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Abstract
Energy systems are decidedly the largest emitters of greenhouse gases. Therefore, transitioning them from fossil to renewable
systems is a top priority for societies committed to reducing greenhouse gas emissions. However, such transitions involve
substantial costs. In many cases, these costs are proportionally passed on to final energy consumers through levies on their
electricity consumption. In our paper, we investigate the impacts of renewable support levies on social justice or, more
specifically, on income inequality. For our study, we chose Germany where inflation-adjusted electricity prices for private
households increased substantially because of such a levy for renewables. We base our analyses on representative household
pooled cross-sectional data with over 40,000 households from 2003 to 2018. Our results indicate that indiscriminate renewable
support levies on electricity consumption increase income inequality and energy poverty. Based on our findings, we propose a
reform of the renewable support levy and analyze three options: (1) the abolition of the levy, (2) levies which are incomeprogressive proportionally to the income taxes, and (3) a high and flat levy in conjunction with an income-degressive
compensation payment. Our ex-post analyses for 2018 indicate that a reformed levy system would have slightly decreased
overall income inequality with relative decreases of 0.06 pp (~0.23%), 0.09 pp (~0.32%), and 0.17 pp (~0.59%) of the Gini
coefficient for options (1), (2), and (3), respectively. But more importantly, such a system would have substantially decreased
energy poverty intensity by up to ~11.31%, ~30.45%, and ~31.45% for options (1), (2), and (3), respectively.
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Introduction

With ~2.8 bn tons of global carbon dioxide (CO2) emissions in 2018, the energy sector is decidedly the largest emitter of
greenhouse gases (GHG) in the European Union (EU 27) with a share of ~84.5%. Despite a reduction of CO2 emissions in the
energy sector by 20.9% in 2018 compared to 1990 levels, further efforts are needed to achieve the goals of the Kyoto Protocol
and the even more ambitious Paris Climate Agreement. Therefore, the transition from fossil to renewable energy systems is a
priority for societies committed to reducing GHG emissions. However, such fundamental transitions require substantial
investment and financial efforts.
In the European Union (EU) alone, 23 of its today's 27 member states have introduced feed-in tariffs to attract sufficient
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investment in renewable energy sources (RES) in 2019 [1]. Through these feed-in tariffs, operators of renewable energy plants
are remunerated with a prefixed premium for their renewable energy production, more or less guaranteeing the economic
viability of their investments [2]. In many cases, the cost of the feed-in tariffs are proportionally passed on to final energy
consumers through levies on their electricity consumption. By avoiding the financing of feed-in tariffs through public budgets,
governments may circumvent increases of their national debts and, with that, negative impacts on debt ratings as well as interest
rates.
The introduction of feed-in tariffs led to a substantial increase in the share of electricity from RES in Europe. From 2003 to
2018 the share increased by a factor of ~2.2 in EU27 from ~14.5% to ~32.2%, and most notably in Germany, where the share
of RES on final electricity consumption increased by a factor of ~4.9 during this period from ~7.7% to ~37.8% (for details see
Supplementary Dataset). However, RES support levies in Germany for residential electricity consumers increased by a factor
of ~12.0 during the same period (in inflation-adjusted values). As a result, residential consumers, in particular, have been
subject to substantial electricity price increases. From 2003 to 2018, final residential electricity prices increased by ~71.0% on
average (in nominal values, ~12.28 €-ct/kWh from ~17.19 €-ct/kWh). Of these, 37.1%-points (~6.37 €-ct/kWh) are attributable
to the RES support levies alone (for details see Appendix 1). [3,4]
In many cases (19 out of 27 EU members [5,6]), residential electricity consumers are faced with uniform RES support levies
on energy consumption irrespective of their income situations. However, economic theory suggests that increases in prices of
consumer goods or services impact consumers differently depending on their individual preferences and income situation [7,8].
Creedy [9] and García-García et al. [10] demonstrate that this principle also applies to electricity. The lower the consumer’s
income, the higher his or her relative share of income allocated for expenditures on electricity and vice versa. Therefore,
electricity price increases pose a relatively higher burden on low-income households compared to high-income households
[11]. In consequence, if increases in electricity prices are extreme, income inequality, as well as energy poverty and, with them,
(perceived) social injustice, might eventually reach levels that are unacceptable for society. In case increases in electricity
prices are primarily due to the support of RES, such as in Germany, and the distribution of the costs for RES support is perceived
as unfair, societal support for the transition from fossil to renewable energy systems will eventually be at risk, as demonstrated
by Andor et al. [12]. RES support levies, therefore, affect the following sub-areas of energy justice: energy efficiency, energy
poverty, and energy subsidies [13].
In our paper, we assess the impacts of uniform RES support levies on electricity consumption and social justice or, more
specifically, on income inequality and energy poverty. For our analyses, we use representative micro census data of over 40,000
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German households over 15 years (2003 to 2018) from the official Income and Consumption Sample (ICS) to examine the
socioeconomic impacts of substantial increases in residential electricity prices [14,15]. We analyze the nexus between (1)
energy consumption and energy efficiency, (2) regulatory price components, and (3) energy justice using price elasticities of
demand to model consumer behavior. Based on our results, we propose an alternative regulatory scheme for the distribution of
RES costs among residential electricity consumers with the goal of increasing social justice by mitigating income inequality
and energy poverty. We see the abolition of the RES support levy on electricty consumption currently planned by the German
government as one of several reform options that we are analyzing comparatively.

2
2.1

Theoretical background
Expenditures of private households for electricity

On average, German households spent higher relative shares of their income on electricity with 2.3% in 2018 against 1.8% in
2003: This corresponds to a relative increase of 20.2%. Therefore, household incomes increased less in relation to residential
electricity prices. However, a more in-depth analysis reveals that low-income households are more severely affected by
electricity price increases than higher-income households (see Figure 1). Households in the first income-decile on average
spent 4.5% of their income on electricity in 2018 and 3.6% in 2003 on average, which corresponds to a relative increase of
26.9%. In comparison, households in the last income-decile spent 1.0% of their income on electricity in 2018 and 0.9% in 2003
on average, which corresponds to a relative increase of only 14.1%.

Figure 1: Share of residential electricity expenditure in net income. The values are calculated for the ICS data sample of the years 2003 and
2018. Private households are grouped into income deciles according to the OECD equivalence scale. The mean values are represented by
“+”-markers. The whiskers are limited to 1.5 the interquartile range. Outliers are not plotted.
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2.2

The electricity price development for residential end-users

Residential electricity customers witnessed a rapid increase in electricity prices in Germany in the period from 2003 to 2018.
The absolute changes in residential electricity prices are illustrated by reference to the medium consumption band DC. Figure
2 shows that the average cost of electricity per kWh for the residential sector increased by 12.28 €-ct/kWh from 2003 to 2018,
which results in a relative change of ~71%. Additionally, to be consistent when comparing the average cost throughout a time
span of ten years, we adjust them for inflation by calculating the quotient of nominal prices and the consumer price index (CPI)
with the base year 20031. The red bar depict the average cost of electricity per kWh in constant 2003 Euros. When accounting
for inflation, average cost increased by 6.53 €-ct/kWh (in 2003 Euros). Thus, the relative cost increase from 2003 to 2018
merely amounted to ~38%.

Figure 2: Development of the private household average cost of electricity per kWh, by component, for the annual consumption of 3500 kWh
[16,17].

Market-based cost components, including procurement and supply, accounted for merely ~21% of the average cost of electricity
for residential consumers in 2018. The main drivers for the cost increases are taxes, levies, and surcharges. This cost component
rose from 6.81 €-ct/kWh in 2003 to 15.98 €-ct/kWh in 2018, which results in a relative increase of ~135%. The main reason
for the surge in taxes, levies, and surcharges is the RES support levy, which during this time period rose by ~1617%. The
second-largest government-imposed cost component is the value-added tax (VAT), followed by the electricity consumption
tax, the latter of which was introduced in 1999 to incentivize more energy-efficient electricity consumption and, therefore,
indirectly reduce CO2 emissions [18]. Another considerable share relates to the concession levy, which refers to payments
flowing from distribution network operators to municipalities for the right of way to install new power lines [19].
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See [16] for CPI values.
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2.3

Private households responses to an increase in the electricity price

Increases in electricity prices do not proportionally propagate to increases in electricity expenditures. Behind this discrepancy
are adaptations of consumer behavior following such increases in prices. In general, and this includes electricity, higher prices
are accompanied by lower quantity demanded and consumption. In economics, the relationship between changes in quantity
demanded and changes in prices is mathematically expressed by the (own-)price elasticity of demand, see equation (1) [20].
𝜂𝑝 =

percentage change in demand for electricity
.
percentage change in real electricity price

(1)

Therefore, the price elasticity of demand can be interpreted as the relative change in demand (quantity) following a ceteris
paribus one percent change in the real price. If the elasticity is -2, a one percent price rise leads to a two percent decline in
quantity demanded.
The higher the (absolute value of the) price elasticity of demand, the more elastic a consumer's demand for a certain good or
service, meaning the consumption of the good or service in question following an increase in prices (and vice-versa for
decreases in prices). Demand with absolute price elasticities above one is considered elastic (relatively sensitive to changes in
prices). In contrast, demand with absolute price elasticities below one is considered inelastic (relatively insensitive to price
changes) [21].
|𝜂𝑝 | > 1: 𝑑𝑒𝑚𝑎𝑛𝑑 𝑖𝑠 𝑒𝑙𝑎𝑠𝑡𝑖𝑐
|𝜂𝑝 | < 1: 𝑑𝑒𝑚𝑎𝑛𝑑 𝑖𝑠 𝑖𝑛𝑒𝑙𝑎𝑠𝑡𝑖𝑐
In the case of |𝜂𝑝 | = 1, the demanded quantity and the price change (inverse) proportionally. Classification into elastic and
inelastic demand is relevant for evaluating the effects on the total revenue received by the seller or the total amount paid by the
buyer. For inelastic demand functions, a price increase leads to a growth in total revenue because the decrease in quantity is
smaller than the price rise. Accordingly, for elastic demand functions, a price increase implies a loss in total revenue for the
seller.

2.4

Definition of short-, medium-, and long-term demand elasticities

The time horizon and the share of income spent on the product are two factors influencing these preferences. The demand for
goods, and specifically the electricity demand, is usually more elastic in the long term than it is in the short term [20]. In the
case of electricity, this can be explained by considering the adjustments consumers must make to reduce their electricity
consumption. Small reductions can be achieved by a change in consumption behavior in the short term. The loss in utility of a
short-term change in electricity consumption can be derived based on the value of lost load [22–24].
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However, more substantial reductions require expensive investments, e.g. in energy-efficient household appliances like
refrigerators, washing machines, etc. Consumers can be expected to be more willing to invest if they expect that the price
increase is longer lasting [25]. Literature does not provide explicit definitions of the time span for short-term and long-term
elasticities, and it seems to depend on the context and discipline. Simmons-Süer et al. [26] suggest, as a rule of thumb, an
interval of one year as “short term” and a timeframe of at least ten years as “long term”. We define the range between one and
ten years referring to “medium-term” elasticities.

2.5

Residential electricity price elasticities

Numerous studies have approached electricity price elasticities from different angles, employing different types of data and
estimation methods. To some extent, this explains the large range of electricity price elasticities in the existing literature.
Table 1 presents the residential electricity price elasticities of studies with characteristics or regional focus relevant to our
research.
Table 1: Literature overview of residential electricity price elasticities
Study

Region

Method

Data

Price elasticity estimates

Dynamic regression

Household panel data from the

S: -0.44

model

German Residential Energy

L: -0.66

Studies based on microdata
Frondel et al. [27]

Germany

Consumption Survey from 2006 2014
Schulte and Heindl

Germany

QES

[28]

German income and expenditure

L: -0.4310

microdata from 1993 - 2008;
pooled cross-sectional data

Held [29]

Germany

Midpoint Method

German income and expenditure

M: -0.32

microdata from 2008 and 2013;
pooled cross-sectional data
Fell et al. [30]

USA

Generalized Method of

US consumer expenditure survey

Moments

(CEX) from

S: -0.5

2006 -2008
Madlener et al. [31]

OECD countries

Fully modified OLS,

Household panel data from 1978 –

S: -0.05 to -0.06

dynamic OLS group-

2008 for eighteen OECD countries

L: -0.38 to -0.39

Time-series data from 1996-2016

S: -0.08

means panel estimators
Studies based on macrodata
Csereklyei [32]

EU

Instrumental variable
models and dynamic

L: -0.53 to -0.56

panel models
Narayan et al. [33]

G7 countries

Panel cointegration test

Time-series data from 1978 - 2003

Estimates for Germany:
S: 0.2694
L: -4.2

Meta-analyses summarizing existing literature
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Labandeira et al. [34]

Espey and Espey [35]

Global

Global

Meta-analysis

Meta-analysis

summarizes estimates from 1990 -

S: -0.2196

2014 of 416 papers

L: -0.6012

Summarizes estimates from 1947 -

S: -0.35

1997 of 36 papers

L: - 0.85

QES: Quadratic expenditure system; L: long-term; M: medium-term; S: short-term

The majority of studies for the residential sector make use of aggregated data on a macroeconomic level, like Csereklyei [32]
and Narayan et al. [33]. Studies that apply microdata for residential energy consumption in Germany are Madlener and
Hauertmann [36] (space heating) or Schulte and Heindl [28] and Held [29] (electricity). The latter two use the same household
survey as we do although for different years. Fell et al. [30] employ a US household survey for electricity expenditure data and
combine it with utility-level consumption data for private households.
Two meta-analyses have summarized the existing literature on residential electricity price elasticities of demand and analyzed
the influencing factors on the different dimensions of the estimates. Labandeira et al. [34] find that studies based on microdata
in the short run yield significantly higher elasticities than those based on macrodata. Espey and Espey [35] identify the location
and time period of the elasticity estimation as main explanations for differences in elasticity values.

3

Description of methodology and underlying data sets

At first, we calculate the electricity price elasticities of private households from ten different income classes with the help of
data collected by the ICS. We then develop an income-progressive allocation mechanism for the RES support levy. In a
subsequent step, we apply the data generated by the ICS and the data based on our reform proposal to the Slutsky equation.
Using the Slutsky equation, we decompose the decrease in residential electricity consumption following the levy-induced
electricity price increase into the substitution effect (for replacing electricity consumption with the consumption of other goods)
and the income effect (for having an overall lower purchasing power due to higher electricity prices). Finally, we evaluate our
reform policy proposal according to the Gini coefficient and the Atkionson index.

3.1

Survey methodology of the income and consumption sample

We employ pooled cross-sectional data across time collected through the official income and consumption sample (ICS) of the
Statistical Office of Germany (Destatis) (as suggested by refs. [37,38]). The ICS is a household budget survey conducted every
five years in Germany by its Federal Statistical Office. The data used is provided as scientific use-files that are reduced in the
number of households to ensure the information provided is anonymous. We use this representative micro data to derive
information about the electricity expenditures of 42,744 German private households for the year 2003 and 42,226 for the year
2018 [14,15].
The ICS represents a sample of 0.2% of German private households. They are selected using quota sampling to depict the
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population as realistically as possible. This type of sampling takes into account different criteria, which are strongly related to
the income and expenditure of private households: household disposable net income, household type, and the social position
of the main income earner. Households with a monthly net income of above €18,000 are not considered in the ICS due to low
willingness to participate in the survey. Note that due to this type of sampling the data sets for the four different years do not
contain the same households, but households with the same characteristics. For the following analysis, only the household
account books are relevant. The household account books used by Destatis document the incomes and expenditures of each
household over more than three months.

3.2

Grouping households into income deciles following the OECD equivalence scale

We define income classes as deciles according to the modified OECD equivalence scale, which weighs household members
when calculating the net equivalent income [39]. The OECD equivalence scale assigns the primary income earner a weighting
of 1.0, other household members at the age of 14 or more are given a weight of 0.5, and other household members below the
age of 14 are assigned a weight of 0.3. The thresholds for the income deciles vary for each year in the ICS data set (for the
income class definitions for each survey year, see Appendix 2). Nevertheless, they are consistent in that, e.g., the fifth income
class always represents the group of private households with an income right below the median but above the 40-percentile
income of that year.
Table 2: Number of households grouped into income deciles and average OECD-factor of each income decile for the years 2003 and 2018.
Income decile

2003

2018

3.3

1

2

3

4

5

6

7

8

9

10

#households

4230

4237

4236

4251

4246

4232

4238

4232

4247

4228

ØOECD-factor

1.42

1.58

1.64

1.66

1.70

1.70

1.72

1.68

1.63

1.55

#households

4045

4105

4138

4129

4138

4143

4135

4137

4130

4135

ØOECD-factor

1.22

1.39

1.45

1.50

1.55

1.59

1.57

1.58

1.55

1.50

Electricity price data for residential end-users

Data for semi-annual electricity prices for residential end-users for the years 2003 and 2018 are taken from Eurostat [3,4]. The
database presents the average electricity price along five different consumption bands (Table 3).
Table 3: Methodologies of the Eurostat electricity consumption bands for private households [3]
Old methodology (until 2007S1)

New methodology (from 2007S2)

consumption p.a.

consumption p.a.

600 kWh

< 1,000 kWh

DB

1,200 kWh

1,000 kWh - 2,500 kWh

DC

3,500 kWh, including 1,300 kWh overnight

2,500 kWh - 5,000 kWh

DD

7,500 kWh, including 2,500 kWh overnight

5,000 kWh - 15,000 kWh

DE

20,000 kWh, including 15,000 kWh overnight

> 15,000 kWh

Band
DA
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3.4

Decomposing residential price responses into substitution and income effect

We apply the Slutsky equation to decompose the change in the electricity consumption of private households between the years
2003 to 2018 into two types of effects: the substitution effect and the income effect [40,41]. We assume that private households
change their consumption due to a change in (1) the electricity price, (2) the price for non-electricity goods, and (3) the
household disposable net income. We use this differentiation to evaluate how our proposed pricing regime for levy-based RES
support will affect consumption in the residential sector. The substitution effect results from a change in the relative price of
electricity versus non-electricity goods. In this case, the goods are electricity (in our main interest) and all other consumer
goods like food, clothing, household appliances, heating energy, health, etc. We use the relative increase in the CPI between
2003 to 2018 as the price increase for non-electricity goods. If the price of electricity is higher than that of non-electricity
goods, then private households are forced to give up more of their non-electricity consumption to purchase electricity. The
income effect is caused by the change in the purchasing power of the households' income when the prices for electricity and
non-electricity goods increase while taking into account a change in income in the period under investigation.
We estimate the income and substitution effect for each income class using disposable incomes via the private consumption
expenditures stated in the ICU . and, therefore, the budget B disposable for the goods to be analyzed (see Eq. (2)). To quantify
the consumption preferences of a household for choosing between electricity and all other consumer goods (with quantities
𝑥𝑒𝑙 and 𝑥𝑜𝑡ℎ , respectively), we set up a Cobb-Douglas utility function 𝑈 (see Eq. (3)).
𝑜𝑝

𝑏𝑎𝑠𝑒
𝐵 = 𝑝𝑒𝑙
+ 𝑝𝑒𝑙 ∗ 𝑥𝑒𝑙 + 𝑝𝑜𝑡ℎ ∗ 𝑥𝑜𝑡ℎ

(2)

𝑈(𝑥𝑒𝑙 , 𝑥𝑜𝑡ℎ ) = 𝑥𝑒𝑙 𝛼 ∗ 𝑥𝑜𝑡ℎ 1−𝛼

(3)

The exponents of electricity and all other consumer goods (𝛼 and (1 − 𝛼), respectively) in the Cobb-Douglas utility function
are derived from the observed consumption behavior between the years 2003 to 2018:
𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑏𝑢𝑑𝑔𝑒𝑡

∆𝑥𝑒𝑙

𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑏𝑢𝑑𝑔𝑒𝑡

+ ∆𝑥𝑒𝑙

𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑏𝑢𝑑𝑔𝑒𝑡

∆𝑥𝑒𝑙

=

(4)

𝑏𝑎𝑠𝑒
𝛼 ∗ 𝐵2003 − 𝑝𝑒𝑙,2018
− 𝑥𝑒𝑙,2003
𝑜𝑝
𝑝𝑒𝑙,2018

(5)

𝑏𝑎𝑠𝑒
𝑏𝑎𝑠𝑒
𝛼 ∗ (𝐵2018 − 𝐵2003 + 𝑝𝑒𝑙,2003
− 𝑝𝑒𝑙,2018
)
𝑜𝑝
𝑝𝑒𝑙,2018

(6)

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑏𝑢𝑑𝑔𝑒𝑡

∆𝑥𝑒𝑙

𝑇𝑜𝑡𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑡

= ∆𝑥𝑒𝑙

=

𝑜𝑝

𝛼=

𝑏𝑎𝑠𝑒
𝑥𝑒𝑙,2018 ∗ 𝑝𝑒𝑙,2018 + 𝑝𝑒𝑙,2018
𝑏𝑎𝑠𝑒
𝑏𝑎𝑠𝑒
𝐵2018 + 𝑝𝑒𝑙,2003
− 𝑝𝑒𝑙,2018

.

(7)
𝑇𝑜𝑡𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑡

The total effect of the price change from 2003 to 2018 on electricity consumption that we observe in the data, ∆𝑥𝑒𝑙

,

can be interpreted as (1) a partial effect due to the change in consumption that would be observed if the budget, i.e., consumption
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𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑏𝑢𝑑𝑔𝑒𝑡

expenditures, would have remained constant, ∆𝑥𝑒𝑙
𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑏𝑢𝑑𝑔𝑒𝑡

composition, ∆𝑥𝑒𝑙

, and (2) a partial effect due to a change in budget and household

. The budget in 2003 is represented by 𝐵2003 , the budget in 2018 by 𝐵2018 , the electricity

consumption in 2003 by 𝑥𝑒𝑙,2003 , and the electricity price in 2018 by 𝑝𝑒𝑙,2018 . The resulting values based on the observed
consumption behavior from 2003 to 2018 are shown in Table 4.
Table 4: Exponent of Cobb-Douglas utility function based on the change in consumption from 2003 to 2018
Income decile

𝜶

1

2

3

4

5

6

7

8

9

10

Average

0.0386

0.0310

0.0274

0.0259

0.0247

0.0234

0.0216

0.0206

0.0193

0.0166

0.0230

The marginal utility 𝑀𝑈 of the utility function in Eq. (3) can be derived as:
𝛼−1 (1
𝑀𝑈(𝑥𝑒𝑙 ) = 𝛼 ∗ 𝑥𝑒𝑙
∗ − 𝛼) ∗ 𝑥𝑜𝑡ℎ .

(8)

Employing the values in Table 4, it can be shown that the marginal utility of increasing electricity consumption 𝑥𝑒𝑙 is higher
for low-income groups than for high-income groups.
Due to an increase in the prices for electricity and non-electricity goods, the slope of the budget constraint changes. To calculate
the substitution effect, the budget is artificially increased so that the same quantities of electricity and non-electricity goods can
be consumed. Using the Lagrangian method, we then derive a new optimal level of consumption. The substitution effect is
equal to the difference in consumption between this new artificial optimal level of consumption and the original level of
consumption in 2003.
The income effect is in general identified as the difference between the total effect and the substitution effect. By changing the
budget from the artificially increased to its actual 2003 level, we derive the income effect caused by the price change. Finally,
we adjust the budget to its 2018 level and derive the effect due to the change in the household decile's budget and household
composition from 2003 to 2018.

3.5

Calculation model for residential electricity price elasticities of demand

For calculating elasticity values, the midpoint method is used in contrast to the standard calculation of percentage changes. The
advantage of the midpoint method is that it takes the average of two points in time as the initial value for computing the
percentage change. This way, the calculated percentage change is identical for both directions of calculation [20].
We adopt and extend the methodology applied by Held [29]. This method determines the electricity consumption per household
with the help of an average cost-expenditure function. It then applies the elasticity formula to the consumption and price values
of the different years. We extend this method in two aspects:
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(1) We split the average cost of electricity into a base price and an operating price. Electricity tariffs in Germany are
composed of a fixed cost component paid monthly or annually (base price) and a variable cost component that is
charged per consumed kWh of electricity (operating price). Levies and surcharges are part of the operating price. We,
therefore, base our analysis of price elasticities of residential electricity demand solely on the operating price.
(2) We decompose the change in consumption into an effect caused by the price change and an effect due to a change in
the household budget and household composition. We base the calculation of the price elasticities of demand solely
on the effect caused by the price change.
We, therefore, calculate price elasticities of demand controling for household income, houshold composition, base and
operating prices for electricity, type of heating system, and inflation.
In Eq. (9), our method is applied for calculating the long-term price elasticity from 2003 to 2018, where 𝜂𝑝 represents the price
elasticity of demand, 𝑥𝑒𝑙 the consumption quantities (with constant household budgets as calculated using the Slutsky eqaution,
𝑜𝑝

see section 3.4), and 𝑝𝑒𝑙 the inflation-adjusted operating prices for electricity:
𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑏𝑢𝑑𝑔𝑒𝑡

(∆𝑥𝑒𝑙
)
(𝑥𝑒𝑙,2018 − 𝑥𝑒𝑙,2003 )
𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑏𝑢𝑑𝑔𝑒𝑡
(2 ∗ 𝑥𝑒𝑙,2003 + ∆𝑥𝑒𝑙
)
(𝑥𝑒𝑙,2018 + 𝑥𝑒𝑙,2003 )
2
2
𝜂𝑝 =
=
𝑜𝑝
𝑜𝑝
𝑜𝑝
𝑜𝑝
(𝑝𝑒𝑙,2018 − 𝑝𝑒𝑙,2003 )
(𝑝𝑒𝑙,2018 − 𝑝𝑒𝑙,2003 )
𝑜𝑝

𝑜𝑝

(𝑝𝑒𝑙,2018 + 𝑝𝑒𝑙,2003 )
2

𝑜𝑝

(9)

𝑜𝑝

(𝑝𝑒𝑙,2018 + 𝑝𝑒𝑙,2003 )
2

In a first step, we exclude those households from the ICS data sets which show electricity expenditure values of zero. Further,
it is necessary to differentiate between electricity expenditures and heating electricity expenditures as some of the households
surveyed in the ICS rely on electric heating as their primary heating system (denoted by the variable “main type of heating
energy”). Electricity employed for heating is subject to a differing electricity rate, usually a cheaper rate than the one for
residential electricity [42]. We determine the share of residential electricity expenditures in total electricity expenditures by
dividing the mean electricity expenditures of non-electric heating households by the mean electricity expenditures for electric
heaters. This ratio (~51% in 2003 and ~49% in 2018) is then used to compute the residential electricity expenditures 𝑒𝑒𝑙 of
households that rely on electric heating. Eq. (10) shows the calculation for a household h of the ICS 2018:
𝑒 𝑡𝑜𝑡𝑎𝑙 ∗ 0,4907,
𝑒𝑒𝑙 = { 𝑒𝑙
𝑡𝑜𝑡𝑎𝑙
𝑒𝑒𝑙
,

𝑓𝑜𝑟 ℎ = ℎ𝑜𝑢𝑠ℎ𝑜𝑙𝑑 𝑤𝑖𝑡ℎ 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 ℎ𝑒𝑎𝑡𝑖𝑛𝑔
𝑓𝑜𝑟 ℎ = ℎ𝑜𝑢𝑠ℎ𝑜𝑙𝑑 𝑤𝑖𝑡ℎ 𝑜𝑡ℎ𝑒𝑟 𝑡𝑦𝑝𝑒𝑠 𝑜𝑓 ℎ𝑒𝑎𝑡𝑖𝑛𝑔.

(10)
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Next, we assign to each household a corresponding average cost of electricity. Following Held [29], we first transform the
consumption intervals (cf. Table 3) into expenditure intervals and then set up a linear cost-expenditure function for each
interval. For the first half of 2018, the resulting function is:
−0.00040864𝑒𝑒𝑙 + 0.569764429,
−0,00006218𝑒𝑒𝑙 + 0.368347232,
2018𝑆1 (𝑐)
𝑐𝑒𝑙
= −0,00001146𝑒𝑒𝑙 + 0.311540600,
−0,00001062𝑒𝑒𝑙 + 0.309177312,
0.266700000,
{

0 ≤ 𝑒𝑒𝑙 < 581.35
581.35 ≤ 𝑒𝑒𝑙 < 1,120.13
1,120.13 ≤ 𝑒𝑒𝑙 < 2,795.00
2,795.00 ≤ 𝑒𝑒𝑙 < 4,000.50
𝑒𝑒𝑙 ≥ 4,000.50.

(11)

Cost-expenditure functions for the other time periods can be found in Appendix 3. By applying the cost-expenditure functions,
each household is assigned its average cost of electricity 𝑐𝑒𝑙 in €/kWh depending on its electricity expenditure 𝑒𝑒𝑙 in €/year.
Thereafter, we derive the electricity consumption 𝐸𝑒𝑙 in kWh by dividing the electricity expenditures by the corresponding
average cost. The equivalent electricity consumption per household is again calculated according to the OECD equivalence
scale, which is also suitable for electricity consumption, as shown by Schulte and Heindl [28].
In a second step, we estimate average base prices and operating prices (2-part tariffs2). For this, we set up a regression model
as:
𝑒𝑒𝑙 = 𝛽𝐵𝑃 + 𝛽𝑂𝑃 ∗ 𝑥𝑒𝑙 .

(12)

Using the initial estimation for the electricity consumption per household 𝑥𝑒𝑙 from the first step and consumer electricity
expenditures 𝑒𝑒𝑙 as reported in the ICS data set, we calculate a first guess for the base price 𝛽𝐵𝑃 and the operating price 𝛽𝑂𝑃 .
We then iteratively recalculate first 𝑥𝑒𝑙 and then 𝛽𝐵𝑃 and 𝛽𝑂𝑃 until the difference in 𝑥𝑒𝑙 between two iterations converges to
zero. The resulting prices for the years 2003 and 2018 are reported in Table 5.
Table 5: Average base price and operating price for residential electricity in Germany in 2003 and 2018 (in nominal prices).
Base price [€/a]

Operating price [€-ct/kWh]

2003

93.01

14.56

2018

122.77

26.91

Finally, the inflation-adjusted electricity prices are computed with the help of the CPI with the basis year 2003. Lastly, we
apply the midpoint method (see Eq. (9)) to compute the elasticity values for each income class as well as across all income
classes.

2

For further information see Zweifel et al. [25].
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3.6

Introducing reform proposals for the RES support levy

As an alternative to the currently uniform RES support levy for all residential consumers, we introduce three alternative
schemes of RES support levies for our analyses with the goal of reducing negative impacts on income inequality and energy
poverty.
Our three analyzed alternatives are:
Option 1:

No RES support levies on electricity consumption,

Option 2:

a RES support levies which are income-progressive proportionally to the income taxes, and

Option 3:

a high and flat RES support levy in conjunction with an income-degressive compensation payment.

Option 1 might be realized by financing RES support payments through the State Treasury instead of through energy consumers
via levies. The other two options 2 and 3 link RES support levies to disposable income with the goal of keeping negative
impacts on income distribution and energy poverty low. Both proposals are designed analogously to the income tax system in
Germany. The German income tax system works based on a progressive income tax. Under this system, the marginal tax rate
increases up to a threshold value, the maximum tax rate. For private individuals, i.e., natural persons, the maximum marginal
tax rate is currently at 42% (45% for very high incomes) according to the German Income Tax Act in effect in 2021. The
resulting shares of the total income tax revenues (including solidarity surcharge) per income decile range from 0.02% (income
decile 1) to 48.15% (income decile 10) [43], meaning that the tenth income decile accounts for about half of all income tax
paid by private individuals (excl. corporate bodies). We expect an income-progressive levy to be challenging to implement in
practice, as energy suppliers would need to have information on their customers' income tax ratios. Therefore, we introduce
our second reform proposal. Here, the actual flat levy is initially raised to a high level, and the additional expenditure compared
to the first reform proposal is compensated by an income-dependent payment.
For developing an income-progressive RES support levy, we reallocate the €8.74 bn in RES support revenues that were
contributed in 2018 from private households. We adopt the calculation for income taxation, transfer it to the RES support levy,
and apply it to the ICS data. Based on extensive research, we processed 45 entries in the ICS data set to calculate the taxable
income for each household individually. We then applied the income tax formula for 2018 (see Appendix 4) to derive
household-specific income tax rates. The income tax is calculated on individual level and then adjusted to the household
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composition (accounting for joint tax assessment). The resulting average income tax rates per income decile range from ~1%
to ~27% with an average of 20.3%3.
To give an example, if a household's income is taxed at 25%, then the household must contribute 𝑘 ∗ 25% of its income as
RES support levy, where k is a constant scaling factor for all households that ensures that the total revenues of the RES support
levy remain equal to the revenues in 2018. As the new RES support levy (inclusive of VAT) changes the operating price,
consumption changes likewise according to the respective price elasticity. Consequently, this results in new total RES support
revenues. We repeat the calculation until the new RES support revenues converge towards the actual RES support revenues in
2018.
The new electricity consumption is calculated using the price elasticities. We make the assumption that the consumption that
would have occurred in 2018 after (1) the abolition of the RES support levy and (2) the introduction of the reform results from
an adjustment of consumption based on long-term price elasticity. We make use of the advantage that the midpoint method
works in both directions. The midpoint method is rearranged as shown in Eq. (13) to calculate first the consumption for the
𝑜𝑝

private household sample in 2018 that would have occurred in 2003 and then the new consumption in 2018, where 𝑥𝑒𝑙 and 𝑝𝑒𝑙
represent the electricity consumption and the electricity price, respectively.
𝑜𝑝 ′

′
𝑥𝑒𝑙

= 𝑥𝑒𝑙 ∗

𝑜𝑝

𝑝𝑒𝑙 ∗ (1 + 𝜂𝑝 ) + 𝑝𝑒𝑙 ∗ (1 − 𝜂𝑝 )
𝑜𝑝 ′
𝑝𝑒𝑙

𝑜𝑝

∗ (1 − 𝜂𝑝 ) + 𝑝𝑒𝑙 ∗ (1 + 𝜂𝑝 )

(13)

The second reform proposal builds on the first. The calculated income-dependent levy for the tenth income decile is set as the
flat levy for all deciles. Again, the new operating price changes consumption according to the respective price elasticity. The
compensation payments are defined as:
𝑐𝑜𝑚𝑝

𝑒𝑒𝑙,𝑖
𝑐𝑜𝑚𝑝

where 𝑒𝑒𝑙,𝑖

𝑚𝑎𝑥
′
= (𝑝𝑙𝑒𝑣𝑦
− 𝑝𝑙𝑒𝑣𝑦,𝑖 ) ∗ (1 + 𝑉𝐴𝑇) ∗ 𝑥𝑒𝑙
∗ 𝛽𝑠𝑐𝑎𝑙𝑖𝑛𝑔 , 𝑓𝑜𝑟 𝑖 ∈ [1, … ,10],

(14)

𝑚𝑎𝑥
is the compensation payment for an income decile 𝑖, 𝑝𝑙𝑒𝑣𝑦
the (high) flat levy for all income deciles, 𝑝𝑙𝑒𝑣𝑦,𝑖 the

income-progressive levy of income decile 𝑖 (calculated in the first reform proposal), and 𝑉𝐴𝑇 the value-added tax rate. The
parameter 𝛽𝑠𝑐𝑎𝑙𝑖𝑛𝑔 ensures that no additional federal budget is required to finance the compensation payments. Due to the
compensation payment, the disposable income is increased. The additional income is partly spent on electricity which again
increases consumption and results in an iterative process to find an equilibrium state. Figure 3 shows the resulting operating
prices for the different reform proposals and for all income deciles.

3

The average income tax rate in 2017 was 21.1% [44]. The deviation from our calculation can be attributed to the
underrepresentation of households with very high incomes.
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Figure 3: Average residential electricity operating prices: Private households are grouped into income deciles according to the OECD
equivalence scale. The grey bars show the average operating price for 2018 without the RES support levy. The black dashed line shows the
actual average operating price for 2018, including the RES support levy. The yellow dashed lines show average operating prices following
our reform options 1, 2, and 3 for the RES support levy. In Option 3, the difference in expenditures for electricity to Option 2 is compensated
by the tax offices.

3.7

Evaluating the impact on social justice and energy poverty for different allocations of the costs
of feed-in tariffs

We assess the impact of
(1) the current allocation of the support mechanism for renewable energy sources among private households,
(2) the allocation according to an income-progressive RES support levy, and
(3) the allocation according to a (high) flat RES support levy combined with an income-degressive compensation payment
on social justice and energy poverty based on the inequality of income distribution and energy poverty measures. For a detailed
study on the definition and the origin of energy justice, see Sovacool and Dworkin [45] or Galvin [46]. The most common way
to measure income inequality is the Gini coefficient [47,48]. The Gini coefficient indicates the degree of inequality of the
distribution of income, e.g., in a country or region, according to household equivalence incomes [49]. The calculation of the
Gini coefficient is based on the so-called Lorenz curve [50]. The Lorenz curve represents the relationship between the
cumulative percentage of the population (x-axis) and the cumulative share of the income of this population (y-axis). The Gini
coefficient ranges from 0 to 1, where a value of 0 represents an equal distribution of income and a value of 1 represents a
maximum of unequal distribution. In 2018, the Gini coefficient for Germany was at ~31.1, while in 2013 it was at ~29.7 [51].
Figure 4 shows the Lorenz curve for Germany in 2018. The value of the Gini coefficient is calculated based on the ICS data at
28.9%. Note that the Gini coefficient calculated based on the ICS data tends to be underestimated as very-low- and very-highincome households are underrepresented in the data. The underrepresentation of very-low-income households is
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overcompensated by not representing households with net incomes above 216,000 €/y. The Gini coeffcient can be calculated
by 𝐺 = 2 ∗ 𝐴, where A is the area between the Lorenz curves for a uniform and the real distribution.

Figure 4: Lorenz curves for a uniform and real distribution of household incomes in Germany in 2018.

In addition to the Gini coefficient, we also use the Atkinson index to measure income inequality [52]. The Atkinson index is a
normative social welfare-based measure of inequality. The measure depends on the assumed social aversion to inequality 𝜀
following the concept of risk aversion. For 𝜀 = 1, the Atikonson index can be calculated as 𝐴(ε = 1) = 1 − e−𝑇𝐿 with the
1

𝑦̅

𝑁

𝑦𝑖

Theil L index 𝑇𝐿 = ∑𝑁
𝑖=1 ln , where N is the number of households and 𝑦 individual household and average household
incomes. Using the Atkinson index, an equally distributed equivalent (EDE) income can be derived. The EDE income
represents the income that would lead to the same level of welfare as the actual income distribution if each individual received
it. The difference between the mean income and the EDE income reflects the welfare loss due to inequality.
Grösche and Schröder [53] find that for Germany in 2012, the flat RES support levy has a regressive effect and increased the
Gini coefficient by 0.56% and the Atikonson index by 1.43% for an inequality aversion of 𝜀 = 1.0. For 2017, Winter and
Schlesewsky [54] find that the RES support levy increased the Gini coefficient by 0.97% and the Atkinson index by 2.052.43%.
We further investigate the impact of the current allocation mechanism and of our reform proposals on a modified form of
energy poverty, which we call electricity poverty, using the two times median share poverty line and the High Cost / Low
Income (HCLI) poverty line, as suggested by Heindl [38]. The two times median share poverty line considers those households
as electricity-poor whose electricity expenditure shares on income accounts for more than twice the median value. In
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comparison, the HCLI poverty line considers those households as electricity poor whose electricity expenditure shares are
higher than the median value while, at the same time, having an income below 60% of the median. We use equivalized incomes
and expenditures according to the OECD equivalence scale for our analysis. We then derive measures for electricity poverty
1

𝑞
using the Foster-Greer-Thorbecke (FGT) index [55] 𝑃𝛼 = ∑𝑖=1 (
𝑁

𝑒𝑖 −𝑧 𝛼
𝑧

) , where N is the number of households, q the number

of households below the poverty line, 𝑒𝑖 the expenditure or expenditure shares for energy services (in this case only electricity),
and z the poverty line. We use values of 𝛼 = 0 (headcount ratio), 𝛼 = 1 (poverty gap index), and 𝛼 = 2 (squared poverty gap,
measuring poverty intensity).

4

Results & Discussion

4.1

Residential electricity price elasticities for individual and across all income groups

Based on the micro-panel data of the ICS, we analyze the price elasticities of private households for the time period from 2003
to 2018. Details on our calculations can be found in the Methods section. The results are shown in Table 6.
Table 6: Estimated long-term price elasticities of demand of private households in Germany for the time period from 2003 to 2018.
Income decile

𝜼𝒑

1

2

3

4

5

6

7

8

9

10

Average

-0.3541

-0.4526

-0.5662

-0.5003

-0.5366

-0.5910

-0.6693

-0.6548

-0.6819

-0.6869

-0.5976

Absolute values of price elasticities of demand for electricity are lower than 1, indicating that residential demand for electricity
can be considered inelastic. In general, our estimates for price elasticity of demand match those found in the literature [27–
29,32,34,36].
Our results indicate that the price elasticity of residential electricity demand varies with the available income of the household.
Therefore, we conclude that private households respond differently to a change in the electricity price. Lower-income deciles
(deciles 1 to 5) show an average price elasticity of -0.48 while it is -0.66 for higher-income deciles (deciles 6 to 10). This means
that households with a low disposable income react the least to an electricity price increase, whereas the wealthiest households
react the most to a price increase.

4.2

Decomposition of residential price responses into substitution and income effect

According to the economic theory of Slutsky[40], the total overall effect of a change in consumption after a price change can
be attributed to two distinctive causal effects. The first effect is the substitution effect (SE). It indicates the share of the total
change in consumption which can be attributed to the substitution of the good or service in question with alternative solutions
on the market (e.g., cheaper options), see equation (15). The second effect is the income effect (IE) and indicates the share of
the total change in consumption which can be attributed to a change in purchasing power of the consumer's income, see equation
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(16). Prices are given as 𝑝 and 𝑝′ . The purchasing power is represented by the budget 𝐵 and a fictional purchasing power
resulting in the same utility after a change in prices from 𝑝 to 𝑝′ by 𝐵 𝑓𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 . Consumption quantities are given as function
𝑥(𝑝, 𝐵).
𝑆𝐸 = 𝑥(𝑝′ , 𝐵 𝑓𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 ) − 𝑥(𝑝, 𝐵)

(15)

𝐼𝐸 = 𝑥(𝑝′ , 𝐵) − 𝑥(𝑝, 𝐵 𝑓𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 )

(16)

We divide the change in consumption that we observe in the micro-panel data of the ICS between the years 2003 and 2018 into
a substitution and an income effect using the Slutsky equation. We additionally decompose the total effect into a share caused
by the price increase and a share caused by the change in the household budget.
Figure 5 shows the effects of the observed change in consumption from 2003 to 2018 (for a tabular representation of the data
see Appendix 5). The substitution effect consistently outweighs the income effect. Therefore, the reduction in electricity usage
can be better explained by substitution with other goods than by a decrease in purchasing power. The substitution effect
increases with household income. Whereas for the first income decile, the substitution effect accounts for ~67% of the total
change in consumption, it goes up to 109% for the high-income deciles (which is compensated by positive income effects).
This indicates that high-income households can substitute electricity more easily compared to low-income households.

Figure 5: Substitution, income, and total effect of the change in electricity consumption. The effects are calculated for the period from 2003
to 2018. The effects occur due to the changes in the electricity price and disposable budget.

The income effect due to the price change is negative for all income deciles. Interestingly, the effect due to the change in
household budget and composition is positive for all income deciles except for the three lowest income deciles where it is
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negative. This is due to the change in inflation-adjusted budgets from 2003 to 2018, which only decreased for these low-income
households but increased for the medium- to high-income households. For the lowest income decile, ~37% of the decline in
consumption can be explained by a reduction in purchasing power. In contrast, additional purchasing power increased
consumption for the high-income deciles by ~15%. The results indicate that growing income inequality has strongly contributed
to the decline in electricity consumption in low-income households.
This substitution capability can be further incentivized by increasing the electricity price of high-income households. Goods
that are consumed to substitute electricity might be more energy-efficient household appliances in particular or even appliances
for a self-generation of electricity to become so-called “prosumers” [56]. High-income households have more disposable
income for such purchases. This argument is supported by the observed expenditures on devices that influence energy efficiency
and by the revenues from solar sales (cf. Figure 6). Such expenditures and revenues increase with the net equivalent household
income, which indicates that high-income households reduce their electricity consumption by investing in energy-efficient
appliances or own generation, e.g. by solar photovoltaic systems [57]. We, therefore, assume that our reform proposal can
incentivize overall higher investments in energy efficiency and more decentralized renewable generation.4

4

In terms of energy efficency gains, rebound effects should be considered that might compensate for parts of the hypothetical
decrease in demand [58,cf. 59].
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Figure 6: Comparison of indicators for inflation-adjusted expenditures on energy efficiency measures and revenues from own generation.
*Data for 2003 on revenues from solar PV is not available in the ICS data set

4.3

Impact of the actual RES support levy on income distribution and energy poverty

The distribution of income is an essential socioeconomic indicator for social justice [47]. In this regard, the Gini coefficient is
the most common indicator for (in-)equality in the distribution of incomes 𝑦𝑖 in a society with a population of size 𝑛 which can
be calculated using equation (17) [48,60].
𝐺=

∑𝑛𝑖=1 ∑𝑛𝑗=1|𝑦𝑖 − 𝑦𝑗 |
2𝑛2 𝑦̅

(17)

We further apply the Atkinson index as inequality indicators to compare the distribution of wealth and assess the impact on
social justice in terms of energy poverty [52]. We also derive an estimate of the change in social welfare W using the social
welfare functions [52] and treating equivalent income as the measurement for utility. We consider the change in expenditure
for electricity (due to a change in consumption) as additional income if negative and as a reduction in income if positive. We
start with analyzing the impact of the actual RES support levy by simulating consumption behavior for the case of abolishing
the RES support levy. For the Atkinson index, we use an equality-distributed equivalent measure (inequality aversion
coefficient) of ε = 1. The results for the actual levy observed in 2018 are shown in Table 7.
Table 7: Results for the inequality indicators and social welfare estimates due to the actual allocation mechanism in 2018.

Actual levy

No levy

̅(𝟏 − 𝑨)
𝑾=𝒚

Average equivalent

Gini coefficient

Atkinson index

̅ [€/hh]
income 𝒚

G [%]

𝑨(𝛆 = 𝟏) [%]

[€/hh]

Absolute value

32,424

28.88

13.76

27,963

Absolute value

32,490

28.82

13.68

28,046

+66 (+0.20%)

-0.06 (-0.23%)

-0.08 (-0.58%)

+83 (+0.30%)

Change compared to actual
levy (relative changes in
brackets)
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Our results show that without RES support levies, the Gini coefficient and the Atkinson index would have been lower by 0.06
pp (0.23%) and 0.08 pp (0.58%) respectively in 2018. This indicates that the current allocation mechanism for RES cost slightly
increases social inequality.
Table 8 shows the impact of the actual RES support levy on electricity poverty. We use the FGT index with varying parameters
for societial energy poverty aversion 𝛼 as described in the methods sections. The share of electricity-poor households (𝛼 = 0)
would be lower by 1.05% to 9.57% without RES support levy would. These findings are supported by our estimates for the
poverty gap index (𝛼 = 1) and the squared poverty gap or poverty intensity (𝛼 = 2).
Table 8 Results for the energy poverty indicators before and after the introduction of our reform proposal
2 x median share of expenditure

Real levy

No levy

high cost / low income

FGT index

FGT index

FGT index

FGT index

FGT index

FGT index

(𝜶 = 𝟎)

(𝜶 = 𝟏)

(𝜶 = 𝟐)

(𝜶 = 𝟎)

(𝜶 = 𝟏)

(𝜶 = 𝟐)

Absolute value

0.1253

0.0597

0.1152

0.1674

0.2224

0.7293

Absolute value

0.1133

0.0499

0.1043

0.1656

0.1994

0.6468

Change compared to actual
levy (relative changes in
brackets)

-0.012

-0.0098

-0.0109

-0.0018

-0.0230

-0.0825

(-9.57%)

(-16.41%)

(-9.47%)

(-1.05%)

(-10.36%)

(-11.31%)

Overall, the current allocation mechanism eventually led to higher income inequality and electricity poverty in 2018 compared
to a hypothetical situation without RES support levies.

4.4

Impact of reform proposals for RES support levies on household electricity consumption,
income distribution, and energy poverty

According to the theory of decreasing marginal utility of consumption, lower-income households have the highest additional
gains in consumer surplus when increasing electricity consumption. Our RES support reform proposals would change
consumption and expenditures of private households depending on their respective income. Therefore, we expect that our
reform proposal would lead to an increase in social welfare.
Figure 7 shows the changes in electricity consumption for our three analyzed RES support options in comparison to the actual
RES support levy in 2018. In Option 1, the case of abolishing RES support levies, private households would consume markedly
more electricity with 618 kWh on average per household and year (corresponding to an increase of ~23.2% or ~29.3 TWh in
absolute numbers). In Option 2, the income-progressive levy would not affect overall household electricity consumption.
However, while lower-income households (income-deciles 1 to 5) would have a higher annual electricity consumption of
234 kWh on average per household, higher-income households (income deciles 6 to 10) would have lower annual consumption
of 232 kWh on average per household and year. In our reform proposal in Option 3, the high (flat) levy in conjunction with
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income-degressive compensation payments would lead to a strong decrease in overall annual electricity consumption of
811 kWh on average per household and year (corresponding to a decrease of ~31.1% or ~39.3 TWh in absolute numbers). The
annual compensation payments would range from 0 € for the highest income-decile (no compensation) up to ~490 € for lowerincome households. A tabular representation of the results is provided in Appendix 6.

Figure 7: Difference in electricity consumption for a reformed RES support levy. Private households are grouped into income deciles
according to the OECD equivalence scale. The blue bars show the case of the abolition of the RES support levy. The olive green bars show
our reform proposal for an income-progressive RES support levy. The yellow bars show our reform proposal for a (high) flat RES support
levy with an income-degressive compensation payment. Consumption values are compared to the electricity consumption observed for the
actual RES support levy.

After having analyzed the impact of our reform proposals for RES support levies on expenditures and electricity consumption,
we analyze their impact on income inequality and energy poverty. The derived values are shown in Table 9.
Table 9: Results for the inequality indicators and social welfare estimates before and after the introduction of our reform proposal. Relative
changes were calculated using the non-rounded deviations.
̅(𝟏 − 𝑨)
𝑾=𝒚

Average

Gini coefficient

Atkinson index

equivalent

G [%]

𝑨(𝛆 = 𝟏) [%]

[€/hh]

̅ [€/hh]
income 𝒚
Actual levy

Absolute value

32,424

28.88

13.76

27,963

Absolute value

32,490

28.82

13.68

28,046

+66 (+0.20%)

-0.06 (-0.23%)

-0.08 (-0.58%)

+83 (+0.30%)

32,429

28.79

13.65

28,001

+5 (+0.02%)

-0.09 (-0.32%)

-0.11 (-0.75%)

+38 (+0.13%)

32,480

28.71

13.59

28,065

No levy

Change compared to actual

(Option 1)

levy (relative changes in
brackets)
Absolute value

Income-progressive levy

Change compared to actual

(Option 2)

levy (relative changes in
brackets)
Absolute value
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Flat (high) levy with

Change compared to actual

compensation payment

levy (relative changes in

(Option 3)

brackets)

+56 (+0.17%)

-0.17 (-0.59%)

-0.17 (-1.20%)

+102 (+0.37%)

For Option 2, when adjusting the household incomes to the increased or decreased electricity expenditure after introducing the
income-progressive RES support levy, the Gini coefficient decreases relatively by 0.09 pp (0.32%) and the Atkinson index by
0.11 pp (0.75%) compared to the actual support scheme. For Option 3, the case of a (high) flat levy with an income-degressive
compensation payment, the Gini coefficient decreases relatively by 0.17 pp (0.59%) and the Atkinson index by 0.17 pp (1.20%).
For both reform proposals, the results indicate that available income would be distributed more equally among the population.
As for social welfare, we observe an increase by 5 €/hh (0.02%) and 56 €/hh (0.17%), respectively, when calculating based on
the average income, and by 38 €/hh (0.13%) and 102 €/hh (0.37%), respectively, when calculating based on the social welfare
function in the Atkinson index.
Our results for the poverty measure calculations are shown in Table 10. They indicate that energy poverty would decrease
drastically for both reform proposals compared to the situation with the actual allocation mechanism in 2018. For Option 2, the
income-progressive levy leads to a relative decrease of up to 38.06% in energy poverty depending on the indicator. For Option
3, the flat (high) levy with compensation payments leads to a relative decrease in energy poverty of up to 34.64% depending
on the indicator.
Table 10 Results for the energy poverty indicators before and after the introduction of our reform proposal
2 x median share of expenditure

Actual levy

FGT index

FGT index

FGT index

FGT index

FGT index

FGT index

(𝜶 = 𝟎)

(𝜶 = 𝟏)

(𝜶 = 𝟐)

(𝜶 = 𝟎)

(𝜶 = 𝟏)

(𝜶 = 𝟐)

Absolute value

0.1253

0.0597

0.1152

0.1674

0.2224

0.7293

Absolute value

0.1133

0.0499

0.1043

0.1656

0.1994

0.6468

-0.012

-0.0098

-0.0109

-0.0018

-0.0230

-0.0825

(-9.57%)

(-16.41%)

(-9.47%)

(-1.05%)

(-10.36%)

(-11.31%)

0.0901

0.0370

0.0800

0.1609

0.1680

0.5073

-0.0352

-0.0227

-0.0352

-0.0065

-0.0544

-0.2220

(-28.14%)

(-38.06%)

(-30.61%)

(-3.85%)

(-24.46%)

(-30.45%)

0.0945

0.0390

0.0788

0.1586

0.1682

0.4999

-0.0308

-0.0207

-0.0364

-0.0088

-0.0542

-0.2294

(-24.59%)

(-34.64%)

(-31.64%)

(-5.25%)

(-24.38%)

(-31.45%)

No levy

Change compared to actual

(Option 1)

levy (relative changes in
brackets)
Absolute value

Income-progressive levy

Change compared to actual

(Option 2)

levy (relative changes in
brackets)
Absolute value

Flat (high) levy with
compensation payment
(Option 3)

high cost / low income

Change compared to actual
levy (relative changes in
brackets)
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4.5

Assessment of the reform options

We analyzed the three-way nexus between (1) energy consumption and energy efficiency, (2) regulatory price components,
and (3) energy justice for three reform options:
Option 1:

No RES support levies on electricity consumption,

Option 2:

a RES support levies which are income-progressive proportionally to the income taxes, and

Option 3:

a high and flat RES support levy in conjunction with an income-degressive compensation payment.

Option 1, i.e. the abolition of financing of the RES support levy via the electricity price, is currently planned by the German
government for July 2022. Of the three proposed reform options, Option 1 is by far the easiest to implement and will provide
clear financial relief for households, especially those with low incomes. However, we estimate that resulting lower electricity
prices would correspond to an increase in elecitricty consumption in the residential sector of ~23.2% or ~29.3 TWh. In addition,
additional €8.74 bn for financial RES support would need to come from federal budget. Alternatively, the sum of €8.74 bn
could also be met by increasing the maximum marginal income tax rate by 4.25 pp5, which could be seen as a contribution of
high-income households to energy transition and to avert accompanied social issues.
Options 2 and 3 would maintain a levy-based financing and thus no additional funding would be needed from the federal
budget. The options would lead to either no change in elecitricty consumption in the residential sector (Option 2) or a strong
decrease of ~31.1% or ~39.3 TWh (Option 3). Both options would, therefore, to be favored over Option 1 in terms of energy
efficiency. Also in terms of reducing energy poverty, Options 2 and 3 offer by far the highest potential. However, implement
a progressive distribution of costs can be challening and other social problems that may accompany this, such as the provision
of sufficient fiscal information by households, are difficult to assess. The compensation payment in Option 3 should in any
case be an upfront payment, analogous to the German child benefit payments, in order to avoid social problems caused by high
prices.

5

Conclusion

Andor et al. [12] have demonstrated that social justice in terms of burden-sharing for RES support cost is fundamental for the
social acceptance of transitions towards more sustainable energy systems. However, we have demonstrated that lower-income
households are most affected by electricity price increases including those caused by the introduction of RES levies. In contrast,
we observe that higher-income households are less affected by price increases and that they substitute parts of their electricity

5

Corresponding to a new maximum marginal income tax rate of 46.25% (49.25% for very high incomes). For the calculation
we again used the ICS data and our calculation model presented in section 3.6.
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consumption, most likely with more energy-efficient appliances or through self-generation of electricity.
Furthermore, our results indicate that the current allocation mechanism for the renewable energy support levy led to a
substantial decrease in household electricity consumption of ~23.2% (or ~29.3 TWh) in 2018. However, the increase in
electricity prices due to the flat RES support levy led to a slight increase in income inequality of ~0.23% of the Gini coefficient
and a substantial increase in energy poverty of ~11.31% measured with the high cost low income (HCLI) energy poverty
indicator. In addition, we estimate that the financial burden due to the RES support levy led to 40,000 additional households
falling below the at-risk-of-poverty threshold, as defined by the EU. To circumvent these negative impacts, we propose to
reform the RES support levy mechanism. An income-progressive levy proportional to the income tax system would reduce
income inequality with a relative decrease of ~0.32% of the Gini coefficient as well as energy poverty with a decrease of up to
~30.45% measured with the HCLI energy poverty indicator. However, energy service providers would need to have access to
information on their customers’ income which practically makes the implementation of such a system highly improbable.
Instead, we propose the introduction of a (high) flat levy in conjunction with an income-degressive compensation payment
through the tax offices. Our results indicate that such a RES support levy system would reduce the electricity consumption of
private households even further. Both, lower-income and higher-income households, would use part of their compensation
payments for investments in energy efficiency improvements and self-generation increases where possible. Our analyses
indicate that such a reformed RES support levy would lead to a reduction in income inequality of ~0.59% of the Gini coefficient
and a substantial reduction in energy poverty of up to 31.45% measured with the HCLI energy poverty indicator. We estimate
that around 70,000 fewer households would fall below the at-risk-of-poverty threshold than under the real RES support levy in
2018. Therefore, our reform proposal would improve social justice which would, in turn, increase social acceptance for a
transition towards more sustainable energy systems as suggested by Andor et al. [12]. To avoid unwanted negative social
consequences of this reform, access to compensation payments should be low-threshold and payment should be provided to
households as an upfront payment.
While our study focuses on German households as a case, the question of how the cost burden of the sustainable energy
transition should be allocated to the economy and the society is relevant for other cases. Our analyses can serve as an orientation
for countries facing similar challenges with regard to the decarbonization of their energy systems.
In addition to a different distribution of costs of RES support payments within residential households, further investigation
might be appropriate to assess the potential for a more socially just distribution of costs. In particular, further research might
want to include industrial and commercial electricity consumers in their analyses on the distribution of costs of RES support

26

payments.
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Appendices
Appendix 1
Table 11: : Development of final electricity price and RES support levy for residential consumers from 2003 to 2018.
Total final electricity price

RES support levy

Final electricity price
(without RES support levy incl. VAT**)
Nominal
In 2003
value
prices*
[€-ct/kWh]
[€-ct/kWh]

Nominal
value
[€-ct/kWh]

In 2003
prices*
[€-ct/kWh]

Nominal
value
[€-ct/kWh]

In 2003
prices*
[€-ct/kWh]

2003

17.19

17.19

0.42

0.42

16.70

16.70

2018

29.47

23.72

6.79

5.47

21.39

17.21

Total change

12.28

6.53

6.37

5.05

4.68

0.51

% change

71.44%

37.98%

1517.14%

1201.55%

28.05%

3.06%

* Based on relative change in consumer price index from 2018 to 2003: 24.25%
** VAT rate for 2003: 16%; VAT rate for 2018: 19%

Appendix 2
Table 12: Income classes of the different survey years.

Income decile
1
2
3

ICS 2003
Household net equivalent income
per year [€]
<= 12,016
12,016 – 15,197
15,197 – 17,726

ICS 2018
Household net equivalent income
per year [€]
<= 13,785
13,785 – 18,308
18,308 – 22,020
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17,726 – 20,069
20,069 – 22,560
22,560 – 25,392
25,392 – 28,952
28,952 – 33,829
33,829 – 42,256
> 42,256

4
5
6
7
8
9
10

22,020 – 25,336
25,336 – 28,680
28,680 – 32,376
32,376 – 36,896
36,896 – 42,533
42,533 – 52,181
> 52,181

Appendix 3
Price-expenditures function 2003:
−0.000547154𝑒𝑒𝑙 + 0.35126465,
−0.000120115𝑒𝑒𝑙 + 0.242604652,
2003𝑆1 (𝑒 )
𝑐𝑒𝑙
𝑒𝑙 = −0.0000221478𝑒𝑒𝑙 + 0.184039969,
−0.0000812312𝑒𝑒𝑙 + 0.25397577,
0.096766549,
{

0 ≤ 𝑒𝑒𝑙 < 254.45
254.45 ≤ 𝑒𝑒𝑙 < 597.8
597.8 ≤ 𝑒𝑒𝑙 < 1,183.68
1,183.68 ≤ 𝑒𝑒𝑙 < 1,935.33
𝑒𝑒𝑙 ≥ 1,935.33

−0.000547154𝑒𝑒𝑙 + 0.347974115,
−0.000120115𝑒𝑒𝑙 + 0.240332009,
2003𝑆2 (𝑒 )
−0.0000221478𝑒
𝑐𝑒𝑙
=
𝑒𝑙 + 0.182315941,
𝑒𝑙
−0.0000812312𝑒𝑒𝑙 + 0.251596606,
0.095860071,
{

0 ≤ 𝑒𝑒𝑙 < 252.07
252.07 ≤ 𝑒𝑒𝑙 < 592.2
592.2 ≤ 𝑒𝑒𝑙 < 1,172.59
1,172.59 ≤ 𝑒𝑒𝑙 < 1,917.2
𝑒𝑒𝑙 ≥ 1,917.2

Price-expenditures function 2018:
−0.00040864𝑒𝑒𝑙 + 0.569764429,
−0.00006218𝑒𝑒𝑙 + 0.368347232,
2018𝑆1 (𝑒 )
𝑐𝑒𝑙
𝑒𝑙 = −0.00001146𝑒𝑒𝑙 + 0.311540600,
−0.00001062𝑒𝑒𝑙 + 0.309177312,
0.2667,
{
−0.00040813𝑒𝑒𝑙 + 0.572893645,
−0.00006332𝑒𝑒𝑙 + 0.371230214,
2018𝑆2 (𝑒 )
𝑐𝑒𝑙
𝑒𝑙 = −0.00001161𝑒𝑒𝑙 + 0.313058036,
−0.00001943𝑒𝑒𝑙 + 0.334998619,
0.2594,
{

0 ≤ 𝑒𝑒𝑙 < 581.35
581.35 ≤ 𝑒𝑒𝑙 < 1,120.13
1,120.13 ≤ 𝑒𝑒𝑙 < 2,795
2,795 ≤ 𝑒𝑒𝑙 < 4,000.5
𝑒𝑒𝑙 ≥ 4,000.5
0 ≤ 𝑒𝑒𝑙 < 584.85
584.85 ≤ 𝑒𝑒𝑙 < 1,125
1,125 ≤ 𝑒𝑒𝑙 < 2,805
2,805 ≤ 𝑒𝑒𝑙 < 3,891
𝑒𝑒𝑙 ≥ 3,891

Appendix 4
Table 13: Formulas for the 2018 income tax rate in Germany according to the German Income Tax Act in effect in 2018.
Taxable income (TI)
From
0
9,001

To
9,000
13,996

Income tax formula (results in €)
𝐼𝑛𝑐𝑜𝑚𝑒 𝑡𝑎𝑥 = 0.0
𝐼𝑛𝑐𝑜𝑚𝑒 𝑡𝑎𝑥 = (997.8 ∗ 𝑦 + 1,400) ∗ 𝑦
𝑤𝑖𝑡ℎ 𝑦 =

13,997

54,949

54,950

260,532

𝑇𝐼−9,000
10,000

𝐼𝑛𝑐𝑜𝑚𝑒 𝑡𝑎𝑥 = (220.13 ∗ 𝑧 + 2,397) ∗ 𝑧 + 948.49
𝑇𝐼 − 13,996
𝑤𝑖𝑡ℎ 𝑧 =
10,000
𝐼𝑛𝑐𝑜𝑚𝑒 𝑡𝑎𝑥 = 0.42 ∗ 𝑇𝐼 − 8,621.75

30

260,533

𝐼𝑛𝑐𝑜𝑚𝑒 𝑡𝑎𝑥 = 0.45 ∗ 𝑇𝐼 − 16,437.7

unlimited

Appendix 5
Table 14: Substitution, income, and total effect of the change in electricity consumption of private households from 2003 to 2018. Absolute
values are given in kWh.

Income decile
1
2
3
4
5
6
7
8
9
10

Substitution effect
(with constant budget)
Absolute
Share of total effect
-201.04
55.66%
-283.22
77.13%
-380.23
94.00%
-350.76
99.18%
-389.04
101.72%
-450.31
102.07%
-522.91
110.67%
-539.50
105.23%
-585.46
110.84%
-656.74
97.30%

Income effect
(with constant budget)
Absolute
Share of total effect
-25.41
7.03%
-21.81
5.94%
-18.96
4.69%
-16.68
4.72%
-16.88
4.41%
-18.06
4.09%
-21.08
4.46%
-17.79
3.47%
-18.59
3.52%
-23.50
3.48%

Budget and household
composition effect
Absolute
Share of total effect
-134.77
37.31%
-62.17
16.93%
-5.29
1.31%
13.78
-3.90%
23.44
-6.13%
27.21
-6.17%
71.51
-15.14%
44.62
-8.70%
75.84
-14.36%
5.25
-0.78%

Total effect
Absolute
-361.22
-367.20
-404.48
-353.66
-382.48
-441.17
-472.48
-512.67
-528.22
-674.99

Appendix 6
Table 15: Difference in equivalent electricity consumption and electricity expenditure compared to the real RES support levy in 2018 for (1)
the case that the RES support levy had been abolished, (2) the case of an income-progressive levy, and (3) the case of a (high) flat levy with
an income-degressive compensation payment.
No levy
Income
decile
1
2
3
4
5
6
7
8
9
10
Average

∆El. consumption
𝒌𝑾𝒉
[
]
𝒉𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅 ∙ 𝒂
228.00
365.38
516.68
496.67
565.18
668.75
784.37
790.62
853.53
900.19
618.38

∆El. expenditure
€
[
]
𝒉𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅 ∙ 𝒂
-95.64
-101.66
-91.09
-114.12
-112.33
-106.54
-89.24
-95.98
-91.66
-94.48
-99.28

Income-progressive levy
∆El. consumption
[

𝒌𝑾𝒉

]

𝒉𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅∙𝒂

216.29
279.67
307.70
214.26
153.87
78.57
-27.28
-173.40
-347.77
-690.51
0.21

∆El. expenditure
€
[
]
𝒉𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅 ∙ 𝒂
-91.18
-80.04
-56.07
-50.21
-28.13
-5.59
15.33
44.35
75.21
167.07
-0.57

Flat (high) levy with income-degressive
compensation payment
∆El. consumption
[

𝒌𝑾𝒉

]

𝒉𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅∙𝒂

-336.29
-518.32
-702.11
-691.78
-776.54
-900.55
-1026.87
-1040.41
-1112.43
-1171.19
-829.46

∆El. expenditure
[

€

]

𝒉𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅∙𝒂

285.18
294.13
255.03
325.58
317.16
296.25
242.91
262.27
248.67
255.96
278.27

