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Abstract: The quickest and easiest way to avoid greenhouse gas (GHG) emissions is to purchase renewable
electricity and offset the remaining emissions. However, the industrial sector’s electricity needs already exceed
renewable electricity generation. Moreover, electricity accounts for only one third of the industry’s energy
needs. Simultaneously, the advance of sectoral coupling and the decarbonisation of industrial processes, as
well as the desire to rapidly decrease dependence on fossil fuels, are creating significant additional demand for
renewable energy. Neither existing nor planned generation and transmission infrastructure will suffice to meet
the expected short-term demand. Based on survey data from the German Industry Energy Efficiency Index,
this article therefore examines the share of GHG savings that companies intend to achieve on- and off-site.
Understanding how much additional generation and transmission capacity is needed by the industry to
decarbonise and by when is crucial to identify and address the extent of excess demand. On average, companies
plan to avoid 22 % of their 2019 emissions by 2025 and 27 % by 2030, primarily through on-site measures. In
combination with the extrapolation of the entire industry’s needs for off-site capacity, the data calls for a rapid
expansion of planning authority and green generation capacities.

Keywords: decarbonisation; energy supply security; energy demand; energy systems; industry; capacity
planning.

1. Introduction

1.1. Background

Over the past few years, an increasing number of countries and non-state actors, such as local
authorities, cities, financial institutions and companies have declared their intention to eliminate their
carbon (CO2) or even Greenhouse Gas (GHG) footprint to an extent at which they have reached “net-
zero”, a state where remaining, respectively unavoidable emissions are balanced out with means of
compensation or removal [1-4]. Back in 2015, numerous initiatives formed on all levels to coincide
with the Paris Climate Agreement [5]. More than 2000 companies, for instance, allied in the Science
Based Target Initiative (SBTi) to strive for the 1.5°C goal [2]. Simultaneously, the European
Commission launched the Horizon 2020 funding Programme. Among other projects, the programme
enabled the creation of the NetZeroCities (NZC) initiative to assist cities in their transformation to
climate neutrality [6] and, more recently, also the Covenant of Companies for Climate and Energy
(CCCE) “seeking to help European companies to transition to the net zero economy”[7].

For the process of decarbonisation, a variety of measures can be applied to achieve the goal set
(i.e. net-zero GHG emissions = climate neutrality). Decarbonisation strategies are quite individual in
their composition, as they largely depend on the specific circumstances, decision criteria, the
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envisaged scope and timelines, as well as the underlying motivation. Furthermore, they also often
depend on geographical aspects [8].

The types of measures at hand can be divided in three major categories: Reduction measures
(energy efficiency, resource and material efficiency, process emission reduction), substitution
measures (self-generation or purchase of renewable energies) and compensatory measures (emission
allowances, certified emission reductions (CERs), climate protection projects; Carbon Capture,
Storage and Use (CCUS), as well as, Direct Air Carbon Capture and Storage (DACCS))[9].

Buettner and Wang [9] (pp. 5-10, 14-15) assess each category of measures in respect to their one-
off, and ongoing effects, both in relation to economic (investment and operational costs), energy-
related (effect on energy-demand, need to acquire energy from external sources), and emission-
related matters (effect on emissions output). They come to the conclusion that, in the short-term, it
only appears quickest, easiest and cheapest to focus on the purchase of clean energy and compensate
all remaining emissions [9](p. 12). Recent data from the 2021/2022 winter survey of the Energy
Efficiency Index of German Industry (EEI)[10] indicates that 78 % of manufacturing companies want
to decarbonise their Scope 2 emissions (in-direct emissions from the energy purchased). Moreover,
77 % of companies want to address their Scope 1 emissions (direct emissions arising from their
vehicles and activities on their premises, energy- and process related) and 75 % also want to address
their Scope 3 emissions (in-direct emissions of the up- and downstream supply chains)[11].
Considering that, if each part of the supply chain addressed its Scope 1 and 2 emissions, there would
be hardly any Scope 3 emissions left, and given the large risk of double counting of emissions [11],
this article is focussing on Scope 1 and 2 emissions only. As the EEI data points out, not merely more
companies are opting for a Scope 2 emission reduction, but they are also more advanced in the
implementation process. However, one must also acknowledge the industry’s overall electricity and
energy demand in conjunction with Germany’s green/clean energy generation capacities [12], as well
as the current price hikes [13,14]. In addition, supply uncertainties [15] along with warnings of a
potential gas rationing [16-23] and of electricity demand overshoots in the industrial centres [24]
make it quite clear that simply switching to another energy tariff might be easier said than done.
What would be the price and how would it impact companies’ resilience?

For several years, the primary path pursed in context of the energy transition was the integration

of power sectors, meaning the gradual electrification of all energy-users and their supply with green
(or clean) energy [25]. Where not feasibly, power-to-x (P2X) should not only be applied to store
electricity but also, for instance, to convert it into hydrogen, allowing one to substitute natural gas
needs [25-27]. Nonetheless, the issue with this proposition is that with each conversion there are
conversion losses [28], making the clean substitute fuel much pricier and less efficient than the status
quo - on top of an insufficient renewable electricity generation capacity.

To put this in context, in 2019, the German Industry consumed about 35 % of its energy in the
form of natural gas, 10 % in coal and 6 % in oil products. Combined about 1.5 times as much as the
industry’s electricity consumption (34 %). Nevertheless, already back then, industry accounted for
45 % of Germany’s final electricity demand (as well as for 35 % of Natural gas, 4 % of Oil products
and 88 % of Coal, peat and oil shale consumption) [12]. Another obstacle is that each source of energy
has its “sweet spot”, which refers to a purpose for which it is the most effective energy carrier [28].
For example, if one compares E10 fuel to standard fuel, the amount needed to cover a distance of
100km is usually higher due to the difference in the calorific values of the fuels (as ethanol provides
a bit less energy than pure petroleum)[29]. Similar to this, depending on the type of process and the
temperature needed, a combustion may achieve the desired outcome with less energy input (or the
other way around). If one uses a P2X gas or hydrogen, the energy balance may be even worse (due
to the conversion losses in its creation from green electricity), which is why, at present, electricity that
could otherwise not be fed into the grid and would be lost is the “best energy source” for P2X gas or
hydrogen. This example underlines that there is no easy solution to decarbonising the industry’s
energy needs, particularly considering that about two thirds of it are process heat (and cold) [30].

The expansion of renewable energy generation is much behind schedule and far away from (i.e.)
providing 80 % of Germany’s electricity via renewable sources in 2030 [31,32]. An important reason
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for this situation is that it takes on average 6 — 8 years for a wind turbine to go online from planning
to energy generation, due to bureaucratic planning rules and processes as well as capacity issues.
Additionally, disputes with individuals and initiatives, long-lasting court cases and similar obstacles
contribute to the much too slow progress on expanding the capacity and number of transmission
lines and interconnectors [32]. Apart from increasing capacity, the latter expansion would also
increase the robustness, resilience and effectiveness of the overall grid and avoid surplus generation
from being wasted and surplus loads from being shed. Essentially, these efforts have the potential to
also lower spot market prices as demands could be served easier and with less barriers.

1.2. Are the forecasted needs realistic?

Another issue concerns how the required energy, notably the electricity baseline, is actually
determined and on what basis. If the 2019 configuration was to serve as a baseline, increasing
efficiency measures would reduce the overall electricity demand and therefore automatically lead to
an increase of the share of renewable energy in the mix. However, if one intends to simultaneously
switch substantial parts from the transport sector (share of electricity in 2019: 2 % [12]) to for instance
15 million electric vehicles, the electricity needs for the transport sector would increase fivefold (from
12 to approx. 60 Terawatt hours TWh [33]) and could already eat up much of the energy efficiency
savings across all sectors. If, at the same time, heat pumps were replacing gas, oil and coal based
heating systems, the electricity demand would grow by another 10 % (from 270 to 298 TWh) [33].
EWI estimates that the electricity needs of industry would grow by 21 % (from 218 TWh to 263 TWh)
and the envisaged electrolyser capacity (10 GW to produce 20 TWhw Hydrogen) for 2030 would
require about 29 TWhei [33](p. 5).

In late 2019, the chemical industry giant BASF estimated that decarbonisation of operations at
their German Ludwigshafen site via electrification would probably triple its annual electricity
demand (6.4 TWh), which already represents 1 % of Germanys overall electricity demand [34]. The
chemical industry overall would need four times as much electricity as before [35]. In 2020, BASF
announced the assessment of the COz-footprint of all its sales products [36]. Moreover, in2022 it first
participated in tenders for offshore windfarms to support its goal of switching its 2021 power needs
to fully renewable electricity by 2030, allowing them to reduce their GHG footprint by 25 % by 2030
[37]. Next, BASF started construction of the “first demonstration plant for large-scale electrically
heated steam cracker furnaces” that would allow it to reduce the emissions of one of the most energy-
intensive processes (and foundation of many basic chemicals) by about 90 % [38]. Nevertheless, this
emission reduction would come at the cost of additional electricity needs (as indicated). Not all close
to 200.000 manufactures pace ahead with this speed, but what would happen if this was the case?
Even though BASF is a large company in one of the most energy intensive sectors [30], there is also
the steel industry, which estimates that about 12,000 wind turbines would be necessary to generate
sufficient electricity to produce hydrogen for green steel [39,40]. Also, further companies in this and
other sectors, i.e., ArcelorMittal (steel), Covestro (chemicals), Opterra (cement), are taking a lead to
ensure “their” green power needs en route to net zero emissions are served [41-43].

Assessing the required additional renewable energy capacities to switch from fossil fuels to
renewables is one thing, another to switch it to the right form (i.e. gas to electricity) and yet another
to decarbonise process-related emissions. The latter may require a completely different process
technology that by itself may emit less, but could need different amounts of energy. Therefore,
assessing the required clean energy needs gets harder layer by layer. It is thus essential to gain an
understanding of how much renewable energies are actually needed, where, and roughly when to
sync the capacity planning with the decarbonisation progress.

These roadmaps, however, do not necessarily reflect what is actually planned by energy
consumers, where, and by when. Considering the industry accounts for nearly half of Germany’s
2019 electricity consumption, this article therefore proposes that an estimation of short to medium-
term renewable energy demands should be made on the basis of what companies plan to do (cf. the
78 % of manufacturers that are planning to decarbonise their energy-demand). To illustrate and
facilitate such an estimation, this article will analyse data from about 850 manufacturing companies,
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after the beginning of the COVID-19 pandemic in 2020 and explain (1) what share of their 2019
greenhouse gas (GHG) emissions companies aim to decarbonise by 2025 and (2) by which means.
Further, it will introduce (3) the concept of the “decarbonisability-factor”, (4) showcase what
additional savings ambitions are envisaged for 2030 and (5) explain what implications arise from this
for policymakers, financiers, the energy-sector as well as for society. Hence, the article will also (6)
provide an estimation of the impact and associated needs if companies were to implement their 2025
ambitions as indicated in the EEI and, (7) lastly, it will provide a mechanism that could ease the
energy system and decarbonisation capacity planning in respect to the industrial sector and thus
“increase the voltage — through sequencing decarbonisation with green power and energy
efficiency”.

2. Materials and Methods - Methodology

The observations and ideas presented in this article originate from a combination of quantitative
and qualitative data. The qualitative elements are drawn from professional interactions with
manufacturing companies in Germany in the context of decarbonisation. In conjunction with
professional press and work on committees, they highlight potential weaknesses and oversights
concerning energy efficiency and decarbonisation, as well as companies’ resiliency in the energy- and
climate crisis. The assumptions arising from this were then consecutively tested within the
framework of the Energy Efficiency Index of German Industry (EEI). The EEI was introduced in 2013
and focuses on views, needs, opinions, observations and experiences of all kinds (size, sector, energy
intensity) of manufacturing companies in Germany [44].

The EEI data this article draws from is comprised of 864 observations gathered in May 2020 [45],
which was in-midst of the first wave of the COVID-19 pandemic in Germany, and 866 observations
gathered in November 2020 [46].

Each of the EEI's semi-annual data collections has a specific focus on selected current issues. The
1t and 24 data collection in 2020 looked at a series of issues around the topics of decarbonisation and
energy, notably in regard of Germany’s climate and energy goals [32]. In total, around 20 questions
were posed to participants of the EEL. They survey requested information on, for instance, their
sector, revenue, number of employees and energy consumption, but also on a half-dozen thematic
questions, such as the intended GHG reduction goals for 2025 and 2030, as well as on with which
proportions of measures they aim to achieve these self-determined goals. The data collection was
carried out using a mixed methods approach, combining online (7 %) and telephone surveys (93 %).
Achieving an even distribution across the 27 manufacturing sectors that represent 198,000 companies
was desired, but difficult to achieve. ‘Core industries’ were defined to aid focusing the telephone
survey. The target was to recruit at least 24 companies per core industry for participation. The
automotive sector and the machinery & equipment sector are two of a total of eleven core sectors of
the German industry. For the sectoral analyses in this paper, only sectors are taken into account in
which at least 20 companies provided answers to the respective question(s) [44] (p. 4).

Table 1 depicts what percentage of a sector's total population (number of companies)
participated. The percentage may seem to be greater than 100 % in very small sectors, such the “crude
petroleum and natural gas” sector (06). In this case, all 13 responses refer to specific sites instead of
each representing an entire company.

The results of micro sectors (N < 10) are considered (***') if more than 50 % of the sector
participated in this study, while the results of small sectors (10 < N < 100) are taken into account (**')
if at least 15% of the sector participated [44] (p. 4).

1 1 “‘Core industries’ are the eleven sectors that have most economic weight in Germany (NACE code in
brakets, sorted by Code): leather- (15), wood & cork- (16), paper- (17), chemical- (20) rubber & plastics- (22),
non-metallic minerals- (23), basic metals- (24), fabricated metals- (25), electrical equipment- (27), machinery
& equipment- (28) and motor vehicle (29) industries.


https://doi.org/10.20944/preprints202302.0495.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 February 2023

doi:10.20944/preprints202302.0495.v1

5
Table 1. Sample composition by sector (1 20201 = 864, n 20202 = 866 ).
NACE Total- Observations  Percentage
Sector population (n) n (N)
Code
(N) 2020/1 2020/2 2020/1 2020/2
05 ** Mining of coal and lignite ~ 8 4 ~ ~
06 ** Extraction of crude g:stroleum and natural 5 13 11 260.00%220.00%
08 Other mining and quarrying 1,438 12 13 0.83% 0.90%
10 Manufacture of food products 26,897 31 27  012% 0.10%
11 Manufacture of beverages 2,435 19 16 0.78% 0.66%
12 Manufacture of tobacco products 62 8 7 12.90% 11.29%
13 Manufacture of textiles 4,637 18 19  0.39% 0.41%
14 Manufacture of wearing apparel 3,306 14 11  0.42% 0.33%
15 Manufacture of leather and related products 1,371 34 32 248% 2.33%
Manufacture of wood and of products of
16 wood and CO.I'k, except furniture; N 12,944 39 49 030% 0.38%
manufacture of articles of straw and plaiting
materials
17 Manufacture of paper and paper products 1,558 53 36 340% 231%
18 Printing and reprodt}ctlon of recorded 10,986 24 27 022% 0.25%
media
19 Manufacture of coke and refined petroleum 89 13 13 14.61% 14.61%
products
20 Manufacture of chemicals and chemical 3,280 48 5 146% 1.58%
products
21 Manufacture of basic pbarmaceutlca}l 554 2% 31 469% 5.60%
products and pharmaceutical preparations
22 Manufacture of rubber and plastic products 7,090 64 54 0.90% 0.76%
23 Manufacture of other non-metallic mineral 9,908 14 4 044% 0.44%
products
24 Manufacture of basic metals 2,374 42 41 1.77% 1.73%
25 Manufacture of f?lbncated meta'll products, 44106 64 75 015% 0.17%
except machinery and equipment
% Manufacture of .Computer, electronic and 7935 21 23 026% 0.29%
optical products
27 Manufacture of electrical equipment 6,036 67 56  1.11% 0.93%
28 Manufacture of ma:};n;ery and equipment 15,964 7 74 045% 0.46%
29 Manufacture of mo’for V'ehlcles, trailers and 2769 49 60 177% 2.17%
semi-trailers
30 Manufacture of other transport equipment 1,276 15 24 1.18% 1.88%
31 Manufacture of furniture 10,826 29 24 027% 0.22%
32 Other manufacturing 19,985 30 38  0.15% 0.19%
99 Other 7 5
Total 197,831 864 866 0.44% 0.44%

* small sector (10 < N < 100) with at least 15% of total population (N) participating; ** micro sector (N < 10)

with at least 50% of N participating, ~ figures not disclosed in official statistic due to small sector size and

associated confidentiality issues.
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3. Results

The wish to take decarbonisation actions has increased considerable since 2019 [44]. The reasons
why stakeholders are pursuing decarbonisation efforts are plentiful: increasing emission pricing,
skyrocketing energy prices following the war in Ukraine, as well as severe weather events that
threaten both the resilience and the output of the energy system. Along with other shocks, such as
disrupted or vulnerable supply chains, they further feed the desire to increase the resilience of a
company. [9,47]. Decreasing dependence on these risk factors or diversifying risks can help reduce
pressure on either a systems level (i.e., energy generation and grid infrastructure, origin of fuels) or
on an individual level (i.e., reducing the demand, circularity thinking, local sourcing, self-generation
of energy, energy storage)[9] (pp. 12-15). Since decarbonisation roadmaps are based on an initial
assessment of the status quo and shape the path to achieve a certain outcome at a certain point in
time, they are (a) often linear in their growth plan. Moreover, they (b) may lose their predictive power
if some foundational factors change, demonstrating the difficulty of forecasting on the basis of past
development patterns (i.e., technology disruption or fundamental change of process technology), and
they are (c) dependent on the appropriate framework conditions being in place to facilitate the
transformation (i.e., planning permission, legal framework, time from decision to going operational).
Nevertheless, despite the value of technology roadmaps and system scenarios, what the end users
actually plan to do, where, and by when, as well as what they may need to “pull it off” or which
possibly marginal bottleneck is in the way of achieving this goal remains a black box. Hence, this
article aims to assist in turning on the light in this black box.

Based on data of the 2 Energy Efficiency Index of German Industry, Buettner et al. [44] found
that already in late 2019, ahead of the COVID-19 pandemic, the war and the energy crisis, there was
a strong ambition to pursue the path of decarbonisation. Nearly 60 % of the participating companies
(of all sizes, sectors and energy-intensities) indicated to work towards net-zero emissions (p. 13). Of
these, about two thirds indicated that they target achieving net-zero by 2025 (about a third of these
in 2025 alone), which is equivalent to about 40 % of all participating companies. Further target year
peaks were found for the semi-decades 2030, 2035, 2040, 2045 and 2050 (pp. 15-16). Simultaneously,
the concern rose that this desire would most likely be cooled off by insufficient capacities in various
areas needed for the implementation of companies’ plans. Alerted by this situation, the first iteration
of the Energy Efficiency Index of German Industry in 2020 (EEI) was tasked to establish:

a) Whether industry indeed structures decarbonisation in 5-year plans (or in short-term plans “to
get it over with”),

b) what motives companies to decarbonise,

c) on which basis they take their decarbonisation decisions and most importantly,

d) by how much they plan to reduce their Greenhouse Gas emissions by 2025 and

e) by which means (in respect to 2019 as the last full business year, which today often serves as
base year, given that it was the last “normal” year before the pandemic and the war hit).

In consideration of the research question, this article will focus on addressing (a), (d) and (e). (b)
and (c) are addressed in detail by Buettner et. al [48] and Buettner and Konig [49].

3.1 What are companies” ambitions for this decade?

As the industry is very diverse there cannot be a one-size-serves-all approach [44]. The range of
possible interventions in different areas is vast and quite likely much broader than in other parts of
the economy [9]. Sometimes commonalities can be found across company size, sometimes in respect
to the level of energy-intensity, or most intuitively in respect of the sector. Therefore, this section
zooms in on these perspectives, while also providing insights on the overall average outcome of the
sample. A drop in ambition levels compared to the 27d data set of EEI in 2019 was expected, primarily
because of the impact of the COVID-19 pandemic, but also because of the difference between asking
for a net-zero year and asking for a specific GHG reduction level (distinguishing between marketing
goal and estimate by when what can be achieved).
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3.1.1. What is the bandwidth of ambitions?

The largest differences can be observed when looking at the targets of sectors from which
sufficient amounts of companies participated in this question. It stands out, that the wood, cork (16)
and furniture (31) industries set the least ambitious targets, while many companies of the
pharmaceutical industry (21) and the basic metals industry (24) set more ambitious targets.
Nonetheless, the spread of companies’ goals is also the widest in these sectors (cf. Figure 1).
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GHG reduction target for 2025 [in %]
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[""""1 16 Products of Wood & Cork [ 1 17 Paper & Paper Products
[1 20 Chemicals & Chemical Products ~ [] 21 Basic Pharmaceutical Products
[ | 22 Rubber & Plastics Products 23 Non-metallic Mineral Products
[ ] 24 Basic Metals [ ] 25Fabricated Metal Products
["""1 26 Electrical Equipment [ | 28 Machinery & Equipment
29 Motor Vehicles & (Semi)-Trailers 31 Furniture

Figure 1. GHG reduction target for 2025 [in %], by sector (n >20 ).

Due to the increasing pressures imposed on the supply-chain to also “do their part” and reduce
the embedded emission footprint of pre-products [8] (pp. 11-12), it is not surprising that the more
ambitious half of companies, set themselves more ambitious goals (cf. Figure 1, area to the right of/
above the median). Specifically, the upper whisker of the basic metals industry is 15 %-points higher.
However, the less ambitious half of all companies is nearly on the same level. This dynamic holds
true to some extent (unless otherwise stated) for most dimensions showcased so far, meaning that
most differences can be seen among the more ambitious halves of companies in their respective
dimensions (above the median).

Buettner et al. further analyse how the GHG reduction ambitions vary depending on what
primarily motivates a company and based on which determinants the decarbonisation mix is decided
upon [8,48].

The question that arises (and which was mentioned earlier) is whether companies have, in
principle, picked up their pace in pursuing decarbonisation, which would be reflected in a steadily
growing decarbonisation goal. Thus, one must observe whether the growth rate of ambition increases
further or flattens after meeting the short-term goals. To facilitate answering this question, the 2nd
iteration of the EEI in 2020 asked for companies” GHG reduction targets for 2030. Even though panel
data would have been preferred to get the answers for both dates from the same (set of) companies,
the situation should be sufficiently homogenous to permit the comparison within their sub-
categories.
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3.1.2. How do the targets for 2025 and 2030 differ?

Looking at Table 2, the data confirms the assumption that average GHG reduction goals of
companies differ considerably depending on their sector. Only sectors with at least 20 companies
responding to this question in both data collections are listed in the table to limit random outcomes.
Although the data sets are not equivalent to panel data, the share of returning participants was about
38 % in both data collections. With a 22.1 % reduction, the sample’s average overall GHG savings
ambition for the year 2025 appears quite considerable. However, looking at the sample’s goal for
2030, one can observe that within the “first” half of the 2020s (2021-2025), companies aim to achieve
an average of 4.4 % GHG savings per year, but for the second half of the 2020s (2026-2030) the
additional ambition only amounts to another 1.1 % GHG savings per year.

Table 2. GHG reduction ambitions 2025-2030, by sector ( n > 20), base 2019.

2019 2025 2030 2025-2030 nz2s  n2030

27 - Manufacture of electrical equipment 0 [ 189% 23.0% 4.1% 37 22
17 - Manufacture of paper and paper products 0 23.6% 233% -0.3% 36 21
20 - Manufacture of chemicals and chemical products 0  24.3% 24.1% -0.2% 38 26
28 - Manufacture of machinery and equipment 0 20.7% 254% 4.7% 56 37
23 - Manufacture of non-metallic mineral products 0 21.7% 261% 4.4% 33 20

0

0

0

0

25 - Manufacture of fabricated metal products 23.0% 26.4% 3.4% 44 37
24 - Manufacture of basic metals 27.2% 28.7% 1.5% 32 20
06 - Extraction of crude oil and natural gas 22.5% 32.5% 10.0% 8 8

29 - Manufacture of motor vehicles & (semi-)trailers 23.9% 32.5% 8.6% 39 29
22 - Manufacture of rubber and plastic products 0 189% 36.6% 17.7% 45 25
Overall 0% 22.1% 27.3% 5.3% 612 592

This highlights two possible explanations: Companies either want to address the issue heads-on
and then put it on the back burner or their planning horizon does not permit them to estimate precise
percentage goals for a year further ahead in time. Furthermore, there are also substantial differences
on a sectoral basis. The goals of the rubber & plastics, automotive and oil & natural gas industries
increase substantially for the second half of the decade. Perhaps this divergence is due to the timespan
required for sophisticated changes in process technology and for arising benefits to kick-in. On the
other end of the spectrum, the ambitions of the pulp & paper, chemical and basic metals sectors
remain on roughly the same levels also for 2030. One possible explanation for the latter point is that
all three sectors are among the most energy intensive ones, depending largely on gas. Subsequently,
they may require a sufficient and reliable supply of hydrogen to achieve higher GHG savings. As for
these sectors, the biggest gains appear to be only feasible via green hydrogen. For all sectors listed
(apart from rubber & plastics), it is true that the growth of their decarbonisation ambitions appears
to follow a limited growth function.

While, from a political perspective, it may be challenging to imagine how an almost 5 % GHG
reduction per year could be at all feasible, from a company viewpoint such a target figure is not
unheard-of: The Science-based Target Initiative reported, for instance, that 338 companies in their
analysis “collectively reduced their annual emissions by 25% between 2015 and 2019 — a difference of
302 million tonnes, which is equivalent to the annual emissions of 78 coal-fired power plants. This is
true leadership and differs markedly from the global trend: over the same five-year period, global
emissions from energy and industrial processes increased by around 3.4%.”[50]

3.2. What mix of measures do companies plan to apply to achieve their 2025 goals?

To serve the overall goal of this article — to assess what is needed by when and by whom — this
section is factoring in the mix of measures with which companies would like to achieve their GHG
reduction targets for 2025.

doi:10.20944/preprints202302.0495.v1
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Buettner and Wang [9] illustrate in detail the merits of different measure types for
decarbonisation. These can, in principle, be sorted into two dimensions:

1. What the measures “do”: reduction measures save energy, resources and process emissions;
substitution measures replace fossil energy sources with renewable energy sources;
compensation measures do not avoid the emission but prevent them either from causing harm
or compensate their effect by alternative means.

2. Where the measures “take place”: Measures that can be implemented on-site (energy efficiency
measures, self-generation of renewables or process decarbonisation) give the company more
control and also address the desire for resilience from hikes in energy, resource and emission
price. Off-site measures refer to the purchase of renewable energy and any type of off-site
compensation. Off-site measures have in common that the company depends on someone else
in respect to availability and prices. They cement the status quo in terms of resiliency or, in terms
of compensation, increase dependence on a steady stream of viable compensation projects at a
potentially increasing price and also the risk of bad press [51].

Figure 2 highlights how the 22.1 % average savings ambition is disaggregated by measure type.
It emerges that at the time of the data collection, companies embraced the notion of “efficiency first”
(5.4 % percentage points of goal), yet this was closely followed by the notion “purchase of renewable
energy” (5.3 %) and “self-generation of renewable energy” (4.7 %). This illustrates that renewable
energy is supposed to contribute 10 % points overall to achieving the target. Considering that process
decarbonisation can be quite complex and does not necessarily lead to energy savings, it is not
surprising that a slightly higher proportion is attributed to compensatory measures (3.4 % vs. 3.2 %).
In summary, companies intend to achieve on average 60 % of their targets through measures
implemented on site (highlighted bold in Figure 2).

By what percentage do you plan to reduce your company's GHG
emissions by 2025, including all compensatory measures
(broken down by chosen mix of measure, n = 612)

|
-z_ A 5.3% Y- 0.0% |

0% 5% 10% 15% 20% 25%

m Reducing energy consumption through energy efficiency measures
Self-generation of renewable energies
Reduction of process-related emissions

m Purchase of renewable energies

m Use of compensation measures

m Other

Figure 2. GHG reduction target for 2025, broken down by measure option [in %].

Irrespective of a company’s sector, the average proportion of intended on-site measures is
between 55 — 67 % of the company’s envisaged goal (cf. Figure 3. GHG reduction target for 2025,
broken down by measure option [in %], by sector (n > 20). However, depending on the specifics of
the sectors, the proportions may differ. For instance, the role of energy efficiency measures is smaller
in the oil & gas as well as the mining sector, while renewable energy sources play a much larger role
there. This is quite likely due to the type of machinery and vehicles used and due to the savings, that
can be achieved via these activities in terms of emissions.
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By what percentage do you plan to reduce your company's GHG
emissions by 2025, including all compensatory measures
(broken down by chosen mix of measure, n =490)

0% 5% 10% 15% 20% 25% 30% 35% 40%

16 - Manufacture of wood and of products of...Z% ;.3%.3"/-

31 - Furniture manufacture X 4|.5%1.8

15 - Manufacture of leather, leather goods and... FX4 4.4% 3i8% 3.792.4%
27 - Manufacture of electrical equipment  [FEEIA 3.8%2.|9 4.2%2.5"

22 - Manufacture of rubber and plastic products

28 - Mechanical Engineering

10 - Manufacture of foodstuffs and animal feed
23 - Manufacture of glass, glass products,...
6™ - Extraction of crude oil and natural gas <z tls.e% I
8.3% I
4.8% 3.7%

5** - Coal mining

25 - Manufacture of fabricated metal products
17 - Manufacture of paper and paperboard and...
29 - Manufacture of motor vehicles, trailers and...
20 - Manufacture of chemics and chemical...

5.3%I 4,
7.3°|A; |
8.4%  54%

24 - Metal production and processing

8.6% 7.9%

21 - Manufacture of pharmaceutical products

= Reducing energy consumption through energy efficiency measures
Self-generation of renewable energies
Reduction of process-related emissions

m Purchase of renewable energies

m Use of compensation measures

m Other

Figure 3. GHG reduction target for 2025, broken down by measure option [in %], by sector (n > 20).

3.3. Putting industry’s GHG saving goals in political context

The previous sections have provided insights on the spread and the average GHG reduction
ambition. They also highlighted in general terms with which overall types of measures companies
aim to achieve their goals. From other studies, we have learnt that the set goals are not unrealistic to
achieve from a company perspective [2,50]. What we have not yet established is what these 22.1 %
and 27.3 % targets actually mean. While using a recent “normal” business year (often 2019) as a basis
makes sense from a business perspective, political targets usually refer back to another base year,
1990 [52].

In order to compare political and industry targets, it is necessary to identify the amount of GHG
emissions the companies in the sample emitted in 2019. For the moment we take the simplifying
assumption that the sample is fairly representative of the industrial sector in Germany. In 2019, the
German industry emitted circa 187 million tonnes of CO:-equivalents. In 1990, the industry’s
emissions where at 284 million tonnes [53]. If the percentage goals for 2025 and 2030 were to be
applied, the 187 million tonnes emitted in 2019 would be reduced by 22.1 / 27.3 %, which corresponds
to 41 / 51 million tonnes (cf. Table 3). Subtracting these reductions from the 2019 emission leads to
the remaining emissions for 2025 and 2030 respectively. The prospected 2025 and 2030 emissions then
allow one to determine the targeted percentage reductions compared to the common policy base year
of 1990. It is remarkable that this percentage is almost on the same level as Germany’s overall
emission reduction target for 2030 at the time of data collection, which was - 55 %[54]. Nevertheless,
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the goal has since been increased to 65 % [32]. If this goal was applied across the board, it would lead
to a reduction down to 99 million tonnes by 2030. However, as of mid-2021, the sector targets under
the climate protection act list 140 million tonnes of remaining emissions as the target for the industrial
sector. In other words, if the industry reached its self-determined targets for 2030, it would already
meet Germany’s current sector targets for 2030 (cf. Table 3).

Table 3. Converting Industry targets from 2019 to 1990 base year.

CO2-equivalents (in million tonnes) 1990 2019 2025 2030
Absolute & Policy Target Emissions for Industry 284 187 140
Absolute if measures are implemented as planned 146 136
Absolute savings of planned measures +97 0 -41 -51
%-change compared to 2019 52 % 0 221% 273 %
%-change compared to 1990 0 34%  49% -52 %
Political Target (overall) -65 %

The implications from this are considerable for two reasons: Firstly, numerous articles and
studies have highlighted that the climate change targets will be difficult to meet at the current pace
of action [32]. With the goals determined, industry sets a strong-self-determined signal. Accordingly,
policymakers should focus on ensuring that the industry is able to fully reach its targets. Such a
course of action would necessitate policymaker to engage with industry to identify potential
prohibitors and to clear the path — in contrast to prescriptive efforts to push industry to “try harder”.
The second reason is much more concerning. In section 3.1.2. we have established that industry plans
to accomplish 80 % of its decarbonisation efforts (contributing to the figures presented in Table 3)
within the first half of the decade, which means by 2025. However, the problem is that due to the
difficulties explained in section 1, the average planning time, building and commissioning times for
generation infrastructure as well as wind parks is beyond a half decade. Accordingly nothing that is
not already in the pipeline will be ready by 2025, unless planning processes, capacities, etc. are
improved in the immediate future [32]. To get a better understanding of how and where potential
shortages might appear, it is necessary to apply the simplified procedure used to estimate the overall
saving ambitions (cf. Table 3) on the subdivision of the savings targets as well.

In this regard, it is important to note that some measures can (only) impact energy-consumption
and energy-related emissions. Conversely, other types of emissions can only be tackled with process
decarbonisation, CCUS or compensatory projects. Offsetting GHG emissions is the only measure that
can compensate for any type of emission (however it cannot prevent emissions). As a result, a
proportion of the emissions is energy-related and can only be addressed through the described
means, and another proportion are process-related emissions. While the process-related proportion
can be quite different across sectors, applying the general ratio, valid for industry as a whole, will be
sufficient for the simplified estimation: Of the 187 million tonnes of GHG emissions of industry, two
thirds are energy-related and one third is process related. According to destatis, industry’s total final
energy consumption (energetic) in 2019 was 3336 Petajoule (PJ), which is equivalent to 926.67
Terawatt hours (TWh). In the same year, industry’s energy-related GHG emissions were at 125
million tonnes [55]. Dividing the emissions by the energy consumed leads to the industry’s average
emission factor of 0.1349 tonnes GHG emissions per TWh energy consumption. If this factor is
applied to the energy-related decarbonisation-measures (energy-efficiency, renewable energy), one
finds the approximate amount of energy-generation / savings needed to meet the proclaimed 2025
savings goal. It has to be noted that with each step taken in this estimation process the deviation from
reality may increase. Particularly in context of final energy consumption, comparatively small
deviations across data sources can lead to a substantial change of the emission factor. Executing the
operation suggests the need for 138 TWh in renewable energy capacity (not necessarily electricity),
and 65 TWh in savings from energy efficiency measures. While keeping in mind that companies may
wish to make use of a broad range of renewable energies, the estimated amounts are converted into
on-shore wind turbines and photovoltaic panels for illustrative purposes. A modern wind turbine
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can generate 5-10 GWh per year. Using 7.5 GWh as factor, this translates into 9.700 wind turbines.
For an average photovoltaic panel, the annual electricity generation is about 0.17 MWh/m? [56] and a
forest stores approximately 6 tonnes of GHG emissions per hectare per year [57], leading to the
figures in Table 4.

Table 4. Impact estimation of 2025 Saving Targets.

Measure in% o Miot in TWh ca. equivalent to
CO2-eq.
Energy Efficiency 5.4 % 10.2 ~75
Self-generation of renewable energies 4.7 % 8.8 ~65 380 km? photovoltaic
Reduction of process emissions 3.2% 6.0
Purchase of renewable energy 53 % 9.9 ~73 9.700 wind turbines
Compensation 3.4 % 6.3 10.000 km? forest
Other 0.1% 0.0
Estimated total GHG savings Industry ~ 22.1 % 41 ~138/~75

The EWI estimates that meeting the wind energy growth targets and the ambition of serving
80% of electricity demand in 2030 with renewable sources will require on average 5.8 wind turbines
going online per day between 2023-2029 [33]. Between 2010-2021, on average 3.5 wind turbines went
online per day [32]. If the estimated 9.700 wind turbines to meet industry’s target were to be installed
within five years (from the point of the data collection in 2020), 5.3. turbines would need to go online
per day. The EWI estimates additional electricity needs for industry of 45 TWh. To produce 20 TWh
of green hydrogen for industry, it estimates that a further 29 TWh of electricity from renewable
energy sources is required [33]. Putting EWI’s depiction of the goals set out in the coalition agreement
in the context of our estimate shows that the additional green energy needs of industry estimated by
the EEI for 2025 would be on par with EWI's numbers — however: only if all energy efficiency
measures are applied, the 138 TWh are reduced to about half and if it all happens within half the
time. This is as the needs estimated by EEI are for 2025 and EWISs for 2030.

4. Discussion and Conclusion

As underlined before, the estimations provided in the previous section suffer from a number of
limitations due to the simplifications and assumptions, which had to be made along the way. To
improve the estimate, the following steps promise to increase its accuracy: (a) Firstly, one defines the
proportion of a sector’s energy consumption compared to the industry as a whole and expresses this
ratio as a weighting factor to be applied to each individual observation. (b) Secondly, one expresses
the ratio of MSMEs in each sector with a weighting factor and applies them on the goals set (as
preliminary data shows relevant differences in ambition levels depending on company size).

However, even if the figures provided are off by up to 50 %, the forecasted generation capacities
are quite likely not sufficient and, more importantly, come too late.

In order to reduce suffering from such supply risks, companies are well advised to undertake
those measures, which are within their “control” — the on-site measures. Particularly, the common
saying that the best unit of energy is the one not used holds true in this context. The more efficient
end users become, the more impact each additional wind turbine, each photovoltaics or solar thermal
energy panel will have. Moreover, planning permissions and shortages in installers, equipment and
energy experts all take their toll and constitute a potential, often a real, bottleneck in companies’
resilience and net-zero plans. This dynamic further underscores the importance of efficiency, if not
in general then in terms of the timeline (and the cost increases over time).

Given the risks and obstacles to companies’ resilience and net-zero plans, it would be beneficial
to determine each company’s decarbonisability factor [44]. The latter describes the proportion of
emission reduction that cannot be satisfied through on-site measures for technical and space reasons,
instead requiring off-site means. Awareness of decarbonisability factors would equip policymakers
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with a certain degree of plannability in terms of required capacity growths (similar to a shopping list
in some way).

To improve the accuracy of transformation plans, policymakers should further complement
their estimations, basing them not only on technology roadmaps but also on bottom-up information
to gain an actual understanding of what exactly is needed when by whom. This can either be done in
a survey format, such as the EEI, provided a more precise estimation approach, or a full data
collection, similar to a census. For the latter, each company would be asked to fill-in a confidential
online-questionnaire providing company-size, sector, federal state, composition and amount of
energy use (for larger companies also energy- and process-related emissions). Further one would
enquire how the company intends to contribute to the country’s GHG target (in % by 2030).
Information on the scopes in which the company pursues emission reductions, how advanced the
company is in its decarbonisation and where it needs help can further make such tool serve as a two-
way facilitator. Firstly, policymakers acquire a better understanding of the required infrastructure
and the progress towards decarbonisation. Secondly, companies have a chance to indicate what they
need to help achieve the societal climate goals. Policymakers can then address these with specific
measures.

To improve the accuracy of the estimates in this article and to benefit from the additional
viewpoint, it would be valuable to complement the present analysis, which focuses on industry
sectors, with the perspective of different energy intensities and company sizes. With sufficient
participation, the questionnaire could be useful to assess from a demand-side perspective what is
needed, when, by whom and where. To master the climate and energy crisis successfully, all
stakeholders, particularly policymakers, but also companies need to “up their game” and quickly
push ahead with decarbonisation. Particularly through the application of energy efficiency measures
and the parallel expansion of self-generation capacities.
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