.® The required income from the addi-
tional excise tax is calculated as described in Eq. (6):

j(t) = Itax (£) = Ttax(£2019) — ltax(?), if Ltax (£) > 0.
(6)
The additional excise tax considers the current privi-
leged tax rates described in Model description to
simulate the effects on the public budget section. The
financing volume is divided between fossil final energy
and electricity, each according to its share in the total

final energy volume according to Eq. (7), (8) and (9):

j(t) = jelec(t) + }fossil(t) = (aFelec(t) + arfossil(t))l;y )
7

3 Alternatively, the state might have to increase or reallocate revenues from
other sectors. Analysing the effects of such more structural changes is, how-
ever beyond the scope of this paper. Depending on the political setting, real-
locating budgets might also prove difficult [54].

Eel
UTelec = —_— (8)

ZEES,

_ Efossil
Al fossil = Zg E. . 9)

The additional income from the excise tax on fossil
final energy /I\fossi] is distributed according to the share
aQ, of total CO, emissions caused by the energy carriers
in Eq. (10):

Qs _
Zfossil Q"3

This excludes synthetic fossil energy carriers from
the additional excise tax. To obtain the additional regu-
lar tax rate p} while considering the current privileged
categories described in Model description to simulate
the effects on the public budget section, we rearrange
Eq. (11) and Eq. (12), which leads to the additional excise
tax rates per kilowatt-hour:

Q. = (10)

Trossit (£) = ZEa,i(t)ﬁi,i(t), for ¢ = fossil fuels,
i
(11)
Tojec () = ZEg,i(t)Ai,i(t), for & = electricity.
i

(12)

Appendix also contains the description of a sensitivity

analysis to estimate the influence of demand response to
rising energy prices due to the additional excise taxes.

Results

This section presents the results of the impact on con-
sumers, the total fiscal revenues and the sectoral distri-
bution of SIPC payments.

Direct impact on the public budget

Figure 1 shows the results of simulating the national fis-
cal income due to applying SIPC to final energy in both
scenarios.
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Scenario A - Stated policies (high carbon prices)
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Scenario B - Additional excise tax (high carbon prices)
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Scenario A - Stated policies (low carbon prices)
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Scenario B - Additional excise tax (low carbon prices)
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Add. Excise tax electricity
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Fig. 1 Direct impact on public budget of energy-related taxes and other levies for Germany 2020 to 2050. Note: Renewable support in 2019
and 2020 is considered as a balanced budget, afterwards financed from the public budget (Source: own calculation)

The results show changes in revenues from excise
taxes on fossil fuels and electricity, the carbon price and
the amount of funding required for the renewable sup-
port. In 2019, the reference year for this analysis, the fis-
cal revenues from excise taxes on electricity and fossil
final energy as well as the EU ETS on fossil final energy
demand in the industrial sector amounted to €48 bn.
Together with the renewable support paid by electricity
consumers via the renewable levy on electricity, the total
government revenues from SIPC were €68 bn. From this
point onwards, the two scenario simulations show that
the development of fiscal income could veer in different
directions in the short to medium term.

Scenario A, with high carbon prices, shows fiscal rev-
enues of €52 bn from SIPC in 2025, with 26% of this from

the EU ETS and nETS carbon prices. The net balance of
SIPC revenues and expenses of renewable support is €33
bn. Compared to 2019, the net contribution to the pub-
lic budget decreases by 22%. This effect is similar to the
lower carbon prices applied in scenario A, but net pay-
ments in both carbon price cases diverge afterwards.

With the expected decrease in renewable support, net
payments increase compared to 2025 by €15 bn to €48 bn
with high carbon prices (and by €9 bn to €42 bn with low
carbon prices) to the highest net revenues in 2030.

From 2040 onwards, it is assumed that no further
renewable support is needed. However, there is a fur-
ther shift away from fossil final energy to electricity in
the energy demand considered in the scenario study "TN
Strom". This means strong decreases in revenues from
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Table 3 Regular and additional excise tax rates on final energy
carriers in scenario B

€/MWh (LHV) Regular rate Additional tax rate in
2030 2040 2050

Diesel 47.2 94 24.7 -
Electricity 20.5 12.2 354 535
Gasoline 72.6 8.0 21.0 -
Heating oil 6.2 104 309 -
Kerosene 0.0 4.1 109 -
Natural gas 55 7.8 219 -

Source: own calculations

the excise taxes on fossil fuels. These drop to €12 bn in
2040, equivalent to 30% of the excise tax revenues from
fossil fuels in 2019. At the same time, revenues from the
excise tax on electricity increase, but do not compensate
for the reduced income from excise taxes on fossil fuels.
This is due to the projected increases in energy efficiency
measures and technology diffusion of the underlying sce-
nario study “IN Strom” With the increasing use of elec-
tricity in heat pumps and battery electric vehicles, final
energy demand decreases compared to conventional
applications, as sector coupling provides higher efficien-
cies for final energy conversion. Therefore, total revenues
from excise taxes on fossil fuels and electricity decrease
with increasing decarbonisation of the energy system.
Furthermore, carbon prices will no longer contribute to
government revenues once sustainable energy carriers
fully cover final energy demand. Consequently, total SIPC
revenues reduce to €16 bn in both carbon price paths of
scenario A in 2050, which is 34% of the contribution to
the public budget compared to 2019.

In scenario B, an additional excise tax on fossil fuels
and electricity is assumed to maintain the excise tax rev-
enues of €46 bn from 2019. Tax rates need to increase
annually to fill the gap of decreasing excise tax revenues.
The necessary tax rates for the additional excise tax are
displayed in Table 3.

The additional excise tax on electricity has to increase
to €53.5/MWh in 2050, which is around 2.6 times higher
than under current policies (€20.5/MWh). The additional
excise tax for fossil fuels reflects the total CO, emissions
of each energy carrier. This approach leads to significant
increases in SIPC, especially for natural gas and heating
oil used as final energy for heating applications, but also
for kerosene for aviation. As synthetic fuels are carbon—
neutral, no additional excise tax will be applied to them.
Consequently, the additional excise tax in 2050 is only
assumed for electricity.
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Applying these additional tax rates keep the revenues
from excise taxes on final energy at €46 bn until 2050.
The estimated changes to government revenues as the
result of demand response with price elasticities from lit-
erature values remain below 0.3% (see Fig. 9 in Appen-
dix). To understand the distribution of SIPC payments
among the sectors of industry, CTS, households and
transport, the following section shows the simulation
results for both scenarios.

Sectoral distribution of SIPC payments

The sectoral distribution of SIPC payments for both sce-
narios with high carbon prices is shown in Fig. 2 for 2019,
2030, 2040, and 2050. The results with lower carbon
prices can be found in Appendix (Fig. 10), as the results
do not differ substantially.

In 2019, households contributed the most to the fiscal
income from SIPC on final energy with €33 bn, which
also includes the final energy for private mobility such
as gasoline and diesel. The second highest SIPC pay-
ments of €13 bn came from the transport sector, almost
entirely from the excise taxes on fossil fuels and covering
all the final energy used for commercial mobility, includ-
ing public transport. The highest share of SIPC payments
in the CTS and industrial sectors were related to renew-
able support payments, summing up to €13 bn and €8 bn,
respectively. CTS and households contributed the most
to renewable support payments with €9 bn and €8 bn,
respectively, followed by industry with €4 bn, while the
transport sector contributed less than 1%.

In 2030, the SIPC payments of households decrease
slightly in scenario A with high carbon prices compared
to 2019 and increase by €3 bn in scenario B. In the fol-
lowing decades, the household payments decrease in
both scenarios to €4 bn (scenario A) and €14 bn (scenario
B) in 2050. The notable decrease in excise tax payments
on fossil fuels within the household sector is linked to
the projected reduction in the demand for gasoline and
diesel due to the widespread adoption of battery electric
vehicles as outlined in the scenario study “TN Strom”.

Until 2030, the SIPC payments of the CTS sector
decrease by 51% and 45% in scenario A and scenario B,
respectively, with high carbon prices compared to 2019.
This indicates to the relatively low use of fossil fuels in
this sector. While in scenario B, SIPC payments of the
CTS sector stay at the same level, scenario A shows a fur-
ther decrease to €2 bn until 2050.

In the industrial sector in 2030, SIPC payments in sce-
nario A remain at similar levels as in 2019, even with-
out further payments for renewable support. Instead,
this gap is filled by payments from rising carbon prices.
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Scenario A - Stated policies
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Fig. 2 Sectoral distribution of SIPC payments—high carbon prices (Source: own calculations)

In the following decades, SIPC payments of the indus-
trial sector decrease by 53% until the middle of the cen-
tury in scenario A. Changes in industrial energy demand
between 2019 and 2030 have a minimal impact on excise
tax payments within the industry sector due to signifi-
cant exemptions or reductions in the excise tax on elec-
tricity and fossil fuels. In scenario B, there is a continuous
increase in SIPC contributions from industry until the
middle of the century by 68% in total. In this scenario, the
industry contributes €10 bn in 2030, €12 bn in 2040 and
€14 bn in 2050, increasing its share in government rev-
enues from energy-related SIPC. While industry contrib-
uted 12% to the total SIPC revenues in 2019, this value
almost triples until 2050. In 2050, most of these contri-
butions are due to the additional excise tax on electric-
ity, even with the excise tax exemptions on electricity in
industrial processes.

In scenario A, SIPC contributions from the transport
sector rise by €2 bn until 2030 and decrease after 2030,
reducing by 46% until 2050 compared to 2019. In sce-
nario B, SIPC payments increase in the transport sector
to €18 bn in 2030. Further transport electrification until
2050 in scenario B then reduces these payments to simi-
lar levels as in 2019 with €12 bn.

Consequently, the energy transition reduces SIPC costs
in all sectors under stated policies compared to 2019.
The abolishment of the renewable levy makes significant
cuts to SIPC payments in the industry, CTS and house-
hold sectors. Until 2050, the additional excise tax on final
energy only leads to increases in payment in the indus-
trial sector when taking into account the current regula-
tions on SIPC exemptions and reductions.

Direct impact on manufacturing industries

The level of impact of RUEC is heterogeneous for dif-
ferent manufacturing industries. Figure 3 illustrates the
impact of current regulations and Fig. 4 the impact of
additional excise taxes under a high carbon price for the
industrial sector.

The results under a low carbon price regime can be
found in Appendix (Figs. 11 and 12). Under a high car-
bon price, the energy costs increase in almost all indus-
tries until 2040 and decline thereafter. However, large
increases in RUEC are the exception and limited to a
small number of industries. The introduction of the addi-
tional excise tax changes the results only slightly.

In Scenario A, the RUEC for glass and ceramics and
basic chemicals increase substantially from 52% to 69%
and from 21% to 26% between 2020 and 2050, respec-
tively. The RUEC in other industries, such as metal
processing, non-ferrous metals and other chemicals
increase by between 1 and 2 percentage points, which
corresponds to a 50% increase in RUEC. The RUEC in
all other industries increase by less than 1 percentage
point or even decrease. On the contrary, the paper and
paper products, rubber, and plastics, as well as the food
and tobacco industries are even better off in 2050 than in
2020.

The additional excise taxes on electricity introduced
in scenario B impact the metal processing industry most
heavily, with an RUEC increasing by 11 percentage points
in 2050 compared to scenario A. The RUEC for glass and
ceramics, and paper and paper products increase by 2
percentage points in 2050 in comparison to scenario A.
All other industries’ RUEC change by 1 percentage point
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Fig. 3 Scenario A—stated policies: development of real unit energy costs for different industries—high carbon prices (Source: own calculation)

or less. In the long term, the RUEC of paper and paper
products as well as food and tobacco remain constant in
scenario B, whereas they decrease in scenario A.
Comparing the results under the high carbon price
with the results under the low carbon price reveals that
the carbon price adds between less than 1 and 8 percent-
age points to the RUEC for most industries. However, for
glass and ceramic producers, the carbon price increases
the RUEC by 26 percentage points and the energy costs
for metal processing increase by 8 percentage points in

2030. Thereafter, the effect of the carbon price on energy
costs decreases by 2 percentage points. For the produc-
ers of basic chemicals, the carbon price raises the RUEC
by 6 percentage points in 2030. Its impact on the RUEC
declines after 2030 to only 2 percentage points. For the
other industries, the carbon price adds one percentage
point or less to their RUEC.

The small changes in the machinery and equipment
and automotive industries reflect the results given in
[55], where authors show that energy constitutes only a
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small share of all inputs used in machinery and equip-
ment manufacturing. Moreover, the authors argue that
the equipment manufacturing industry has already real-
ised most of its energy efficiency potential and thus mini-
mised the potential effect of changes in SIPC. Therefore,
these industries are also less impacted by rising carbon
prices.

Figure 5 shows the composition of energy costs for the
glass and ceramics manufacturing industry. The glass and
ceramics industry also include producers of glass and

cement among others. Therefore, this is the industry with
the highest final energy consumption in our sample and
is likely to be representative of other industries requir-
ing high process heat [56]. Furthermore, this industry is
characterised by high initial investment expenditures and
has also already achieved substantial energy efficiency
gains in the past [57]. This implies that additional energy
efficiency measures in the energy transition will be com-
mercially unattractive for the glass and ceramics manu-
facturing industry. Due to this inflexibility to reduce
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Scenario A - Stated policies (high carbon price)
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Scenario B - Additional excise tax (high carbon price)
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Fig. 5 Composition of energy costs for the glass and ceramics manufacturing sector. Note: Renewable support in 2019 and 2020 is considered
as a balanced budget, afterwards financed from the public budget (Source: own calculation)

energy consumption, policymakers should consider other
options to alleviate this industry’s energy cost burden.

In 2020, excise taxes and the renewable levy accounted
for 24% of the energy cost share in all scenarios, but this
ratio decreases to 2% in Scenario A (4% in Scenario B) by
2030 due to high (low) carbon prices. By 2030, the car-
bon price accounts for 36% of the total energy costs in
Scenario A (26% in Scenario B). The impact of the car-
bon price then gradually diminishes until it reaches zero
by 2050. In 2050, SIPC, consisting of grid fees and excise
taxes, make up 2% of the total energy costs in Scenario
A and 4% in Scenario B. Consequently, the results indi-
cate that wholesale prices significantly impact the devel-
opment of energy costs. However, it is important to note
that carbon prices are expected to play a crucial role in
the transition phase, exerting considerable influence on
total energy costs.

Direct impact on vulnerable households

This section presents the distribution of energy costs
among deciles of EDI households. Figure 6 shows the
energy costs over the net income of the EDI deciles in the
reference year 2019.

The results show that the households’ total costs of
energy increase with EDI. However, the energy cost
share of the net household income increases from 8%
to 9% in the first three EDI household deciles and then
decreases. It can be seen that especially EDI deciles 3
and 4 faced the highest energy cost shares of 9% in 2019.
Those households that have to spend more than 10% of
their net income on energy are considered to be experi-
encing energy poverty.* This is especially influenced by
the costs of diesel and gasoline, the conventional energy
carriers for private transport. The costs for electricity

* Although there is no official definition of energy poverty in Germany,
Schreiner’s definition [58] is based on findings from the research on energy
poverty in Great Britain (see [59]).
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comprise expenditures for operating household devices,
but theoretically also for charging electric vehicles. The
share of electric vehicles in the figures presented is close
to zero, however, as the market share of electric vehicles
was still low. Electricity is also used for heating purposes
in directly electrified heating technologies like night stor-
age heaters and heat pumps. Compared to the results
from 2012 [60], relative electricity costs had increased by
around 3% in 2019.

Figures 7 and 8 present the total energy costs and
energy cost shares of net income from 2019 for the first
three EDI household deciles for scenario A and scenario
B with high carbon prices until 2050. The results for low
carbon prices do not differ significantly and are shown in
Appendix (Figs. 13 and 14).

In 2020, the share of energy costs in net income com-
prised 8% for EDI decile 1, and 9% for EDI deciles 2 and 3
in both scenarios. The results show that the energy costs
for the equivalent household decreases steadily for all
EDI deciles in both scenarios and reach their lowest level
in 2050. The strong cost decrease over time is caused by
the increasing use of sector coupling technologies, i.e.
heat pumps and battery electric vehicles. These directly
electrified end-use technologies utilise final energy
more efficiently than conventional alternatives. The pro-
jected technology diffusion of the scenario study, but
also the improved energy efficiency of buildings result
in decreasing final energy demand. However, the overall
cost decrease is primarily determined by decreases in the
costs of fossil final energy carriers for transport, i.e. diesel
and gasoline, as these are subject to a higher excise tax
than heating fuels.

Consequently, the cost share of electricity increases
until 2050. In scenario A, the cost share of electrified

appliances in total energy costs is similar to the 2019 level
until 2030: 37% for EDI decile 1, 29% EDI decile 2 and 27%
EDI decile 3. In scenario B, the energy cost share of elec-
tricity increases slightly for all EDI deciles until 2030. In
2040, the cost share of electricity is 57% for EDI decile 1,
47% for EDI decile 2 and 43% for EDI decile 3 in scenario
A and 59%, 49% and 45%, respectively, in scenario B.

In 2050, electricity accounts for almost 100% of energy
costs in both scenarios, while total energy costs are signif-
icantly lower. As a consequence, the energy cost share in
EDI income is much smaller. By 2050 compared to 2020,
there are energy cost reductions of 65% in EDI decile 1,
73% in EDI decile 2 and 76% in EDI decile 3 in scenario
A and 55%, 66% and 69%, respectively, in scenario B.
However, it should be noted that the depicted costs only
reflect the final energy costs and depreciation of the nec-
essary investments is not included in the results.

Discussion

Our micro-simulations enable the quantification of the
direct impact of state-induced price components (SIPC)
on the public budget and the energy costs of industries
and low-income households during the German energy
transition until 2050. We analyse two scenarios. Sce-
nario A models the current system of levies and taxes. In
scenario B, we calculate an additional excise tax on elec-
tricity and fossil fuels intended to maintain government
revenues at 2019 levels.

Given that SIPC privileges are accorded to certain
industrial processes, process-specific data on the devel-
opment of industrial energy demand are required. Our
analysis uses the detailed final energy demand data of
the official German long-term scenario “TN Strom’,
characterised as the scenario with the lowest costs for a



George et al. Energy, Sustainability and Society

(2024) 14:19

D1 2,000 4 o 5 10.0%
1,500 ~ 7% o 7.5%
5%
1,000 +—1,013 7% 5.0%
N 821 824 269 2%
[ | — — 649
500 -+ - 505 2.5%
INE N i =
0 - l— 0.0%
2020 2025 2030 2035 2040 2045 2050
D2 2000 5 C 10.0%
1,500 ~N 7% 7.5%
1,341
1,000 «l 091 980 5.0%
. [ h 801
|| 2%
500 A 3 2.5%
BEEREN
0 - .—- 0.0%
2020 2025 2030 2035 2040 2045 2050
D3 2000 £ - 10%
a
1,631 7%
1,500 - N 2% 5% 8%
u 1,156 ~_5%
1,000 - - ] 535 ~ 5%
SN_%
] 667 o,
500 - 22U 2% 3%
I . . . B
2020 2025 2030 2035 2040 2045 2050
i Electricity I Electricity heat I Heating Oil i Natural Gas
Diesel mm Gasoline =8=|ncome share

Fig. 7 Scenario A—development of energy costs in euro per year and share of income for the lowest three household deciles with equivalent
disposable income until 2050—high carbon prices (Source: own calculation)

sustainable energy system. This scenario study assumes
widespread diffusion of direct electrification in industrial
processes and applications, efficiency measures such as
building insulation, and the availability of the necessary
infrastructures like district heating grids in densely popu-
lated areas.

It is important to point out that our analysis has cer-
tain limitations based on this development of final energy
demand. We rely on static demand, meaning that the

decarbonisation pathway does not alter, even when faced
with increased SIPC rates like higher carbon prices or
additional excise taxes (scenario B). To address this
limitation, we integrated a sensitivity analysis consider-
ing price elasticities. However, a thorough examination
considering industrial relocations and job effects due to
SIPC changes would require equally detailed global data
forecasting industrial processes until 2050. Consequently,
we leave the analysis of such dynamic effects to future



George et al. Energy, Sustainability and Society (2024) 14:19

D1
2,000 g - 10.0%
9 7% 9
1,500 ~ 7% 7.5%
1,000 -+ 1032 7% 5.0%
- —_— 756
| B
500 ] . I . 614 sea—t 25%
2020 2025 2030 2035 2040 2045 2050
D2 2,000 oz 5 10.0%
7%
1,500 ~ 4L 7% 7.5%
1,366
1,134 1,139 9
' ' 1.084 5%
1,000 -J - ! 5.0%
' 925
[ -
) _:l I I I . l—w_ -
0 - - 0.0%
2020 2025 2030 2035 2040 2045 2050
D3 2,000 4 %% % 10.0%
1661 \ 7% 7%
1,500 - 3 7.5%
' L3491 076~ 6%
1,000 1 l . o~ 5.0%
L 802
) ] l I I l l 507__ N
0 - — 0.0%
2020 2025 2030 2035 2040 2045 2050
I Electricity N Electricity heat I Heating Oil m Natural Gas
Diesel = Gasoline =e—|ncome share
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disposable income until 2050—high carbon prices (Source: own calculation)

research. Nevertheless, our approach is able to explore
the direct consequences of an alternative tax regime that
maintains constant excise tax revenues during the energy
transition.

The results of the micro-simulation in scenario A show
that the cost-effective decarbonisation pathway leads
to greatly reduced government revenues from SIPC on
final energy prices from 2040 onwards. Although, net

contributions to the public budget from SIPC remain
constant at 2019 levels from 2030 to 2035 under high
carbon prices (€130/t in 2030 and €225/t in 2035), they
decrease when applying lower carbon prices (€97/t in
2030 and €140/t in 2035).

The decline in government revenues from SIPC espe-
cially after 2040 triggers the search for additional income
streams. One option analysed in scenario B is the
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introduction of an additional excise tax on fossil fuels and
electricity. Alternative tax reforms could also encompass
climate-neutral energy carriers such as biofuels, hydro-
gen or electricity-based synthetic fuels. The analysis of
scenario B shows that revenues from excise taxes can
be maintained at 2019 levels during the energy transi-
tion if annual and asymmetric excise tax adjustments are
applied.

It should be noted that this finding is based on the
assumption that there are no changes in energy demand
as a result of increasing the SIPC. However, estima-
tions of changes in government revenues resulting from
demand response are marginal (see Appendix). Fur-
thermore, the additional excise tax on electricity could
incentivise the expansion of self-consumption, which is
exempt from excise tax (§9 Electricity Tax Act). More
self-consumed electricity generation reduces the power
drawn from the public grid and consequently the reve-
nues from excise tax, electricity grid fees and if applicable
value added tax.

Other results of our analysis concern the sectoral dis-
tribution of SIPC payments. Whereas in 2019 households
account for the highest share of SIPC, in 2050, the SIPC-
based fiscal payments are spread more evenly across the
sectors of industry, CTS, households and transport in
both scenarios. Whereas scenario A shows considerable
decreases in SIPC contributions in all sectors, scenario
B indicates increases in industry and more or less con-
stant SIPC payments in the transport sector until 2050.
Although the additional excise taxes take the privileges
of current policies into account, the simulations show a
shift of the financial burden from households to indus-
try. Although the validity of these results may be limited
by the assumptions made for the allocation of energy
demand to privileged categories of SIPC, they do indi-
cate that an additional excise tax on final energy under
current SIPC policies would represent a disproportional
burden on the industrial sector.

The impact on industry is further analysed in micro-
simulations of the real unit energy costs (RUEC) of
various industrial sectors. The results show that cur-
rent SIPC policies (scenario A) cause heterogeneous
impacts on RUEC among industries. The RUEC of the
glass and ceramics industry, which includes the produc-
tion of cement, and basic chemicals, increase signifi-
cantly with higher carbon prices in 2030 and 2040. RUEC
increases in other industries remain moderate at about 1
to 2 percentage points as long as they decarbonise their
processes as the “I'N Strom” scenario suggests. The non-
ferrous metal and the paper industries may even expe-
rience decreasing RUEC and are, therefore, better off
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provided they decarbonise their production processes.
However, most industries experience only slight changes
in the RUEC in scenario A regardless of whether the car-
bon price is high or low.

In scenario B, on the other hand, we observe that
RUEC increase moderately for all industries due to a
higher excise tax on electricity in the long term under the
given assumptions. Despite the moderate increase, the
additional SIPC generated make a substantial contribu-
tion to the public budget. We find that industries have
higher energy costs mainly due to increasing wholesale
prices, which decline after 2040. The abolishment of the
renewable support levy and shifting renewable support
to the public budget reduce the SIPC payments of the
industrial sector in 2030 compared to 2019. However, the
carbon price increase means additional payments from
industries and offsets the energy cost reductions due to
abolishing the renewable support levy.

Our analysis reveals that the energy cost burden of
decarbonisation varies by industry, based on current
SIPC policies and privileges. Therefore, policymakers
need to carefully consider implementing support policies
for specific industries.

The energy cost development for EDI deciles 1, 2, and 3
shows that the adoption of sector coupling technologies
and energy efficiency measures in the transition to an
integrated energy system generally leads to lower energy
costs for vulnerable households in all scenarios. How-
ever, these results are based on ambitious assumptions
regarding the development of final energy demand in
the scenario study “IN Strom’, which may not be realis-
tic. Successfully implementing this scenario necessitates
substantial investments across all energy system sectors,
complemented by changes in consumer behaviour.

Our cost analysis does not account for the required
investments and their economic impact. Therefore, while
energy costs may decrease on average, the financial relief
for vulnerable households could be limited due to invest-
ment allocations (compare the study on tenant heating
[61]). Further research should also account for the neces-
sary investments when analysing the cost impact of the
energy transition on vulnerable households.

Especially low-income households may need help
accessing and affording these technologies, resulting in
delayed transitions and potentially higher expenses due
to rising carbon prices. This effect leads to regressive dis-
tributional effects [62], similar to the additional excise
taxes on final energy carriers. Perceived disparities in
cost distribution during the energy transition may signifi-
cantly affect public acceptance of it and potentially hin-
der the implementation of essential measures.
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Table 4 Percentage of electricity used in processes by industry

Industrial subsector 2020 2025 2030 2035 2040 2045 2050
Metal processing 1 3 6 12 17 24 32
Paper and paper products - - - - - -
Non-ferrous metals 10 13 15 19 22 31 43
Machinery and equipment - - - - - -
Chemicals 19 20 24 30 50 50 50
Glass and ceramics 12 14 25 62 78 88 93
Basic metal 42 53 65 75 82 88 92
Weighted average® 13 15 19 25 36 40 40

?The weighted average is calculated by dividing the sum of the entire electricity used in the processes by the total electricity demand in the industry sector. Therefore,
the weighted average does not refer to the weighted average of the seven industries shown in our paper but to the average of the total industry sector

Source: Own calculations based on [33] and §9a Electricity Tax Act

Conclusions

Three conclusions can be drawn from the analysis con-
ducted in this paper: first, the government can expect the
revenues from SIPC to decrease with increasing decar-
bonisation in the long term. Second, the energy-intensive
industries are adversely affected by decarbonisation. Glass
and ceramics, basic chemicals and other chemicals are
likely to experience increases in RUEC in 2030 and 2040
and RUEC remain high until 2050. Significant increases in
RUEC in other manufacturing industries are not expected.
Industries relying heavily on electricity for decarbonisa-
tion, such as metal processing, would be disproportion-
ately burdened by the imposition of an additional excise
tax intended to retain current government revenues under
current SIPC policies. For energy-intensive industries such
as glass and ceramics, subsidies on the electricity whole-
sale price seem to be an adequate and effective policy tool
to reduce energy costs. Since this analysis is constrained by
assuming static energy demand, further research of alter-
native SIPC policies should consider responsive demand
and direct as well as indirect impacts.

Third, energy costs for low-income households are
expected to decrease continuously with further direct
electrification of building heat and transport. As these
household segments are likely to have limited financial
resources to undertake these investments, further sub-
sidies might be required. Further research may address
potential investment constraints within the different
income segments.

As the transition from an energy system based on
fossil fuels to one based on renewable electricity pro-
gresses, government revenues from SIPC are expected
to decrease while the need for subsidies increases. Thus,
systemic reforms or financing outside the energy system
might become necessary for policymakers to balance the
books.

Appendix

Allocation of income streams

We allocate the historical final energy demand to the
income streams I; in the sectors s for 2019 and 2020
according to official statistics [39]. The historical
national energy volumes of each privileged category are
published in the official statistics for fiscal income cat-
egories of excise tax on fossil final energy [41, 43] and
excise tax on electricity [40, 42] for 2019 and 2020.

To allocate the historical and future national income
of each privileged tax category p and fiscal income cat-
egory f among the sectors considered, we assume the
following: tax reductions for processes are assigned to
the industry sector for all energy carriers. Reduced tax
rates for manufacturing industries are divided between
industry and the CTS sector based on the shares of
their historical energy demand. Tax reductions for pub-
lic transport are assigned to the transport sector. The
shares of synthetic fuels are allocated among the sec-
tors relative to the final energy demand in each sector.

The historical shares of fossil final energy demand in
each income category and sector are kept constant in
our simulation. With respect to sector coupling, the fol-
lowing assumptions are made to consider fuel switch-
ing in processes from fossil final energy to electricity. In
“TN Strom’, the scenario chosen for the future energy
demand from [33], hydrogen is only utilised in the
industry sector. The share of electricity used in pro-
cesses in the industry sector is derived from [33] and
considered as presented in Tables 4 and 5.

To determine the final energy used by households
for private transport, we derive the shares of private
demand from national final energy demand for diesel
and gasoline based in historical statistics. The demand
for gasoline and diesel at national level is derived from
[63] and for households from [64]. The resulting shares
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Table 5 Percentage of electricity demand receiving a reduced excise tax rate for privileged industries

Industrial subsector 2020 2025 2030 2035 2040 2045 2050
Metal processing 19 17 13 7 0
Paper and paper products 27 25 16 1 0 0 0
Non-ferrous metals 18 16 13 10 0 0
Machinery and equipment 23 24 26 32 38 46 52
Chemicals 10 9 5 0.1 0 0
Glass and glass products 14 12 1 0 0
Basic metal 0 0 0 0 0
Weighted average® 79 76 71 61 49 43 39

?The weighted average is calculated by dividing the sum of the entire electricity used in the processes by the total electricity demand in the industry sector. Therefore,
the weighted average does not refer to the weighted average of the seven industries shown in our paper but to the average of the total industry sector

Source: Own calculations based on [33] and §9b Electricity Tax Act

Table 6 Assumed development of wholesale prices

[€/MWHh] 2020 2030 2040 2050
Coal 6.3 7 6.9 6.7
Fuel oil 455 63.4 63.9 64.5
Gas 126 244 238 232
Syngas 310.1 290.1 270.2 2589
Heat 7.5 7.5 7.5 7.5
Hydrogen 351.6 156.4 1434 134.9
Electricity 50 69 69 66

Sources: electricity price from scenario “TN Strom” [33]; natural gas price is a
mean of the “stated policy” scenario and the “net zero” scenario of the IEA market
projections of the World Energy Outlook [65]; gasoline, diesel and fuel oil:
extrapolated the historical average price from 2019 [66] with the change rate for
crude oil for the same scenarios of the World Energy Outlook as natural gas

of final energy demand, which we allocate to the house-
hold sector, are 64% for gasoline and 58% for diesel,
which we keep constant for future energy allocation.
The electricity demand for electrified road transport
assigned to households is derived from the average of
diesel and gasoline shares, resulting in 60%.

Development of market prices and price components

We derive the ranges of wholesale market price develop-
ments from various long-term studies. The price assump-
tions are depicted in Table 6.

The development of grid fees for electricity and natural
gas is based on cost developments for system grid costs
and final energy demand from [33] and follows the meth-
odology from [67]. The results for the electricity grid are
presented in Table 7, and those for the natural gas grid
are presented in Table 8.

The development of the required financing volume for
renewable support and the renewable levy until 2026 is
derived from the mid-term forecast of the German trans-
mission grid operators [30]. The long-term development
until 2040 is derived from the calculation tool of Agora

Table 7 Development of grid fees for electricity for different
consumer types

[Ect/kWh] 2020 2030 2040 2050
Highest voltage ~ Priv. §192 2 NEV 0.14 013 015 0.2
High voltage Priv.§19 2 2 NEV 020 024 027 030
Medium voltage Medium full load hours 345 405 437 508
Household 741 851 1096 1219
Household heat 278 319 411 457

Source: grid fees for industry from [33, 68]; grid fees for households in 2020 from
[68], extrapolation with the development of total grid cost to total electricity
demand ratio from “TN Strom” scenario of [33]

Table 8 Development of grid fees for natural gas for different
consumer types

[Ect/kWh] 2020 2030 2040 2050
Energy-intensive industries 15 1.0 30 4.6
Other industries 37 48 9.1 17.3

Source: [67]

Table 9 Development of financing volume for renewable

support
[€ bn] 2020 2025 2030 2035
Renewable support 24.23 2250 11.80 4.39

Source: [31]

Energiewende [31] with adjustments regarding the diffu-
sion of renewables according to the “TN Strom” scenario
of the official long-term scenarios [33]. The estimated
financing volumes are presented in Table 9.

The development of the renewable levy is derived con-
sidering the respective share of electricity in each income
stream. The resulting values are presented in Table 10.
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Table 10 Development of renewable support levy

[Ect/kWh] 2019 2020 2025 2030 2035
Regular rate 6.41 6.76 5.26 2.77 0.99
80% 1.28 1.35 1.05 0.55 0.20
60% 2.33 2.55 1.98 1.04 037
BSAR 95% 042 044 034 0.18 0.06
Source: [31]

Derivation of SIPC burden for industries

To calculate the SIPC paid by each industry, we must
derive the proportional privileged energy demand otels‘ > p)
for each energy carrier associated with the relevant fiscal
income stream and SIPC privilege. SIPC privileges play
an important role in the industrial sector and can reduce
expenses by 80% of the electricity and 60% of the energy tax
[69, 70]. Under German law, the two most important privi-
leges for industries are granted for the energy used in pro-
cesses and the energy used in operations in manufacturing
industries. Fortunately, the model in [33] is built on energy
demand estimations by usage type for each industry. We
use their data to derive the share of energy used for pro-
cesses and operations. We follow the German law as closely
as possible by defining energy demand in processes as the
energy used for the production of steam and hot water, and
the energy used in furnaces and cooling processes. Energy
demand related to operations compromises the former plus
energy used in cross-cutting technologies, such as ventila-
tion, machinery, engines, pumps and compressors. How-
ever, the energy demand in operations does not include the
energy used for lighting, heating or cooling of the interior.
Though not yet explicitly stated in the current legislation,
we also assume that the energy used in carbon-capture
technologies will be declared as an energy used in opera-
tions and, hence, receive a tax privilege. For better under-
standing, Eq. (13), (14), (15) and (16) show the calculations
of the proportional SIPC privileges on the excise taxes and
renewable energy levy:

CE= Ef sl +p5+00+) > aek(f.p) #pi(f.p),
e f P
(13)

Ek (extax,operations)
MAX sEik

£

ae/g( (extax, p) =

€

— ozels‘ (extax, processes) — ozeif (extax, peak); 0) for p = producing industries
MIN(l - oce’pf (extax, processes) — oce’g (extax, producing industries), 70%), for k € A and p = peak
MIN(I _Ef (extax;ferations) ; 70%)
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aek (nETS, p) = 0.9, (15)

Ek

electricity (self - consumed renewable)

Ef
0.5 for p = BesAR
0.4 for p = 60%
0.1 for p = 80%

k —
Oleelectricity(res’ p) =

(16)

While we can derive the proportional SIPC privileges
for the energy and electricity excise taxes from the data,
there are no data available to calculate the proportional
SIPC privileges for the peak demand of electricity excise
tax, the BesAR of renewable support, the 80% and 60%
privilege of the renewable levy for the self-produced elec-
tricity. We assume that 70% of an industry’s electricity
demand is privileged under the electricity excise tax for
peak demand and similarly high values for all other privi-
lege schemes. Imposing such high values is reasonable
because we focus on industries that benefit from consid-
erable privileges in order to avoid employment losses and
reduced competitiveness [71].

We need to distinguish the derivation of
ozelé (extax, peak) for different industries because machin-
ery and equipment manufacturers as well as the pro-
ducers of paper and paper products do not receive tax
exemptions for energy that falls under production pro-
cesses. Therefore, we have industries in group A that
have tax privileges for energy in processes and industries
in group B that do not have tax privileges for energy used
in processes, i.e.

Eif (extax, p)

=0 forkeB.
Ef

aelg (extax, process) =

(17)

To prevent the total proportional privileged energy
demand exceeding unity for any energy carrier, the
proportional privileged energy demand related to the
peak demand privilege is the minimum of 70% and
the share of electricity consumption which does not
receive any privileges for being used in operations and
processes. For those industries where the privilege

Ef (extax,processes)

Ef

(14)

, for k € Band p = peak,
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Table 11 Annual equivalent of final energy demand for income deciles in Germany for the reference year

[kWh/eHH/a] Decile 1 Decile2 Decile3 Decile4 Decile5 Decile6 Decile7 Decile8 Decile9 Decile10 Average
Electricity 1089 1102 1178 1201 1266 1256 1323 1341 1383 1630 1277
Electricity heat 119 118 142 120 141 137 153 126 143 121 132
Heating oil 875 1260 1574 1841 1763 2470 2100 2496 2445 3009 1983
Natural gas 1850 1988 2202 2432 2538 2609 2548 2812 3203 3996 2618
Diesel 950 1545 1790 2075 3260 3447 3941 4216 6217 7140 3458
Gasoline 1974 3212 4343 5032 4898 5177 5429 5810 4840 5554 4626

Sources: values, according to [47], with deviants to individual household mobility as no occupancy rate was taken into account in the calculation of the energy
demand. The resulting demand corresponds to the values from the mobility in Germany study [74]. Electricity used for heating is shown separately from the electricity

demand for household devices and transport

Table 12 Annual net income of equivalent households

[€/eHH/a] Decile1 Decile2 Decile3

Decile4 Decile5

Decile6 Decile7 Decile8 Decile9 Decile10 Average

Annual netincome 12,174 15,612 18,271 20,881

23,515

26,313 29,625 33976 41,874 423,727 26,105

Sources: [51]

for energy used in processes does not apply, the pro-
portional privileged energy demand due to the peak
demand privilege is the minimum of 70% and the share
of electricity consumption which does not receive any
other privileges.

Furthermore, electricity generated from renew-
able energy sources by the companies themselves
is exempt from the renewable levy. This privilege is
indicated by allowing for p=self-consumption. Self-
produced renewable electricity is not included in the
calculations by the TU Berlin [33], but the German
federal statistical office reports data on self-produced
renewable electricity for all the industries analysed
here. The data come with the caveat that for many
industries, the time-series is incomplete and has many
missing values. We therefore took averages of the
proportion of self-produced renewable electricity for
the years for which data are available. If data are only
available for one year, the proportional tax privilege
due to the share of self-produced electricity is repre-
sented by that particular year [72]. To extend the data
to the year 2050, we assumed that the self-produced
renewable electricity increases and never decreases
because we consider the technologies used for gen-
erating renewable electricity to have a long payback
time [73].

The final energy demand of equivalent income households
The final energy demand of each equivalent household for
the reference year is depicted in Table 11, and the corre-
sponding net income taken from [51] is shown in Table 12.

Elasticities of final energy demand

To estimate the potential change in government revenues
from SIPC due to demand-responsive energy consum-
ers, we conducted a sensitivity analysis based on empiri-
cal elasticities .. Thus, the potential energy demand with

elasticities E, (t) for energy carrier ¢ is given by Eq. 18.

ioB
pgsgznarlo (t)

Egyp(t) =11+ UEW * Eg,p(t).

(18)

Subsequently, the potential energy demand with elasticities
for fossil fuels and electricity is multiplied by the respective
SIPC components to estimate the government revenue with
demand-responsive consumers. The elasticities of industrial
consumers and the service sector for fossil fuels and electric-
ity are based on the gas price and electricity elasticity esti-
mated by [75]. The price elasticities of fossil fuels, electricity,
and transport for households are taken from [76]. Finally, we
obtained the results by calculating the difference in govern-
ment revenues with and without elasticities.
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See Figs. 9, 10, 11, 12, 13, 14).
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Fig. 9 Change in government revenues in the sensitivity analysis considering demand elasticities (Source: own calculations)
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Fig. 10 Sectoral distribution of SIPC payments—Iow carbon prices (Source: own calculations)
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Fig. 11 Scenario A—stated policies: development of real unit energy costs for different industries—low carbon prices (Source: own calculation)
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Fig. 13 Scenario A—development of energy costs in euro per year and share of income for the lowest three household deciles with equivalent

disposable income until 2050—Ilow carbon prices (Source: own calculation)
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Abbreviations

EDI Equivalent disposable income
ETS Emission trading system
RUEC  Real unit energy costs

SIPC State-induced price components
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