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Abstract

Impact of Extreme Scenarios on the European
Industry in 2050

Leandra Scharnhorst

Decarbonizing the European industry sector is a prerequisite for reaching the ‘well
below’ 2 °C climate target adopted in the Paris agreement. The objective of this
master thesis is to model a European energy efficiency scenario (2020 – 2050), using
the Sector Model of the Industry (SmInd). This reference scenario builds the basis for
comparison with extreme scenarios. Additionally, an extreme electrification scenario
is assessed qualitatively for its prospective implementation into the model. SmInd
Europe is obtained by adapting and expanding a German version of SmInd. The model
is based on sub sector specific input data such as energy consumption and load
profiles, as well as energy carrier specific data considering emission factors and energy
carrier prices. The input data requires different assumptions, to account for 13 energy
carriers, 11 applications, 22 processes, 13 sub sectors and 15 countries. Computing
the country specific industry structure and the reference scenario reveals an overall
reduction in energy consumption, as well as a reduction in CO2 emissions of e.g.    
44 %, 22 % and 20 % in Germany, France and Sweden, respectively. Benchmarking the
reference scenario with other country specific studies shows that the assumptions
taken are a reasonable first approach for modelling an ambitious energy efficiency
scenario in the European industry sector. The assessment of the heterogeneous
industry structure reveals that the implementation of extreme scenarios needs a
country specific approach, to account for a varying degree of decarbonization
progress in the different sub sectors and countries.
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1 Introduction 

The European industry sector is the second largest consumer of final energy, accounting 
for 25 % of the final energy consumption (FEC) and 20 % of the total CO2 emissions in 
the European Union in 2015 /AGORA-01 19/. The energy carriers electricity and 
natural gas make up the largest part of industrial FEC, accounting each for 
approximately a third of the total FEC in the EU /AGORA-01 19/.  

To meet the European climate goals, the European Commission published the roadmap 
for a competitive low carbon economy in 2050, calling for coherent action to decarbonize 
the industry sector /EC-04 11/. To reach the ‘well below’ 2 °C climate target, adopted in 
the Paris agreement /UN-03 15/, the European industry will need to decrease emissions 
significantly /WESS-01 17/, /ICL-01 13/. Energy-intensive industries (EII) would need 
to reach zero emissions before 2070 /WESS-01 17/, /LUT-06 17/, where an overall 
industrial reduction potential between 83 % and 87 % until 2050 had been identified by 
/EC-04 11/. The EII comprises sub sectors such as iron and steel, cement, glass, 
aluminum, chemicals, as well as paper and pulp production, which make up over 30 % 
of the total industrial energy consumption and emit 30 % of global CO2 emissions per 
year on a global scale /ICL-01 13/, /WESS-01 17/, /BATAI-01 18/. In the EU, the EII 
account for 65 % of the FEC and for 76 % of industrial CO2 emissions due to CO2 

intensive processes in these sub sectors /AGORA-01 19/. 

Different CO2 emission abatement measures must be addressed, such as improving 
energy efficiency, increasing the use of recycling, fuel and route switching, carbon 
capture and storage (CCS) /EC-04 11/, as well as a broader sociotechnical approach 
comprising behavior, culture, policy, industry strategies, infrastructure and science 
/WESS-01 17/. However, perceived risks such as carbon leakage, long investment 
cycles, high investment costs, scrap availability for recycling and long times of return 
on investments pose a main barrier for the development of climate policy in the 
industrial sector /LUT-06 17/, /BATAI-01 18/, /WESS-01 17/. 

1.1 Motivation 

These barriers, as well as the complexity and heterogeneity of the industry sector, 
emphasize that decision making based on robust information is key for long-term 
planning /IZT-01 08/, /KIT-04 11/, /FOCUS-01 12/. The application of bottom-up models 
investigating long-term scenarios provides an approach for delivering results that 
facilitate the discussion and decision making on what the future might bear, when 
applying different kinds of CO2 abatement measures. In the context of risk mitigation, 
it becomes also of substantial interest to assess unlikely scenarios which could have a 
major impact on the energy system. Here, the modelling of extreme scenarios comes 
into play. 

The motivation of conducting this master thesis is based on addressing the topicality of 
extreme scenarios in the context of facilitating decision making and discussions on 
possible future developments in the European industry sector.  

1.2 Objective  

The project ‘eXtremOS’ serves to assess the impact of extreme scenarios in the 
European Union on the long-term, considering sectoral interdependencies, as well as 
interdependencies with the power industry. eXtremOS is supported by the German 
Ministry of economics and energy (BMWi) and is run by the collaboration of the FFE 
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(FfE (ry) and FfE (Ltd)) with the Technical University of Munich (TUM), the think-tank 
Agora Energiewende and the Institute for Technology Assessment and System Analysis 
(ITAS). Industry partners are utilities such as Stadtwerke München (SWM), 
Vorarlberger Kraftwerke Aktiengesellschaft (VKW), Stadtwerke Rosenheim (SWRo), 
Uniper, Innogy and Energy Baden-Württemberg AG (EnBW), transmission system 
operators 50Hertz and Amprion, as well as the automobile manufacturer BMW 
/FFE-10 18/. 

The objective of eXtremOS resides in investigating the influence of extreme 
technological and regulatory developments on the European electricity market.  

At the present state, highly topical developments on a regulatory and technological 
level may lead to disruptive changes in the energy system. This presents risks, but also 
opportunities for stakeholders. The project eXtremOS investigates the topic, focusing 
on the development of extreme scenarios and their impact on the future energy system. 
From already obtained qualitative data, e.g. experts defining which kind of extreme 
scenarios are likely to occur in the future, the degree project aims for building a baseline 
for modelling extreme scenarios in SmInd EU. The project offers the opportunity to 
elaborate on the industry model that currently exists for Germany (SmInd GER) and 
to expand it to Germany and its electrical neighbors (SmInd EU). 

The global structure of the progress of eXtremOS is sketched in Figure 1 and is divided 
into the parts Extreme-Scenario Definition, Modelling Extreme Scenarios, as well as 
the Impact of Extreme-Scenarios on the EU and globally.  

 

Figure 1 – Overview over the three work packages of eXtremOS 

The degree project is situated in the second part Modelling Extreme Scenarios, by 
focusing on the industry demand sector. This entity comprises the modelling of extreme 
scenarios in the energy production sector as well as on the demand side, which is split 
into the industry, transport, services and domestic sectors. 

In the context of eXtremOS, the objective of the degree project is the modelling of the 
European industry sector as a sectoral model of the industry (SmInd), with the 
assessment of a first long-term reference scenario, from 2015 to 2050. The model is 
adapted from a Germany-specific version (SmInd GER). SmInd GER’s structure is 
adjusted to fit the European scope. Moreover, further adjustments are realized 
considering the input data, to account for the additional countries. The implementation 
of the reference scenario builds the baseline for the implementation of extreme 
scenarios subsequently to this degree project. The European industry sector comprises 
in the following Germany and its electrical neighbors: Switzerland, Austria, Italy, the 
Czech Republic, Poland, Denmark, Sweden, Norway, England, Belgium, the 
Netherlands, and France. Additionally, Slovakia, Hungary and Slovenia are considered 
due to the importance of the electricity flow /FFE-10 18/. The term SmInd EU hene 
considers the aforementioned countries and not all members of the European Union. 
The latter will be addressed as EU28, if need be.  

SmInd EU computes the FEC and energy related CO2 emissions by industry sub sectors 
and energy carriers in an annual resolution until 2050.  
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1.3 Research Questions 

The research questions, derived from the objective to model the European industry 
sector, address the following concerns. 

1. Which adjustments have to be taken into account for extending the sector model 
of the industry (SmInd) from Germany to Germany and its 15 electrical neighbors 
(SmInd EU)? 

2. How can a European reference scenario be identified and implemented to model 
the development of the European industry sector until 2050? 

3. To what extent are Germany-specific assumptions and data methodically 
applicable to Europe? 

The first and second research questions address the implementation of the 
methodologies considered to adjust and implement the structure, input data and 
European reference scenario to create SmInd EU. The third research question refers to 
the analysis and validation of the measures taken to create SmInd EU and identifies 
limitations and the validity of the model.  

Further questions, such as how to implement an extreme scenario in SmInd or how to 
include Switzerland into the reference scenario have not been further addressed, due 
to time constraints in the first and a lack of data availability in the second case. 

1.4 Thesis Outline 

In the course of the following thesis, the work conducted in order to answer the 
aforementioned research questions is documented.  

Chapter 2 starts with the theory about scenarios in the context of futures research, 
deriving from there the context of how to develop reference and extreme scenarios. 
Furthermore, an overview about the present state of the sector model of the industry is 
given. 

Chapter 3 then investigates deriving a European reference scenario, as well as the 
identification of the first extreme scenario (qualitatively). Additionally, the 
methodology of creating SmInd EU is addressed, accounting for its structure, input 
data, as well as the implementation of the previously identified reference scenario. This 
chapter thus aswers the first research question, as well as the second research question. 

Chapter 4 presents the results of simulating the reference scenario in SmInd EU, 
providing information for the further analysis and discussion of the results in 
Chapter 5. 

Chapter 5 focuses on the validation of the reference scenario, discusses the applicability 
of the considered extreme scenario and concludes with the analysis of the limitations 
and the validity of the model. 

The report concludes in Chapter 6 by answering the research questions and gives in 
Chapter 7 an outlook about further research that can be conducted subsequently to this 
master thesis. 
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2 The Current State of Scenario Modelling in the 
Industry 

To define the approach of modelling extreme scenarios in the European energy system, 
with focus on the industry sector, the relevance and methodology of generating 
scenarios in futures research is further analyzed in the following.  

The approach of developing and modelling reference and extreme scenarios in bottom-
up models of the European energy system is investigated in this chapter. This starts by 
deriving the scenario approach from the context of futures research and continues with 
the definition of reference and extreme scenarios in the energy system. The chapter 
concludes giving an overview about the present sector model of the industry (SmInd). 

2.1 Scenarios in the Context of Futures Research 

Futures research is used to generate orientation knowledge that contributes to the 
accomplishment of upcoming challenges and crises and is hence a multidisciplinary 
task under a joint reference framework. Characteristics of futures research reside in 
the fact that the generated orientation knowledge cannot be verified when it is 
generated, by definition. /SZF-01 97/ There are several methodologies to approach 
research on the future. The future itself is defined by uncertainty and complexity, since 
developments and changes consist of multiple layer interdependency that evolves 
partly in a continuous, partly in a disruptive way and is thus not always easily foreseen 
/SZF-01 97/, /IZT-01 08/, /DÖNI-01 09/.  

 

Figure 2 - Varying futures research approaches, sorted by complexity and uncertainty 
- after /DÖNI-01 09/ and adapted from /FAO-02 06/, p.1284 

Figure 2 illustrates the definition of the varying research approaches after /FAO-02 06/, 
considering a range from low to high uncertainty on the horizontal axis and a range 
from low to high complexity on the vertical axis. Predictions and forecasts belong to the 
classic approach of futures studies and usually build the picture of one possible future 
that is most likely to occur /SZF-01 97/, /IZT-01 08/. Scenarios are often described as a 
more hypothetical construction of possible futures, due to present and past knowledge 
about probable, possible and desirable future developments /SZF-01 97/, /IZT-01 08/. 
Some sources differentiate between scenarios, projections and explorations stating that 
scenarios are hypothetical /SCHUB-01 16/, /SZF-01 97/, while others declare that 
projections are still aspects of the scenario approach /IZT-01 08/. 
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Increasing complexity and uncertainty in the societal and natural context, considering 
e. g. globalization, climate change, as well as dynamics in the energy and resource 
markets, call for the reflection on upcoming and sustainable decision making 
/IZT-01 08/. Hereby, the abstract term of a possible future can be concretized by 
applying scenarios to illustrate development paths and alternative future situations 
/SZF-01 97/.  

Scenarios have become a strategic instrument in assessing possible future 
developments and an integral part of research projects /FFE-01 17/. However, a 
consistent definition of the term scenario does not exist in the literature so far and there 
are diverse methodological approaches to construct scenarios /FFE-01 17/. Three 
aspects that exist in most scenario-definition-approaches have been summarized by 
/FFE-01 17/: 

1. A scenario presents a potential future situation, including development paths 
that lead to this situation /SZF-01 97/, /SCHUB-01 16/, /FFE-01 17/, 
/REIB-01 92/, /UTG-01 91/. 

2. A scenario describes a hypothetical future based on assumptions and hence does 
not claim the truth about the future in contrast to projections and forecasts 
/FFE-01 17/, /IZT-01 08/ 

3. A scenario considers usually a time horizon on the long-term with the 
interaction of influencing factors (parameters and descriptors) /FFE-01 17/ 

The scenario approach is defined by Armin Grunwald as one of the most complex and 
comprehensive approaches, since its purpose lies in focusing on one or multiple aspects 
of reality, by accounting for a certain level of complexity and uncertainty /IZT-01 08/, 
/KIT-02 14/. The illustration of the scenario method via a funnel in Figure 3 shows that 
the present starts at the most narrow point 𝑡𝑜. The funnel widens as complexity and 
insecurity increase when going further from the present situation to a specific point in 
time in the future 𝑡𝑠 /REIB-01 92/.  

 

Figure 3 - Description of the scenario method via a funnel, with the present starting at 𝑡𝑜 and a future point in time  𝑡𝑠  (based on /REIB-01 92/) 

The scenario accounts for an increase in complexity and uncertainty based on its 
construction that relies on choosing and combining parameters, considering a certain 
time scale and taking assumptions to define interdependencies between the parameters 
/IZT-01 08/. By building the scenario, certain assumptions are taken on how the future 
might look like, how current trends will unfold and which developments will change or 
not /IZT-01 08/. These assumptions depend on the assessment of the responsible 
researcher and the type of scenario that is investigated, so that a certain degree of 
subjectivity during the creation of the scenario is unavoidable /FFE-25 19/, /KIT-04 11/, 
/FFE-01 17/. 
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The general view that various futures paths are potentially possible to occur concludes 
that it makes sense to consider multiple possible futures, when conducting futures 
research /IZT-01 08/. Therefore, the main idea of creating scenarios is to model several 
alternative scenarios and to utilize their results as orientation knowledge for decision 
makers /SZF-01 97/, /FFE-01 17/.  

A common approach is the development of a trend (most probable) scenario and 
scenarios differing from the trend scenario, so called target scenarios /SZF-01 97/. 

2.2 Qualitative and Quantitative Scenarios 

When it comes to the creation of scenarios, additionally, the distinction between 
qualitative and quantitative scenarios needs to be considered. Qualitative scenarios are 
also called context scenarios and consist of a storyline describing soft aspects that are 
not quantifiable. They enable to raise understanding and awareness in the population 
to foster communication and represent the work of different stakeholders and experts 
of different fields to achieve an interdisciplinary approach. 

Figure 4 illustrates a scenario as a funnel that broadens in time, showing in the cross 
section at a certain point in time 𝑡𝑠 that the scenario consists of several descriptors 
(small circles) which own specific characteristics (arrows). The descriptors describe the 
contextual scenario and comprise parameters that in turn are applied to the 
quantitative scenario. 

 

Figure 4 - Scenario illustration, with each small circle describing a descriptor, 
consisting of specific characteristics presented by the arrows, after 
/IZT-01 08/ 

Quantitative scenarios can be modelled, since they consist of quantifiable aspects that 
are represented in numbers and equations. They provide internally consistent 
scenarios. Shortcomings are that the calculation time leads to a restriction of 
parameters and the results of the scenario are more difficult to understand for the 
public which limits an overall interdisciplinary reflection. /FFE-25 19/ 

Exploring alternative futures is hence enabled by generating, applying and analyzing 
scenarios which facilitate the identification and description of development paths, 
decision points and possibilities for taking action, as well as analyzing the consequences 
of possible actions, to foster strategic thinking and to discuss the generated orientation 
knowledge /SZF-01 97/. 

How scenarios are applied in energy economics to support long-term decision making 
in the energy system is investigated in the following.  
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2.3 Energy Scenarios 

The use of scenarios in futures research with focus on the energy sector started in the 
1960s with first energy scenarios being created by Royal Dutch Shell and General 
Electric /KIT-04 11/. The shift in energy research went further from the 1980s onwards, 
switching from forecasting approaches or projecting the future to explorative 
approaches considering the analysis of several plausible scenarios. /TRUT-01 15/ 

Multiple uncertainties in the energy system provide the ground for an infinite number 
of plausible scenarios that can be constructed and analyzed. Studies like /TRUT-01 15/ 
call for multi-organizational, multi-method and multi-scenario approaches to the 
development of energy scenarios to profit from the broad spectrum of conclusions that 
can be derived from such a comprehensive analysis.  

The intricacy of the energy sector comprises complex infrastructures of energy supply, 
transport and usage affecting all societal levels, which are on the one hand, 
considerably expensive and on the other hand, difficult to modify /KIT-04 11/. As a 
consequence, the decision making in the energy sector needs to consider decades of 
implementation and operation, which underlines the importance of robust decisions on 
solutions that show the validity to be realized during long time intervals and should 
hence not require sudden adjustments /KIT-04 11/. Long-term planning is key, since 
the energy infrastructure and supply technologies bear high investment costs and due 
to the long-term operation of large scale facilities, as well as the long-time scales that 
new energy technologies take until reaching their market maturity /IZT-01 08/, 
/KIT-04 11/, /FOCUS-01 12/.  

The field of creating energy scenarios requires considerable creativity and investment 
of resources, with model based energy scenarios becoming an own research field 
/KIT-04 11/. The approval among scientists of using energy scenarios is applied 
nowadays e.g. to assess global climate change for a specific region, e.g. to realize the 
German energy transition /SCHUB-01 16/, market prospects for new services or the 
analysis of demographic change /KIT-04 11/. Other research targets are e.g. the 
investigation of the gradual exhaustion of resources, competitiveness of renewable 
energy carriers, the formulation of climate targets by CO2 emission reduction and 
prevention, geopolitical shifts, as well as potentials and risks of a hydrogen economy 
/KIT-04 11/, / LUT-01 11/. The requests for energy scenarios come mainly from the field 
of research but also from ministries, public authorities, NGOs, companies, energy 
providers and banks /KIT-04 11/.  

As discussed in the overall description of scenarios, a broad spectrum of methods can 
be applied to the approach of constructing energy scenarios /KIT-04 11/. Hereby, top-
down approaches, which are economically oriented, can be distinguished from bottom-
up approaches, which are process oriented, with different model types being used in 
both approaches /KIT-04 11/. 

2.4 Reference and Extreme Scenarios in the Energy Sector 

Building energy scenarios is based on qualitative assumptions or quantitative models 
or a combination of both /KIT-04 11/.  

The literature approach often evolves around creating a trend scenario as a reference 
scenario and either positive or negative (extreme) scenarios as illustrated in Figure 5 
/MIET-02 09/, /KIT-02 14/, /REIB-01 92/. 
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Figure 5 - Illustration of scenarios in literature after /FFE-10 18/, /MIET-02 09/ 

The trend scenario projects hereby the most probably scenario of the future, by 
extrapolating on the present status quo and assuming a stable development path. 
Disruptions are not accounted for in the trend scenario. The trend scenario is usually 
used as the reference scenario to identify the scale of variation of the scenario 
contemplated in the range between the trend scenario and the best or worst case 
scenario. Additionally, the reference scenario does not necessarily have to be a trend 
scenario. It can also be e.g. an ambitious scenario that is planned to be used as a 
reference to other (extreme) scenarios evolving around it.  

The terms positive or negative ‘extreme’ scenario are usually not used in literature, but 
describe the assumption of a best case and a worst case as the upper and lower 
boundary of the scenario funnel /MIET-02 09/, /KIT-02 14/.  

Since the future development paths that extreme scenarios are planned to account for 
in eXtremOS will develop dependent on the chosen input parameters, the approach of 
directly calling the respective scenario a positive or a negative scenario is not 
appropriate. The decision of describing the outcome of the specific extreme scenario as 
positive or negative depends then on the interpretation of the simulations results.  

Moreover, literature findings are scarce about describing a scenario as being extreme. 
Two studies considering an ‘extreme scenario’ come from /ISE-03 12/ and /TIOT-01 18/. 
Both studies assume scenarios in which 100 % of renewables account for electricity and 
heat demand supply in Germany 2050. /ISE-03 12/  furthermore assumes that 
consequently no fossil fuels are needed any longer and that Germany becomes self-
sufficient making import and export of energy (electricity) obsolete. /TIOT-01 18/ 
particularly calls its 100 % renewable energy scenario (Ren 100) a ‘radical’ or ‘extreme’ 
scenario and applies it in a bottom-up model that displays the global energy system 
(fuel resources, power sector, transport sector) from 2015 to 2100. Ren 100 assumes 
cheap Gas prices and a nuclear phase-out policy. The shares of renewables in each 
sector are stated as being below the maximum allowed share by each sector with 40 % 
from renewables by photovoltaic (PV) and wind power (WP), 30 % by biomass and ocean 
energy, 10 % oil fired, 40 % gas fired and 30 % coal fired. This means that the sum of 
the above shares adds up to 100 %. The composition of the sector’s share can vary, 
meaning that the energy mix of the power sector can vary, since the above shares are 
the maximum allowed for each energy source mentioned. CCS is assumed to be applied 
in all fossil-based technologies in both power and heat sectors after 2030, with 0 % fossil 
fuels in all sectors in power, heat, hydrogen and fuel regarding the phase-out of fossil 
fuel in 2100 (except in the transport sector). In the transport sector, in 2100 70 % 
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electrical vehicles (EV), 30 % fuel cell vehicles (FCV), 0 % internal combustion engines 
(ICE) and plug-in hybrid electrical vehicles (PHEV) are projected to exist, as well as 
50 % and 100 % hydrogen fuel used in 2050 and 2100 in aviation, respectively. 
/TIOT-01 18/ 

Additionally, two extreme scenarios have been described by researchers from the 
“Secretariat for Future Studies” in the book “Solar versus nuclear – choosing our energy 
future” /SFS-01 80/. The two extreme scenarios had a scope from 1978 to 2015, 
assuming a 30 % increase in the overall energy consumption compared to 1978, caused 
by an increase of the industrial output and personal standards, with 30 % reduction in 
the specific energy consumption. The Swedish energy mix in 1978 consisted of 4 % 
nuclear power, 12 % hydropower, 4 % coal and coke usage, 8 % biomass (wood) and 72 % 
oil. The first extreme scenario described the energy mix in 2015 as consisting of 5 % 
wind power, 12 % hydropower, 12 % wood, 3 % aquatic biomass and 68 % solar energy. 
In this scenario, the requirements of energy in the industry sector and for district 
heating are fulfilled by biomass. Methanol is used as the main energy carrier in the 
transport sector. Solar collectors and passive solar heat would provide space heating. 
/UOM-01 84/ The second extreme scenario accounted for projects nuclear as the main 
energy generation technology simulating an energy mix of 6.5 % biomass (wood), 12 % 
hydropower, 12 % nuclear cogeneration (6 units) and 70 % nuclear power (67 units, 
each 1 GW). Comparing the last results, that assigned an installed capacity of 
67,000 MW to nuclear power for 2015, with the data from /ENTSO-01 16/ presenting 
the actual installed capacity of 9,714 MW nuclear power and an overall installed 
capacity of 39,951 MW in Sweden in 2015, shows that the output of the nuclear extreme 
scenario has been, indeed, extreme. In the scenario, electricity is considered to be used 
for space heating except for the cities with district heating where cogeneration reactors 
or heat only reactors would apply. The transport sector is considered to rely completely 
on methanol or hydrogen. /UOM-01 84/ 

/ECN-01 95/ presents two ‘extremely’ different scenarios in 1995, with the first one 
focusing on the ongoing integration in Western Europe and the second one focusing on 
the fragmentation of Western Europe. Both scenarios were implemented in the Sectoral 
European Energy Model (SEEM) to project primary energy demand in the industry, 
services, household and transport sector, as well as the energy production sector with 
a focus from 1991 until 2020. /IIAS-01 96/ calls the scenarios ‘extreme energy scenarios’ 
stating the significant difference between the long-term primary energy demand with 
65 % increase for the integrated and a 40 % increase for the fragmented scenario. The 
difference in consumption between both scenarios has been related to higher economic 
growth and lower energy prices, despite a higher rate of technological improvement in 
the integrated scenario. The demand increase was mainly caused by the decrease of oil 
and gas prices in the integration scenario, whereas the rising oil and gas prices in the 
fragmented scenario pushed the use of coal and nuclear power. Overall, the energy 
demand increase was considerable in both scenarios and caused a steep increase in 
CO2 emissions. It was concluded that carbon taxes would be needed to offset the 
CO2 emissions and meet the emissions targets. /IIAS-01 96/ 

The aforementioned studies call their respective scenarios extreme scenarios. They 
have in common, that the scenarios described seem all to have a low probability of 
occurrence and have at the same time extreme effects on the energy sector. 
Furthermore, the nuclear extreme scenario from /UOM-01 84/ underlines the fact that 
the scenario has been characterized on the present state of knowledge at that time, 
which shows the unrealistic, because overestimated, installed capacity of Sweden in 
2015, compared to the actual installed capacity. 

A general approach of how the extreme scenarios have been derived in the respective 
studies or which criteria specifically made them ‘extreme’ was not mentioned. 
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Therefore, a general definition of the typology and creation methodology of extreme 
scenarios has been derived in eXtremOS, as stated in the paragraph below. 

Extreme Scenarios 

A general definition of the term ‘Extreme Scenario’ has been derived through expert 
workshops within the FfE during the course of the eXtremOS project, which defines an 
extreme scenario in the following: 

‘An extreme scenario according to eXtremOS is characterized, on the present state of 
knowledge, by a low probability of occurrence with simultaneously extreme effects and 
accounts for the energy sector. The scenarios have to, dependent on the point of view of 
individual actors or of the whole energy system, appear extreme when being compared 
to the defined reference scenario. A scenario appears extreme, when the effects in the 
form of differing criteria such as ‘cost’, ‘CO2 emissions’, ‘raw-material demand’, 
‘vulnerability’ distinguish themselves significantly from a reference scenario. Signif-
icantly means, that the characteristics of the criteria exceed a defined threshold or that 
a percentage deviation from the reference value exists.’2  
Developing an extreme scenario hence means also to consider the defined reference 
scenario and to define the thresholds and percentage variations of the parameters’ 
characteristics.  

The descriptors have been identified by the research partner ITAS as relevant 
parameters for deriving contextual extreme scenarios. The descriptors are used to 
identify, if all parameters that have been used at the present state in the models 
relevant for eXtremOS can be allocated to a respective descriptor, as well as if there are 
descriptors that cannot be described by the current parameters yet. For the latter, the 
identification of new parameters has taken place and can be implemented in the models 
as soon as the first extreme scenario is implemented /FFE-49 19/. The descriptor is 
hereby defined as a qualitative and/or quantitative entity, characterizing parameters 
and comprising a range of characteristics /FFE-01 17/. The upper and lower boundary 
of the range of characteristics represent the extreme levels of the parameter. A 
descriptor can either be non-critical (foreseeable) or critical (difficult to foresee) 
/FFE-01 17/. Hence, the value of a parameter depends on the characteristic of the 
respective descriptor.  

The relevant parameters for SmInd EU have been identified in the course of a workshop 
by experts of the FfE /FFE-49 19/. The parameters have been allocated to the respective 
descriptors that are clustered into the four categories politics, society, economics and 
energy (including mobility).  

The parameters affected by the descriptors’ characteristics are, as specified by 
/FFE-49 19/: 

 Specific process energy consumption 
 Investments 
 Technology exchange rate 
 Specific process energy consumption 
 Start of measure implementation 
 Production volume 
 Energy Carrier Prices 
 Kind of implemented measure 

                                                
 

2 Translation, after /FFE-48 19/ 
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 Absolute energy consumption 
 Employees per sub sector 
 FEC of sub sector Transport equipment. 

These parameters are allocated to the respective descriptor. Furthermore, one 
parameter can be allocated to several descriptors. Hence, there are interdependencies 
between several descriptor’s characteristics that influence the value setting of a 
parameter. The parameter production volume does e.g. account for the descriptors:  

 Global development and interconnectedness 
 Cooperation in the EU 
 Conflicts and war outside Europe 
 Lifestyle 
 Economic development - GDP 
 Economic system 

It is assumed that the production is affected by changes in the characteristics of the 
above descriptors. The whole overview about the allocated parameters to the respective 
descriptors is presented in Attachment 1.  

2.5 Occurrence of Industrial Demand in Scenarios 

The EU objective to accomplish the reduction of greenhouse gas (GHG) emissions by 
80 - 95 % by 2050 relative to 1990 takes into account a reduction of 83 - 87 % of GHG 
emissions in the industry sector /EC-04 11/. To meet the target of < 2 °C of the Paris 
agreement, the EU would need to promote the overall reduction of GHG emissions to 
reach zero emissions in 2060-2070 /LUT-06 17/. 

The transport, building and energy sectors have seen a comprehensive development 
towards decarbonized technologies such as wind and solar power, electric vehicles, 
zero - energy buildings and advanced biofuels /LUT-06 17/, /IPCC-02 14/. These more 
homogenous demand sectors tend to be focused on when it comes to the exploration of 
mitigation options to reach the emission reduction targets until 2050 /UCL-01 15/. The 
heterogeneous industry sector however does not face the same amount of investigation, 
often explained by the concern of carbon leakage or the potential loss of competitiveness 
/LUT-06 17/.  

In /IPCC-01 14/, it is agreed that the mitigation options in the industry sector need to 
go beyond energy efficiency measures in order to reach the above mentioned GHG 
emission reduction target. This includes measures such as emissions efficiency (fossil 
fuel substitution, carbon dioxide capture and storage (CCS)), recycling and re-use of 
scrap, product service efficiency (such as car sharing, longer product lifetimes) and 
demand reductions (e.g. less product demand) according to /IPCC-01 14/. Hence, the 
best available technologies (BATs) are implied to be able to reduce emissions by 
15 - 30 % in the energy-intensive industries (EIIs), such as steel, cement, aluminum, 
fertilizers and plastics production /IPCC-01 14/.  

Most studies dealing with the decarbonization of EIIs have focused so far on short-to 
medium-term goals of increasing energy efficiency and implementing BATs 
/LUT-06 17/, with long-term explorative studies have begun to emerge since 2012 
/LUN-01 12/, /LEC-02 16/, /ICL-01 13/. Reducing emissions from EIIS to almost zero by 
2050 and the implications for the future climate policy regime needed for such a 
transition is still rather unexplored /LUT-06 17/, /UCL-01 15/, /WESS-01 17/. However, 
literature stresses the importance of long-term scenarios in the industry considering 
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the importance of emissions efficiency as a future mitigation strategy /IPCC-01 14/. As 
a key challenge, literature like /IPCC-01 14/, /UCL-01 15/ state the ‘uncertainty, 
incompleteness, and quality of data available in the public domain on energy use and 
costs for specific technologies on global and regional scales as a basis for assessing 
performance, mitigation potential, costs, and for developing policies and programs with 
high confidence’. The particularly limited bottom-up information on cross - sector 
collaboration and demand reduction with implications for mitigation in the industry is 
also underlined /IPCC-01 14/.  

Since literature states limited information about extreme scenarios as aforementioned 
and does not provide further insight about the industry sector, the approach retrieved 
from the project’s progress in eXtremOS is utilized as the main source of deciding on 
the extreme scenario being implemented in SmInd EU. 

2.6 Modelling the Industry Sector with SmInd 

SmInd is a hybrid model, based on energy and emission dynamic computations. The 
substructure of the industry sector distinguishes between 13 sub sectors based on the 
Eurostat energy balances /EPP-02 17/, /FFE-35 19/. The following paragraph gives an 
introduction about SmInd’s (GER) structure, on which the adjustments to create 
SmInd EU in chapter 3.3 are built. SmInd EU’s general structure is based on 
SmInd GER and consists of the three sections input data, computations and output 
data, as described in Figure 6.  

 

Figure 6  - SmInd’s structure with the sections Input data, Computations and Output 
data 

The input data that is initialized and imported into SmInd EU in Figure 6 comprises 
different sorts of data packages that have been identified and structured in 
SmInd GER. This structure is transferred to SmInd EU, by adjusting, researching and 
implementing the basis data that is needed for SmInd EU.  

The existing European version of the application balances3 is adjusted in the data base 
FREM, in order to be able to import it in SmInd EU that runs in Matlab. The data of 
the development of the German FEC until 2050 is based on the Energy Reference 
Prognosis (ERP) in SmInd GER, so that a new approach is needed to account for 
Germany’s electrical neighbors. This data set is the basis data to compute the reference 

                                                
 

3 The application balances contain the data used to build the energy carrier application matrices (EAMs) in 
SmInd. 
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scenario in SmInd. Moreover, the load profiles, emission factors and energy carrier cost 
are altered to account for all countries considered in SmInd EU. The measures build 
the basis for the composition of the extreme scenarios computed in the second section 
Computations. The third section clusters the Output data computed in SmInd EU for 
the timeframe from 2015 to 2050, stating as results the emissions, the cost of measures, 
the cost of energy carriers and the FEC per country, sub sector, application and process. 

 

Figure 7 – Structure of SmInd considering Sub Sectors, Processes and Measures 

The structure of SmInd that is depicted in Figure 7 shows the structure of applying 
GHG abatement measures. Energy intensive processes such as the production of 
primary steel and secondary steel are modeled bottom-up, using process specific 
production tonnage and FEC. GHG abatement measures that are applied here are for 
example route switching, by substituting e.g. the utilization of blast furnaces in the 
primary steel production by increasingly utilizing electric arc furnaces in the secondary 
steel production. Less energy intensive processes are modeled top-down in SmInd, as 
well as cross sectional technologies, considering the applications pumps, compressed 
air, air conditioning and other mechanical energy, ICT and lighting, as well as heating 
and hot water (H&HW). Hence, detailed input data is necessary to implement the above 
structure. 

The input data needed for the computations of the reference and the extreme scenarios 
comprise the energy carrier application matrices (EAMs), the data of the reference 
scenario, the normalized load profiles, the emission factors, the energy carrier cost and 
process data. 

The EAMs combine the FEC of every sub sector per energy carrier and application and 
are based on data from the Eurostat energy balance /EPP-02 17/ as well as the 
application balance from /ISI-01 16/. The applications consider space heating, process 
heat with different temperature levels, accounted for by all energy carriers and 
additionally the applications pumps, compressed air, air conditioning and other 
mechanical energy, ICT and lighting, which is accounted for by the energy carrier 
electricity. Twenty-two processes have been adopted from Germany (derived from 
bottom-up examination). The processes selected are the energy and emission intensive 
ones in the industry sector such as primary and secondary steel production or fossil flat 
and container glass production. The processes’ data comprises the yearly production 
volume, as well as the specific electricity and fuel consumption, and has been derived 
prior to this degree project from literature and expert interviews for Germany. Virtual 
normalized load profiles are imported into SmInd GER and have been derived from 
synthetized primary data load profiles of individual processes in the respective sub 
sector, accounting for typical days and weather data from 2012 to construct the 
normalized load profiles. The load profiles exist for process heat generated by fossil 
fuels, electricity and space heating plus warm water. The emission factors, as well as 
the energy carrier prices are based in SmInd EU partly on dynamic computations of the 
integrated simulation model for utility operation and expansion planning (ISAaR), 
which is coupled to SmInd via the database FREM. The reference scenario builds the 
baseline of SmInd, providing as input data to SmInd the development of the FEC per 
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industry sub sector and energy carrier on an annual basis from 2015 to 2050. By 
multiplying the EAMs from 2015 with the annual change in FEC of the reference 
scenario from 2015 to 2016, the EAMs for 2016 are determined. Continuing this 
computation until reaching 2050 enables the determination of the annual EAM from 
2015 until 2050. The assumption is taken that the share of energy carriers’ and 
applications’ energy demand does not change in the respective sub sectors over the 
years. 

The annual EAM, presented in Figure 8 as EAMib,ect,c,y  is hence the outcome of 
multiplying the EAM of 2015 imported from FREM with the annual change in FEC per 
year from the reference scenario. This computation is further examined in Chapter 3.5. 
Figure 8 presents the computations performed by SmInd in order to determine the 
annual FEC, emissions and cost until 2050 of the reference scenario. The EAMib,ect,c,y 

comprise the FEC per sub sector, ib, per country, c, year, y, per energy carrier types, 
ect (electricity and fuel) and per application. By aggregating EAMib,ect,c,y,apt considering 
the application types, apt (H&HW, process heat and the applications accounted for by 
electricity (e.g. pumps, lighting, ICT)), the energy carrier application matrices per 
application type are obtained. The normalized load profiles imported from FREM, LP𝑛𝑜𝑟𝑚𝑖𝑏,𝑒𝑐𝑡,𝑐,𝑦,𝑎𝑝𝑡,ℎ𝑟 

, is multiplied with EAMib,ect,c,y,apt to determine the hourly energy 

consumption per sub sector, energy carrier type, year and country, which is comprised 
in the scaled load profiles, LP𝑠𝑐𝑎𝑙𝑒𝑑𝑖𝑏,𝑒𝑐𝑡,𝑐,𝑦,𝑎𝑝𝑡,ℎ𝑟. The scaled load profiles are subsequently 
multiplied with the energy carrier specific emission factors, EMF𝑒𝑐 and energy carrier 
cost, 𝐶𝑜𝑠𝑡𝑒𝑐, to determine the annual emission balance, EM𝑖𝑏,𝑒𝑐,𝑐,𝑦,ℎ𝑟 and energy carrier 
cost, Cost𝑖𝑏,𝑒𝑐,𝑐,𝑦,ℎ𝑟 until 2050.  

 

Figure 8 – Simplified depiction of computing the reference scenario in SmInd 

SmInd accounts in its computational part additionally for the data on processes and 
measures. Since the data on processes and measures becomes relevant when computing 
the extreme scenarios, which has not been part of this master thesis, this part of the 
computations is not mentioned in this report. 
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3 Methodology of Modelling the European Industry 
Sector 

SmInd enables the computation of various scenarios, with SmInd GER comprising a 
high energy efficiency reference and several decarbonization scenarios. The following 
chapter explores the investigation of suitable, already existing reference scenarios with 
a European scope, to account for Germany and its electrical neighbors. Furthermore, 
an extreme scenario is identified qualitatively. Additionally, the methodology of 
creating and computing SmInd EU is presented in this chapter. 

3.1 Deriving a European Reference Scenario 

The approach of deriving a reference scenario for the European industry sector has been 
implemented by comparing several studies with each other. The main focus point was 
hereby the similarity to the storyline of the reference scenario from ERP /BMWI-01 14/, 
which is used in SmInd GER. Other considered characteristics have been the start and 
finishing year, the granularity of the studies’ results and the topicality of the study, as 
show the key points below.  

1. Starting around 2015 

2. Time interval until 2050 

3. Considering the eXtremOS countries 

4. Similarity to ERP, storyline, trend scenario 

5. Detailed analysis of the industry sector 

6. Granularity of results (industry sector and its sub sectors) 

7. Public access to the data 

In the following paragraphs, first, the energy reference prognosis ERP is examined to 
give an overview about the expectations towards the European reference scenario in 
the subsequent paragraphs. 

Energy Reference Prognosis (ERP) 

The reference scenario from ERP (Energy Reference Prognosis) was released in 2014, 
focusing on the development of the energy markets in Germany /BMWI-01 14/. It is 
considered to be an ambitious reference scenario /BMWI-01 14/, which mainly 
implements energy efficiency measures in the industry sector, but fails to achieve the 
climate goals until 2050 /FFE-35 19/. It consists of a reference prognosis that provides 
data from 2011 to 2030 and a trend scenario that provides results until 2050. 
Furthermore, the granularity that the study provides goes down to the FEC in the 
industry per sub-sector and support-years (2011, 2020, 2025, 2030, 2040, 2050), 
distinguishing between electricity and fuels in general. More detailed results about the 
individual energy carrier’s (fuels) FEC are given in the industry sector for the 
support-years, but not per sub-sector. It does not provide data about the process specific 
production volumes and energy consumption values. These are taken from 
/BMUB-02 16/ and implemented in the reference scenario to ‘approximate the [final 
energy] consumption of processes which are modeled bottom-up’ /FFE-35 19/. The ERP 
uses the industry sector model PROGNOS and considers 13 sub sectors and 8 energy 
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carriers4. Endogenous variables are the energy consumption and implementation of 
measures, and exogenous variables are production volume, CO2 emission prices and 
energy carrier prices /BMWI-01 19/. Furthermore, carbon leakage is prevented by 
coupling the EU-ETS with international climate change abatement measures 
/BMUB-02 16/. 

Ten Year Development Plan (TYNDP) 
The ten year development plan (TYNDP) 2018 from /ENTSOG-01 18/ applies the 
sustainable transition scenario (STS). The STS focuses on a steady growth of renewable 
resources, moderate economic growth, significant growth of gas in the shipping and 
transport sectors, as well as a stable development of electrifying heating and transport 
and a strong development in the usage of bio-methane but none in power-to-gas 
/ENTSOG-01 18/. It assumes a national focus on climate change in all EU 28+ countries 
/ENTSO-01 18/ that is driven by the ETS and national subsidies /ENTSOG-01 18/. It 
provides the data for energy production until 2040 in the energy system model IsAaR 
of the FfE. However it does not provide data about the FEC per sector, as criticized by 
Eurelectric /UEI-01 17/, since it does not show the contribution of the different final 
sectors to GHG emissions’ reduction and the share of renewables in the gross FEC. 
Hence, data on gas and electricity demand are not available per sector. Getting in 
contact with E3M (Institute of Communication and Computer Systems – National 
Technical University Athens) / NTUA-01 18/ and /ENTSOG-01 18/ did not provide more 
insight on the methodology of the sectoral splitting, so that the data on electricity and 
gas is not used in the further approach of building a reference scenario in SmInd EU. 

EU Reference Scenario 2016 (EU-R) 

The EU Reference Scenario (EU-R) focuses on the development of GHG-emissions in 
the European Union (EU28+) considering a trend scenario /EU-10 16/. The model 
regards the policy goals of reaching the GHG-abatement measures and the expansion 
of renewable energies until 2020. The scenario respects hereby all directives that have 
been agreed upon until the end of year 2014, with three changes of existing directives 
that were agreed upon in 2015. When a directive ends in the time interval of the model, 
it is assumed in the EU-R that the directive is not renewed. /BMWI-01 19/ The EU-R 
uses the industry model PRIMES, which accounts for 30 industrial processes and 
combines cost reduction with non-linear functions, due to the heterogeneity of the sub 
sectors and the technological developments /BMWI-01 19/. There is no specific 
contemplation of sub sectors, but iron and steel, ne-metals and glass are mentioned in 
EU-R /BMWI-01 19/. The number of energy carriers is not mentioned. Energy efficiency 
measures are implemented via the diffusion of new production plants and there are no 
country specific assumptions taken /BMWI-01 19/, /EU-10 16/. Since EU-R does not 
renew the directives after they end until 2050, the storyline of the scenario and 
consequently the developments paths do not correlate with the ones of ERP. Hence, 
EU - R is not further considered as a suitable reference scenario for SmInd EU. 

Reference Technology Scenario (RTS) 

The reference technology scenario (RTS) is part of the biannually published Energy 
Technology Perspective (ETP) of the International Energy Agency (IEA), which 
presents the industry and its emissions, comprising all OECD countries. The ETP’s 
model is based on bottom-up modelling, having similar extensive technical 
representation as the PRIMES model, using endogenous assumptions regarding future 

                                                
 

4 Hard coal, lignite, mineral oil products, gas, non-renewable waste, electricity, district heating, 
renewable energy 
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physical production volumes and structural changes affecting the heavy industry. 
/LUN-01 12/ The ETP considers a time interval from 2014 to 2060 and considers (among 
others) the industry sectors, regarding different kinds of fuels and different sub sectors 
in the heavy industry /IEA-113 17/. The RTS is described as a scenario that considers 
the nationally determined contributions (NDCs) from the Paris Agreement and is hence 
not a “business as usual” scenario. The ETP states that the efforts of the RTS result in 
an average temperature increase of 2.7 °C in 2100 /IEA-113 17/. In the industry sector, 
the RTS accounts for incremental improvements in energy consumptions and 
CO2 emissions, according to present implemented and announced policies and targets. 
Additionally, the FEC in industry would be at a growth rate of 1.1 % per year and 
electricity’s share rising from 20 % to 23 % until 2060 in the RTS. /IEA-113 17/ Similar 
to the ERP, the RTS would miss the climate change mitigation targets of the Paris 
Agreement. The granularity of data that is accessible does not account for the FEC per 
energy carrier on a national level and just provides FEC and CO2 emissions data of the 
industry sector, accounting for eight energy carriers5. /IEA-114 17/ Hence the RTS 
cannot be utilized as reference scenario for SmInd EU.  

Other Studies 

The Global Energy Perspective /EI-01 19/ from McKinsey presents a reference case 
from 2016 to 2050, comprising the OECD Europe and accounting for the industry sector 
(steel, chemicals, refining, other industry). However, more detailed data that considers 
the industry sector specifically has not been accessible on the Internet. The e-Highway 
study from the German Energy Agency (dena), which extends the TYNDP’s 2016 until 
2030 and models its data further until 2050 does consider 33 European countries, but 
does not provide a suitable scenario /DENA-07 15/.  

The studies contemplated have as such not the data available in the degree of detail 
that is needed to model the European industry sector in a reference scenario.  

Another method taken into consideration, was to determine studies with fitting 
scenarios on a national level. Due to the considerable effort and time constraints, this 
approach has not been followed further. Moreover, the overall consistency of a 
European reference scenario would be somewhat difficult to maintain, if aligning 16 
different scenarios with this method.  

Therefore, the ERP has been chosen and has been applied to Germany’s electrical 
neighbors, by taking the shares of the FEC per country and deriving the annually FEC 
by considering the yearly change in FEC from the German ERP. The approach and 
implementation, is described in detail in chapter 3.5. The precise measures that the 
energy efficiency is based on, are examined in detail in the discussion and analysis in 
chapter 5.1. 

3.2 Identifying a Prospective Extreme Scenario  

/LEC-02 16/ suggest that the electrification of basic materials production is technically 
feasible. It simultaneously states that the feasibility depends majorly on how the 
industry interacts with the electric systems and that it would comprise substantial 
changes in relative prices for electricity and hydrocarbon fuels /LEC-02 16/. As 
/LEC-02 16/ and /SUGI-01 12/ state, the implementation of electrification measures in 
energy intensive industry or considering the demand side in general, is still a relatively 
unexplored option. /LEC-02 16/ underlines the potential of introducing electrification, 

                                                
 

5 Coal, oil, natural gas, electricity, heat, biomass, waste, other renewables 
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assuming 100 % renewable electricity production. /LEC-02 16/ investigates the 
electrification of energy intensive basic material production such as steel, cement, glass, 
lime, petrochemicals, chlorine and ammonia, including a supply of hydrocarbon and 
hydrogen for petrochemicals and ammonia production based on electricity. In the 
industry, applications such as power-to-heat e.g. for the generation of process heat with 
heat pumps for space heating and hot water can be utilized as electrification measures. 
Demand for further research resides in the supply of high process heat e.g. larger than 
500 °C /FFE-54 18/.  

The term electrification hereby refers to the expansion of the utilization of electricity 
as an energy service. This does not refer to the deployment of electricity in development 
economics, which refers to providing electricity to a village or town without access to 
the electrical grid before /SUGI-01 12/. 

Since the studies / LEC-02 16/, /SUGI-01 12/, /FFE-54 18/ emphasize the importance of 
electrification for reaching policy targets and efficiently decarbonizing the industry 
sector, an extreme electrification scenario is chosen to be further examined as a first 
case study to be implemented in SmInd EU.  

The extreme electrification scenario is retrieved from the project Dynamis, a project 
conducted prior to eXtremOS by the FfE. The scenario has been applied in SmInd GER, 
focusing on the decarbonization of the German industry sector /FFE-11 18/. Since the 
transformation pace assumed in the electrification scenario represents an upper-bound 
estimate, the scenario can also be considered as a first extreme scenario, to run and 
validate SmInd EU. It is considered to implement the parameters range characteristics 
for extreme electrification descriptors as described above, once the implementation of 
the extreme electrification scenario into SmInd EU starts. 

The electrification scenario consists of process substitution measures, as well as the 
electrification of low temperature process heat and SH&WW.  

The process substitution measures comprise the substitution of primary steel by 
secondary steel making, as well as fossil flat and container glass to electrical flat and 
container glass. The processes of primary and secondary steel production are allocated 
to the Iron and Steel sub sector in SmInd EU. The substitution of primary steel through 
secondary steel is hereby realized utilizing a scrap fired electric arc furnace, which 
replaces all components in a primary steel production plant /FFE-35 19/, /OTTO-01 17/. 
The maximum share of electrical steel to total steel production is set to two thirds of 
the production volume in 2015 /FFE-36 15/, /FFE-18 19/. The processes of fossil flat, 
container flat, electrical flat and electrical container glass production belong to the sub 
sector Non-metallic Minerals in SmInd EU. The substitution takes place utilizing 
electrical glass furnaces, which is stated to be technically feasible by /FFE-20 17/, 
/LEC-02 16/, /FFE-18 19/. Hence, no technical limits are assumed for the substitution 
of container and flat glass by electrical glass /FFE-18 19/. Further information about 
the technical details and parameters of the implemented technological technologies can 
be retrieved from /GUM-01 17/, /FFE-20 17/. 

The electrification of low temperature process heat and SH&HW takes place in all 
industry branches with low temperature applications. The high demand of process heat 
below 240 °C occurs in the paper, as well as the food and tobacco sub sectors /ISI-05 13/, 
/BRUNK-01 16/, /LEE-01 02/, /BLESL-01 17/. The electrification of the processes in the 
aforementioned sub sectors comprises the thermal drying of paper, steam drying of 
sugar beet pulp, as well as the pasteurization of milk. It is realized by industrial heat 
pumps (coefficient of performance of 3.5) which are utilized in temperature ranges 
below 100 °C, and electrode boilers (degree of utilization 99 %) in a temperature range 
of 100 °C to 240 °C /VDE-02 15/, /FFE-18 19/. Each average industrial boiler (degree of 
utilization 97 %) is replaced by one of these electrical units /FFE-34 14/. 
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The start of implementing the electrification measures takes place in 2021 and 
continues until 2050. The maximum annual exchange rate is assumed to apply for the 
electrification measures, depending on the lifetime of the existing infrastructure 
/FFE-20 17/, /FFE-35 19/. 

3.3 Methodology of Creating the European Sector Model of the 
Industry 

The methodology of creating the European Sector Model of the Industry (SmInd EU) 
consists of two work packages. The first focuses on conducting adjustments in SmInd 
and the second on finalizing the analysis by examining the output data of the model, as 
presented by Figure 9.  

 

Figure 9 – Procedure of the degree project, first Creating SmInd EU and secondly the 
Analysis of the reference scenario 

The part presenting the methodology of creating SmInd EU in Figure 9 describes the 
adjustments that need to be realized in SmInd in order to extend the model from 
Germany to Germany and its electrical neighbors. This is achieved by adjusting first 
the model’s structure to account for Germany’s electrical neighbors by allocating the 
original ids to the new ids in SmInd EU. The adjustments of the input data follow in a 
second step and in a third one the adjustments of the reference scenario, which has 
been identified in chapter 3.1.  

The second work package WP2 accounts for the analysis of results that the output data 
of the model comprises. It focuses on the last research question, to verify if the reference 
scenario and the chosen measures are applicable to Germany’s electrical neighbors. 

3.4 Allocation of Identification Numbers in SmInd EU 

Since the creation of SmInd EU is based on the existing model SmInd GER, its structure 
is similar but needs to be adjusted to allocate new identification numbers (ids) to the 
respective new entities in SmInd EU. This enables the two models, SmInd GER and 
SmInd EU to run independently from each other.  

Hence, the creation of SmInd EU starts with the allocation of new ids of the identified 
entities used in the computations such as:  
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1. Countries 

2. Industry Sub Sectors 

3. Energy Carriers 

4. Applications 

These entities need their assigned id to be able to refer to them when importing the 
input data, during the computations and to present the output data in the end in a 
structured way.  

Hereby, the entities of SmInd EU differ in varying degrees from the entities used in 
SmInd GER. As SmInd EU comprises Germany plus its electrical neighbors, a new 
entity in SmInd EU presents the different countries whose allocation of ids is depicted 
in Table 1.  

Table 1 - The allocation of ids and abbreviations to Germany and its electrical neighbors 

No. Abbreviation Country Id 

1 AT Austria 40 

2 BE Belgium 56 

3 CZ Czech 203 

4 DK Denmark 208 

5 FR France 250 

6 DE Germany 276 

7 HU Hungary 348 

8 IT Italy 380 

9 NL Netherlands 528 

10 NO Norway 578 

11 PL Poland 616 

12 SK Slovakia 703 

13 SI Slovenia 705 

14 SE Sweden 752 

15 CH Switzerland 756 

16 GB Great Britain 826 

 

As mentioned in chapter 2.6, the examination of the industry sector happens by 
analyzing its thirteen sub sectors identified in the Eurostat energy balances, which own 
the following ids as Table 2 shows /EPP-02 17/.  
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Table 2 - The allocation of ids to the European sub sectors of the industry according to 
Eurostat /EPP-02 17/ 

Sub sector Abbreviation Id 

Iron & Steel Industry ir_st_ind 1 

Chemical and Petrochemical Industry ch_pch_ind 2 

Non-ferrous metal industry ne_fer 3 

Non-metallic Minerals  ne_met 4 

Transport Equipment  trnsp_equ  5 

Machinery  mach   6 

Mining and Quarrying  mi_qua  7 

Food and Tobacco food_tab 8 

Paper, Pulp and Print paper  9 

Wood and Wood Products  wood 10 

Construction  constr 11 

Textile and Leather  textile 12 

Non-specified Industry non_spec 13 

These sub sectors from the European industry differ from the sub sectors identified in 
the German industry. The allocation table in the database FREM documents the 
allocation of the different sub sectors and hence enables the comparison of both sector 
divisions, as Attachment 2 shows. 

Not only the sub sectors differ between Germany /AGEB-09 16/ and Europe 
/EPP-02 17/, the energy carriers respected in the two models differ as well. This is due 
to differing basic data and hence differing approaches for the preparation of the input 
data. The energy carriers listed in Table 3 build on the main energy carriers used in 
the Eurostat energy balances /EPP-02 17/ and their redistribution onto the main energy 
carriers from the application balance from /EC-17 16/.  

The explanation of the identification of the main energy carriers used in SmInd EU is 
conducted in chapter 3.5, since it builds on the preparation of basic data for the creation 
of the application balances. The energy carriers considered are listed in Table 3. 

Table 3 - The allocation of ids to the main energy carriers of the application balance 
based on the energy carrier application balance 

No. Energy Carrier Id  No. Energy Carrier Id 

 Coal 339     

1.    Hard coal 3391  10. Electricity 72 

2.    Lignite 3392  11. Renewables 343 

3.    Coking Coal 3393     Geothermal 6 

4.    Peat 3394     Solar Energy 340 

5.  Fuel oil 335     Waste RES 342 

6.  Other fossil fuels 336     Other RES 338 

7.  Natural gas 11  12. District heating 9 

8.  Biomass 337  13. Syngas 222 

9.  Waste non-RES 341  14. Hydrogen 162 

As Switzerland’s data is not included in the Eurostat energy balances, but from the 
Swiss statistical institute, its main energy carriers differ from the ones of the other 
countries, as presented in Table 4 /BFE-01 15/.  



Methodology of Modelling the European Industry Sector 22 

   

Table 4 - The allocation of ids to the main energy carriers of the Swiss energy balance 

No. Energy Carrier Id 

1.  Solid fuels 20 

2.  Total petroleum products 15 

3.  Gas 21 

4.  Derived heat 71 

5.  Renewable energies 22 

6.  Electrical energy 72 

7.  Waste (non-renewable) 341 

The applications examined in SmInd GER and SmInd EU do not differ from each other, 
but differ regarding the two energy groups fuels and electricity they belong to. As shown 
in Attachment 3, six applications belong to both fuels and electricity. However, beyond 
that, electricity owns seven additional applications, which are, space cooling, process 
cooling, compressed air, pumps, other mechanical energy, lighting and ICT, since 
electricity is the energy carrier used to run these applications.  

Another important entity regarding the model of the industry are the processes 
occurring in the respective sub sectors. The bottom-up processes considered in 
SmInd GER and SmInd EU and their allocation to the sub sectors are structured as 
illustrated in Attachment 4. The processes have been identified considering their 
technical potential for CO2 abatement measures and energy efficiency measures 
/FFE-03 19/, /GUM-01 17/.  

The processes are connected to different measures, e.g. low temperature process heat 
electrification measures or process substitution measures. The heterogeneity of the 
industry sector’s processes as well as data availability are a key challenge, since not the 
entire demand structure can be modeled bottom-up. Thus, the industry structure in 
SmInd results in a mix between top-down and bottom-up approach /FFE-35 19/, 
/FFE-08 19/. 

 

Figure 10 – Processes considered per sub sector in SmInd GER and SmInd EU 

Considering the processes as shown in Figure 10, the sub sector iron and steel industry 
comprises the three processes primary steel, secondary steel and direct reduced iron 
steel. In the chemical and petrochemical industry the five processes ethylene, 
polyethylene, methanol, ammonia and chlorine have been identified. The non-ferrous 
metal industry has primary aluminum, primary copper and secondary copper allocated 
and the non-metallic minerals (including the manufacture of glass and glassware) 
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considers in the model the processes container glass, flat glass, electrical container 
glass, electrical flat glass, cement, brick and lime production. Electrical container and 
electrical flat glass distinguish themselves from container and flat glass in the 
production process. The latter is produced applying fossil fueled furnaces, while the 
first relies on electric furnaces. The paper, pulp and print industry takes into account 
the production of paper based on cellulose, paper and scrap paper and the food and 
tobacco sub sector focuses on milk processing. The industry sub sectors transport 
equipment, machinery, mining and quarrying, wood and wood products, construction, 
textile and leather and non-specified industry do not account for any process in the 
model yet /GUM-01 17/.  

Several production routes are modeled for the processes steel, cement, lime and glass 
/FFE-35 19/. The influence of bottom-up measures on the logic of measure 
implementation is further examined when looking at the input data for measures in 
chapter 3.5. 

3.5 Adjusting and Preparing the Input Data 

SmInd EU is realized in Matlab and uses different functions to structure the import of 
the data sets according to their respective source and function. The get-data functions 
are located in these functions, which import the data sets from FREM and prepare them 
for the use in the computations. The respective functions account for the following data 
sets: 

1. Energy Application Matrix (EAM) 
2. Load Profiles 
3. Emission Factors 
4. Energy Carrier Prices 
5. Process Data 

3.5.1 Energy Application Matrix (EAM) 

To build the basis of the initial year 2015 in SmInd EU, the FEC per energy carrier, 
sub sector and application is implemented in a so called Energy Application Matrix 
(EAM) as shown in (3-1) from /FFE-35 19/. After importing the data set from the 
application balance in FREM via the get-data function, the share of each cell on the 
total FEC per country and sub sector is determined. 

The EAM of electricity is structured by accounting for the energy carrier electricity in 
the row and the applications considered in the columns. The applications considered 
are stated in Attachment 3 /ISI-02 16/. The EAM for fuels comprises all the other energy 
carriers, so that the matrix’s rows represent the different energy carriers, as 
expression (3-1) shows /FFE-35 19/. Additionally, the energy carriers hydrogen and 
syngas as presented in Table 3 are accounted for in the EAM. They do not have a share 
of FEC per application yet, but are intended to substitute certain energy carriers 
depending on the scenario during the computations. Synthetic methane is hereby called 
syngas and is a substitutional energy carrier.  

The EAM accounts for the energy carrier types, 𝑒𝑐𝑡 (electricity and fuel separately), and 
models the annual, 𝑦, share of FEC by country, 𝑐, energy carrier, 𝑒𝑐, and application, 
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𝑎𝑝, per sub sector, 𝑖𝑏6 /FFE-35 19/. In each EAM, the sum of the 𝑒𝑎𝑚 shares is equal to 
one.  

𝑬𝑨𝑴𝐢𝐛,𝐞𝐜𝐭,𝐜,𝐲 = ( 𝑒𝑎𝑚11 ⋯ 𝑒𝑎𝑚1,𝑎𝑝⋮ ⋱ ⋮𝑒𝑎𝑚𝑒𝑐,1 ⋯ 𝑒𝑎𝑚𝑒𝑐,𝑎𝑝)ib,ect,c,y = 1 (3-1)

The EAM is created by structuring the data from the application balance in FREM. The 
application balance of the European industry sector comprises the FEC per application, 
country, year, sub sector and energy carrier and gives information about how and where 
energy is consumed in the industry sector.  

In SmInd EU, thirteen sub sectors and fourteen energy carriers are considered, as 
presented in chapter 3.4. As explained in that chapter, applications are divided into 
fuels and electricity, since the energy carrier electricity accounts for additional 
applications that are not relevant for fuels. The additional applications are space 
cooling, process cooling, compressed air, pumps, other mechanical energy, lighting and 
ICT. 

The relevance of the application balance in SmInd resides in the balance of the FEC 
per application, which enables the implementation of scenarios that are based, among 
other, to changes in the energy consumption depending on the usage of applications per 
sub sector. It is used to initiate the FEC per application in the initial year 2015 and to 
compute the emissions balance. The application creates also the basis to structure the 
results in SmInd per year, country, sub sector, energy carrier and application.  

Besides the main reason of adjusting the application balance for the usage in 
SmInd EU, the procedure also serves the purpose of structuring the data set as such to 
enable a sustainable usage and updating of the application balance to be used in the 
future in different projects of the FfE.  

The approach on adjusting the application balance is based on several conditions. It has 
to be mentioned that a European application balance already existed in FREM, which 
needed to be adjusted to implement its data set successfully in SmInd EU. Hereby, the 
adjustment took several steps, as shown in Figure 11.  

 

Figure 11 – The methodology of adjusting the application balance for the European 
industry sector in chronological order from left to right 

                                                
 

6 Also referred to as industry branch (ib). 
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Figure 11 describes the approach of systematically adjusting the application balance, 
in the chronological order from left to right. By comparing the structure of SmInd GER 
with the original European application balance in FREM the first finding consists in 
the difference of the sub sector categorization. Looking further into the structure of the 
data set, it revealed also a difference in the categorization of main energy carriers. 
Further analysis of the creation of the application balance revealed that the allocation 
of FEC to the respective application is based on a study from the Fraunhofer ISI that 
allocates the individual energy carriers of Eurostat to new categories of main energy 
carriers /EC-17 16/. In the Annex, Attachment 5, shows the allocation of individual 
energy carriers from Eurostat to new main energy carriers of the Fraunhofer ISI study 
/EC-17 16/.  

Building on the previous application balance, the difference between the actual and 
desired state has been identified. This encompasses several adjustments to refine and 
enhance the degree of detail of the previous application balance which are presented in 
the following. 

The energy carrier ambient heat has been merged into electricity, additional 
applications of the energy carrier electricity have been implemented and the 
granularity of data of the Suisse energy balance has been examined. In addition, the 
split of the energy carrier coal into hard coal, lignite, coking coal and peat has been 
implemented, which is utilized in SmInd EU to identify the share of coking coal in the 
energy intensive sub sectors. Another addition was the summary of temperature levels 
of the application process heat from four levels to three. The original temperature levels 
are shown in Table 5.  

Table 5 – The allocation of the original id to the original temperature level of the 
application process heat /EC-17 16/ 

Original id Original temperature level 

2131 𝑃𝐻 < 100 °𝐶 

2132 100 °𝐶 < 𝑃𝐻 < 200 °𝐶 

2133 200 °𝐶 < 𝑃𝐻 < 500 °𝐶 

2134 𝑃𝐻 > 500 °𝐶 

The original ids have been allocated to the ids used in SmInd GER, as Table 6 
illustrates. 

Table 6 – Allocation of ids to create three temperature levels of the application process 
heat 

Set ids Set temperature levels Allocation of ids 

3106 𝑃𝐻 < 100 °𝐶 2131  

3107 100 °𝐶 < 𝑃𝐻 < 500 °𝐶 2132 + 2133  

2134 𝑃𝐻 > 500 °𝐶 No variation 

The set temperature levels are the temperature levels accounted for in SmInd EU.  𝑃𝐻 < 100 °𝐶 describes process heat beneath 100° C,  100 °𝐶 < 𝑃𝐻 < 500 °𝐶 describes 
process heat between 100° C and 500° C and 𝑃𝐻 > 500 °𝐶 describes process heat above 
500° C. Accounting for different temperature levels for the applications utilizing 
process heat is in sub sectors of interest, because it permits to identify in which 
temperature range the most energy is consumed. The Swedish paper and pulp sector is 
e.g. the largest in Europe and consumes the major part of its energy in the temperature 
range 100 °C < PH < 500 °C. The iron and steel sub sector in contrast utilizes 
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applications with PH > 500 °C, since the major FEC happens in the furnace processes 
with temperatures around 1400 °C. This is investigated in more detail in chapter 5. 

The merge of ambient heat into the energy carrier electricity has been realized by 
applying a conversion factor to convert ambient heat to electricity. The conversion 
factor 𝐶𝑂𝑃 =  3 considers ambient heat produced by heat pumps, as illustrated in (3-
2), with fec𝑐𝑜𝑛𝑣_𝑎𝑚𝑏ℎ describing the FEC of ambient heat converted to electricity and fec𝑎𝑚𝑏ℎ describing the FEC of ambient heat before the conversion.  fec𝑐𝑜𝑛𝑣_𝑎𝑚𝑏ℎ = fec𝑎𝑚𝑏ℎ  × 1COP (3-2) 

Focusing on the European side on the left half of Figure 12, the European application 
balance is created by merging the FEC from Eurostat with the shares of heat and cold 
applications as well as the shares of the additional applications for electricity 
/EC-17 16/, /ISI-02 16/. The additional applications, compressed air, pumps, other 
mechanical energy, lighting and ICT, retrieve their shares from a study from 
Fraunhofer ISI considering Germany /ISI-02 16/. Since there is no study considering 
FEC per additional application in all European countries, the German shares 
/ISI - 02 16/, of the additional applications of 2014 are applied to the other countries. 
The share of the additional applications are 5.22 % ICT; 5.70 % lighting; 9.30 % 
compressed air; 14.48 % pumps and 65.29 % other mechanical energy, as shown in 
Table 7. 

Table 7 – Application shares of the additional applications of electricity, Germany 2014 
/ISI - 02 16/ 

Additional Applications Share per Application 

ICT  5.22 % 

Lighting  5.70 % 

Compressed Air 14.48 % 

Pumps 14.48 % 

Other Mechanical Energy 65.29 % 

Switzerland is additionally added to the application balance, since Eurostat does not 
account for its FEC in the energy balances. The application-specific FEC is derived by 
multiplying the FEC per sub-sector and energy carrier with the respective application 
share of that energy carrier. This, plus the merge of the Suisse and the European 
application balance is illustrated in Figure 12. 

 

Figure 12 – The preparation of the application balance of Europe and Switzerland from 
basic data to the implementation in the database FREM 

Since the Suisse FEC come from a different data basis, they own a different structure 
of main energy carriers /BFE-01 15/, as illustrated in the right half of Figure 12. 
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Inconsistencies in the documentation of the original application balance causes a 
difference between the described state and the actual state of granularity of the Suisse 
application balance. The conducted research and contacting the Suisse statistical office 
revealed that there is no granularity considering individual energy carriers or sub 
sectors, but a division into applications /BFE-01 15/, /BFE-01 17/, /ISI-12 17/. 
Consequently, the ex post methodology is used in SmInd EU, which means that the 
computations account for the Suisse FEC by taking the average FEC development per 
sub sector of every country and multiplying it with the Suisse FEC development. 

The split of the main energy carrier coal into the four coal varieties hard coal, lignite, 
coking coal and peat is based on an assumption, since the study on heat and cold 
applications does not consider the distribution of FEC per application of individual 
energy carriers. Hence, the approach and assumptions taken are demonstrated in the 
following paragraphs. The main energy carrier coal as defined in the study /EC-17 16/ 
comprises eleven individual energy carriers as presented in Table 8. 

Table 8 - Classification of sub-energy-carriers into the four coal varieties Hard Coal, 
Lignite, Coking Coal and Rest 

Id (Eurostat) Sub-energy-carrier Main energy carrier (ISI) Coal Variety 

2112 Patent Fuels Coal Hard Coal 

2115 Anthracite Coal Hard Coal 

2116 Coking Coal Coal Coking Coal 

2117 Other Bituminous Coal Coal Hard Coal 

2118 Sub-bituminous Coal Coal Lignite 

2121 Coke Oven Coke Coal Coking Coal 

2122 Gas Coke Coal Rest 

2210 Lignite / Brown Coal Coal Lignite 

2230 BKB Coal Lignite 

2310 Peat Coal Rest 

2330 Peat Products Coal Rest 

The four coal varieties as shown in Table 8 are Hard Coal (hc), Lignite (l), Coking Coal 
(c) and Rest (r). Hard Coal comprises the sub-energy-carriers Patent Fuels, Anthracite 
and Other Bituminous Coal, whereas Coking Coal consists of Coking Coal and Coke 
Oven Coke, defined as a sub-energy-carrier obtained by principally carbonizing coking 
coal at high temperature /EC-03 08/. Lignite in turn comprises Lignite, Sub-bituminous 
Coal and BKB. The Rest encompasses the individual energy carriers that do not fit into 
the first three coal varieties, such as Gas Coke, Peat and Peat Products.  

The objective of splitting the main energy carrier Coal into these four coal varieties is 
to obtain the FEC per application, sub-sector, year and country in the industry sector. 
Since specific processes at certain temperature levels use a certain type of coal, e.g. 
coking coal, it is of interest to investigate how the consumption of that energy carrier 
develops according to different scenarios. As described in chapter 3.5, the shares of FEC 
per sub-sector and individual energy carrier is obtained from the Eurostat energy 
balances /EPP-02 17/. Hence, there remains the challenge of allocating these four coal 
varieties’ shares to the specific application as given in the ISI Study /EC-17 16/. In the 
ISI Study, the FEC per application is given in another degree of detail, regarding the 
main energy-carriers and not the individual energy carriers. Therefore, it is not possible 
to make a direct allocation of application shares (ISI) /EC-17 16/ and FEC (Eurostat) 
/EPP-02 17/. The following approach describes the assumption made to allocate the 
Eurostat FEC to the ISI application shares:  

1. The individual energy carriers’ FEC from Eurostat are allocated to the four coal 
varieties and aggregated within these.  
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2. Calculation of the coal variety FEC-shares of the main energy carrier coal, as 
seen in (3-3). sharefec𝑖𝑏,𝑖,𝑐,𝑦 =  fec𝑖𝑏,𝑖,𝑐,𝑦 fec𝑖𝑏,ℎ𝑘,𝑐,𝑦 + fec𝑖𝑏,𝑙,𝑐,𝑦 + fec𝑖𝑏,𝑐𝑐,𝑐,𝑦 + fec𝑖𝑏,𝑟,𝑐,𝑦 (3-3) 

Hereby, share𝐹𝐸𝐶𝑖  is the share of FEC per coal-variety with 𝑖 representing one of 
the four coal-varieties, as presented in equation (3-4). 𝑖 =  {ℎ𝑘, 𝑙, 𝑐𝑐, 𝑟} (3-4) 

The numerator 𝐹𝐸𝐶𝑖 refers to the Final Energy Consumption (TWh) per coal 
variety, so that there are in the end four different shares of FEC per coal variety, 𝑖, industry sub-sector, 𝑖𝑏, year, 𝑦 and country, 𝑐.  

To assume the share of FEC per application, sharefec𝑖𝑏,𝑖,𝑎𝑝,𝑐,𝑦 , per industry sub-
sector, year and country the FEC-shares per coal-variety from Eurostat, sharefec𝑖𝑏,𝑖,𝑐,𝑦 , are multiplied with the FEC-shares of the main energy carrier 
coal per application from ISI, sharefec𝑖𝑏,𝑐𝑜𝑎𝑙,𝑎𝑝,𝑐,𝑦  (3-5): sharefec𝑖𝑏,𝑖,𝑎𝑝,𝑐,𝑦 =  sharefec𝑖𝑏,𝑖,𝑐,𝑦 ∗  sharefec𝑖𝑏,𝑐𝑜𝑎𝑙,𝑎𝑝,𝑐,𝑦    (3-5) 

The applications comprised in ap are space heating (SH), water heating (WH), 
space cooling (SC), process cooling (PC) and process heating (PH), as referred to 
in equation (3-6):  𝑎𝑝 =  { 𝑆𝐻, 𝑊𝐻, 𝑆𝐶, 𝑃𝐶, 𝑃𝐻 } (3-6) 

As PH comprises three temperature levels, which aggregate to the share of the 
overall PH, these are considered as well in (3-7). share𝑃𝐻 = share𝑃𝐻<100 °𝐶 + share100 °𝐶<𝑃𝐻<500 °𝐶  +  share𝑃𝐻>500 °𝐶 (3-7) 

As shown in equation (3-7) the temperature levels are defined as 𝑃𝐻 < 100 °𝐶, 100 °𝐶 < 𝑃𝐻 < 500 °𝐶 and 𝑃𝐻 > 500 °𝐶.   
By applying (3-5), sharefec𝑖𝑏,𝑖,𝑎𝑝,𝑐,𝑦 is the resultant share of FEC per application, 
per coal variety, per industry sub-sector, per year and per country.  

3. By multiplying the sharefec𝑖𝑏,𝑖,𝑎𝑝,𝑐,𝑦 with the fec𝑖𝑏,𝑖,𝑐,𝑦  from Eurostat one obtains 
the absolute fec𝑖𝑏,𝑖,𝑎𝑝,𝑐,𝑦 , in equation (3-8), the final energy consumption of the 
specific coal variety per application, industry sub-sector, year and country.  fec𝑖𝑏,𝑖,𝑎𝑝,𝑐,𝑦 = sharefec𝑖𝑏,𝑖,𝑎𝑝,𝑐,𝑦  ∗ fec𝑖𝑏,𝑖,𝑐,𝑦  (3-8) 

The fec𝑖𝑏,𝑖,𝑎𝑝,𝑐,𝑦  of the coal varieties per application appear subsequently with the fec𝑖𝑏,𝑒𝑐,𝑎𝑝,𝑐,𝑦   of the other main energy carriers in the application-balances-table. 

With the implementation of Switzerland and the split of the main energy carrier coal, 
the last step resided in creating a new documentation explaining the preparation and 
updating of the application balance of the European industry sector, as seen in Figure 
11. This documentation initialized the update of Switzerland from 2014 to 2015 in the 
industry sector, as well as the update of the application balances in the transport, 
services and residential sector.  

The above-applied measures serve the preparation of the application balance in FREM. 
The last adjustment happens after the import of the application balance, by aggregating 
the FEC, 𝑓𝑒𝑐𝑖𝑏,𝑟𝑒𝑛𝑖,𝑎𝑝,𝑐,𝑦 of the four individual energy carriers Geothermal, 𝑔𝑒𝑜, Solar 
Energy, 𝑠𝑜𝑙, Renewable Waste, 𝑤𝑎𝑠, and other Renewables, 𝑜𝑡ℎ, to create the FEC, 
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𝑓𝑒𝑐𝑖𝑏,𝑟𝑒𝑛,𝑎𝑝,𝑐,𝑦 of the comprehensive main energy carrier Renewables, 𝑟𝑒𝑛, (3-9) with 𝑟𝑒𝑛𝑖 
accounting for the individual energy carriers respectively. 𝑓𝑒𝑐𝑖𝑏,𝑟𝑒𝑛,𝑎𝑝,𝑐,𝑦 =  ∑ 𝑓𝑒𝑐𝑖𝑏,𝑟𝑒𝑛𝑖,𝑎𝑝,𝑐,𝑦𝑟𝑒𝑛𝑖  

𝑟𝑒𝑛𝑖 = {𝑔𝑒𝑜, 𝑠𝑜𝑙, 𝑤𝑎𝑠, 𝑜𝑡ℎ} (3-9) 

Figure 13 illustrates the aggregation explained in equation 3-9. Renewables hence 
represents an energy carrier utilized in SmInd EU that consists of the aggregated 
energy carriers Geothermal, Solar Energy, Renewable Waste and Other Renewables.  

 

Figure 13 – Structure of energy carriers utilized in SmInd EU and indication of 
aggregated energy carriers  

In the further progress of this project EAMs enable the fast and flexible aggregation of 
specific FEC-quantities and shares.  

Subsequently to the import of the application balance and the process to build the EAM 
for the initial year 2015 in SmInd EU, the annual EAM until 2050 are determined, to 
build the basis for the reference scenario, in the next paragraph.  

3.5.2 Load Profiles 

Country- and sub-sector specific, normalized and synthetized load profiles from 2015 
are implemented in SmInd and build the basis for modelling the FEC per sub-sector in 
the years after 2015.  

The load profiles have been synthetized from primary data, retrieved from energy 
audits at industry companies in Germany and Austria conducted by the FfE GmbH in 
following the structure of the Learning Energy Efficiency Network (LEEN) /FFE-31 14/.  

A regression model modifies the primary data, by allocating specific regression 
parameters to the temporal resolution of FEC to eliminate missing measured values or 
adjusting data that is not representative, e.g. the above average cold February 2012 in 
Germany. The regression also determines an hourly resolution for the fuel and 
electricity load profiles, with the original load profiles consisting of a quarter-hourly 
resolution for electricity and an hourly resolution for fuels. Additionally, the load 
profiles are synthetized by summarizing the consumer load profiles of the industry 
companies of different years, per sub sector and reference year in the regression model 
/KIEW-01 18/. Moreover, the monthly production index from 2012 per sub sector and 
country has been applied to generate country-specific load profiles based on the German 
and Austrian consumer load profiles. Hereby, the production index indicates the 
monthly performance of the industry per sub sector to assess the economic development 
of the specific sub sector /DESTATIS-06 18/.  
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Different types of days are considered when constructing the synthetized load profiles. 
A type of day is assigned to each hourly value of the load profile, distinguishing per 
country between /KIEW-01 18/: 

 Typical days (Monday, Tuesday, Wednesday, Thursday, Friday) 

 Bridging day (Saturday) 

 Public Holiday (Sunday) 

The sub-sector and country specific production index does not exist for every country 
and sub-sector, which is illustrated in Attachment 7. The country- and sub-sector 
specific production index is the first method (M1) applied to generate the synthetized 
load profiles. M1 is applied to generate with 294 load profiles the majority of load 
profiles, as shown in Table 9.  

Table 9 – The number of load profiles per applied method 

  M1 M2 M3 M4 total 

no. loadprofiles 294 74 16 16 400 

E.g. Slovakia and Slovenia do not own a sub-sector and country specific production 
index. Hence, method 2 (M2) is applied, using the country-specific but not sub-sector 
specific production index to generate missing load profiles. There are overall 74 load 
profiles generated by M2.  Norway, the Netherlands and Switzerland do not own a 
production index as described in M1 or M2 in some of their sub-sectors. In this case 
method 3 (M3) is applied, assuming a production index of 100. Thus, 16 load profiles 
are generated with M3. M1, M2 and M3 consider load profiles generated for process 
heat (fuels) and electricity individually. Method 4 (M4) considers the aggregated load 
profiles of space heating and warm water and are generated using a sub-sector 
unspecific production index, so that one load profile exists for each country. Thus, 400 
load profiles are generated by applying these methods. The sub-sector transport 
equipment is accounted for in the regression of the sub-sector machinery. Hence, the 
load profiles of the latter are adopted by the transport equipment sub-sector as well.  

Another particular sub-sector is iron and steel, which does not dispose of primary data 
for its load profile. Continuous operation has been assumed for crude steel production 
in Germany, which results in approximate constant fuel and electricity load profiles. 
The assumptions have been coordinated by experts from the FfE and have been 
adjudged suitable as a first approximation. Since it is a normalized load profile, it is 
also applied to the electrical neighbors of Germany /KIEW-01 18/.  

Attachment 8  illustrates as an example 2015 with the load profiles of all eXtremOS-
countries in the sub-sector Non-ferrous metals of process heat. One can see that the 
characteristics of all load profiles are similar to the course of the German load profile 
they are derived from. In this sub-sector Germany, France, Italy and Norway are 
generated by M1, the load profiles of Austria, Belgium, Czech Republic, Denmark, 
Hungary, Poland, Slovakia, Slovenia, Sweden and Great Britain are generated by M2 
and the Netherlands and Switzerland by M3. Despite the different applied methods one 
can see that they do not differ discernibly from each other. The examination of the load 
profiles in the remaining sub-sectors the same conclusion was drawn. It is hence 
decided that the adjustment of input data by M1, M2 and M3 is appropriate and can be 
used as a first approach to generate synthetized load profiles for each country and sub 
sector. The synthetized load profiles data is located in FREM and is further used in 
SmInd EU. In SmInd it is assumed that the load profiles do not vary per year, so that 
the load profiles from 2015 are applied to each year from 2015 to 2050. 
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3.5.3 Emission Factors 

The emission factor (EMF) is an exogenous input parameter that is used to model the 
emission balances in SmInd EU. It represents the direct energy-related CO2 emissions7. 
The emissions considered are direct emissions that occur in the combustion of energy 
carriers. Hence, emissions from renewables are set to be equal to zero. Energy carrier 
specific emfs and process specific emfs and emissions are distinguished in SmInd EU. 
/FFE-10 18/ 

Energy carrier specific emf 
The energy carrier specific emf are mostly obtained from FREM. As the emf that are 
located in FREM are allocated to the energy carriers used in SmInd GER, an allocation 
of the emf to the energy carriers of SmInd EU is implemented. The allocation is 
illustrated in Table 10 and exemplifies the distinction between scenario dependent and 
scenario independent emfs. The emf of Peat is determined by computing the average of 
Hard Coal, Lignite and Coking Coal, since no other emf related to peat exists so far in 
FREM. Since peat belongs to the category coal before being split into hard coal, lignite 
and coking coal, the emf of these energy carriers are assumed to fit best to represent 
peat. Thus, the emf of peat has the status of a dummy value and further research is 
suggested to find a suitable value for peat. The emf of fuel oil is determined by taking 
the average of its individual energy carriers, which are deposited in FREM. District 
heating is redistributed on to the other energy carriers in the model, so that no emf is 
relevant for consideration any longer. The emf of electricity is scenario dependent and 
generated by the energy system model IsAaR. IsAaR provides this country specific emf 
for all 16 countries in the resolution of one electricity emf per hour of the years 2020, 
2025, 2030, 2035, 2040, 2045 and 2050. The fuel emfs are not country specific, since the 
assumption is taken that the energy carrier quality of the fuels considered is equal in 
every country.  

                                                
 

7 Several measures in SmInd GER have an additional global warming potential due to leakage 
(fluorinated hydrocarbons, CH4, SF6). This is however related with great uncertainty and 
difficult to quantify. In order to still account for it, a future evaluation criterion “additional 
global warming potential” should be considered. /FFE-10 18/. 
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Table 10 – Scenario independent and dependent emission factors (emfs) per energy 
carrier 

Energy carrier emf 

[tCO2/MWhfuel] 

Scenario  id_ec1 Source 

Hard Coal 0,337 independent 9 FREM 

Lignite 0,339 independent 10 FREM 

Coking Coal 0,389 independent 41 FREM 

Renewables 0 independent 22 FREM 

Other fossil fuels 0,293 independent 107 FREM 

Waste non-RES 0,293 independent 182 FREM 

Natural gas 0,201 independent 11 FREM 

Rest (Peat) 0,355 independent 3394 Average2 

Biomass 0 independent 337 Assumed6 

Fuel oil 0,2715 independent 335 Average3    

Hydrogen 0 independent 162 Assumed in SmInd GER 

Syngas 0 independent 222 Assumed in SmInd GER 

District heating - dependent 71 Not relevant4    

Electricity [16x8760h] dependent 72 IsAaR5 

 

The emfs of renewables, biomass, hydrogen and syngas are for the present set to zero 
and get an emf assigned to them in the further progress of the project eXtremOS. For 
biomass it is presently considered that the CO2 emissions generated by combustion, has 
the same amount as the CO2 captured by photosynthesis when growing the plants 
/NMUEK-01 17/.  

The allocation of the ids that are used in SmInd EU is presented in Table 11. 

Table 11 – Allocation of SmInd EU ids to the energy carriers whose emfs come from 
FREM 

Energy carriers id_ec id_ec_smind_eu 

Hard Coal 9 3391 

Lignite 10 3392 

Coking Coal 41 3393 

Other fossil fuels 107 336 

Waste non-RES 182 341 

Renewables 22 343 

Natural gas 11 11 

A particularity about importing the electricity emfs from FREM (IsAaR) is the non-
consistency of country-ids of the countries Denmark and Great Britain. Both countries 
have been split into the eastern and western part of their country and both halves are 

1
   The id of the energy carriers imported from FREM is allocated to the id of the energy carriers used in SmInd EU. 

2
   Being the average of the emfs of Hard Coal, Lignite and Coking Coal. 

3
   Being the average from individual energy carriers that the main energy carrier fuel oil comprises. 

4
   District heating is redistributed to the other energy carriers in the computational part of the model, so that its 

emf does not have an impact. 
5
   Generated for each country, delivering different values for every hour of the year 2020, 2025, 2030, 2035, 2040, 

2045 and 2050. 
6   /NMUEK-01 17/ 
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considered with their own ids respectively in IsAaR. In SmInd EU, the approach of 
determining the average to have one emf per country and not per country region is 
taken, as shown by equation (3-10). 𝑒𝑚𝑓𝑐𝑟,𝑦𝑒𝑎𝑟,𝑚𝑒𝑎𝑛 =  𝑒𝑚𝑓𝑐𝑟,𝑦𝑒𝑎𝑟,𝑒𝑎𝑠𝑡 + 𝑒𝑚𝑓𝑐𝑟,𝑦𝑒𝑎𝑟,𝑤𝑒𝑠𝑡2  𝑐𝑟 = {𝐷𝑁, 𝐺𝐵} (3-10) 

The second part of input parameters are the process specific emissions and emfs, 
described in the following. Overall, for each country the starting emfs for electricity in 
2015 are missing and substituted provisionally by the German electricity emf of 2015. 

Process Specific Emissions and EMFs 
The process specific emissions and emfs are presently based on data considering 
Germany. Due to time constraints, the data is also allocated to the other countries. 
More research needs to be conducted in the future to determine country specific process 
emissions and emfs.  

The assumption in the reference scenario considers that the sub sector specific overall 
process emissions are constant from 2015 to 2050.  

The process emfs are distinguished between sectors and processes and are at the 
present constant from 2015 to 2050. Data on emfs exists for the following processes: 

1. Primary steel 
2. Secondary steel 
3. H2 steel (Direct Reduced Iron (DRI)) 
4. Hollow glass 
5. Flat glass 
6. Electrical hollow glass 
7. Electrical flat glass 
8. Cement 

The emfs build the basis for determining the emission balance per process, sub sector 
and energy carrier when modelling the scenarios of SmInd EU.  

3.5.4 Energy Carrier Prices 

The energy carrier prices used in SmInd EU are the systemic energy carrier prices, 
which means that taxes, levies, and other surcharges are not taken into account in this 
case. 

SmInd EU distinguishes between scenario-dependent and scenario-independent energy 
carrier prices, as well as country specific and country unspecific energy carrier prices.  

Table 12 presents the transnational energy carrier prices. This is based on the 
assumption that the price of the energy carrier does not vary between countries. In the 
future progress of the project, country-specific energy carrier prices may be 
implemented to increase the granularity of SmInd EU. The country-unspecific prices 
comprise hard coal, lignite, coking coal, peat, waste non-RES, other fossil fuels, 
biomass, renewables, hydrogen and syngas. The values of the price for Biomass is also 
taken for renewables and the price considered for other fossil fuels is also applied to 
waste non-RES. The price is given in €/MWh and there is a constant price assumed 
throughout every of the base years 2015, 2020, 2025, 2030, 2035, 2040, 2045 and 2050. 
Natural gas is an exception. The hourly values of the price of natural gas throughout 
every base year is known for Germany. Since the wholesale prices for natural gas are 
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quite homogenous throughout Europe in 2015, the data for the natural gas price from 
Germany is applied to its electrical neighbors as well /EU-18 16/.  

Table 12 – Transnational energy carrier prices in [€/MWh] for 2015, 2020, 2025, 2030, 
2040, 2050 from FREM 

Energy Carrier 2015 2020 2025 2030 2040 2050 

[€/MWh]   

Hard coal 8.3 8.4 8.5 8.4 8.9 9.8 

Lignite 6.2 5.9 5.6 5.6 5.6 5.6 

Coking coal 1.67 1.67 1.67 1.67 1.67 1.67 

Rest (Peat) 1.67 1.67 1.67 1.67 1.67 1.67 

Waste non-RES 20 20 20 20 20 20 

Other fossil fuels 20 20 20 20 20 20 

Biomass 28.51 27.55 28.17 27.68 26.98 26.27 

Renewables 28.51 27.55 28.17 27.68 26.98 26.27 

Natural gas [1x8760] [1x8760] [1x8760] [1x8760] [1x8760] [1x8760] 

Hydrogen 150 150 120 120 70 28.1 

Syngas 180 180 144 144 84 60 

The country-specific energy carrier prices account for electricity and fuel oil, with fuel 
oil being represented in Attachment 6. The energy carrier prices of electricity are not 
further illustrated in this case, since the data exists on an hourly basis per base year 
and country, which would make a table too large to be depicted in this thesis.   

The values for fuel oil presented in Attachment 6 come from the Weekly Oil Bulletin 
published by the European Commission /EUCU-01 19/,/FFE 52 19/. However, this 
source accounts for fuel oil and heating gas oil separately, in contrast to the Eurostat 
energy balances that comprises heating gas oil also in fuel oil. Hence, the values coming 
from the Weekly Oil Bulletin /EUCU-01 19/ are most likely just accounting for heavy 
fuel oil. However, since both energy carriers are called the same with values coming 
from the European Commission, the price that is given for fuel oil in the Weekly Oil 
Bulletin is taken for fuel oil in SmInd EU.8 Another aspect that must be considered is 
that the FEC of fuel oil e.g. in Germany is in general quite low in comparison to the 
total FEC of the industry so that the inaccuracies in the price computations are 
negligible. There is still the risk that the FEC of fuel oil with heavy and light fuel oil 
respectively might account for a larger share of the total FEC in other countries than 
Germany. Due to time constraints, the comparison of samples of price values of fuel oil 
in other countries with Germany is not pursued. This is advised in the future work 
successive to this degree project to increase the accuracy of the model. The country-
specific electricity prices reside in FREM and consist of hourly values per base year.  

All energy carrier prices are imported into SmInd EU in Matlab and interpolated 
between base years, to obtain values for every year in the modelled time interval from 
2015 to 2050. 

                                                
 

8 The results might consequently underestimate the actual fuel oil price, since the share of the 
more expensive light heating oil price is most likely not accounted for in the further 
computations. 
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3.5.5 Process Data 

The structure of the process data is sorted by annual resolution. Every year has a 
production tonnage, the specific electricity and fuel consumption allocated. These 
parameters are used subsequently to calculate the process dependent FEC. At the 
present state, the German values are adapted to the other countries, since no data has 
been researched for Germany’s electrical neighbors prior to this degree project.  

3.5.6 Sub Sector Overlapping Values 

Characteristic values that apply to the overall sub sectors are located within the 
country’s structure in a structure array ‘Overall’ separate from the thirteen sub sector 
specific structure array. This comprises for example CO2 emission factors, energy 
carrier cost, as well as the load profiles (normalized and scaled).  

3.6 Implementing the Reference Scenario  

The European reference scenario is adapted from the development of the FEC by energy 
carrier and by sub sector from the German ERP.  

Hereby, the data consists of the FEC per sub sector and year for fuels and electricity 
respectively. Additionally, the FEC per energy carrier and year is provided. The latter 
is obtained by aggregating the FEC of the individual energy carriers to obtain the FEC 
by main energy carrier needed for the structure in SmInd EU.  For the FEC per sub 
sector the allocation to the Eurostat energy balances is conducted. 

To determine the annual development of FEC per sub sector, first, the German annual 
change of FEC per sub sector is determined as shown in (3-11). 𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑖𝑏,𝐷𝐸(𝑦) =  𝑓𝑒𝑐𝑖𝑏,𝐷𝐸(𝑦)𝑓𝑒𝑐𝑖𝑏,𝐷𝐸(𝑦 − 1)   (3-11) 

The country specific FEC per sub sector and subsequent year is then defined by 
multiplying the share of the subsequent year 𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑖𝑏,𝐷𝐸(𝑦) with the FEC of the 
country of the year before 𝑓𝑒𝑐𝑖𝑏,𝑐(𝑦 − 1), as presented by (3-12). 𝑓𝑒𝑐𝑖𝑏,𝑐(𝑦) =  𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑖𝑏𝑐,𝐷𝐸(𝑦) ∗  𝑓𝑒𝑐𝑖𝑏,𝑐(𝑦 − 1)    (3-12) 

The same methodology is used to determine the share of FEC changing in comparison 
to the subsequent year by energy carrier (3-13). 𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦) =  𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦)𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦 − 1)   (3-13) 

This enables the computation of the FEC per energy carrier of the subsequent year in 
the respective country (3-14). 𝑓𝑒𝑐𝑒𝑐,𝑐(𝑦) =  𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦) ∗  𝑓𝑒𝑐𝑒𝑐,𝑐(𝑦 − 1)    (3-14) 

Finally, the country specific shares of FEC development per year is determined (3-15). 𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑒𝑐,𝑐(𝑦) =  𝑓𝑒𝑐𝑒𝑐,𝑐(𝑦)∑ 𝑓𝑒𝑐𝑐(𝑦)𝑒𝑐  (3-15) 

In addition, the relative change of FEC to the year before is determined. 𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦) =  𝑓𝑒𝑐𝑒𝑐,𝑐(𝑦)𝑓𝑒𝑐𝑒𝑐,𝑐(𝑦 − 1) − (3-16) 
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The latter (𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦)) indicates if the FEC has decreased or increased to the 
year before. 𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦) < 0 𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦) > 0    

(3-17) 

If 𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦𝑒𝑎𝑟) is below zero, the FEC decreased and if 𝑠ℎ𝑎𝑟𝑒𝑓𝑒𝑐𝑒𝑐,𝐷𝐸(𝑦𝑒𝑎𝑟) is 
above zero, the FEC increases compared to the year before. 

3.7 Computing the Reference Scenario 

The reference scenario is the baseline for comparison of the development of the 
European industry sector in the extreme scenario. Hence, the scenario situated in the 
reference scenario draws the image of the development of the European industry sector 
without extreme developments happening.  

3.7.1 Interdependency of Efficiency Progress and Specific Process Demand 

The efficiency progress affects the specific process energy consumption in sub sectors 
with existing specific process consumption data, as well as electricity and fuel 
consumption of the reference scenario in the sub sectors with processes.  

3.7.2 Processing the Energy Carrier Application Matrices 

The sub sector specific FEC is accounted for by energy carriers and applications in the 
EAMs. This enables scaling considering each application, which are aggregated to scale 
up the normalized load profiles. The EAMs from 2015 are scaled up by applying the fuel 
and electricity FEC on the EAM. Thus, the estimated FEC by ERP is adopted by the 
EAM for every year until 2050.  

3.7.3 Redistribution of District Heating 

When processing the EAMs, the energy carrier district heating is redistributed to 
primary energy carriers used to generate district heating.  

The energy carrier mix utilized to produce district heating varies for each country. 
Hence, the data on primary energy from the energy balances in Eurostat 
(transformation input and output) is used to determine the energy carrier mix that 
district heating consists of, for each country. An overview of the energy carrier mix of 
district heating in 2014 is given in Attachment 9. 

3.7.4 Scaling of Load Profiles 

The normalized load profiles have an hourly resolution per year and exist by sub sector 
and energy carrier. They are scaled up by multiplying the normalized load profile with 
the respective matrix that comprises the shares of the energy carrier on the total FEC 
per sub sector. 

The scaled load profiles build the basis for computing the emission balances or the 
annual process dependent FEC (3-18). The CO2 emissions (𝐸𝑀𝐶𝑂2,𝑐𝑟,𝑒𝑐,𝑖𝑏,ℎ𝑟) are obtained 
by multiplying the emission factor (𝐸𝑀𝐹𝐶𝑂2,𝑐𝑟,𝑒𝑐,𝑖𝑏) with the final energy consumption 
(𝐹𝐸𝐶𝑐𝑟,𝑒𝑐,𝑖𝑏,ℎ𝑟), per country cr, energy carrier ec, sub sector ib, and hour hr. 
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𝑬𝑴𝑪𝑶𝟐,𝒄𝒓,𝒆𝒄,𝒊𝒃,𝒉𝒓 = 𝑬𝑴𝑭𝑪𝑶𝟐,𝒄𝒓,𝒆𝒄,𝒊𝒃 ∗ 𝑭𝑬𝑪𝒄𝒓,𝒆𝒄,𝒊𝒃,𝒉𝒓 (3-18) 

3.8 Structure of Results in SmInd EU 

The overview about the computations that SmInd accounts for considering the 
reference scenario has been described in Figure 8 in Chapter 2.6. The outcomes of the 
computations of the scenarios are saved in country specific structure arrays in 
SmInd EU. It comprises CO2 emissions, energy carrier cost, the FEC and the production 
tonnage per process annually until 2050.  

The results that SmInd provides as output data comprise the following: 

 FEC per year per process, energy carrier and sub sector 

 CO2 emissions per year, process, energy carrier, sub sector 

 Total cost of all energy carriers aggregated 

 Load profiles per energy carrier 

 Change in production tonnage (on process level) 

The data provided structured by energy carriers, applications sub sectors and processes 
is as described in chapter 3.4.  
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4 Results of the Reference Scenario 

With completing the implementation of input data, the reference scenario and the 
adjustment of the data structure, the computation of the reference scenario has been 
conducted successfully. 

The overall development of absolute FEC by country and energy carrier is illustrated 
in Attachment 10 as a first overview. A further and more detailed insight is given by 
the individual diagrams by country in Attachment 11, referring to the final energy 
consumption by energy carriers in the industry in TWh by country from 2015 to 2050, 
as well as to the overall CO2 emissions by country and by year. An exemplary overview 
of the data stated in Attachment 10 and Attachment 11 is given in the paragraphs 
below, presenting the absolute FEC and CO2 emissions of Germany, France and 
Sweden.  

4.1 Energy Consumption and CO2 Emissions in the Reference 
Scenario 

First, a general overview of the European industry structure is given, by examining the 
energy consumption in the European industry sector, showing the FEC share by sub 
sector and country in 2015 in Figure 14, which is derived data from the EAM realized 
in SmInd EU.  

 

Figure 14 – FEC share in % by sub sector and country, in the industry in 2015 

Figure 14 emphasizes the heterogeneity in the industry sectors per country. The non-
energy intensive sub sectors have been aggregated and comprise wood, textiles, and 
construction, as well as non-specific industries. The energy consumption’s share varies 
significantly between countries. One can state that individual countries put higher 
emphasis on specific sub sectors than other sub sectors, such as Sweden with the paper 
production, the Netherlands with chemical and petrochemical industry or Slovakia 
with the iron and steel production.  

Figure 15 presents the final energy consumption in the European industry sector by 
country and energy carrier in 2015.  
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Figure 15 – FEC share in % by energy carrier and country, in the industry in 2015 

The utilized energy carriers’ share varies between countries. Natural gas and electricity 
claim a high share of energy consumption in most countries, accounting together in 
almost all countries for more than 50 % of the energy consumption in 2015. Sweden 
stands out with a considerable share of biomass consumption, as well as Norway with 
its electricity consumption. Slovakia, Poland and Great Britain have the largest part of 
coal consumption in their industrial energy carrier mix. Germany and France have 
similar energy carrier consumption mix. Being the countries with the highest FEC in 
the industry sectors in Europe, they have been chosen to be examined exemplarily in 
the further presentation of results. Additionally, Sweden has been added since its 
energy carrier mix, as well as sub sector structure differs considerably from the other 
countries. 

 

Figure 16 – The German, French and Swedish FEC by energy carrier in the industry 
in TWh and energy related CO2 emissions in the industry in MtCO2eq 
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Figure 16 presents the development of the absolute FEC by base years and energy 
carriers in France, Germany and Sweden in the reference scenario, from Attachment 
11. Germany has the highest FEC by a clear margin, decreasing gradually from 
708 TWh in 2015 to 592 TWh in 2050, stating a total decrease of 16 % over this period. 
France consumes less than half of the energy than Germany in the industry sector, 
presenting a decrease of 15 % in the FEC from 332 TWh in 2015 to 284 TWh in 2050. 
Even though the industrial energy carrier mix in France is similar to the one in 
Germany, as stated in Figure 15, the absolute consumption for every energy carrier is 
half the value of the equivalent ones consumed in Germany. Sweden has the lowest 
FEC by energy carrier in Figure 16, being almost a third of France’s total energy 
consumption. Sweden also presents the least sharp decrease with 10 % from 2015 to 
2050. The overall CO2 emissions present the sharpest decline in Germany, with being 
substantially less influenced by the decrease in final energy consumption in France and 
Sweden. Even though Germany shows the largest decrease in CO2 emissions, it is still 
suspected to emit more CO2 emissions than France or Sweden in 2050. 

 

Figure 17 – Overall CO2 emissions and emission factors by energy carrier and by 
country, developing over the period (2015-2050) of the reference scenario 
of Germany, France and Sweden 

Attachment 12 displays the aggregated CO2 emissions and emission factors by energy 
carrier, developing over the period (2015-2050) of the reference scenario, for every 
country in individual diagrams. Figure 17 takes Germany, France and Sweden as 
examples for the results documented in Attachment 12. As aforementioned, Germany 
emits the largest amount of CO2 in every year including 2050, despite a decrease of 54 % 
from 2015 to 2050. The emission factor for electricity has the largest impact in Germany 
as well. Since the emission factors of the other energy carriers have been assumed to 
be equal among all countries and years, the emission factors illustrated by horizontal 
bars in the diagram of Germany are not shown in the other countries’ diagrams. The 
amount of CO2 emitted in France decreases by 22 % from 2015 to 2050 and by 20 % in 
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Sweden, despite an increasing Swedish electricity EMF. It is notable that the Swedish 
CO2 emissions account for approximately one fifth of the French emissions, while the 
French emissions account for around 50 % of the German emissions.  

4.2 Industry Structure of Germany, France and Sweden 

In the following, the structure of the industry in Germany, France and Sweden is 
examined on a finer level of detail. This is not done for the remaining countries in order 
to limit the dimensions of this report.  

The focus lies on the sub sectors relevant for the prospective implementation of the 
extreme electrification scenario (EES), to enable the analysis and discussion about the 
applicability of the German electrification scenario to the other countries. The sub 
sectors investigated are iron and steel, paper and pulp, as well as food and tobacco. 
These sub sectors are the most relevant for the EES, since the EES applies a switch in 
the production route of the iron and steel sub sector. Furthermore, the energy carrier 
substitution measures accounted for by EES have a large impact in the paper and pulp, 
as well as the food and tobacco sub sector. Since Germany, France and Sweden have 
either a large share of FEC in at least one of these three sub sectors, these sub sectors 
fit best for the further analysis.  

Iron and steel is of importance in the electrification scenario due to the route switch 
measure of substituting the primary production route of steel to a certain degree by the 
secondary production route of steel by implementing electric arc furnaces (EAF). The 
EAF relies on the input of electricity and scrap instead the blast furnace (BF) which 
relies on iron ore and energy carriers such as coking coal (for the reduction of iron ore 
to iron) and hard coal (for the melting process of iron to steel).  

Figure 18 illustrates the consumption structure by application in the iron and steel sub 
sector in Germany, France and Sweden in 2015, derived from the EAM from SmInd EU. 
The bars indicate the share of FEC consumed by sub sector in every country with 22 % 
of total FEC in Germany, 17 % in France and 13 % in Sweden.  

 

Figure 18 – Shares in % by applications in the iron & steel industry sub sector in 
Germany, France and Sweden in 2015  

SmInd EU accounts for eleven applications, space heating and hot water (SH_HW), 
process heat below 100 °C (PH<500 °C), process heat between 100 and 500 °C 
(100 °C < PH < 500 °C), process heat above 500 °C (PH > 500 °C), process cold (PC), air 
conditioning (AC), compressed air (COA), pumps (P), other mechanical energy (OME), 
information and communications technology (ICT) and lighting (L).  
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Applications above 500 °C are mostly used in the iron and steel industry, due to 
temperatures of up to 1400 °C needed for the production of iron and steel in the primary 
and secondary production route. Even though France has a higher share of FEC in 
applications  above 500 °C with 84 % than Germany, its pie chart is still smaller due to 
an absolute lower FEC of 205 TWh versus 570 TWh consumed in Germany in total in 
the iron and steel sub sector. Sweden’s pie chart is hence the smallest, since the total 
FEC in the Swedish iron and steel industry accounts for 65 TWh.  

 

Figure 19 – Shares in % by applications and energy carriers in the iron & steel industry 
sub sector in Germany, France and Sweden in 2015  

Figure 19 describes the energy carriers consumed in applications above 500 °C. As the 
charts indicate, hard coal and coking coal dominate the energy carrier mix, accounting 
for more than 50 % of the energy consumption in the primary and secondary steel 
production route.  

 

Figure 20 – Shares of FEC in % by applications in the paper industry sub sector in 
Germany, France and Sweden in 2015  

The paper and pulp production utilizes in contrary to the iron and steel sub sector 
applications on low temperature levels such as SH_HW, PH < 100 °C and 
100 °C < PH < 500 °C, as Figure 20 indicates. The latter takes the largest share due to 
the drying processes in the paper production, accounting for 46 %, 55 % and 68 % in 
Germany, France and Sweden respectively. Although, the paper industry accounts in 
Sweden for 50 % of its total industrial energy consumption, the total energy consumed, 
is with 243 TWh just 7 TWh higher than the consumption in Germany (236 TWh). 
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France’s industry consumed 96 TWh in 2015, hence not relying heavily on the paper 
production in the French industry structure. 

The energy carrier consumption relies in Germany and France heavily on natural gas, 
as presented by Figure 21. The Swedish paper sub sector in contrary applies 96 % 
biomass for medium process heat processes. France accounts with 46 % also for a large 
share of biomass, whereas Germany accounts for 20 % biomass, as well as 8 % hard coal 
and 5 % lignite.  

 

Figure 21 – Shares of FEC in % by applications and energy carriers in the paper 
industry sub sector in Germany, France and Sweden in 2015  

The food and tobacco industry is the second largest energy consumer in the French 
industry sector, with 18 %, according to Figure 22. In both, Germany and Sweden, the 
food and tobacco sub sector account for a minor part of the total FEC. The food and 
tobacco sub sector depends, similar to the paper sub sector on low heat temperature 
applications. However, the food and tobacco sub sector consumes the largest share of 
energy in the SH_HW, PH < 500°C quite homogenously, which is the reason why these 
three applications have been aggregated in this case to allow a clear observation of the 
chart’s data.   

 

Figure 22 – Shares of FEC in % by applications in the food and tobacco industry sub 
sector in Germany, France and Sweden in 2015  

Germany, France and Sweden all rely significantly on fossil fuels in the food and 
tobacco sector, natural gas taking the major part with 79 %, 78 % and 45 % in Germany, 
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France and Sweden, respectively. Additionally, fuel oil (Sweden 20 %), as well as hard 
coal and lignite (Germany and France), and biomass are utilized. Electricity is also used 
to a minor extend in the food and tobacco sub sector.  

 

Figure 23 – Shares of FEC in % by applications and energy carriers in the food and 
tobacco industry sub sector in Germany, France and Sweden in 2015  

The presentation and analysis of results stresses the heterogeneity of the European 
industry sector. The further discussion and interpretation of the results is accounted 
for in the following chapter. 
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5 Discussion and Analysis of the European Sector 
Model of the Industry 

The analysis of the results presented in the chapter above is conducted, focusing on the 
applied methodology, as well as the applicability and consequences for the 
implementation of future extreme scenarios. Advantages and disadvantages of 
modelling the European industry sector in a scenario based bottom-up model are 
investigated.  

In the course of this degree project, a European sector model of the industry has been 
created on the basis of a German sector model of the industry, by extending the scope 
of the input data, as well as adjusting the reference scenario. Due to the heterogeneity 
of the industry sector, the assumptions and methodologies taken and applied during 
the project’s progress need to be discussed in order to validate the quality of the model‘s 
results.  

5.1 Validation of the Reference Scenario 

Applying the German energy reference prognosis (ERP) to its electrical neighbors by 
adopting the change in energy consumption per sub sector and energy carrier from 
starting to the subsequent year until 2050 presents an arguable approach, whose 
applicability is discussed in the following paragraphs.  

The ERP presents an ambitious energy efficiency scenario, considering the 
implementation of several energy efficiency measures across the German sub sectors 
from 2011 to 2050. According to /BMWI-01 14/, the FEC of the industry hereby 
decreases by approximately 19 % over the examined period. In SmInd EU, the decrease 
reaches 16 %, with the delta of 3 % in comparison to the studies’ result being a 
consequence of the adjustments taken to adopt the ERP to the structure of SmInd EU9. 
/BMWI-01 14/ states that a higher energy efficiency causes the increase of energy 
productivity in all sub sectors, which is strengthened by a structural change in favor of 
non-energy intensive sub sectors.  

                                                
 

9 Comprising a new allocation of main energy carriers, as well as sub sectors and applications. 
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Figure 24 – Development of the FEC’s share by energy carrier and country according 
to the ERP reference scenario from 2015 to 2050 for Germany, France 
and Sweden  

The FEC of electricity changes marginally over the years (225 TWh in 2015 to 223 TWh 
in 2050) as can be seen in Figure 10, but gains importance in the energy carrier mix as 
Figure 24 indicates, accounting for 38 % of the total energy consumption in 2050, 
correlating with the results from /BMWI-01 14/. The share of biomass increases and the 
share of fossil fuels decreases in /BMWI-01 14/, as well as in Figure 24 in Germany. 
France and Sweden represent the same development, even though their energy mix 
differs in absolute numbers from the German one, validating the successful adoption of 
the ERP to Germany’s electrical neighbors.  

As aforementioned, the ERP accounts for several energy efficiency measures in the sub 
sectors. These comprise in the energy intensive sub sectors such as iron and steel 
measures like waste heat utilization, top gas recycling (substituting coke partially) and 
decreasing the production volume. In the chemical and petrochemical sub sector, it 
comprises e.g. waste heat utilization, the implementation of CHP plants, membrane 
technology for the production of chlorine, fluidized bed incinerators, modern steam 
crackers. The glass production gains energy efficiency by an increase utilization of 
waste glass in the non-metallic minerals sub sector. Non-energy intensive sub sectors 
are also accounted for, considering e.g. roller press substitution by shoe presses, the 
increased recycling of scrap paper and new wood grinding processes in the paper and 
pulp production. The food and tobacco sub sector accounts for an increase in insulation, 
waste heat utilization, solar thermal energy for pre-heating for beer breweries, as well 
as the introduction of UV-light or ultrasound technologies for the pasteurization of 
milk. A deeper insight into all measures accounted for in all sub sectors considered by 
the ERP is given in /BMWI-01 14/. 
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Figure 25 – Development of the FEC’s share by sub sector and country according to the 
ERP reference scenario from 2015 to 2050 for Germany, France and 
Sweden  

Figure 25 illustrates the development of the FEC’s share by sub sector and country 
according to the ERP reference scenario from 2015 to 2050 for Germany, France and 
Sweden. The iron and steel industry takes the second largest share in FEC after the 
chemical and petrochemical industry in Germany, as well as a considerable share in 
France and Sweden, according to Figure 25. The main consumption in this sub sector 
happens in the furnaces which are applications operating above 500 °C, as can be seen 
e.g. in 2015 with 76 % of the overall FEC in Figure 12. A reduction of production volume 
is considered by ERP, due to an increasing competition intensity fostered e.g. by China’s 
iron and steel production /BMWI-01 14/.  

The food and tobacco sub sector has with around 18 % the second largest share in 
France and is stable across the investigated period. In Germany, the ERP states that 
the most important consumers are the sugar industry, breweries and milk processing. 
Most of the FEC is according to /BMWI-01 14/ utilized in applications for space heating 
and hot water, hence low temperature applications, as is also indicated by SmInd EU 
in Figure 22. The figure shows that the energy carrier mix in the food sub sector is 
similar, with 68 % and 65 % accounting for low temperature applications and 15 % and 
13 % in process cold in Germany and France respectively. The Swedish food industry 
accounts hereby for 46 %, 23 % and 19 % for low temperature applications, process cold 
and other mechanical energy respectively. In all three countries takes natural gas the 
largest share, with almost 80 % in Germany and France respectively in 2015.  

Sweden’s electricity generation relies to a major part on hydro- and nuclear power 
/ECE-01 17/, /SWE-01 15/, with electricity taken the second largest share of FEC in the 
industry sector with 38 % after biomass with 40 % in 2015. The total industrial FEC 
started to show a steady decrease from 2010 to 2015, mainly due to the implementation 
of more energy efficient manufacturing processes /SEA-01 18/. The significant 
consumption of biomass has arisen due to the main substitution of oil products by 
biomass, particularly in the pulp and paper industry, which is well illustrated by Figure 
21 /SEA-01 18/. Moreover, the pulp and paper industry makes 90 % of the total biomass 
use, as well as being the largest consumer of electricity in the industry sector 
/SEA-01 18/. A decrease in the mechanical pulp production, an electrical intensive 
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process, in recent years has led to a decrease in the consumption of electricity in the 
paper and pulp industry /SEA-01 18/. The biomass used in the paper and pulp industry 
consists mainly of black liquor, which is a remnant of boiling pulp, when the cellulose 
fibers have been removed after boiling the paper pulp /SEA-01 18/. The black liquor is 
subsequently used in boilers to produce energy for the drying processes in the paper 
production /SEA-01 18/.  

The iron and steel sub sector accounts in Sweden for the highest energy consumption 
of hard coal and coke with 18 % and 44 % respectively being consumed in the furnace 
processes in 2015. The consumption of these fuels has decreased until 2015, due to lower 
production levels /SEA-01 18/. 

Besides the paper and pulp, as well as the iron and steel sub sectors the remaining sub 
sectors consume still a high amount of energy, but are negligible in their FEC when 
compared to the FEC of France and Germany, as illustrated by Figure 26. 

 

Figure 26 – Development of the FEC by sub sector and country according to the ERP 
reference scenario from 2015 to 2050 for Germany, France and Sweden  

Policy measures to increase the energy efficiency in the Swedish industry have been 
implemented in the program for Improving Energy Efficiency in Energy-Intensive 
Industries (PFE10) running from 2005 until 2017. The PFE has been rewarding 
participants who meet the program’s requirements with a financial compensation 

                                                
 

10Requirements of the PFE including the performance of ‘an energy audit, implementing a 
certified energy management system, consistently choosing energy efficient options and 
implementing the identified energy efficiency measures’ /SEA-01 18/ 



Discussion and Analysis of the European Sector Model of the Industry 49 

   

equivalent to the energy tax that would otherwise be needed to be paid for electricity 
utilized in the manufacturing processes /SEA-01 18/. The industry sector is furthermore 
affected by policies such as eco-design, energy labelling and energy saving requirements 
in the Environmental Code /SEA-01 18/. 

Projections on the development of GHG emissions in a business as usual scenario in the 
Swedish industry sector by /SEPA-01 17/ present a decrease of emissions in the 
investigated period from 2014 to 2035. It states that 7.6 MtCO2eq have been emitted by 
the Swedish industry in 2014 and are projected to decrease by 13.4 % until 2035 
compared to 2014 /SEPA-01 17/. Energy-intensive industries such as the iron and steel 
sub sector, the chemical and the mineral industry accounted for 15-17% of the emissions 
in 2014 respectively /SEPA-01 17/. The decrease of GHG emissions is mainly explained 
by the increased use of biomass and electricity, with e.g. biomass in the paper and pulp 
industry. Carbon dioxide (CO2) is the main emitted greenhouse gas. As stated in Figure 
17, the overall CO2 emissions are prospected to decrease due to the ERP as well. Since 
there is no Swedish emf for electricity, the decrease in CO2 emissions until 2035 is just 
available from 2020 onwards, stating a decrease of 13.2 % in CO2 emissions from 2020 
to 2035. Compared to the 13.4 % of /SEPA-01 17/, the result from SmInd EU seems to 
be more optimistic. However, it has to be taken into account, that the ERP is an 
ambitious energy efficiency scenario and not a business as usual scenario as stated in 
/SEPA-01 17/, which seems the assumed decrease in CO2 emissions until 2035 seem to 
be quite appropriate.  

Since the projections from /SEPA-01 17/ are similar to the results from SmInd EU, and 
since the results of the CO2 emissions from SmInd EU build on the computation of the 
development of the FEC in the reference scenario it is assumed that the development 
of the industry sector according to the adopted ERP reference scenario seems to be 
appropriate. Additionally, assuming that the sub sectors investigated behave as 
described in /SEA-01 18/, the energy efficiency potential in the Swedish industry sub 
sectors does still exist and hence applying ambitious energy efficiency measures in the 
reference scenario for Sweden seems to fit, as well. A limitation to this conclusion is the 
fact, that no Swedish reference scenario has been found that states data on the level of 
detail of the respective sub sectors. This has to be taken into account when interpreting 
the results and a further validation could be done in the future, as soon as data is 
available in this segment.  

After contemplating the applicability of the ERP reference scenario to Sweden, a deeper 
insight into the French industry structure permits the discussion of the ERP 
applicability also in this case. 
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Figure 27 – Comparing FEC of the studies /IEA-106 17/, /ADM-01 12/, /NW-01 14/ with 
the results from the energy efficiency reference scenario (EEfS.) of 
SmInd EU in the French industry sector in TWh, projected until 2050  

As Figure 27 presents, the results of the energy efficiency reference scenario (EEfS.) of 
SmInd EU for France, have been compared to the results of two EEfS. from IEA 
/IEA-106 17/ and ADEME /ADM-01 12/ and one business as usual scenario (BAU) from 
NégaWatt /NW-01 14/. France has transposed the European Energy Efficiency 
Directive (EED), setting goals of reducing its FEC by 2020 to 35.9 Mtoe (equivalent to 
417.5 TWh) in the industry. With additional measures being implemented, the FEC in 
the industry is expected to reach 32 Mtoe (372 TWh) and 29 Mtoe (337 TWh) in 2020 
and 2030 respectively, according to /IEA-106 17/. The results from SmInd EU estimate 
to reach 319 TWh and 307 TWh in 2020 and 2030 respectively. Additionally with 
464 TWh in 2014 according to /IEA-106 17/, the starting FEC is also significantly higher 
than the 332 TWh stated by Eurostat in 2015. Regarding the slope of decrease in FEC, 
/IEA-106 17/ presents a steeper decline in FEC until 2030 than SmInd EU. 

France is facing a decrease in production in recent years, causing a lower consumption 
and consequently less utilization of the amount of fossil fuels. This trend affected 
considerable the iron and steel industry and chemical sub sector /IEA-106 17/. The 
recycling of metal, paper, glass and plastic in contrast increased in recent years, causing 
the decrease of primary material production of e.g. steel, pulp and paper, due to the use 
of the recycled materials in the secondary production processes /IEA-106 17/. 
/IEA-106 17/ underlines the energy efficiency potential of the industry, stating that 
France is a leader in energy efficiency policies, having a policy package that comprises 
regulation, information, as well as several tax and loan incentives.  

/ADM-01 12/ proposes an ambitious energy efficiency scenario, focusing on the 
implementation of energy efficient technologies, as well as the increase of recycling from 
2010 to 2050. It identifies aluminum, ammonia, chlorine, ethylene, clinker, glass, sugar 
and paper production as the energy intensive industries with the highest potential for 
energy efficiency measures. According to the scenario computed in /ADM-01 12/, the 
industrial FEC estimated for 2030 and 2050 are 386 TWh and 311 TWh respectively. It 
can be stated that the FEC estimated in /ADM-01 12/ is higher than the FEC estimated 
by /IEA-106 17/ for 2030. Nevertheless, the FEC computed by the reference scenario in 
SmInd EU presents the lowest values, with estimated 284 TWh in 2050, as described 
in Figure 27. /ADM-01 12/ also estimates GHG emission reductions of 74 MtCO2eq to 
54 MtCO2eq in 2030 and 2050, respectively, stating hence a decrease of 27 % in CO2 
emissions in this period. SmInd EU however estimates around 47 tCO2eq and 
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40 MtCO2eq in 2030 and 2050 respectively (Figure 16), thus presenting a decrease of 
15 % in the same time period.  

/NW-01 14/ presents a business as usual trend scenario as reference scenario, reaching 
387 TWh, 359 TWh and 342 TWh in 2015, 2030 and 2050 respectively. Since it is a 
business as usual scenario, it makes sense that the results are less ambitious than the 
ones from /ADM-01 12/, /IEA-106 17/ and SmInd EU, since the results of /NW-01 14/ 
present a less steep decrease in FEC than all the other EEfS. contemplated in Figure 
27. 

Additionally, the ‘trajectoire intermédiare 2’ (engl. ‘intermediate trajectory’) (TI-2) is an 
energy efficiency scenario with low electrification considered by /RTE-01 17/. Results 
are available for the FEC of electricity in the energy intensive subsectors food and 
tobacco, iron and steel, non-metallic minerals, chemicals and petrochemicals, transport 
equipment and paper production. Table 13 indicates that the FEC of electricity in TI-2 
and SmInd EU are similar in the food, non-metallic minerals, chemicals and 
petrochemicals and paper sub sector. A considerable difference applies for the iron and 
steel sector, where according to /RTE-01 17/ 12.6 TWh and 12.7 TWh energy are 
consumed in 2016 and 2035 respectively. The reasons for this high electricity 
consumption are not clarified in /RTE-01 17/. Except for the iron and steel sub sector it 
can be stated that this scenario comes closest to the results obtained for France in the 
reference scenario of SmInd EU. Moreover, the overall FEC of electricity stated in 
/RTE-01 17/ is with 107.1 TWh in 2035, close to the FEC of 108.9 TWh of the results of 
SmInd EU in 2035. It is however important to note, that this validation just comprises 
electricity and makes no further statements about the FEC of the remaining energy 
carriers. This has to be taken into account when validating the applicability of the 
reference scenario in SmInd EU to France. 

Table 13 – FEC of Electricity in TWh of scenarios TI 2 and ERP in France for 2016 and 
2035 per energy intensive sub sector (based on values from /RTE-01 17/ 
and results from SmInd EU) 

FEC Electricity (TWh) TI-2 SmInd EU ERP 

 2016 2035 2016 2035 

Food 20.2 18 20.7 21.1 

Iron and Steel 12.6 12.7 1.8 1.5 

Non-metallic minerals 9.4 9.2 8.0 8.3 

Chemicals and petrochemicals 20.4 19.2 19.6 18.3 

Transport equipment 5.4 4.3 7.0 8.3 

Paper 8 6.6 7.8 7.6 

Overall, the reference scenarios investigated show that the EEfS. applied to France in 
SmInd EU presents less ambitious results than the EEfS. of /IEA-106 17/ and 
/ADM-01 12/, while showing a more ambitious development of FEC than the BAU 
scenario of /NW-01 14/, when comparing the projected FEC in the respective time period 
that the studies provide. It has to be added, that the other scenarios contemplated 
utilize higher values of the FEC as input data, so that comparing the absolute values 
will consequently be higher in the following year simulated, even if the decrease share 
would be equal. Contemplating the energy efficiency ambitions of France, as well as the 
fitting values of /RTE-01 17/ the general conclusion is drawn that the reference scenario 
can be applied and is reasonable first attempt of modelling the development of the 
French industry until 2050.  
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5.2 Applicability of the Extreme Electrification Scenario 

The prospective implementation of the extreme electrification scenario (ESS) in 
SmInd EU implies the applicability of the electrification measures, formerly considered 
for Germany, to Germany’s electrical neighbors. The following paragraphs give an 
overview about the applicability of the EES, when considering the diverse industry 
structure of Germany’s electrical neighbors, taking France and Sweden as an example.  
Process substitution measures apply in the EES in the steel and glass production. 

In Sweden electrification potential resides mainly in the iron and steel sub sector, 
considering the share of 18 % hard coal in the furnace processes (Figure 19). In contrast 
to this, Sweden already applies a considerable amount of sustainable biomass in its 
paper and pulp sub sector. Considering the share of 96 % biomass in low temperature 
applications between 100 °C and 500 °C, it is highly improbable that electrification 
measures will have a considerable impact here.  

France shows an even higher potential of electrification (Figure 19) with a share of 40 % 
hard coal and 15 % natural gas in its steel production in 2015. It furthermore has great 
potential for electrification in the low temperature applications in the food and tobacco 
sub sector, where 78 % of the FEC are accounted for by natural gas. This also accounts 
for the French paper sub sector, where still 49 % of the FEC account for natural gas in 
the low temperature applications. 

When investigating the electrification potential in the iron and steel sub sector, the 
availability of scrap becomes crucial for the successful implementation of the process 
substitution measure from primary to secondary steel by switching from a blast furnace 
(BF) to an electric arc furnace (EAF) in the EES. /BCG-01 13/ estimate that the annual 
growth in scrap availability will be 0.9 % in every EU27 country until 2050, assuming 
that Europe will be self-sufficient in scrap (since trade balances are difficult to 
estimate). Hereby, /BCG-01 13/ also assume that 20 % of the scrap is consumed by BFs, 
while the remaining 80 % scrap are subsequently consumed in the EAFs.  

/LEC-02 16/ states that it is technically feasible to electrify the energy intensive 
industries contemplated (steel, cement, glass, lime, petrochemicals, chlorine and 
ammonia production).The feasibility however will highly depend on how the industry 
interacts with the electric systems, as well as imply significant changes in relative 
prices for the energy carriers (electricity and hydrocarbon fuels) /LEC-02 16/.  

5.3 Limitations and Validity of the Model 

The industry sector is deeply heterogeneous. It is hence a complex task to display the 
specific entities that consume energy in this sector. Moreover, there are a lot of ways of 
using energy in this sector so that considerable abstractions are made to be able to 
make assumptions about the different industry sub sectors. 

Due to the bottom-up approach, the exogenous variables used as input parameters 
present a deep degree of detail, but also reveal constraints considering data availability, 
quality or granularity.  

The first limitation to the data quality has been identified, when creating the European 
energy application matrices. Application shares based on data of the German industry 
sector have realized the distribution of energy carriers by application. It is hence 
assumed that the energy consumption per energy carrier, sub sector and application is 
distributed evenly in across all countries. Moreover, the data comes from 2012 and no 
update has been available so far. In addition, Switzerland is not accounted for by the 
Eurostat Energy balances and the national energy balance does not account for the 
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granularity (FEC per sub sector in the industry), that is needed to model Switzerland 
in SmInd EU. Hence, Switzerland has to be accounted for differently in the further 
implementation of the EES.  

The scaled load profiles have been synthetized from primary data, collected during 
energy audits in industrial companies in Germany and in Austria. It is of further 
interest to broaden the scope of the energy audits to account for the load profiles of 
industries across Europe. This would benefit the accuracy of the model, since the 
country specific load profiles are presently derived by applying different kinds of 
production indexes (differing in quality) on the synthetized load profiles.     

The (process) emission factors and energy carrier cost do not account for the country 
specifics yet, considering energy carriers and processes. The country-specific electricity 
emf of 2015 has not been obtained yet, since the respective emf, starting in 2020, is 
provided by the output of the ISAaR model, linked to SmInd EU by the database FREM. 
In this category, also the data on production tonnages has to be extended, since it 
presently only accounts for Germany.  

Transferring the German ERP as reference scenario to its electrical neighbors has the 
advantage of providing the needed level of detail for the model to operate. At the same 
time, this bears the risk of not displaying the countries’ individual development of 
industry sectors correctly. The validation has been realized by an exemplary 
comparison of results of France and Sweden with national reference scenarios, similar 
to the ERP. The comparison has been successful to a certain degree, but also in this 
case the degree of detail of the respective reference scenario, was not deep enough in 
most cases. As a first conclusion, the ERP reference scenario in SmInd EU shows a good 
enough correlation to be utilized as a first European reference scenario in SmInd EU. 
It is however suggested to check regularly for newly published scenarios to check, 
validate and if necessary adjust or adopt the newly obtained knowledge.  

Literature such as /LUT-01 18/ emphasize that a bottom-up disaggregated approach 
reflects the heterogeneity of the industry sector best. Indeed, a broad range of input 
data enables to reach a high level of detail in SmInd EU. Nevertheless, the assumptions 
taken need to be considered at any time, when interpreting the simulation results.  
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6 Conclusion  

The reference scenario modelled in this degree project builds the baseline for the further 
implementation of extreme scenarios considering the European industry sector. The 
integral part of building a consistent bottom-up model is the input data imported, in 
the ideal case, from primary data obtained from the industry. The heterogeneity of each 
country’s industry sector underlines the importance of collaborating with the industry 
in order to create a model that displays the European industry sector accurate enough 
to generate robust outputs of the scenarios simulated. 

The granularity and accessibility of input data varied to a large degree, depending on 
the kind of data, the country and the sub sector, as well as the applications considered. 
The heterogeneity of the industry thus presents a major challenge, with rising 
complexity when doing so on a European scale. However, it also bears the opportunity 
to examine demand sector interdependencies, as well as retroactive effects on the 
energy system, since SmInd EU‘s inputs and outputs are connected to the other demand 
sector models (transport, residential and services sector) as well as the energy system 
model ISAaR. This enables on the long-term a holistic approach on the impact of 
extreme scenarios in Europe.  

The research questions have been answered throughout the report. A brief conclusion 
is drawn for each research question in the following paragraph. 

1. Which adjustments have to be taken into account for extending the sector model 
of the industry (SmInd) from Germany to its 15 electrical neighbors? 

The first research question has been answered in chapter 3, comprising the adjustment 
and implementation of sub sectors, energy carriers, load profiles, emission factors, 
energy carrier cost and process data, as well as the implementation of the reference 
scenario. The focus lay on a clear mapping of the industry sector in its 13 sub sectors. 
The existing interface with the database FREM enabled hereby the flexible allocation 
and complement of the input data. This structure will facilitate the future addition of 
parameter values such as country-specific emission factors or energy carrier cost, 
processes and measures of extreme scenarios. The FEC per industrial application, 
whose fundamental structure is given by the energy carrier application matrices 
(EAMs), displays the energy consumption per energy carrier and application, 
distinguishing temperature levels for process heat, as well as space heating and warm 
water and additional applications that account only for electricity. The import of the 
normalized load profiles enables the scaling of the aggregated FEC in the EAMs to 
generate energy carrier specific load profiles in each sub sector. Based on the scaled 
load profiles, as well as the emission factors and energy carrier cost, the absolute 
CO2 emissions and energy carrier cost are computed. 

2. How can a European reference scenario be developed and modelled for the 
development of the European industry sector until 2050? 

The second research question has been answered in chapter 3, developing and 
implementing the European reference scenario in SmInd EU, respectively. The 
reference scenario has been derived from the German energy reference prognosis, since 
data with a European scope, as well as enough granularity and information about the 
development of the FEC was not available in the literature contemplated. The reference 
scenario now serves as a baseline to implement prospective extreme scenarios, like the 
extreme electrification scenario (EES).  

3. To what extend are Germany-specific assumptions and data methodically 
applicable to Europe? 
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The third research question has been addressed in chapter 4 and 5, by analyzing the 
results from the simulation of the European reference scenario in SmInd EU. The 
assumptions taken considering the input data, as well as the reference scenario, need 
to be taken into account when interpreting the results of SmInd EU. The successive 
enhancement of the detail degree of SmInd EU is encouraged, in the course of extending 
it by the extreme electrification scenarios. It can be however concluded, that the 
methodology for deriving the European reference scenario from the German energy 
reference prognosis is so far valid, as the plausibility check for France and Sweden as 
exemplary countries revealed. Hence, the European reference scenario is a reasonable 
first approach to build the baseline for future scenario simulations in SmInd EU.  

Regarding the applicability EES, it can be concluded that the EES will have a varying 
intensity in each country. It has thus to be treated differently than the reference 
scenario, as the heterogeneity of the Swedish paper sub sector revealed.  

Overall, the work conducted during the degree project revealed again the importance 
of the cooperation of the industry with research projects. This is due to the fact that 
bottom-up models require accurate primary data as well as reasonable assumptions in 
order to display the heterogeneous industry sector adequately. 
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7 Outlook  

Building on this degree project, further research can be conducted to deepen the level 
of detail and thus improving the validity of the scenarios’ results. Deriving further 
primary data is suggested to deepen the degree of detail and accuracy of the bottom-up 
model. Moreover, several assumptions have been taken that can be further researched 
and developed in the future. 

The EAMs account for every country except Switzerland at the present state. Keeping 
track of the Suisse energy balances that are published is encouraged to add 
Switzerland’s sub sector specific FEC to SmInd EU, as soon as possible. It is however 
not assumed that fitting data will be available in the short term.  

The European reference scenario has been derived from the German reference scenario 
ERP and was applied to Germany and its electrical neighbors. Future research can 
either focus and wait until a European study with enough granularity, accounting for 
a similar storyline as ERP is published or derive a European reference scenario from 
individual reference scenarios from national studies, which bears the risk of losing 
consistency but may represent the specific country’s industry-structure in a more 
detailed and realistic way. Determining the gross added value for every country in the 
industry sector, sub sector specific wise, may enable the further refining of deriving the 
future FEC until 2050.  

The load profiles have been derived from primary data collected by the FfE during 
energy audits in German and Austrian companies. In a European model, it would be 
plausible to collect load profiles from the respective countries to derive country specific 
load profiles that correlate with the country’s industry structure. Additionally, 
increasing the number of collected primary data load profiles would benefit the 
accuracy of the normalized load profiles.  

Country specific fossil (process) emission factors and energy carrier cost do not exist for 
every energy carrier and process yet. Additionally, the country-specific emf of electricity 
for 2015 may be added, since the electricity emfs obtained from ISAaR are currently 
starting at 2020. Further research with focus on country specific data will enable a 
higher degree of detail in these categories. This also accounts for the production volume 
of energy intensive processes, which exists presently only for Germany.  

With the implementation of the reference scenario, the baseline of SmInd EU has been 
set. Subsequent to this degree project, it is now of further interest to implement the 
extreme electrification scenario as a first attempt of examining extreme scenarios on a 
European scale.  
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Appendix A 
Sector Model Category Descriptor Parameter New Parameter  

Industry SmInd 

Politics 

Climate policy Specific process energy consumption   

Climate policy Investments   

Climate policy Exchange rate   

Innovative capability Specific process energy consumption   

Innovative capability Start of measure implementation   

Global development and interconnectedness Production volume Gross Added Value 

Cooperation in the EU Production volume   

Conflicts and war outside Europe Production volume Gross Added Value 

Global Energy Carrier Prices for Mineral Oil Energy Carrier Prices   

Sector coupling Kind of implemented measure   

Sector coupling Absolute energy consumption   

Society 

Attitude towards climate change not relevant   

General attitude / Desires and needs not relevant   

Lifestyle Production volume   

Demographic development Employees per sub sector   

Form of government to accomplish societal- and environmental conflicts not relevant   

Education concerning climate and environmental issues not relevant   

Mobility FEC Transport equipment   

Flexibilisation of energy demand (Demand Side Management)   Share of flexible load 

Economy 

Economic development - GDP Production volume Gross Added Value 

Economic system Production volume   

Accessibility of strategic resources Energy Carrier Prices   

Consequences of climate change   

Space heating and warm water 

demand 

Energy 

(including 

Mobility) 

Energy market regulation (Technology Promotion) Kind of implemented measure    

Energy cost per househols for electricity and heat not relevant   

Extension of electricity grid infrastructure in Germany (centralized vs. 

decentralized) Energy Carrier Prices   

Interconnection of the European electricity grid Energy Carrier Prices   

Acceptance of energy technologies Exchange rate   

Extension of nuclear energy Energy Carrier Prices   

Attachment 1 – Allocation of SmInd’s input parameters to descriptors relevant for describing extreme scenarios in the industry sector 
/FFE-49 19/
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Appendix B 
 

The allocation of ids to sub sectors considering European and German sub sectors, as 
stated in the FfE database FREM.  

Id 

Eurostat 

European sub sectors  

/EPP-02 17/ 

Id 

Germany 

German sub sectors 

1 Iron & Steel Industry 257 Metal production 

2 Chemical and Petrochemical Industry 252 Basic chemicals  

3 Non-ferrous metal industry 258 Non-ferrous metals, Foundry 

4 Non-metallic Minerals (including 

manufacture of glass and glassware)  

255 Non-metallic mineral products  

5 Transport Equipment  261 Transport Equipment 

6 Machinery  260 Mechanical Engineering 

7 Mining and Quarrying  249 Mining and Quarrying 

8 Food and Tobacco 250 Food and Tobacco 

9 Paper, Pulp and Print 251 Paper industry 

10 Wood and Wood Products  262 Other branches of the industry 

11 Construction  262 Other branches of the industry 

12 Textile and Leather  262 Other branches of the industry 

13 Non-specified Industry 262 Other branches of the industry 

Attachment 2 – Allocation table of the European and the German sub sectors and their 
ids in FREM 

 

Energy Carrier Group No. Application Id 

Fuels / Electricity 1. Space heating 211 

2. Water heating 212 

3. Process heating (three temperature levels) 213 

4. Process heating          (< 100° C) 3106 

5. Process heating          (100-500° C) 3107 

6. Process heating          (>500° C) 2134 

Electricity 

Additional Applications 

7. Space cooling 221 

8. Process cooling 222 

9. Compressed Air 231 

10. Pumps 232 

11. Other mechanical Energy 233 

12. Lighting 24 

13. Information and Communication Technology (ICT) 25 

Attachment 3 – Allocation of ids to the applications from the energy carrier groups fuel 
and electricity 
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Id Sub Sector Europe European Sub Sector Process Id Process 

1 Iron & Steel Industry Primary steel 3074 

Secondary steel 3075 

Direct Reduced Iron 3090 

2 Chemical and Petrochemical Industry Steam cracking 3096 

Polyethylene 3009 

Methanol 3097 

Ammonia 3095 

Chlorine 3098 

3 Non-ferrous metal industry Primary aluminum 3086 

Primary copper 3110 

Secondary copper 3111 

4 Non-metallic Minerals (including 

manufacture of glass and glassware)  

Hollow glassware 3084 

Flat glass 3094 

Electrical hollow 

glassware 

3115 

Electrical flat glass 3116 

Cement 3085 

Bricks 3093 

Lime 3092 

5 Transport Equipment  No process - 

6 Machinery  No process - 

7 Mining and Quarrying  No process - 

8 Food and Tobacco Milk 3087 

9 Paper, Pulp and Print Cellulose 4113 

Paper 3083 

Scrap paper 4115 

10 Wood and Wood Products  No process - 

11 Construction  No process - 

12 Textile and Leather  No process - 

13 Non-specified Industry  No process - 

Attachment 4 – Allocation of ids to processes per industry sub sector 
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Id main ec 

(Eurostat) 

Id ec 

(Eurostat) 

Individual Energy Carrier 

(Eurostat) 

Main Energy 

Carrier (Isi) 

Id main ec 

(Isi) 

1 2000 2112 Patent Fuels Coal 339 

2 2000 2115 Anthracite Coal 339 

3 2000 2116 Coking Coal Coal 339 

4 2000 2117 Other Bituminous Coal Coal 339 

5 2000 2121 Coke Oven Coke Coal 339 

6 2000 2122 Gas Coke Coal 339 

7 2000 2130 Coal Tar Fuel oil 335 

8 2000 2410 Oil shale and oil sands Fuel oil 335 

9 2000 2210 Lignite / Brown Coal Coal 339 

10 2000 2230 BKB Coal 339 

11 2000 2310 Peat Coal 339 

12 2000 2330 Peat products Coal 339 

13 2000 2118 Sub-bituminous Coal Coal 339 

14 3000 3234 Gasoline (without bio 

components) 

Fuel oil 335 

15 3000 3235 Aviation gasoline Fuel oil 335 

16 3000 3236 Car Spirit Fuel oil 335 

17 5200 5200 Derived Heat District heating 71 

18 5500 5541 Solid biofuels (excluding charcoal) Biomass 337 

19 5500 5544 Charcoal Biomass 337 

20 5500 5550 Geothermal Energy Geothermal 6 

21 5500 5532 Solar thermal Solar energy 340 

22 5500 55431 Municipal waste (renewable) Waste RES 342 

23 5500 5542 Biogas Other RES 338 

24 5500 5547 Biodiesels Other RES 338 

25 5500 5548 Other liquid biofuels Other RES 338 

26 5500 5549 Bio jet kerosene Other RES 338 

27 5500 5546 Biogasoline Other RES 338 

28 3000 3237 Premium leaded gasoline Fuel oil 335 

29 3000 3244 Other kerosene Fuel oil 335 

30 3000 3246 Gasoline type jet fuel Fuel oil 335 

31 3000 3247 Kerosene type jet fuel (without 

bio components) 

Fuel oil 335 

32 3000 3250 Naphtha Fuel oil 335 

33 3000 3260 Gas/diesel oil (without bio 

components) 

Fuel oil 335 

34 3000 3270A Total fuel oil Fuel oil 335 

35 5500 5534 Solar PV Other RES 338 

36 6000 6000 Electrical energy Electricity 72 

37 0 0 All products Total 25 

38 7200 55432 Municipal wastes (non-ren.) Waste non-RES 341 

39 7200 7100 Industrial Wastes Waste non-RES 341 

40 5100 5100 Nuclear heat Electricity 72 

41 4000 4100 Natural Gas Natural gas 11 

42 4000 4210 Coke Oven Gas Other fossil fuels 336 

43 4000 4220 Blast Furnace Gas Other fossil fuels 336 

44 4000 4230 Gas Works Gas Other fossil fuels 336 

45 4000 4240 Other recovered gases Other fossil fuels 336 
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Id main ec 

(Eurostat) 

Id ec 

(Eurostat) 

Individual Energy Carrier 

(Eurostat) 

Main Energy 

Carrier (Isi) 

Id main ec 

(Isi) 

46 3000 3106 Natural gas liquids (NGL) Other fossil fuels 336 

47 3000 3220 LPG Other fossil fuels 336 

48 3000 3214 Refinery gas Other fossil fuels 336 

49 3000 3215 Ethane Other fossil fuels 336 

50 3000 3281 White Spirit and SBP Other fossil fuels 336 

51 3000 3282 Lubricants Other fossil fuels 336 

52 3000 3283 Bitumen Other fossil fuels 336 

53 3000 3285 Petroleum coke Other fossil fuels 336 

54 3000 3286 Paraffin Waxes Other fossil fuels 336 

55 3000 3295 Other Oil Products Other fossil fuels 336 

56 3000 3191 Refinery Feedstocks Fuel oil 335 

57 3000 3105 Crude oil (w/o NGL) Fuel oil 335 

58 3000 3192 Additives / Oxygenates Fuel oil 335 

59 3000 3193 Other Hydrocarb. (w/o bio) Fuel oil 335 

60 3000 3238 Premium unleaded gasoline Fuel oil 335 

61 5500 5520 Windpower Other RES 338 

62 5500 5510 Hydropower Other RES 338 

63 5500 5535 Tide, wave and ocean Other RES 338 

Attachment 5 - Allocation of Main energy carriers (Isi) and their ids (id et) to individual 
energy carriers (Eurostat)  

Country 2015 2020 2025 2030 2040 2050 

[€/MWh]             

Austria 31.57 47.35 63.13 69.44 78.91 82.07 

Belgium 24.35 36.53 48.70 53.58 60.88 63.32 

Czech Republic 52.39 78.59 104.79 115.27 130.99 136.23 

Denmark 70.72 106.08 141.44 155.59 176.80 183.88 

France 60.71 91.07 121.43 133.57 151.78 157.85 

Germany 25.71 38.56 51.42 56.56 64.27 66.84 

Hungary 40.83 61.25 81.66 89.83 102.08 106.16 

Italy 31.55 47.32 63.10 69.41 78.87 82.03 

Netherlands 44.74 67.11 89.48 98.42 111.84 116.32 

Norway 41.55 62.32 83.10 91.41 103.87 108.03 

Poland 36.63 54.94 73.26 80.58 91.57 95.23 

Slovakia 40.53 60.80 81.07 89.17 101.33 105.39 

Slovenia 44.01 66.01 88.01 96.81 110.01 114.41 

Sweden 73.13 109.70 146.27 160.89 182.83 190.15 

Switzerland 29.44 44.17 58.89 64.78 73.61 76.55 

United Kingdom 38.70 58.06 77.41 85.15 96.76 100.63 

Attachment 6 - Country-specific energy carrier prices for fuel oil /EUCU-01 19/, 
/FFE-52 19/ 
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Appendix C 
 

Sub-sector 1 2  3  4  5  6  7  8  9  10  11  12  13     

Country 213|420 213 72 213 72 213 72 213 72 213 72 213 72 213 72 213 72 213 72 213 72 213 72 213 72 211+212 

Austria 

N
o

 p
rim

a
ry

 d
a

ta
 b

a
se

d
 lo

a
d

 p
ro

file
 

M1 M1 M2 M2 M1 M1 

S
u

b
 se

cto
r 6

 is a
p

p
lie

d
 to

 su
b

 se
cto

r 5
 

M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Belgium M1 M1 M2 M2 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Czech M1 M1 M2 M2 M1 M1 M1 M1 M1 M1 M2 M2 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Denmark M1 M1 M2 M2 M1 M1 M1 M1 M2 M2 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

France M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Germany M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Hungary M1 M1 M2 M2 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Italy M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M2 M2 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Netherlands M1 M1 M3 M3 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Norway M3 M3 M1 M1 M3 M3 M1 M1 M1 M1 M3 M3 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Poland M1 M1 M2 M2 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Slovakia M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M4 

Slovenia M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M2 M4 

Sweden M1 M1 M2 M2 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Switzerland M3 M3 M3 M3 M1 M1 M1 M1 M3 M3 M1 M1 M3 M3 M1 M1 M1 M1 M1 M1 M1 M1 M4 

Great Britain M1 M1 M2 M2 M1 M1 M1 M1 M2 M2 M2 M2 M1 M1 M1 M1 M1 M1 M1 M1 M1 M1 M4 

 

Attachment 7 – Illustration of the methods applied to generate country and sub-sector specific normalized load profiles 

 

Sub-sectors: 
1 Iron & Steel Industry  
2 Chemical and Petrochemical Industry  
3 Non-ferrous metal industry  
4 Non-metallic Minerals  
5 Transport Equipment  
6 Machinery  

7 Mining and Quarrying  
8 Food and Tobacco  
9 Paper, Pulp and Print  
10 Wood and Wood Products  
11 Construction  
12 Textile and leather  
13 Non-specified (Industry)  

Application / Energy: 
72   Electricity 
213 Process heat (fuels) 
211 Space heating 
212 Warm water 

Methods: 
M1 Country- and sub-sector specific production index 
M2 Country specific and sub-sector unspecific production index 

M3 Assumed production index of 100 
M4 Country-specific production index 
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Attachment 8 – Generated country and sector specific normalized load profiles for sub sector 3 (non-ferrous metal industry), application  213- 
(process heat) 
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Country [%] H
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Austria 7   -   - 52 7 33 1   -   - 

Belgium   -   -   - 49 9 15   - 27   -  

Czech 15  66    -  9    -  7    -  2  1  

Denmark 44    -  2  10  9  32  1  2    -  

France 7    -  5  42  8  33  3    -    -  

Germany 23  8    -  33  7  27    -  2    -  

Hungary   -  4    -  67  3  18  2  4  2  

Italy   -    -  19  65  2  14    -    -    -  

Netherlands 15    -  13  57  6  9    -    -    -  

Norway 3    -    -    -  31  32    -  17  16  

Poland 66  24  10  4    -  5    -    -    -  

Slovakia 16  36  10  18    -  14    -    -  5  

Slovenia   -  88  1  5  1  5    -    -    -  

Sweden 4  3  1  7  11  63    -    -  11  

Switzerland   -  1  8  73  11  7    -    -  7  

Great Britain 100    -    -    -    -    -    -    -    -  

Attachment 9 - Energy carrier mix per country to produce district heating in 2014 based 
on the Eurostat energy balances
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Appendix D 
Presentation of the absolute FEC per country and energy carrier, illustrated for the years 2015, 2020, 2030, 2040, 2050. 

 

Attachment 10 – Development of the absolute FEC by country and energy carrier, for the years 2015, 2020, 2030, 2040, 2050 in the reference 
scenario 
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Diagrams presenting the development of the final energy consumption and CO2 
emissions in the reference scenario. The final energy consumption is illustrated by 
energy carriers in the industry in TWh by country from 2015 to 2050, with indication 
on the left axis of each diagram. The CO2 emissions are scaled on the right axis of every 
diagram.  

 

 

 



Appendix D XXVI 

   

 

 

 

 

 



Appendix D XXVII 

   

 

Attachment 11 – FEC by energy carrier and overall CO2 emissions by country, 
developing over the period (2015-2050) of the reference scenario 

Diagrams presenting below the development of the CO2 emissions and emission factors 
by energy carrier in the reference scenario. The aggregated CO2 emissions is illustrated 
in the industry in TWh by country from 2015 to 2050, with indication on the left axis of 
each diagram. The emission factors are scaled on the right axis of every diagram.  
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Attachment 12 – Overall CO2 emissions and emission factors by energy carrier and by 
country, developing over the period (2015-2050) of the reference scenario 


