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Abstract: The manufacturing sector accounts for a substantial share of the German
gross domestic product, employment and carbon emissions. Therefore, reducing its
energy use and carbon emissions is of crucial importance to Germany’s energy
Transition. In this paper, we analyse energy use patterns in German manufacturing
between 2003 and 2017, using rich administrative micro-data. We find that although
the manufacturing sector has been faced with rising energy costs as a share of total
costs, energy use has not declined except briefly during the economic crisis. We
also find that energy intensity, and to a larger degree, carbon intensity follow a
decreasing trend between 2003 and 2017. The stronger response of the latter variable
can be attributed to changes in the fuel mix.
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1 Introduction

The transition away from fossil and to some extent nuclear fuels began in the late
1990s in Germany. A large number of different policy measures were introduced over
the years starting with the introduction of ecotaxes in 1999. Further policy in-
struments were introduced to incentivize the expansion of renewable electricity
generation (e.g. feed-in-tariffs for solar and wind energy financed through the
associated Renewable Energy Surcharge on electricity introduced in 2000). In 2005,

This article is part of the special issue “Micro-Data from Official Statistics” published in the Journal of
Economics and Statistics. Access to further articles of this special issue can be obtained at www.degruyter.
com/journals/jbnst.

*Corresponding author: Elisa Rottner, ZEW - Leibniz Centre for European Economic Research
Mannheim, Mannheim, Germany; and University of Basel, Basel, Switzerland,

E-mail: elisa.rottner@zew.de. https://orcid.org/0000-0002-4856-7335

Kathrine von Graevenitz, ZEW - Leibniz Centre for European Economic Research Mannheim,
Mannheim, Germany; and University of Mannheim, Mannheim, Germany,

E-mail: kathrine.vongraevenitz@zew.de

3 Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the
Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/jbnst-2022-0031
www.degruyter.com/journals/jbnst
www.degruyter.com/journals/jbnst
mailto:elisa.rottner@zew.de
https://orcid.org/0000-0002-4856-7335
mailto:kathrine.vongraevenitz@zew.de

320 —— K. von Graevenitz and E. Rottner DE GRUYTER OLDENBOURG

the EU emissions trading scheme was established regulating carbon emissions for
certain sectors across the EU. In addition, the nuclear phaseout initiated in 2000 and
reinvigorated after the Fukushima disaster in 2011 has changed the energy landscape
in Germany. The support for renewable energy generation has increased the cost of
electricity for end users.

The introduction of these policy measures has spurred an intense debate on
what the cost in terms of loss of competitiveness may be. This concern is rooted in the
observation that climate policy remains a largely national affair with many unreg-
ulated regions around the world. The German economy still depends heavily on the
export-oriented manufacturing sector, which accounted for approximately 17 % of
employment and 25 % of GDP in 2021 (DeStatis 2022a, 2022b). Due to concerns about
competitiveness, several policy measures feature exemptions for particularly
energy-intensive and/or trade-exposed sectors. For example, generous feed-in-tariffs
have contributed to the expansion of renewable electricity generation driving down
electricity costs on the wholesale market. The Renewable Energy Surcharge was
designed to cover the gap between the wholesale electricity prices and the feed-in-
tariffs. In consequence of the rising take-up of renewable energies, the amount
necessary to cover this gap increased substantially, resulting in a dramatic increase
of the Renewable Energy Surcharge over the years. Policy makers responded by
expanding the exemption scheme and exempting more plants from paying the full
surcharge from 2012 onwards. Energy intensive and trade-exposed sectors have also
benefited from free allowances in the EU Emissions Trading Scheme and electricity
Pprice compensation for indirect emission costs.

This paper takes stock of the energy use patterns and trends in the
manufacturing sector from 2003 to 2017. Manufacturing accounted for roughly 30 %
of final energy demand and 40 % of electricity use in 2021 (AG Energiebilanzen e.V.
2022). We examine the evolution of fuel use, energy intensity and carbon emissions
using administrative data on the German manufacturing sector. Our findings are
sobering: By and large, energy intensity in German manufacturing has remained
largely unchanged up to 2013, and only decreased to a limited extent in the last three
years of data availability. Fuel switching has, however, contributed to bringing down
carbon intensity to a larger degree. A growing trend towards self-generation of
electricity can be observed, which is consistent with incentives to avoid electricity
surcharges. Energy costs have been rising over time, also in terms of their share of
total costs, but primarily before 2010. Between 2014 and 2017, the energy cost share
has decreased again. We conclude that German manufacturing is still far from
achieving substantial emissions reductions. In consequence, more research is
necessary to better understand the effectiveness of individual policy measures tar-
geting energy efficiency and how they can be improved.

The paper is structured as follows: Section 2 describes the data available for the
analysis and our data preparation. Section 3 discusses the development of energy and
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fuel use in manufacturing and energy and carbon intensity. Section 4 takes a closer
look at energy costs at the firm level. Section 5 examines heterogeneity within
manufacturing and is followed by a short conclusion in Section 6.

2 Data
2.1 The AFiD Panels

We investigate the developments in energy use patterns in the manufacturing sector
in Germany using official micro-level data from the Federal Statistical Offices of the
Bund and the Léander, the so-called AFiD panels (“Amtliche Firmendaten fiir
Deutschland”: Official Firm Data for Germany). Specifically, we make use of the
panels “industrial plants”, “energy use” and “cost structure”.

The panel “industrial plants” contains information on the number of employees
per plant, sales, payroll statistics, the value of output, exports (in €) and further
variables on the economic activities of plants. The AFiD panel collects this infor-
mation from four individual sources: the “monthly reports on manufacturing,
mining and quarrying plants”, the “annual report of manufacturing, mining and
quarrying plants”, the “investment survey for manufacturing, mining and quarrying
plants” and the “quarterly production survey for manufacturing plants”. Participa-
tion in the survey is mandatory for all industrial plants in the German
manufacturing sector with more than 20 employees. We have data available from
1995 to 2017.

The information from the panel “industrial plants” is combined with the panel
“energy use”. The latter contains information on the energy use of industrial plants,
such as the consumption of different fuels, electricity procurement, or electricity self-
generation. Again, all plants with more than 20 employees are required to report in
the survey. Until 2002, the information on the energy use of plants was based on
information from the “monthly report on manufacturing, mining and quarrying
plants”. In 2003, a separate survey on the annual energy use of manufacturing,
mining and quarrying plants was introduced. Due to the creation of this stand-alone
survey, information on energy use are more accurate and more detailed from 2003
onwards. Since more characteristics of energy use are available after 2002 and the
modification of the reporting leads to breaks in the data (see e.g. Petrick et al. 2011 on
this point), we limit our analysis to the time span from 2003 to 2017.

The “cost structure survey for the manufacturing, mining and quarrying in-
dustries” contains information at the firm-level. Hence, while we analyse energy use,
emissions and production variables at the plant-level, analyses of (energy) costs are
conducted at the firm-level. The cost structure survey covers a sample of around
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18,000 firms per year. Bigger firms are more likely to be sampled, and firms with
more than 500 employees are always included in the survey.

Throughout our analyses, we focus on the manufacturing sector that accounted
for around 25% of GDP (DeStatis 2022a) and a similar share of carbon emissions
(Umweltbundesamt 2022) in 2021." The focus on the manufacturing sector leaves us
with a panel of around 40,000 plants per year.

2.2 Data Cleaning

The research data centres and the statistical offices conduct various quality controls
with the data. In addition, we adopt the following separate data cleaning procedure.
First, we drop all observations that report implausible annual revenues of 0 or 1 €.
Furthermore, we exclude all observations with an annual output value of below
10.000 €.

We further exclude all observations that report a negative energetic fuel use and
those observations where our calculated measure of total energy use is below zero.
There are a few firms in which one plant reports the energy statistics for several
plants within the firm. While we can identify these firms, we cannot properly allocate
the fuel and electricity use across plants and therefore drop the respective firms.
Finally, we drop outliers in terms of fuel and electricity use for whom one standard
deviation within the plant is bigger than 100 times the median of the plant.

Figure 1 shows the total energy use per year for the full data set before and after
cleaning the data as described. Overall, we drop roughly 1100 plants (in 2003) to 2400
plants (in 2010) per year, which amounts to 2.5 % and 5.5 % of plant observations in
the respective years. In total, we drop 27,659 observations.

2.3 Further Data Sources

The administrative micro-data from the AFiD panels constitute our main data source.
We complement those data with information on emission factors. To measure a
plant’s carbon emissions, we convert its fuel use and electricity procurement into
carbon emissions using emission factors from the German Environment Agency
(Umweltbundesamt — UBA). Emission factors for fuel consumption and electricity
procurement are taken from the Umweltbundesamt (2020) and Umweltbundesamt
(2018h), respectively. The exact emission factors used can be found in Table 5 in the
Appendix. Note that all emission factors take conversion losses into account. The

1 We drop all observations in the mining and quarrying sector.
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Figure 1: Aggregate energy use of the whole industry sector, single-plant firms, and the median
(single) plant. Source: DOI: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. Own
calculations.

emission factor for electricity procurement also includes transmission losses and is
therefore larger than the emission factors applied to the primary energy carriers.

In contrast, fuel consumption in AFiD is stated before conversion losses,
i.e. implicitly assuming an efficiency of 100 % for extracting the energy content of a
fuel. To render fuel consumption numbers comparable across different fuels and
electricity procurement (for which no conversion losses occur), we follow the pro-
cedure described in Rottner and von Graevenitz (2021). Specifically, we combine the
AFiD data with efficiency factors on the conversion from fuels to heat from the EU
(2015), as well as with information on fuel inputs and usable energy outputs from the
“Survey of electricity producing units in manufacturing” for conversion losses of
electricity self-generating manufacturing plants. We correct fuel consumption in
AFiD downward to account for the occurrence of conversion losses that differ over
time, across sectors and across fuel types, so that our measure of total energy use is
not sensitive to changes in the fuel mix.”

Finally, we use the commercial producer price index from DeStatis to deflate the
monetary values of output (DeStatis 2018). This is necessary when comparing the

2 Without this correction, a plant that switches from coal to gas without changing its total energy use
would look more efficient in the data, because conversion losses for gas are smaller than for coal.
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value of output over time: the value of output can change both because of price
changes and because of changes in real output. We use the commercial producer
price index from DeStatis at the 3-digit sector-level (NACE codes).

3 Results
3.1 Energy and Fuel Use in the German Manufacturing Sector

Figure 1 depicts the development of the aggregate energy use of the manufacturing
sector over time as well as the median energy use. As can be seen, energy use
increased substantially between 2003 and 2017. In our cleaned data set, energy use
increases from roughly 613 TWh in 2003 to around 769 TWh in 2017, which is an
increase 0f 156 TWh, or approximately 25 %. The 2009 recession in Germany is clearly
visible in the data: From 2008 to 2009, energy use decreased by almost 100 TWh,
which is equivalent to a 12% drop as compared to the previous year. However,
energy use recovered quickly and returned to pre-crisis levels already in 2010.

In contrast, the median energy use increased only slightly from 822 MWh in 2003
to 838 MWh in 2017 (i.e. a 2 % increase as compared to 2003). This apparently small
increase masks substantial variation in annual changes, e.g. the sharp decline of 7 %
of the energy use of the median plant from 2013 to 2014. It is not clear what causes this
decrease from 2013 to 2014, which is not driven by a change in the number of
reporting plants. From 2014 onwards, median energy use remains rather constant.
Energy use of the median single-plant firm follows a virtually identical pattern. For
single-plant firms the increase in total energy use between 2003 and 2017 is smaller
than for the full sample (16 %). This suggests that the increase in total energy use is
mostly driven by multi-plant firms. Revenues have been increasing over the same
period of time over all deciles of the distribution (see Figure 2). For the average plant,
revenues increased by almost 20 % between 2003 and 2017, for the median plant even
by 24 %. These numbers are in the same range as the roughly 25 % rise in total energy
consumption in manufacturing over the time period.

Energy use is very heterogeneous between plants within German manufacturing
(see Figure 3). The mean energy use of the German manufacturing plant is consistently
higher than the 90th percentile. In other words, the distribution of energy use across
plants in the German manufacturing sector is severely right-skewed with a few large
users driving the mean above the 90th percentile. This is in line with the findings of
Petrick et al. (2011) and has not changed over time. Most of the variation in the energy
use of manufacturing plants comes from variation in their fuel use: Electricity use has
been pretty constant over time at about 220 TWh, even in the 2009 recession. In
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Figure 3: Mean, median and dispersion of total energy use by industrial plants between 2003 and 2017.
Source: DOI: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. Own calculations.



326 —— K. von Graevenitz and E. Rottner DE GRUYTER OLDENBOURG

contrast, the use of primary fuels by plants has increased significantly over time from
425 TWh in 2003 to 586 TWh in 2017.

While all 42,192 plants in our sample in 2014 used electricity, gas is the most
commonly used primary fuel (see Table 1): In 2014, 29,245 plants (and hence nearly
70 % of all manufacturing plants) consumed gas for energetic purposes (e.g. gener-
ating heat or electricity).? In terms of aggregate energy use, gas was even more
important than electricity with a use of 268 TWh as compared to 219 TWh for elec-
tricity. Coal constitutes the next most important fuel in terms of aggregate use
(108 TWh) even though there are only 414 users. More than a third of all plants use oil,
but the aggregate use is just 11 percent of total energy use at 82 TWh. District heating
and renewable energy sources are less commonly used: In 2014, 3297 plants used a
total of 46 TWh of district heating, whereas 1856 plants used renewable energy
sources for energetic purposes with an aggregate use of 25 TWh.

Figure 4 depicts the development of aggregate fuel and electricity use over time.
Once again, it is visible that electricity use has remained constant over time. In
contrast, consumption of gas and district heating have both increased. However,
while gas accounts for a major share of total fuel use, district heating only constitutes
a minor share. It is notable that since 2007, the aggregate use of renewable energy
sources has not increased substantially.

Table 1: Users and aggregate use of different fuels in 2014.

Number of users Aggregate use (TWh) % of users from total
manufacturing plants

Electricity 42,192 219 100
Gas 29,245 268 69
Qil 15,266 82 36
Coal 414 108 1
Heat 3297 46 8
Renewables 1856 25 4
Others 128 17 0

Source: DOL: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. Own calculations.

3 To the extent that fuels are used to generate electricity, they are double-counted in Figure 4 and
appear both in the bar for electricity consumption and in the bar for the respective fuel used for
electricity generation. In all other instances where total energy use is calculated (such as in Figure 1),
we subtract the self-generated electricity from fossil fuels to accurately represent aggregate energy
use without double-counting. Due to this double-counting in the handling of self-generated elec-
tricity, total energy consumption appears larger in Figure 4 than in Figure 1. The correction for
double-counting concerns roughly 30 to 40 TWh each year. Calculated carbon emissions are based on
electricity procurement instead of total electricity consumption such that double-counting cannot
occur.
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Figure 4: The consumption of different fuels and electricity over time in all sectors. Source: DOI:
10.21242/43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. Own calculations.

The increase in energy use and the change in the fuel mix in manufacturing
over time affect overall carbon emissions. Figure 5 shows the evolution of total
carbon emissions from the whole sector, taking account of both indirect emissions
from electricity procurement and direct emissions from fuel use. Total carbon
emissions have increased from 2003 to 2017, following a path similar to energy use
with the 2009 recession constituting a major drop in emissions. Like energy use,
however, emissions almost completely rebounded to the pre-crisis level already in
2010.

Interestingly, electricity procurement and the corresponding indirect emissions
follow a different pattern (see Figure 5). While the economic crisis in 2009 is also
clearly visible for electricity procurement and indirect emissions, both of those
variables remain below their pre-crisis levels after 2009. Since electricity con-
sumption is relatively constant over time (see Figure 4), declining electricity pro-
curement after 2009 implies that electricity self-generation must have increased in
those years. Indeed, self-generation of electricity has become more important in the
manufacturing sector: While self-generated electricity amounted to approximately
31 TWh in 2003, it equalled 54 TWh in 2017, an increase of almost 75 % as compared to
2003. The share of self-generated electricity in total electricity use increased only
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Figure 5: The development of total emissions from energy use in million tonnes and total energy use in
TWh from 2003 to 2017 in all sectors. Source: DOI: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/
43531.2017.00.03.1.1.0. Own calculations. For information on the emission factors used for calculating
the emissions, see Table 5 in the Appendix.

slightly from 14 % in 2003 to 17 % in 2009. After 2009, however, the respective share
increased more strongly to 25 % in 2017.*

3.2 Energy and Carbon Intensity

The previous section has shown an upward trend of energy use, but also revenues
in the German manufacturing sector. Even though total energy use has increased,
energy intensity may have declined in the German manufacturing sector over the
years. Petrick et al. (2011) find that between 1995 and 2006, energy intensity
decreased almost monotonically: According to their results, the median plant in the
manufacturing sector used 18 kWh per 1.000 € of output less in 2002 as compared to
1995. However, they do not account for inflation in their analysis which implies that

4 If the emission factors applied to electricity procurement did not contain conversion losses, the
increase in carbon emissions in manufacturing could be an artefact of this increase in self-
generation, as conversion losses are shifted from the power to the manufacturing sector. However,
our emission factors for electricity do contain conversion losses. Therefore, the increase in carbon
emissions is not the result of an accounting issue due to the increase in self-generation.
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the decreases in energy intensity are overstated. Figure 6 shows the development of
energy intensity between 2003 and 2017, once in current prices and once in deflated
prices (2015-prices). We calculate energy intensity as the ratio between total energy
use (in kWh) and the value of (deflated) output (in 1.000 €). While the graphs show
decreasing trends in energy intensities over all moments of the distribution be-
tween 2003 and 2017, these trends are much weaker once inflation is accounted
for.> The decreasing trend in energy intensity is mostly driven by the last years of
the sample from 2014 onwards.

The intuition provided by the graphs is also supported by regression results
reported in Table 2: We regress the logarithm of energy intensity on a linear year-
trend, with (and without) plant fixed effects y;, with standard errors being clustered
at the plant level:

log (energy_intensity); , = § x year, + l; + €;; @

If energy intensity has decreased, the coefficient § should take on a negative value.
Without plant-level fixed effects, energy intensity has indeed declined by 0.6 percent
per year on average. However, using plant fixed effects, the coefficient is close to zero
and even slightly positive ( = 0.003) corresponding to an increase in energy intensity
of 0.3 percent. The difference between the within-plant regression (with plant fixed
effects) and the between-plants regression without fixed effects suggests that the
composition of the manufacturing sector has shifted slightly towards less energy
intensive plants over time, whereas energy intensity within existing plants has not
improved.

The previous section described how the fuel mix of the German manufacturing
sector has changed over time. Fuel switching has allowed the decrease in energy
intensity to translate into a stronger decrease in carbon intensities in real terms, as
shown in Figure 7. The median of carbon intensity decreased by roughly 14 kg per
1000 € of output between 2003 and 2017; reductions in the upper tail of the distri-
bution (i.e. at the 90th percentile) were larger in absolute terms. Rerunning the
regression in Equation (1) for carbon intensity yields a statistically significant and
negative coefficient for § of around —0.005, supporting that within-plant carbon

5 The price deflators from DeStatis are not available for all 3-digit sectors in our sample. Therefore,
the sample underlying the graph with the deflated energy intensities differs slightly from the graph
that does not account for price developments. Specifically, price deflators are not available (at least
for some years) in the sectors 131, 133, 254, 256, 268, 301, 303, 304, 329, 331 and 332. We checked
whether the differences in the development of energy intensities across the two graphs derives
from the different samples by also displaying the development of not-deflated energy intensity
excluding the sectors where no price indices are available. Results are shown in the Appendix. The
difference in the sample structure does not seem to be driving the results.
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Figure 6: Energy intensity of all plants across sectors (mean, median top and bottom percentiles) in
current prices (top) and in 2015 prices (bottom). Source: DOI: 10.21242/43531.2003.00.03.1.1.0 to
10.21242/43531.2017.00.03.1.1.0. and DOL: 10.21242/42111.2003.00.01.1.1.0 to 10.21242/
42111.2017.00.01.1.1.0. Own calculations. Information on price deflators are taken from DeStatis (2018).
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Table 2: Regression of energy and carbon intensity on a linear time trend.

Energy intensity Energy intensity Carbon intensity Carbon intensity
1 2 3) 4

year 0.003¢ -0.006" -0.005° -0.013¢
(0.0003) (0.0005) (0.0003) (0.0006)

Plant FE YES NO YES NO

N 569,367 569,367 569,367 569,367

Ngroups 61,843 - 61,843 -

R? 0.003 0.000 0.000 0.001

The regressions include observations from 2003 to 2017. The dependent variable is the logarithm of energy intensity
(columns (1) and (2)) or carbon intensity (columns (3) and (4)). Standard errors are clustered at the plant level. p-values
are in parentheses. a, b and c indicate significance at 10 %, 5% and 1 %, respectively.
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Figure 7: Aggregate carbon intensity of all plants across sectors at 2015 prices. Source: DOIL: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOI: 10.21242/42111.2003.00.01.1.1.0 to
10.21242/42111.2017.00.01.1.1.0. Own calculations. Information on price deflators are taken from
DeStatis (2018).

intensity has decreased over time: On average, carbon intensity decreased by around
0.5 percent each year. Again, the between-plants regression suggest a larger effect of
1.3 percent decline in carbon intensity per year on average.®

6 A regression distinguishing between self-generating plants and those without own electricity
generation generally does not change the results of Table 2. Only the change in carbon intensity over
time is significantly larger for those plants with self-generation in the between regression.
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4 Energy Costs in German Manufacturing

Energy is an important input factor in the production process in German
manufacturing. However, the share of energy costs on total costs is rather small, as
can be seen in Figures 8 and 9, making up 2-3 percent of total costs on average in our
sample.”®

The costs for resources and intermediates, labour costs and costs for repair,
maintenance, rent, retail and others constitute the bulk of costs in the German

7 Note again that cost data are taken from the cost structure survey which only contains information
on a subsample of manufacturing firms. Specifically, every year, roughly 18,000 firms with more than
20 employees are sampled which is equivalent to a sample of approximately 45 % of the firms with
more than 20 employees. The selection of firms is conducted by a stratified sampling procedure
where the strata are given by the sector and five employee size categories. All firms with more than
500 employees are surveyed. The survey therefore contains disproportionately many large
manufacturing plants, but is representative for manufacturing overall with respect to its sector
composition.

8 Energy costs are reported in the cost structure survey as an aggregate measure for the firm, but not
the expenditure on individual fuels or electricity. Expenditures for emission allowances are not
included in the energy costs.
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manufacturing sector. Still, in absolute terms, energy costs have grown substantially
over the years: In 2003, the sampled firms in the manufacturing sector spent roughly
19 billion € on energy. In 2017, this number had risen to nearly 28 billion € (in current,
not in real prices). This 47 % surge is slightly larger than the roughly 45 % increase in
total costs from 1200 billion € in 2003 to 1744 billion € in 2017, leading to an overall
small increase in the energy cost share from total costs.

Over time and at different moments of the distribution, the share of energy costs
in total costs differs substantially, as shown in Figure 9. Energy cost shares were
generally particularly large in 2013 and 2014, after which they have tended to
decrease again. The average energy cost share increased by roughly 21 % between 2003
and 2017, the median even by 34 % (albeit from low levels). The increases amount to
26 % and 21 %, respectively, for the 10th and 90th percentile of the distribution. Hence,
the energy cost share has not only increased for those plants for whom energy
constitutes an important input factor and which already had a relatively high energy
cost share in 2003, but the whole distribution is affected.’

9 The shift of the distribution is also visible in Figure 17 in the Appendix that illustrates Kernel-
densities of the logged energy cost share for 2007, 2010 and 2014.



334 —— K. von Graevenitz and E. Rottner DE GRUYTER OLDENBOURG

Since energy intensity follows a downward-sloping trend over time, as discussed
in the previous section, it seems likely that increases in the energy cost share are due
to increases in energy and electricity prices. In fact prices for gas and oil increased
substantially between 2003 and 2008 and returned to a high level after the crisis until
2014 when they again started to fall (see Figure 27 in the Appendix). According to
Eurostat, electricity prices consistently increased between 2007 and 2014 largely due
to increases in taxes and levies, after which they stagnated or decreased for different
consumption bands (see Figure 28 in the Appendix), mimicking the development in
energy cost shares from Figure 9.

The fact that the cost share tends to increase, while energy intensity displays an
opposing trend suggests that energy demand is responding to energy price increases.
However, uncovering exact price elasticities requires further analysis of the
response of individual plants to energy costs, see e.g. Gerster and Lamp (2020) or von
Graevenitz and Rottner (2022). However, the energy cost share is not necessarily the
best measure of the potential impact of rising energy costs on competitiveness of
German plants. The “real unit energy cost” (Energiestiickkosten) has been used as an
indicator in the monitoring process of the energy transition (see e.g. Loschel et al.
2014; Germeshausen and Loschel 2015). This measure relates energy costs to value
added, i.e. the energy requirement in Euros to produce one Euro of value added.
While it is more informative than the energy cost share alone, the real unit energy
cost underestimates the burden as it does not account for “indirect” energy costs
embodied in intermediate inputs. Loschel et al. (2015) estimate that the importance of
such indirect energy costs has been increasing sharply over time. We find that the
median real unit energy cost increased from around 3 cents per Euro value added in
2003 to 4.1 cents per Euro in 2017. For the 90th percentile, the real unit energy cost
rose from 14 cents per Euro value added to 17 cents per Euro, with the strongest
increase in the period before the financial crisis in 2009."

5 Sectoral Variation in Energy Use and Energy
Intensity

The difference between average energy use of plants in the German manufacturing
sector and the energy use of plants at the 10th percentile of the distribution of energy
use shown in Figure 3 already gave a glimpse of the heterogeneity between
manufacturing plants. Petrick et al. (2011) showed that even within more narrowly

10 Figure 18 in the Appendix shows a corresponding kernel density plot of the log-real unit energy
cost for the years 2007, 2010 and 2014.
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defined 3-digit sectors, there are large differences between plants. This section ex-
amines the sectoral variation in energy use and energy intensity in more detail."*

Figure 10 shows the ten 3-digit sectors with the highest median energy intensity
in 2014 within German manufacturing. Prominently among the top ten sectors with
respect to energy intensity are sectors in the ceramics and cement industry (i.e. NACE
code 235, 233, 239, 232 and 234). Also the pulp and paper industry (171) and the textiles
industry (133) rank among the sectors with the highest median energy intensity. The
list closely resembles the one of Petrick et al. (2011) for the year 2006; the sectors that
were the most energy intensive ones in 2006 are the same ones that appear in our list
for 2014.

The figure also visualizes the within-sector variation in energy intensity: The
light bars display the range between top and bottom quartiles, the darker bars show
the range between top and bottom deciles of the distribution of energy intensity

[ p10-po0 [ p25-p75 ---o--- p50

kWh/1000 EUR

235 - cement,
lime, plaster
233 - ceramic
building materials
171 - pulp,
paper, board
239 - abrasive
products
206 - man-made -{
fibres
133 - finishing |
of textiles
232 - ceramic,
fireproof products
234 - porcelain and
ceramic products
245 - foundries -
200 - basic
chemicals

Figure 10: The ten sectors with the highest median energy intensity in 2014. Source: DOI: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOL: 10.21242/42111.2003.00.01.1.1.0 to
10.21242/42111.2017.00.01.1.1.0. Own calculations. Note that sector “manufacture of coke” (191) is
among the top ten sectors with respect to energy intensity, but cannot be shown for confidentiality
reasons.

11 Some 3-digit sectors in the manufacturing sector are only represented by a few plants in the
administrative micro-data. Confidentiality requires a minimal number of observations for each
statistic released. In order not to lose those observations and sectors, we merge very small sectors
that are not too different with respect to their energy use behaviour. A list of the merged sectors can
be found in Table 6 in the Appendix.
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across plants within a sector. As can be seen, even within quite narrowly defined
3-digit sectors there is substantial variation in the plants’ energy intensities that
cannot be captured by focusing on the average or median energy-intensity of a
sector. For example, plants at the 10th percentile of the sector with the highest
median energy intensity (manufacture of cement, lime and plaster, NACE code 235)
are less energy intensive than the median plant in the sector that ranks fourth with
respect to median energy intensity (manufacture of abrasive products and non-
metallic mineral products n.e.c., NACE 239). The median cement, lime and plaster
plant is more than four times as energy intensive as plants at the 10th percentile in
the same sector.

Bivariate correlations show that sectors with higher median energy intensities
tend to also have higher median energy uses (correlation coefficient 0.89), higher
median emissions (correlation coefficient 0.86) and higher median emission in-
tensities (correlation coefficient 0.99)."* The correlation between median energy
intensity and median electricity share in the energy mix is negative (-0.24), indi-
cating that the energy-intensive sectors rely more heavily on primary fuels.
However, it is notable that as compared to the findings of Petrick et al. (2011), the
correlation coefficient has decreased to —0.24 in 2017 as compared to —0.4 in 2006.
In light of the general increase in onsite-electricity generation, this may indicate
that also sectors with a lower median energy intensity are increasingly relying on
primary fuels with a corresponding decrease in median electricity shares. We also
find positive correlations of the median energy intensity with the median of
several production variables (value of output with a correlation coefficient of 0.14,
payroll with a coefficient of 0.10, workforce with 0.08). Plausibly, sectors with high
energy intensities tend to also be capital intensive, require large investments and
therefore generally consist in larger manufacturing plants with high median
output.

While the medians of energy use, energy intensities and production variables
correlate, there is no clear pattern in the within-sector dispersion (see Figure 11), nor
between median energy intensity and the dispersion in energy intensity (as shown in
Figure 12). The dispersion of energy intensity and other variables is measured by the
interquartile-range-to-median-ratio, i.e. the dispersion of a given variable in a given
sector is normalized by the median in order to render the measure comparable
across different distributions with different medians.

Sectors that are very heterogeneous with respect to energy intensity of plants do
not necessarily exhibit a large variation with respect to the plants’ energy use:

12 Figures 19-23 in the Appendix show that the sectors with the highest (lowest) median energy
intensity are mostly also among those with the highest (lowest) median energy use and the highest
(lowest) median carbon intensity.
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Figure 11: Dispersion ((p75-p25)/p50) of several key variables for the ten most and five least energy
intensive sectors in 2014. Source: DOI: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/
43531.2017.00.03.1.1.0. and DOI: 10.21242/42111.2003.00.01.1.1.0 to 10.21242/42111.2017.00.01.1.1.0.
Own calculations. Note that sector “manufacture of coke” (191) is among the top ten sectors with respect
to energy intensity, but cannot be shown for confidentiality reasons.

Computing a simple bivariate correlation yields a correlation coefficient of only
around 0.35. The same holds for the value of output, payroll and workforce. Petrick
et al. (2011) also found no clear patterns for the year 2006 and this finding still holds in
2014. Moreover, sectors with a high median energy-intensity are not necessarily the
sectors where there is large dispersion with respect to energy intensity: While
cement, lime and plaster (NACE 235) exhibits the highest median energy intensity in
2014, the within sector variation in energy intensity is larger in the manufacture of
irradiation, electromedical and electrotherapeutic equipment (NACE code 266),
which belongs to the least energy intensive sectors. Correspondingly, the correlation
between the sectors’ median energy intensities and their interquartile-range-to-
median-ratio equals —0.04 in 2014. Variation within sectors is substantial, especially
with respect to energy use. According to Petrick et al. (2011), this was also the case in
2006.

13 See Table 7 in the Appendix.
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Figure 12: Dispersion ((p90-p10)/p50) of energy intensity relative to the median (left) and median of
energy intensity (right) for the top ten and bottom five sectors with respect to variation in energy
intensity (2014 data). Source: DOI: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0.
and DOI: 10.21242/42111.2003.00.01.1.1.0 to 10.21242/42111.2017.00.01.1.1.0. Own calculations. Sectors
are ranked according to ((p90-p10)/p50). Note that sector “manufacture of coke” (191) cannot be shown
for confidentiality reasons. For “Manufacture of magnetic and optical media” (268), confidentiality
allows only to depict the median.

Sectors within the manufacturing sector are also quite diverse with respect to
their fuel mix: Tables 3 and 4 shows the top ten and bottom five sectors with
respect to the fuel share of different fuels in their energy mix.'* Overall, the results
confirm the earlier intuition: Sectors that are very energy intensive have lower
electricity shares in their energy mix. Both the Cement industry (235) and the
Ceramic industry (233) that are among the top five with respect to their energy
intensity in 2014 are among those sectors with the lowest electricity share in 2014.
As compared to the results by Petrick et al. (2011), it is notable that, while we find
the same sectors to be very coal- and oil-intensive, the shares of those fuels in their
energy mix has decreased. This is in line with fuel switching in the German
manufacturing sector.

14 The Table calculates fuel shares in the energy mix on a sector level. This masks the heterogeneity
of plants within the sector with respect to their fuel mix. Figures 24-26 in the Appendix show the
within sector variation in electricity and natural gas shares in the energy mix for selected sectors.
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6 Conclusions

The manufacturing sector accounts for a substantial share of the German gross
domestic product, employment and carbon emissions. Therefore, reducing its energy
use and carbon emissions is of crucial importance to Germany’s energy transition. In
this paper, we analyse energy use patterns in the German manufacturing sector
between 2003 and 2017, using a rich data set of administrative micro-data. We show
that energy use has not declined (except briefly during the economic crisis), although
the manufacturing sector has been faced with rising energy costs as a share of total
costs. We also find that energy intensity in the manufacturing sector follow a
decreasing trend at least across plants, owing mostly to developments over the last
years of our sample from 2014 onwards. Carbon intensity has declined more strongly
between 2003 and 2017. This can be attributed to changes in the fuel mix in the
manufacturing sector: In particular, we show that gas has become more important in
terms of aggregate use over the period under study. We also observe a substantial
increase in electricity self-generation in the manufacturing sector. Whether this shift
is due to regulations, e.g. rising electricity charges and exemptions for self-generated
electricity, is an important question for future research.

The manufacturing sector remains very heterogeneous in terms of energy use:
We confirm the findings by Petrick et al. (2011) and show that sectors within German
manufacturing are very different in terms of their energy use, energy intensity and
emissions intensity also in 2014. We find that even within 3-digit sectors, plants vary
substantially with regards to their energy use behaviour.

Our paper sheds light on how energy use patterns in the manufacturing sector have
evolved over time. The extent to which these developments have been driven by policy or
fuel prices is, however, unclear. Further research should address the causal impact of
individual policy measures and their interaction effects to identify potential for
improving policy design and achieving further necessary reductions in carbon emissions.
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Table 6: List of merged sectors.

Merged sector
code

Original sector code

100

120

140

180

200

240

303

The fruit and vegetable processing industry (103)

Manufacture of vegetable and animal oils and fats (104)

Beverage production (110)

Tobacco processing (120)

Manufacture of wearing apparel, except fur apparel (141)

Manufacture of articles of fur (142)

The production of printing products (181)

The reproduction services of recorded media (182)

Manufacture of basic chemicals, fertilisers and nitrogen compounds, plastics and
synthetic rubber in

Primary forms (201)

Manufacture of pesticides and other agro-chemical products (202)
Manufacture of basic iron and steel and of ferro-alloys (241)

Manufacture of tubes, pipes, hollow profiles and related fittings of steel (242)
Manufacture of air and spacecraft and related machinery (303)

Manufacture of military fighting vehicles (304)

Table 7: Correlation of sector heterogeneity between selected variables.

Correlation of Total Energy Valueof Electricity Carbon Workforce Payroll
heterogeneity energy intensity output share intensity

(p90-10)/p50 use

Total energy use 1

Energy intensity 0.35° 1

Value of output 0.57° 0.13¢ 1

Electricity share 0.16° 0.14° 0.01 1

Carbon intensity 0.32° 0.98° 0.15° 0.12° 1

Workforce 0.25° -0.00 0.68° 0.22° 0.03¢ 1

Payroll 0.24° 0.02¢ 0.76° 0.11° 0.05° 0.95° 1

a, b and c indicate significance at 10 %, 5% and 1 %, respectively. Source: DOI: 10.21242/43531.2003.00.03.1.1.0 to
10.21242/43531.2017.00.03.1.1.0. and DOI: 10.21242/42111.2003.00.01.1.1.0 to 10.21242/42111.2017.00.01.1.1.0.

Own calculations.
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A.2 Figures
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Figure 13: Aggregate energy intensity in current prices for the sample for which price deflators are
available. Source: DOL: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOL:
10.21242/42111.2003.00.01.1.1.0 to 10.21242/42111.2014.00.01.1.1.0. Own calculations. The sectors 131,
133, 254, 256, 268, 301, 303, 304, 329, 331 and 332 are not included/not included for the whole time
period in this graph.
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Figure 14: Distribution of log-energy intensity at 2015 prices in 2003, 2009 and 2014. Source: DOI: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOL: 10.21242/42111.2003.00.01.1.1.0 to
10.21242/42111.2017.00.01.1.1.0. Own calculations. The graph depicts the Kernel-density of the logarithm of
deflated energy intensity. Information on price deflators are taken from DeStatis (2018).
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Figure 15: Development of median carbon intensity over time at 2015 prices. Source: DOIL: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOL: 10.21242/42111.2003.00.01.1.1.0 to
10.21242/42111.2017.00.01.1.1.0. Own calculations. Information on price deflators are taken from
DeStatis (2018).
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Figure 16: Distribution of log-carbon intensity at 2015 prices in 2003, 2009 and 2014. Source: DOI: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOIL: 10.21242/42111.2003.00.01.1.1.0 to
10.21242/42111.2017.00.01.1.1.0. Own calculations. The graph depicts the Kernel-density of the logarithm of
deflated carbon intensity. Information on price deflators are taken from DeStatis (2018).

density
n

Figure 17: Distribution of log-energy share from total costs for 2007 and 2014. Source: DOI: 10.21242/
42251.2003.00.01.1.1.0 to 10.21242/42251.2017.00.01.1.1.0. Own calculations. The graph depicts the
Kernel-density of the log-energy share from total costs. The sample consists in a subsample of firms in

the German manufacturing sector.
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density
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Figure 18: Distribution of log-real unit energy costs for 2007, 2010 and 2014. Source: DOI: 10.21242/
42251.2003.00.01.1.1.0 to 10.21242/42251.2017.00.01.1.1.0. Own calculations. The graph depicts the
Kernel-density of the log of real unit energy cost for the years 2007, 2010 and 2014. The sample consists
of the subsample of firms in the German manufacturing sector reporting in the cost structure survey.
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Figure 19: The ten sectors with the highest median energy use in 2014. Source: DOL: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOI: 10.21242/42111.2003.00.01.1.1.0 to
10.21242/42111.2017.00.01.1.1.0. Own calculations. Note that sector “manufacture of coke” (191) is
among the top ten sectors with respect to energy use, but cannot be shown for confidentiality reasons.
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Figure 20: The ten sectors with the highest median carbon intensity in 2014. Source: DOI: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOI: 10.21242/42111.2003.00.01.1.1.0 to
10.21242/42111.2017.00.01.1.1.0. Own calculations. Note that sector “manufacture of coke” (191) is
among the top ten sectors with respect to carbon intensity, but cannot be shown for confidentiality
reasons.
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Figure 21: The five sectors with the lowest median energy intensity in 2014. Source: DOI: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOI: 10.21242/42111.2003.00.01.1.1.0 to
10.21242/42111.2017.00.01.1.1.0. Own calculations.
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Figure 22: The five sectors with the lowest median energy use in 2014. Source: DOI: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. Own calculations.
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Figure 23: The five sectors with the lowest median carbon intensity in 2014. Source: DOI: 10.21242/
43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOI: 10.21242/42111.2003.00.01.1.1.0 to
10.21242/42111.2017.00.01.1.1.0. Own calculations.
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Figure 24: The ten sectors with the highest median electricity share in their 2014 energy mix. Source:
DOI: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. Own calculations. For
“Manufacture of magnetic and optical media” (268), confidentiality allows only to depict the median.
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Figure 25: The five sectors with the lowest median electricity share in their 2014 energy mix. Source:
DOI: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. and DOI: 10.21242/
42111.2003.00.01.1.1.0 to 10.21242/42111.2017.00.01.1.1.0.0wn calculations. Note that sector
“manufacture of coke” (191) is among the bottom five sectors with respect to the electricity share in the
energy mix, but cannot be shown for confidentiality reasons.
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Figure 26: The ten sectors with the highest median natural gas share in their 2014 energy mix. Source:
DOI: 10.21242/43531.2003.00.03.1.1.0 to 10.21242/43531.2017.00.03.1.1.0. Own calculations.
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Figure 27: Fuel prices for gas, hard coal and oil. Fuel prices for gas, hard coal and oil from 2003 until
2018. The prices on gas and hard coal come from the website of the Federal Office for Economic Affairs
and Export Control (BAFA). The prices for oil come from the US Energy Information Administration (EIA)
website.



DE GRUYTER OLDENBOURG Energy Use Patterns in German Manufacturing —— 353

Band IA: <20 MWh Band IB: 20-500 MWh
250

EUR/MWh
EUR/MWh

T T T T T T T T T T T T T T T T T T T T T T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Band IC: 500-2,000 MWh Band ID: 2,000-20,000 MWh
200

EUR/MWh
EUR/MWh

T T T T T T T T T T T T T T T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Band IE: 20,000-70,000 MWh Band IF: 70,000-150,000 MWh

EUR/MWh

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 I I
] T andover vt s o] Tanes e s
] emorcoms [ -

R — g VAT s e recovera s s s 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 28: The development of electricity prices for different consumption bands. Source: Eurostat
time series nrg_pc_205 and nrg_pc_205_c.
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