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1 The Need for Energy Savings

Globally, the total energy consumption was in 2010 based on 81 % fossil fuels, 6 % nuclear
and 6 % renewables, which mostly can be accounted to biomass and hydro (International En-
ergy Agency 2012). There are issues with basing an economy on energy supply from coal, oil
and natural gas. These issues include the environmental impacts, both regarding contribution
to climate change through greenhouse gas emissions, and potential spills when extracting and
transporting the resources. A second issue relates to the security of supply, both in terms of
fossil fuels being a finite resource that with current proven reserves and production expires in
54.2 years for oil, 112 years for coal and 63.6 years for gas (British Petrol 2012). This also has
a geopolitical perspective where the major reserves are located in a few countries, for instance,
66 % of the proven oil reserves are in Venezuela and the Middle East (British Petrol 2012).

Based on these issues, a reduction in the use of fossil fuels has the goal of securing long-
term supply of energy, but also decreasing the environmental impacts of oil spills and global
warming. Disregarding nuclear power, which carries its own environmental and resource prob-
lems, there are two tools for reducing the impacts of fossil fuels. First the option of replacing
the current energy production with renewable energy such as wind, hydro and biomass that
are either CO;-neutral or do not carry any carbon emissions. The second tool is reduction in
the energy demand. This thesis separates this into two groups, either through increasing energy
efficiency which means that the same service can be provided with less energy, or through
energy conservation where energy consumption is reduced through behavior patterns, such as

watching less TV or reducing the indoor temperature.
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To establish an energy system without basis in fossil fuels, both energy savings and more
renewable energy must be implemented. Renewable energy must provide the needed energy,
but by creating lesser demands the switch from fossil fuels to renewables become easier (Lund
et al. 2011b). Moving away from fossil fuels has to have a focus on developed countries, which
are responsible for over 50 % of the total primary energy consumption in the globe (British
Petrol 2012). Therefore, this report focuses on promoting energy savings in the western world,
more specifically Denmark as a country within the European Union. The report acknowledges

the need for developing and increasing the amount of renewables as well.

The savings needed has to be in the context of the goal of reaching a 100 % renewable
energy society. The current gross energy consumption in Denmark was in 2011 807 PJ (Ener-
gistyrelsen 2012), Figures 1.1 and 1.2 highlights how it is divided between respectively use and
energy type. The Danish Government has a target to make the transition to a 100 % renewable
energy system by 2050 (Klima- Energi- og Bygningsministeriet 2012b). Thus, several reports
and studies have been made to highlight how such a transition can be made. Included in these
scenarios are also targets for reduction in energy consumption. The CEESA study recom-
mends a reduction in primary energy supply to be 669 PJ in 2020, 564 PJ in 2030, 519 in 2040
and 473 PJ in 2050 (Lund et al. 2011b). The Danish Climate Commission is another example
of such a study; they have a target that energy savings have to reduce the gross energy con-
sumption to approximately 580 PJ if biomass cannot be imported or approximately 720 PJ if
biomass can be imported (Klimakommissionen 2010a). This report is operating with the as-
sumption that other countries want to make a transition towards renewable energy thus making
it hard to import large quantities of biomass. As such, the expectation must be, based on these
two reports that a reduction of primary energy use between 28 % and 41 % in the Danish
energy system is necessary. The next section therefore looks at the current tools implemented

in Denmark that focus on increased energy efficiency and motivates conservation.

1.1 Current efforts towards savings and the 2050 goal

The Danish government has installed several tools to promote renewable energy, which
directly creates incentive for building carbon free or neutral energy production units. This
might be economic schemes subsidizing wind turbines (Klima- Energi- og Bygningsministeriet
2011), or special rules for farmers delivering manure to biogas plants (Ministeriet for Fodevarer
Landbrug og Fiskeri 2007)

(Ministeriet for Fodevarer Landbrug og Fiskeri 2007)

. All of these create, through governance systems, a framework for promoting technological
change, and all of which are rather direct.

When the focus shifts to energy savings, the Danish Government and the European Union

implements the current tools in Denmark are:




e Labeling of appliances, cars and buildings to inform users about energy consumption
and possible pollution levels. Thus the consumers can make better decisions but are

not forced to make them

e Building codes that defines what standards new buildings must oblige to. These updates
regularly but leaves out the vast majority of the building mass, the already built. It does,
however directly influence the energy consumption, and potentially a reduction.

e Energy targets for reduction in public and official buildings.

e Yearly targets for reduction in end user consumption, where the current utility compa-
nies and the Climate, Energy and Building Ministry organizes savings through the En-

ergy Savings Agreement.
(Bach 2010)

Of these both the building codes and the energy reduction targets in public and official
buildings have a very limited scope, and the labeling of appliances, buildings and cars does not
directly create incentive or targets. Only the Energy Savings Agreement between the utility
companies and the Danish Government creates a framework that, on paper, allows several
types of end users to get involved, and can create incentive and targets to save in industry,
households and official buildings. The yearly targets have furthermore increased steadily, from
2.95 PJ in 2006 to 12.2 PJ in 2015 (Transport- og Energiministeriet 2006, Klima- Energi- og
Bygningsministeriet 2012a), which highlights the increased emphasis on this tool. A key point
is that the Ministry of Climate, Energy and Buildings and the various utility companies in Den-
mark reaches the targets through a mutual agreement.

The Energy Savings Agreement however puts the sole responsibility of promoting and cre-
ating savings on the utility companies; companies that historically have had the sole focus of
supplying energy, through fossil fuels, electricity or heat. Potentially a conflict might arise here
between the utility companies’ primary purpose of producing energy, and on the other hand
reducing end user demand, that in the end will decrease the need for production of energy.
Thus, this thesis seeks out to identify whether organizing energy savings under the utility com-
panies ends up with the longevity needed to be able to reach the 2050 target of 100 % renew-
able energy.

1.2 Defining the Problem

The problem that therefore becomes apparent is that first, not many tools exists in Den-
mark that have a broad target that directly influence the reduction of energy demand. Thus,
putting such organizations in place can help reaching the 2050 target. Especially in relation to
integrating savings in the right way, because the lifetime of different installments may very
between different projects.

Second, there has since 2006 been a system in place that has organized the promotion of
energy savings under the utility companies, a model that is now being implemented on a gen-
eral European Level (Holm 2012). As described, this leads to the question of whether the




potential conflict of interest and the target of cost efficient savings results in neither a good
organization of energy savings nor the right savings being made.

Therefore, the thesis seeks out to analyze the most suitable way of integrating large-scale
energy savings, which sets the basis for assessing the structure of the Energy Savings Agree-
ment, the utility companies’ attitudes toward it and the agreements current and potential future
impact on the Danish energy system. This helps answering whether there are issues in the
current organization of energy savings or if it has created a path towards the 2050 targets.
Included in this, the report also seeks out the possibility of changes and alternatives to the
organization of energy savings through the Energy Savings Agreement. Since the system has
been in place for 6 years in Denmark, the Danish Energy Savings Agreement thus becomes a
reasonable case to identify the potential strengths and weaknesses of institutionalizing savings
in energy producing companies.

Thus the following research questions guides the flow of the thesis:

How does the Danish energy system effect the integration of large-scale energy savings and what are the
consequences in terms of defining suitable integration strategies of savings towards the goal of 100 %o renewable

energy in 2050. Is the current Energy Savings Agreement helpful towards implementing such strategies?

Some key words to understand in relation this thesis are that integration is the technical
aspect and implementation the political and societal aspect. When the thesis applies the termi-
nology “coordination”, it assesses savings performed in the same system, which are typically
compared with the same savings added together, but not done in the same system. The result
of such coordination is sometimes labeled as “synergy” between two activities.

The thesis operates with following main delimitations. It focuses on analyzing the conse-
quences of savings in the current Danish energy system, and this is within three types of sav-
ings, electricity, heat and industrial energy. Therefore, the thesis target households, industry,
official buildings, commerce and service. It disregards transportation because of the lack of
connection to the current energy system. Section 1.3 describes the current Danish Energy

system, which is important background information to understand the analysis in the thesis.
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Figure 1.3 Primary focus of the interviews in relation to the Energy Savings Agreement

As the introduction indicates, and Chapter 4 expands on, the Energy Savings Agreement
creates a concord between the interest organizations of the utility companies and the Danish
government in making the utility companies responsible for energy savings. In the identifica-

tion of whether the Energy Savings Agreement is helpful towards implementing the 2050 goal,
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the thesis focus on the involvement of the utility companies by primarily centering on the
interest organizations supplemented by information from individual utility companies. Reflec-
tions from end-user interest groups are also included. The analysis does not include the per-

spective of the Government. Figure 1.3 illustrates this delimitation based on Figure 4.1.

1.3 The Current Danish Energy System

Combined heat and power (CHP) production is the primary foundation of the Danish en-
ergy system. The system contains two types of plants, centralized CHP and decentralized CHP.
In Denmark, 15 central CHP that primarily runs on coal has the primary task of electricity
production. Situated around the major cities they also contribute heat to these cities. The
decentralized CHP plants also produce both heat and power; however, their primary goal is to
supply heat to the local villages, cities and towns and secondary to regulate the Danish elec-
tricity supply. This is especially because of the amount of wind power in the Danish energy
system. Denmark furthermore also has a number of district heating plants that only produce
heat. Furthermore, wind turbines play a significant part in electricity production, and other
energy producers such as biomass and waste incineration are a part of the Danish energy sys-
tem. (Energistyrelsen 2013)

Figure 1.4 show how much electricity the different types of power plants deliver to the
Danish energy system. This highlights that centralized CHP, as mentioned, are the primary
electricity producers. Around 20 % of the production comes from wind energy, and approxi-
mately the same is coming from decentralized and private CHP plants together (Energistyrel-
sen 2012).
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Figure 1.4 Danish Electricity production in 2010 by plant type (Energistyrelsen 2012)

Regarding heat production, a significant part is from district heating produced on either
CHP plants or district heating plants (DH). However, there are also individual stoves and
boilers that run on oil, biomass or gas. Figure 1.5 shows the district heating production, which
identifies that unlike the electricity production, the central CHP plants are responsible for the
less than half of the heat production. Instead, both decentralized CHP and dedicated district
heating plants combines for a production of 57 PJ, and privately owned CHP and DH pro-
duces over 20 PJ together (Energistyrelsen 2012).
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Figure 1.5 Danish district heating production in 2010 by plant type (Energistyrelsen 2012)

It is also important to understand how different groups use the energy. This thesis focuses
on energy used in households, industry, commerce and official buildings. Therefore, Figure
1.6 shows the consumption in each of these sectors based on how they get their electricity and
heat.
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Figure 1.6 Danish net energy consumption in households, commerce and setvice, and industry in 2010 divided by fuel
type (Energistyrelsen 2012)

Figure 1.6 illustrates that all three sectors have a rather equal consumption of electricity.
However, the three sectors use energy for heating very differently. Regarding commerce and
service district heating provides almost all heat, with a little amount of individual heating from
natural gas and oil. In households district heating also plays an important role but here there
is also a huge individual heating demand from oil, natural gas and biomass stoves. In industry,
district heating supply almost none of the heat demand. Instead, individual oil and natural gas
boilers, with a slight use of coal and biomass, provide the heat and energy needed.

This difference becomes very relevant when defining how to make savings, because differ-
ent end-users have different needs and therefore uses different types of fuels. Thus, there
might be a need for applying different strategies depending on whether doing savings in indi-
vidual heating scenarios or in many small households connected to a larger district-heating
grid. The Danish energy system thus is a system that very much relies on coordination between

heat and electricity production, but also where energy used in industry is largely individual
supply.




CEESA and the Climate Commission both suggest scenarios for how the Energy System
should look like in 2050. The 100 % renewable energy system in 2050 is according to them
based on a large integration of heat pumps to supply both individual and district heating. The
electricity production comes from primarily wind turbines and solar panels, supplemented
from electricity production from CHP running on biogas. Biomass is in both scenarios ideally
reduced to only industrial energy and a very little amount in. The amount of energy delivered
from district heating is furthermore increased in both studies. (Lund et al. 2011b; Klimakom-
missionen 2010a) These assumptions are important in relation to identifying strategies that
have to move towards a 100 % renewable energy system. Figure 1.7 show the primary energy
supply in CEESA 2050.

Primary energy consumption in CEESA

scenarios for 2050
L.ooo Unused electricity
000 _. Wave power
B Wind power
EDD —
PV
700 — Solar thermal
B Geo thermal
600 —
- M Waste incineration
% 500
= Biogas, manure
400 — Straw, wood & energy crops
(5aolid for boilers, industry ete. )
B Waod, energy crops (gasified for
300 Transport)
———] B Waod, energy orops (gasified for
200 CHF)

Natural gas

- —_—
oo | oil
o |

Reference CEESA 2050 CEESA 2050 CEESA 2050
2050 Canservative Ideal

Figure 1.7 Primary energy supply for CEESA 2050 (Lund et al. 2011b)







2 Theoretical Framework

Conducting energy savings both in form of efficiency increases and conservation forms the
point of departure for the report. As highlighted in the research question, this thesis has both
a focus on developing the right type of energy savings and assessing whether the current level
of implementation moves the energy system towards these types of savings. Therefore, this
chapter has two sections, one focusing on the theory behind developing a system to define the
right type of savings, and the other focusing on creating a theoretical framework for the im-

plementation of energy savings.

2.1 Framework for Defining the Technological Approach

When analyzing the right way of integrating energy savings the goal is to have a holistic
approach to the energy system. This means that to identify the right amount of savings on a
large scale, one has to take into account the context of the whole energy system. Therefore,
heat savings might mean different things when being done in district heating produced by

combined heat and power plants compared to systems where CHP is not as predominant.

This holistic approach of taking several aspects of the energy system into account has been
important when creating models for the integration of renewable energy. Lund (Lund 2009)
has applied this when identifying both large-scale integrations of renewable energy and when
building 100 % renewable energy scenarios. These cases highlights how it is relevant to under-
stand both the technology itself, but also how it reacts in the energy system. Thus, implement-
ing wind power has to be in comparison with available storage techniques, the amount of
combined heat and power in the system and the electricity demand. From these studies, one
of the main points is that the implementation of renewable energy should not be by blindly
expanding the amount of wind energy in the system. (Lund 2009) Instead, to reach a large-
scale integration of renewable energy much more efficiently, the objective should be to have

an understanding of the whole system and technologies through a holistic approach.

This thesis expands this holistic approach towards energy savings. The argument is that to
understand the integration of energy savings in the energy system, the context becomes just as
relevant as the savings. This holistic approach means that not only are energy demands reduced
to lower the energy needed, the goal is also to see effect on the energy system when less energy

is needed in certain areas.




Just as in the Lund (2009) cases, by understanding the right way of integrating savings in an
energy system, it can lead to a more efficient implementation where in fact fewer initiatives are
needed, if they are done in the right way.

Another element is when pairing energy savings with the expansion of renewable energy
other conflicts might emerge. In those cases, this also has come into account, when identifying
a suitable way of integrating savings. However, this thesis primarily focus on savings as a sep-
arate issue, although it recognizes that it has to go hand in hand with an increased amount of

renewable energy if the goal is a 100 % renewable energy system in 2050.

The overall hypothesis from this framework is that it becomes very important to identify
how the different elements in the energy systems affect each other, also called synergies in this
report. Through that, the needed savings in primary energy supply can happen in a way that
does not require the same demand reduction compared to if the identification of synergies had
not happened. These synergies have to be looked at both in terms of different energy types

but also between different end usets.

2.2 Framework for the Implementation of Large Scale Energy Savings

Chapter 1 mentions that the amount of savings required reaching the 2050 target of 100 %
renewable energy is rather big, with a need for reducing the primary energy supply by almost
50 %. Therefore, this thesis argues that savings of this amount require technological change,
since such an increase most likely is going to alter the way man reproduces and expands its
living conditions (Lund 2009, 20). As such, technology and technological change, both radical
and non-radical, creates the foundation for this section. To supplement this, elements of insti-
tutional and organizational understanding and governance systems are also included. Based on
these, this section ends with four hypotheses based on technology changes, organizations and
implementation. The later analysis thus seeks to show whether the current performance of the

utility companies confirms this theory.

2.2.1 Technology and Technological Changes

Miiller, Remmen and Christensen (1986) define technology as consisting of four elements,
technique, knowledge, organization and product. Technique covers the performance needed
to produce the technology such as work processes and tools. Knowledge is the practical
knowhow and scientific insight required for the technology. Organization spans two different
concepts, both the technical organization of the production phase and the social organization.
Finally, the product is the result of these other three elements.

In this framework, the understanding can be on both a micro level in a local company and
a macro level that ties to bigger systems, such as the energy system (Miiller, Remmen & Chris-
tensen 1984). On a macro level, the concept becomes more abstract but the four elements still
works in larger systems. This thesis is using the macro understanding of technology to identify
the concepts of changing technology. The current energy system represents one technology,
which has certain production techniques, certain practical and scientific knowledge, certain

production organization between the various plants, and the final product of energy. An energy
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system with the integration of large amounts of savings is a different technology, the product
is still delivering energy, but it is at a much smaller amount. The expectation should be that
such an energy system require at least some different techniques and different knowledge about
the energy system. The question is whether the same organizations can be responsible in both
types of systems. Therefore, it becomes relevant to look at the elements of technological

change.

Miiller, Remmen and Christensen (1986) reach a number of technology theoretical theses.

In regards of technology change the first one become very relevant, translated it states:

“The four elements of technology are connected in such way that a qualitative change in
Just one of the elements will require a qualitative change in the other three elements.”
(Miiller, Remmen & Christensen 1984, p. 25)

These changes might not happen right away, but they have to happen, otherwise the argu-
ment is that the change in technology will fail. This statement becomes important towards
understanding what it takes to move from a current energy system towards to one with a largely
reduced energy demands. This means that not only is a change in technique and knowledge
needed, this statement argues that all elements have to follow hence a change in the organiza-
tion of the energy system is important too.

Lund (2009) applies a different interpretation, and limits the argument towards that if one
of the four elements in technology changes, at least one of the other elements has to follow as
well. He, based on Hvelplund, however has a concept of radical technological change. A radical
technological change is when two or more of the elements changes at the same time. (Lund
2009) Within this framework, the move towards a system with large amounts of energy savings

is a radical technological change.

One of the main emphasis in understanding radical technological changes is that they need
a different organization to be successful. Therefore, organization becomes more emphasized
than what was the case in Miiller, Remmen and Christensen. Lund and Hvelplund are making
these arguments within an energy context and specifically with the argument that the current
organization of utility companies cannot handle a large integration of renewable energy (Lund
2009). These assumptions therefore become relevant to include in understanding whether the
current organization of utility companies can handle large amounts of energy savings in rela-
tion to the 2050 goal. The argument furthermore is that the current organizations have estab-
lished themselves without a desire to change technologies, thus seeking to maintain the status
quo. This draws comparisons to what Miller, Remmen and Christensen calls a radical monop-
oly, which is when the extent on one technology hinders the demands and needs of others
(Maller, Remmen & Christensen 1984). In other terms, one technology might exclude other
technologies. Therefore, the next section delves into the possibility of changing the organiza-
tion, and identifying how the current players seek to maintain a technological status quo. This

is specifically from an energy system point of view.
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2.2.2 Maintaining the Status Quo and Changing Organizational Structures

It is important to understand that both maintaining the technological status quo or techno-
logical change with changes to the organizational structure is reliant on the political, historical
and institutional context. Here, Lund argues that this context often favors the existing tech-
nology. Therefore, companies who exist and succeed within the current technological system
will seek to maintain the current institutional structures. (Lund 2009)

This observation becomes very relevant when working within the energy system and energy
savings. District heating plants, large-scale CHP plants, and oil and gas companies supplying
individual households operates the current energy supply system in terms of both electricity
and heat production. The Energy Savings Agreement centers on the same organizations and
makes them responsible for energy savings. Therefore, an argument could be that by giving
the plants the responsibility for savings, the technology change needed for having a reduced
energy demand cannot be reached. It therefore becomes relevant to look into whether the
companies are changing their organization or if the current Energy Savings Agreement instead
is as a strategy towards maintaining an institutional status quo, thus maintaining a technological

status quo.

Hvelplund (2001) identifies an example of how current utility companies maintain their
own position by accepting a system that requires renewable energy quotas instead of creating
a market. Hvelplund compares a system where a political determined price for wind energy
determines the right amount to invest in, with a system that determines the amount of wind
energy and let the market determine the price. Hvelplund (2001) concludes that the latter
model plays into the hand of the already established companies, which leads to fewer invest-
ments. On the other hand, the political determined price leads to a more open market with
new investors, which leads to an organizational change that in turn results in more investments
in wind energy. (Hvelplund 2001) As such, the decision on which governance system to choose
affects both the concrete production result but also determines the organizational and institu-
tional context. These conclusions become relevant to remember because the current Energy
Savings Agreement resembles a quota system, although a notation must be that there are key
differences such as the saving targets in the Energy Savings Agreement are fixated to the utility

companies, where there are no official bindings in the system described by Hvelpund (2001).

2.2.3 Framework and hypotheses

Based on Section 2.2.1 and 2.2.2 this leads to a certain set of hypotheses that this thesis
have to test, when it comes to the implementation of a technological change that leads towards
a system with large reductions in energy demand that relates to the 2050 goal of 100 % renew-
able energy

First, all elements of a technological system must change, but certain emphasis must be put
on the organizational change.

Second, because of the first hypothesis it becomes relevant to identify whether the organi-

zations are changing and if so if that change results in reduced energy demands.
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Third, the activity of the current organizations might not focus on reducing energy demand
the right way but instead towards protecting themselves and maintaining a technological status
quo.

Fourth, the Energy Savings Agreement might be set up in a way that gives the utility com-

panies a possibility of maintaining the status quo.

These hypotheses define the main framework for the analysis of the current implementation
of energy savings under the Energy Savings Agreement. The hypotheses base themselves on

the available theory and as such, the thesis sets out to test them, not to confirm them.

2.3 Choice Awareness and Alternatives

Sections 2.1 and 2.2 highlight how this thesis needs both a framework for the technological
determination and a framework for the societal implementation. The concepts of a holistic
system approach and technological change is in line with Choice Awareness theory, which
makes it relevant to highlight a few concepts from this theory as it helps framing the content
after determining the technological integration and societal implementation. Choice Awareness
theory bases itself on a couple of statements, the first one resembling the hypotheses in this

thesis.

“When society defines and seeks to implement objectives implying a radical technological
change, the influence and discourse of excisting institutions will affect the implementation.
Such tmpact will hinder the development of new solutions and eliminate such alternatives

and will seek to create a perception indicating that society has NO CHOICE but to
mplement technologies which will save and constitute the existing positions.” (Lund
2009, p. 48)

This quote also identifies the key component of Choice Awareness, it seeks to create
choices and move away from situations where existing institutions limits the development of
new technology. This thesis mainly uses this element of choice awareness as an overall frame-
work, but in the later parts, it lends from the methodological approach of the theory.

To create choices, Choice Awareness operates with four elements, where the three first
rests on top of the fourth element, as Figure 2.1 illustrates. The first three elements are; design
of concrete technical alternatives, feasibility studies based on institutional economics, and pub-
lic regulation measures. The fourth element is the promotion of a new democratic infrastruc-

ture.

13




2 3

1

Design of Feas(;t-]mty I:’ulbh'G
concrete sudles maasures
h based on measures
technical institutional and
alternatives economy proposals

4
Promotion of new-corporative democratic
infrastructure

Figure 2.1 The concept of Choice Awareness (Lund 2009)

The thesis has a technical approach but it does not analyze technical alternatives. However,
it does implement the key concepts of a holistic approach to the energy system. The report
leaves out the economic element due to time restraints. It does however focus on public reg-
ulations but primarily analyzes the current Energy Savings Agreement. The last element is also
present in the report as the hypotheses in Section 2.2.3 partly seeks to identify whether the
Energy Savings Agreement is an institutional change or if it instead functions as a way of
maintaining the status quo, and by that testing the democratic infrastructure that creates the

foundation for the Energy Savings Agreement.

It is important to note that Choice Awareness in all four elements seeks to identify alterna-
tives and suggestions (Lund 2009). Because of the resemblance with the background for
Choice Awareness and the theoretical framework in this thesis, this thesis suggests changes in
relation to the critique of the Energy Savings Agreement. These suggested changes might make
it easier to realize the technological change needed to have an energy system with a heavily

reduced energy demand that is in line with the 2050 goal.
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3 Methodology

This chapter focuses on creating the methodology of the analyses so the thesis can assess
and answer both the research question and the hypotheses. Chapter 1 and 2 argues that the
thesis has both a technical aspect where a suitable integration strategy of energy savings is the
target, and a qualitative assessment that seeks to identify the implementation of the savings
with a basis in the current Energy Savings Agreement. The goal is to analyze whether the
Energy Savings Agreement is a suitable tool towards reaching the identified integration strat-
egy. To make this connection it becomes relevant to understand the elements and paragraphs
in the Energy Savings Agreement. Chapter 4 therefore describes the targets and tools stated
by the Energy Savings Agreement.

Chapter 5 covers the technical aspect of the report. This has the target of analyzing the
coordination of different energy savings with the goal of reaching the most suitable integration
of energy savings. The savings analyzed revolves around two types of activity, demand reduc-
tions and conversions, because these are within the framework of the Energy Savings Agree-
ment. This therefore has to be in context with the holistic approach that takes into account
the whole energy system. By applying a holistic approach with the goal of identifying synergies
between different types of savings, this thesis seeks out do something that normally is not the
focus when looking at energy savings. Typical the focus of analyses done on energy savings
revolve around what the potential of this type of savings is, in example Wittchen (2009) that
covers the potential of savings in the existing building mass (Wittchen 2009). This thesis does
not try to identify potentials but instead looks specifically at how different types of savings
affect each other when done in the same system. Chapter 5 therefore covers the first analysis,
which is an energy system analysis of energy savings. The calculations made in Chapter 5 pri-
marily focus on the effects between different types of savings, in example heat savings and
electricity savings, and the effects in conversions from individual heating to district heating
and savings in other sectors. It is important to note that a coordination between savings and
installation of renewable energy also makes sense to analyze, but these are only qualitatively
described in this thesis, since the primary focus are on savings and how governance tools can
create an increased amount of suitable amount of energy savings in relation to the 2050 goal.
Chapter 5 therefore identifies suitable integration strategies of renewable energy by calculating
them in a Danish context with the goal of analyzing the performance of the Energy Savings

Agreement. This analysis is based on data from CEESA and the Climate Commission.

Chapter 6 measures the performance of the Energy Savings Agreement both on an overall

scale and divided by each sector of utility companies in the Danish energy system. This analysis
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has to elements. The first is a comparison between the savings, both the reported number and
a number corrected for some of the potential errors in the Energy Savings Agreement, and the
strategy identified in Chapter 5. This comparison primarily focuses on the overall level of En-
ergy Savings Agreement, but also identifies what savings each group of utility companies
makes. Based on the numbers for each group of utility companies the second part of the anal-
ysis becomes the identification of whether the companies implement certain strategies when
they perform savings. This part of the analysis thus includes numbers for the performance of
each energy sector, but more importantly analyzes results from interviews with representatives
from each energy sector. This qualitative approach helps answering the hypotheses stated in
Chapter 2 on, whether current organizations can be involved in promoting technology change
or if they apply protective schemes and tries to maintain the status quo. The data for this
analysis comes from interviewing the interest organizations for the utility companies and data

over the utility companies’ performance.

The discussion phase covers Chapters 7, 8 and 9. Chapter 7 discusses the connection be-
tween Chapters 4, 5 and 6 and highlights the elements where the Energy Savings Agreement
performs well, and where the Energy Savings Agreement does not perform desirably. Here
some suggestion towards change are therefore also suggested, which is partially based on in-
terviews with outside actors.

Chapter 8 discuss how the report helps in solving the identified problem, with a focus on
connecting the analyses with the theoretical framework and hypotheses, and discussing the
uncertainties in the analyses. Chapter 9 concludes the report by presenting the main findings

and answering the research question. Figure 3.1 sketches this overall structure.

‘ The Need for Energy Savings ‘
|

‘ Theoretical Framework ‘

I

‘ Methodology ‘

Introductory phase

Energy
system
- ) analysis
Synergy Between Savings Synergy Between Conversions
‘ Implementation and Activity of the Utility Companies ‘ Comparative
and qualitative
District - . analysis
‘ heating ‘ ‘ Electricity ‘ ‘ Natural gas H Qil ‘
‘ Promoting Better Energy Savings ‘
!
. . . Discussion
‘ Discussion and Synthesis ‘ phase

l

‘ Conclusion ‘

Figure 3.1 Report structure
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To be able to follow this structure and conduct the described analyses three methods act as
the primary tools. These are literature studies, energy system analysis and interviews. Section
3.1, 3.2 and 3.3 describe each of them representatively, how they are used and the more con-

crete formation of energy systems and questions that lies within the theoretical framework.

3.1 Literature Studies

The report uses literature studies throughout, but it has four main uses. First, when estab-
lishing already existing theory on which the theoretical framework of this thesis is established,
and second, when characterizing background information regarding both the Danish energy
system and the potentials for energy savings. The third use of literature studies is used for the
description of the Energy Savings Agreement, where reviewing the three editions of the En-
ergy Savings Agreement and gathering results from other reports on the Energy Savings Agree-
ment become relevant. The final use of this methodology is in gathering data for building
energy systems for the energy system analyses.

In this report, literature studies is a broader term for secondary data, which means that it
covers not only written material but also certain kinds of outreach such as email and interviews
without character of analysis. This means personal correspondence where the sole purpose is
gathering data. Therefore, data gathering is within the context of literature studies. The data
on the Energy Savings Agreement received from the Danish Energy Agency is an example of
this.

The sources of literature used in this thesis primarily covers legal material, data from the
Danish Energy Agency, scientific material in form of articles and theses, other statistical data
and reports on Danish energy systems, potential for savings and renewable energy scenarios
in 2050.

3.2 Energy System Analysis and EnergyPLAN

The goal of the energy system analysis is to test a methodology for identifying suitable
amount of savings and calculate this within a context of the Danish energy system. Energy
system analysis exists in both large-scale and small-scale perspective, but the focus of this thesis
is a large-scale analysis that applies the holistic approach mentioned in Chapter 2.

To do these kind of large-scale analyses several tools are available, but since the need in this
thesis is calculations where quick change can be made without necessarily having the right
numbers needed it applies the tool EnergyPLAN. EnergyPLLANs main purpose is to assist in
modeling energy strategies both in current systems towards future scenarios, and it works on
regional and national level (Lund 2009). As such, it fits within the need of this thesis. Further-
more, EnergyPLLAN has the purpose of analyzing radical technological change, which is also
in line with the theoretical framework of the thesis. The final reason for choosing Ener-
gyPLAN over other tools is that it allows for including all energy sectors, and optimizes on a
technical parameters that focus on the whole system. This is important when creating an un-
derstanding for relations between savings in different sectors of the energy system. Section
3.2.1 describes the EnergyPLLAN tool in more details.
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Because the thesis approaches energy saving from the perspective of how they affect each
other in relation to the energy system, which other studies have not focused on, it becomes
necessary to define an approach for such measurements. This becomes with the intention of
identifying integration of suitable large-scale energy savings.

The first step necessary is to identify what system to model the energy savings in, and here-
after model conceptual savings to identify how the savings and the system reacts to each other.
In this step, it becomes relevant to understand the uncertainties of the model system, thus
preferably these calculations should be made in multiple representations of the energy system.
The result of this step should be the identification of strategies and operations within the cur-
rent energy system.

The second step is the identification of potentials for savings. These partly have a basis in
the feasibility of the savings and technological possibilities. This identification of potentials is
the typical focus when assessing the implementation of energy savings, but they have to relate
to the system context. For instance, when including possible synergies between electricity and
heat savings.

Step 3 becomes the integration of steps 1 and 2. Based on the potentials and strategies, the
third step models the implementation of the actual potentials. Here it becomes important to
identify the strategy for rate of implementation towards reaching the best performance. This
requires both coordination with possible changes to the energy system, which might also alter
the results from step 1 and 2, but also the way the end-users act in terms of performing savings.
In a Danish context, step 3 is in relation to the implementation of 100 % renewable energy
system in 2050. Therefore, step 3 makes this approach into an iterative process, where com-
promises between savings, energy production and potentials have to be found. Therefore, the
result cannot produce one precise answer, which is also in line with the holistic approach.

All of these approaches are an analysis in itself, and to answer the research question in this
thesis only step 1 is necessary to perform. Therefore, this thesis identifies relations and syner-
gies between different types of savings and conversions in relation to the current Danish en-
ergy system. The thesis includes perspectives in relation to the other two steps, meaning as-
sessed potentials and information on the energy system in 2050. However, the information is

not reached under the condition of steps 2 and 3.

The calculations made therefore have the primary focus of establishing possible synergies
between how different saving types affect each other in the current energy system. This makes
it possible to compare between the strategy identified and the performance of the utility com-
panies in accordance with the Energy Savings Agreement.

To do this the calculations implement two models of the current energy system. The thesis
does not base the calculations on forecasts, projections and potentials as it has a qualitatively
description of these in Chapter 5. The calculations have the goal of identifying synergies, thus
the numbers are conceptual and not rooted in already established analyses. This is the reason

for using two systems when calculating the primary effects and synergies. Since the numbers
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are not from other studies, it does not make sense to test the sensitivity of the numbers. In-
stead, because of the holistic approach, the thesis tests for the system sensitivity.

The models used for the current energy system bases themselves on the CEESA report and
the Climate Commission’s report. Section 3.2.2 describes the model based in CEESA and

Section 3.2.3 describes the model based on the Climate Commission.

3.2.1 The Use of EnergyPLAN as a Modeling Tool

EnergyPLAN is an input/output model, which means that by inputting certain energy data
such as demand, installed capacities and efficiencies it calculates the outputs of the energy
system such as primary energy supply (PES), CO; emissions, costs and renewable energy share
(RES).(Lund 2009) This thesis measures the performance based on the three mentioned pa-
rameters, PES, CO; emissions and renewable energy share. This is based on the goal of a 100
% renewable energy share in 2050, which has to be reached by lowering the primary energy
supply, decrease CO, emissions and increase the RES. The better performance in terms of
this, the better the system operates.

EnergyPLLAN works deterministic which means that the same inputs always results in the
same outputs. EnergyPLLAN generates these outputs based on hourly data, thus it takes into
account that demand shifts between night and day, and between winter and summer. Ener-
gyPLAN aggregates the different energy types into one, for example, it shows all installed wind
energy as one number. It does, however divide district heating into three categories to allow
for some differences, district heating group 1 contains district heating plants without electricity
production, district heating group 2 are decentralized CHP plants and district heating group 3
are centralized CHP. (Lund 2009) This is an advantage for the analysis needed in the thesis
because it allows for rather quick calculations with the possibility of changing each technology
quickly. EnergyPLLAN can optimize based on the operation of a system instead of investments.

This is very important when calculating the technical most suitable integration strategy.

Therefore, to build a model of an energy system in EnergyPLAN it becomes important to
first define the energy demands, which includes electricity demand, demand for district heating
divided into three district heating groups, demand for individual heating based on different
fuel types, demand in industry and transportation is needed. (Lund 2009)

After this, the next step is building the reference scenario, this means inputting the installed
capacities of power and heat production, both in individual and district heating scenarios. In
addition, add the installed capacities of renewable energy and other energy-producing units.
Furthermore, the overall efficiencies of each energy producing element has to be included and
also the division between fuel types used in power and district heating plants are important.
(Lund 2009)

By choosing an operation strategy, the model balances each energy type towards reaching
the desired optimum. (Lund 2009) EnergyPLAN includes various technical and economical
optimization strategies but the one used for the analyses in the thesis is Technical Regulation
Strategy 3, which balances both heat and electricity demands (and reduces CHP when partly
needed for stabilization). This strategy is preferred because it fits estimating the technical most

suitable amount of savings.
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Based on these inputs it is important to test the reference system up against already estab-
lished numbers. This can be, and are, done by comparing the outputs with the Danish Energy
Agency’s yearly statistics.

The way of calculating energy savings in EnergyPLAN is to change the defined energy
demands. This means that electricity savings are reductions in electricity demands, heat savings
are reductions in demands in district heating and demands in individual heating. By reducing
the demand for fuel in industry, the savings here are calculated. To identify the effects between
these kinds of savings, the method is to first calculate savings done in each sector one by one
and measure the effect of these. Hereafter, the goal is to combine savings in the same system
and again measure the effect. By comparing these results, it becomes visible where savings
have to be coordinated and where a more individual path could be suitable.

The thesis applies the same approach when trying to identify strategies for conversions
between different fuel types and savings. However, to model conversions, the goal is to main-
tain the same energy demand, but transfer it between the fuel types. The focus of conversions
targets the heating sector. In these cases, it becomes relevant to have the efficiency between
different energy types in focus. Since the goal is to maintain a demand, it might need more fuel
to apply a different technology.

The next two sections describe the two models used for the calculations.

3.2.2 The CEESA Model

The Coherent Energy and Environmental System Analysis, or CEESA, is a study made by
researchers that seeks to identify how to implement a 100 % renewable energy scenario (Lund
etal. 2011b). For this, several energy system analysis were made, but this thesis primarily targets
the 2010 reference system. (Lund et al. 2011b). Towards 2050, CEESA targets a reduced
energy demand, all energy coming from renewable energy sources, and that the system prefers
heat from heat pumps compared to biomass, since biomass have some problems in terms of
availability and indirect land-use change.(Lund et al. 2011b)

Because CEESA uses EnergyPLAN to calculate the scenarios, there has not been a need
for modeling the reference scenario. Instead it uses the already build model. The only exemp-
tion to this is that the thesis defines a certain amount of electricity used for heating in the 2010
scenario, because traditionally in CEESA, electricity for heating has been a part of the overall
electricity demand. This is key when calculating savings in individual electrical heating, and
conversions from electrical heating to other fuel types. The number subtracted from the overall
electricity demand and added to the heat demand in electrical heating is 1.94 TWh, which
originates from the estimate made in the Climate Commission’s report (Rise DTU, Ea Ener-
gianalyse 2010a). Otherwise, the system is the same as is used in CEESA. Appendix A shows
the input and output pages from the CEESA 2010 model. Some of the key numbers from the
2010 model can however be seen below in Table 3.1 where it is compared to the actual num-
bers from 2010 as measured by the Danish Energy Agency.

The goal for the model is to come rather close to the given year, but because the Ener-

gyPLAN has certain calculation methods, a precise correlation can be hard to reach. Therefore,
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these numbers just have to show a rather precise correlation that indicates that the system

resembles the Danish energy system.

CEESA 2010 Model | Danish Energy | Danish ~ Energy
(Lund et al. 2011a) Agency 2010 Agency 2010
— climate corrected | — actual numbers
(Energistyrelsen (Energistyrelsen
2012) 2012)
Electricity Demand 35.62 31.87 32.12
Individual heat de- 23.90 27.703 30.89
mand [TWh]
District heating de- 35.87 29.61 32.98
mand [TWh]
Industry fuel con- 36.03 25.48 26.06
sumption [TWh]
PES [TWh] 241.49 226.30 233.41
- Ol 102.63 86.34 87.33
- Renewable en- 44.87 45.74 47.23
ergy
- Natural gas 50.35 48.88 51.19
- Coal 43.63 40.80 42.89
RES [%] 18.58 20.21 20.23
CO; emissions 53.67 47.21 49.60
[Mton]

Table 3.1 Primary inputs and outputs from CEESA 2010 reference model

3.2.3 The Climate Commission Model

The Danish Government established the Climate Commission with the goal of creating a
100 % renewable energy scenario in 2050 because of security of supply and release of CO; into
the atmosphere (Klimakommissionen 2010b). The Climate Commission consists of research-
ers from various Danish universities. As such, the overall goal was the same as in CEESA, but
the tools used are somewhat different and slightly different assumptions acts as foundation for
the suggested 2050 scenarios. The key differences are that CEESA is more pessimistic in term
of the available biomass that results in CEESA requiring a larger overall reduction in primary
energy supply, and that international flights and shipping are not included in the Climate Com-

mission’s energy system.

The Climate Commission uses several tools to model their energy system, but none of them
is EnergyPLAN. Among others, they use STREAM and Balmorel. (Rise DTU, Ea Energian-
alyse 2010a). Both of these have slightly different functions than EnergyPLLAN, so to be able
to calculate and compare the two models this thesis converts the Climate Commission model
into EnergyPLLAN. Some of the inputs are easier to transfer while certain assumptions create

the bases for other inputs. Appendix B describes the modeling of the Climate Commissions
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2008 reference model in EnergyPLLAN. The demands are all based in the Climate Commission
numbers, but because certain inputs such as fuels for the different CHP plants and boiler
efficiencies are lacking from the description, these have been taken from the CEESA report.
This creates some similarities between the two systems, but the assessment is that transferring
these numbers do not have great influence on the system, and the uncertainties relates to the

demands instead.

Appendix C shows the result of the final energy system after tweaking the numbers to fit.
Table 3.2 below show the key parameters comparable to the ones in Table 3.1. Table 3.2 com-
pares the output from EnergyPILAN with the output from the Climate Commission. These
are cross-referenced with the actual numbers from the Danish Energy Agency in 2008.

The systems described in Section 3.2.2 and 3.2.3 thereby creates the foundation for the
analysis in Chapter 5, together with the CEESA system representing year 2050.

Climate Commis- Climate Commis- | Danish Energy Agency
sion EnergyPLAN | sion actual numbers | 2008 (- air travel and
(Riso DTU, Ea En- | shipping) (Energistyrel-
ergianalyse 2010a) sen 2012)
Electricity  De- 33.12 33.06 33.23
mand
Individual heat 32.45 32.49 31.78
demand [TWh]
District heating 30.62 28.61 29.50
demand [TWh]
Industry fuel con- 30.1 23.33 28.67
sumption [TWh]
PES [TWh] 218.77 218.61 225.00
- Ol 84.53 81.11 85.00
- Renewable 42.44 44.44 39.74
energy
- Natural gas 40.48 41.38 49.16
- Coal 51.41 51.94 51.80
RES [%] 17.9 20.32 17.66
CO; emissions 49.44 49.00 50.00
[Mton]

Table 3.2 Key parameters of Climate Commission 2010 compared to the climate corrected DEA 2008

3.3 Interviews

This section covers the use of interviews to identify the strategies of the utility companies.
This is an important element in assessing the hypotheses from Chapter 2, but also in conclud-
ing whether the Energy Savings Agreement works in regards of implementing large-scale en-

ergy savings. The interviews covered in this section are primary data. Section 3.1 describes
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interviews with the sole purpose of gathering energy data and statistics. Therefore, the inter-
views here are, based on both the context of the interviewee and the purpose of the question,
interpreted. The purpose of this section is therefore to highlight the design of the interview

guide to be able to answer the research question and the hypotheses.

The first element is to identify whom to include in the qualitative approach (Andersen
2008). This part of the thesis centers on the organizations and the applied strategies. Therefore
the most relevant part to interview becomes the current organizations in charge of the per-
forming the savings. This means that the interest organizations of both district heating, elec-
tricity, oil and natural gas are included. Since the district heating sector consists of many indi-
vidual plants, the thesis also uses information from interviews with district heating plants car-
ried out on the project “Challenges to Heat Savings in District Heating” (El-Khatib et al. 2012).
To reflect on the findings and suggesting improvements, the analysis includes an interview
with Energitjenesten who is an organization that helps end-users performing energy savings.

Not all the interest organizations and companies who signed the Energy Savings Agreement
are included in the interviews. However, the interviews include those of them who are the
biggest within their field, and cover all energy sectors. Therefore, the interviews represent most

of the utility companies in Denmark. The included companies are:

e DONG Energy (Natural gas and electricity)

e Danish Energy (Electricity)

e Danish District Heating Association (District heating)
e HMN Natural Gas (Natural Gas)

¢ Danish Oil Industry Association (Oil)

e Energitjenesten (Energy counseling firm)

The next step is to identify what type of parameters the interview has to examine (Andersen
2008). In this case, the parameters are the research question and hypotheses from Chapter 2.
Based on these, the key element of the questionnaire become to identify; the role of the com-
panies in the design of the Energy Savings Agreement; how they handle the current agreement;
whether they have any strategy towards handling the savings required; if and how the agree-
ment have changed their internal organization; if they reflect on possible changes and alterna-
tives. By asking these questions, and comparing them to the performance of the savings it
becomes possible to discuss what role the current organizations have in performing these sav-
ings and if they are capable of handling the responsibility of promoting energy savings at the

end uset.

One of the challenges in these types of interviews is that it focuses on the current organi-
zations who might defend their current position and the current agreement. Furthermore, the
interviewee is often a leading person in the organization who might seek to steer the interview
in certain directions (Andersen 2008). Therefore, the interview sticks to a guide that contains

all the important questions. Furthermore, to make sure to get the needed reflections on the
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topic, the interview guide includes several questions that revolve around the same topic. This
also helps when analyzing the interviews and comparing the results with the hypotheses. Ap-
pendix D contains the interview guide, where it is possible to see the elements mentioned in

the previous paragraph and how it approaches a topic from different angles.

The interview setting used in the report is based on the before mentioned interview guide.
This interview guide is in the offset of a semi-structured interview. Thus, the questions in the
guide have to be covered, but there is room for moving more freely between the different
questions and for the interviewee to add other points that are beyond what the interview guide
frames (Andersen 2008). This makes the interview flow more freely, and the researcher might
get extra information, but it also requires a good overview and the researcher have to determine
when to skip a question because it had already been answered. The interview, based on notes
and recordings, amount to a summary with important quotes. Appendices E to | contain the
summaries.

Because of the distances between the researcher and the interviewee, all the interviews were
via telephone, and one had some follow up questions answered via an email correspondence.
There are, however, some concerns when using telephone interviews, and they include that it
can be hard to interpret the interviewee only based on voice; it becomes harder to focus on all
elements of an interview; and that it can be harder to establish contact with the interviewee
(Andersen 2008). Since the questions does not focus on emotions, and that contact had already
been established through email most of the challenges are avoided and therefore telephone
interviews are seen as appropriate for the type of questions asked in relation to this thesis.

By applying these methods, it becomes possible to analyze and discuss the role of the utility
companies in finding savings, and identifying how they act because of the Energy Savings

Agreement.
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4 The Energy Savings Agreement

The Energy Savings Agreement has, as mentioned in the introduction been expanding and
changing since its introduction in 2000, first in 2009 and later in 2012. This includes both the
reduction targets but also how the different energy sectors split the burden, and what tools are
available to meet the reductions. This chapter seeks to describe both the elements of the cur-
rent agreement, but also the evolution leading to it. By doing that, the goal is to highlight the
methodology inherent in the Energy Savings Agreement. This is required to both understand

and analyze the data and the interviews with the utility companies.

4.1 Target Savings

The Energy Savings Agreement defines targets for the yearly reduction of energy consump-
tion — in other words energy saving quotas. The quotas are based on end user consumption,
which means that the utility companies have to make the reduction in relation to the end user.
The companies that have signed the current agreement are Danish power grid companies,
natural gas companies, district heating companies and oil companies.(Klima- Energi- og
Bygningsministeriet 2012a) The district heating companies were not a part of the agreement
in 2006 but still had reduction targets (Transport- og Energiministeriet 2006). In 2008, the oil
companies left the agreement but did return the following year. Because the oil companies are
free of Danish legislature, they did not have any targets that year. This means that the power
grid companies, the natural gas companies and district heating companies are bound to the
agreement on a much stricter basis than the oil companies are. In all three agreements this is
shown through that the oil companies are exempt from certain paragraphs and that grid, nat-
ural gas and district heating companies that are outside the agreement can be imposed certain

reduction targets anyway.

The utility companies and the Danish Ministry of Energy, Climate and Buildings have up-
dated the Energy Savings Agreement two times and both times increased the required amount
of savings significantly. Table 4.1 shows the development reduction targets from the first to
the third Energy Savings Agreement. The current, and third Energy Savings Agreement, is the
first to have two sets of targets, the first for the years 2013-2014 and the second for 2015
where the agreement is also up for renewal. The savings made are only accounted the first year
and as such, the companies need to find new savings every year.(Klima- Energi- og Bygning-

sministeriet 2012a)
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2006-2009 2010-2012 2013-2014 2015
Electrical companies 1.40 PJ 290 PJ 4.50 PJ 5.00 PJ
Natural gas companies 0.50 PJ 1.10 PJ 2.00 PJ 2.30 PJ
District heating 0.90 PJ 1.90 PJ 3.70 PJ 4.30 PJ
companies
Oil companies 0.15PJ 0.20 PJ 0.50 PJ 0.60 PJ
Total 2.95 PJ 6.10 PJ 10.7 PJ 12.2 P]

Table 4.1 Reduction targets for the utility companies in the three Energy Savings Agreement. 2006-2009 (Transport- og
Energiministeriet 2006), 2010-2012 (Klima- og Energiministeriet 2009) and 2013-2015 (Klima- Energi- og Bygningsministe-
riet 2012a)

4.2 The Energy Savings Agreement’s Methodology

The agreement states clearly at what level the utility companies can be involved. The com-
panies have to focus the savings at the end users, which limits them from registering efficiency
increases at the plant as a saving. With the development of the agreement, it has however
become possible to register solar panels and increased efficiency in the transmission grids and
networks as savings. (Transport- og Energiministeriet 2006, Klima- Energi- og Bygningsmin-
isteriet 2012a) Another element of the agreement that restricts the activity of the utility com-
panies is that they cannot perform the activity that creates the saving, such as refurbishing a
house. To do that they have to either create a sister company or seek third party involvement.
The utility companies have the option of being responsible for energy counseling, finding the
projects and doing installations related to metering. The agreement has furthermore evolved
into allowing the companies to be the one responsible for increasing grid efficiency (Klima-
Energi- og Bygningsministeriet 2012a, Klima- og Energiministeriet 2009). In total, this means

that what counts as a saving is:

e Reduction in end user demand
e Efficiency increases in transmission grids and networks and individual equipment
e Installation of collective solar panels

e Conversion from one type of energy to another

(Klima- Energi- og Bygningsministeriet 2012a)

The utility companies are through the Energy Savings Agreement given two methods for
accounting the accomplished savings. The first method is through specific measurement. Here
every project has to go through an individual measurement with an assessment of the efficiency
increase of every activity. This method targets primarily larger projects such as energy increases
in industries, companies and public buildings. The second method that the utility companies
can use is standard values. The standard value chart works by giving every possible activity a

fixed reduction, for instance replacing a window. Thus the companies, when doing an activity,
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just have to look up what they and add up all activities in the given project. The utility compa-
nies should only use standard values on small projects such as single-family houses. (Klima-
Energi- og Bygningsministeriet 2012a) Therefore, the standard value chart does not take into

account how different savings affect each other.

The overall target has since the implementation of the first Energy Savings Agreement been
that: “The wutility companies promote cost efficient savings of benefit to end users, companies and society.”
(Klima- Energi- og Bygningsministeriet 2012a) To do this the key component in the agreement
is that the utility companies have the freedom to do the savings outside of own supply area
and outside of own fuel type —a free choice of method. This means that a district heating plant
can buy a saving done in an industry in a natural gas area if it fits with the district heating plants
wishes. The 2012 agreement added to the wording of the paragraph that it should aim towards
existing buildings and business (Klima- Energi- og Bygningsministeriet 2012a). It is important
to mention that the companies also can do the savings within own supply area and fuel type.

Because of the free choice of method, there is no guarantee that the companies are going
to have savings activities all over Denmark. In the 2006 agreement, there was, however, an

intent towards that the companies sought a balancing approach:

“The savings activities should be rather equally implemented when it comes to different
end user groups, energy type and geographical area. The companies must as such offer a

certain effort in all consumer groups. (Lransport- og Energiministeriet 2006)

Such an intent is not present in both the 2009 agreement and the current Energy Savings
Agreement, hence removing any limits to the free choice of method (Klima- Energi- og
Bygningsministeriet 2012a, Klima- og Energiministeriet 2009).

The free choice of method is the founding element for the creation of a market for energy
savings. The defined quotas create the demand, which means the utility companies and plants
hereafter have to identify the best fitting supply. This interaction defines the prices for the
given energy saving. It is important to remember those third parties are responsible for creating
majority of the savings. This is because the power grid companies, district heating companies,
and natural gas companies are monopolies and as such has to oblige to the “self-balancing
principle” meaning they cannot earn money. Third party companies therefore help in creating

a mote secure market.

Following the idea of cost efficient savings, the Energy Savings Agreement allows for hav-
ing either a deficit or a surplus of savings each year as long as the average yeatly savings matches
target for the given period. This practically means that the utility companies can carry savings
from one year over to the next and as such stockpile savings. Both the 2009 and 2012 Energy
Savings Agreement also states that the companies can carry over savings performed under the
old agreement. (Klima- Energi- og Bygningsministeriet 2012a, Klima- og Energiministeriet
2009) This creates a potential incentive for the utility companies to perform more savings than
needed as eatly as possible. In the 2006 agreement, this line therefore followed the principle

of carrying over savings:
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“At the end of year 2008, when the agreement is up for revision, balance shall be
strived towards” (Transport- og Energiministeriet 2006)

The agreements from 2009 and 2012 have not included this type of wording and instead
this paragraph now only covers that a yearly deficit cannot be below 35 % of the reduction

target.(Klima- Energi- og Bygningsministeriet 2012a)

To maintain the free choice of method and guide savings in a certain direction, the Energy
Savings Agreement includes parameters to prioritize certain types of savings.

In the 2006 agreement, conversion from one energy type to another was the only place
where a parameter was seen fit. Furthermore, it was a rather simple since the parameter only
was in place to incentives a move away from electrical heating (Transport- og Energiministeriet
20006). This meant that when converting between electricity and any other energy type the
utility company had to multiply the electricity use by 2.5, resulting in increased differences
between the energy use before and the energy use after when converting from electricity, and
a smaller difference when converting to electricity. This has since expanded and the current
Energy Savings Agreement contains a long list that states a parameter for every energy type
and conversion sector (Klima- Energi- og Bygningsministeriet 2012a). Appendix O contains
the current list of conversion parameters.

Lifetime of a given energy saving is incorporated in the energy savings by applying param-
eters. The 2006 agreement did not contain any lifetime parameters but only declared that the
savings should at least have the longevity of the agreement (Transport- og Energiministeriet
20006). Both the 2009 and the current agreement do however contain parameters which pri-
marily seeks to move focus away from savings with a lifetime shorter than 4 years. Appendix
O shows the lifetime parameters. These parameters indicate that the Energy Savings Agree-
ment generally does not prioritize projects with long lifetime over projects with a lifetime of 4
to 15 years. Only in projects that involve fuels outside the CO» quota system, normally used
for individual heating, is projects with lifetimes over 15 years prioritized with a factor of 1.5.

The final parameters promote certain activities and deprioritize other. These are also find
in Appendix O. This shows that the agreement deprioritizes maintenance and service plans
and energy management while it prioritizes energy renovation and new boilers in oil and nat-

ural gas heated buildings, and installation of heat pumps that replaces oil and natural gas.

The many parameters have alongside the details in paperwork needed to document the
savings and the data required to report the savings increased the level of bureaucracy in the
agreement. The 2006 agreement had three appendices covering where to make savings and
how to report them, whereas the current agreement has 13 appendices covering the same top-

ics. This illustrates the expansion of elements and points of emphasis in the agreement.

4.3 Actual Efficiency of the Energy Savings Agreement
To conclude this chapter on energy savings it is important to note that the reported savings

are not the actual effect that the Energy Savings Agreement has on the energy system. This is
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primarily due to several elements, technical over estimation, additionality and the prioritization
parameters in the agreement.

Ea Energy Analyses (2012) estimates that the reported savings are over estimations com-
pared to the actual effect savings (Ha Energianalyse, Viegand og Maagee & Niras 2012b). This,
especially, ties to projects using standard values. The average reported savings in a single-family
house is 31.3 kWh/m?, but the actual savings in those houses averaged out to 24.8 kWh/m?
and furthermore 10.9 kWh/m” of those where due to general tendencies and not because of
the Energy Savings Agreement. This means that the agreement results in a reduction 13.9
kWh/m?* or 44 % of the reporting saving. Ea argues that the standard values do not take into
account that combining several activities could lead to reduced total savings. (Ea Energiana-
lyse, Viegand og Maagee & Niras 2012b) The second element that can reduce the overall effi-
ciency of the Energy Savings Agreement is additionality. The Energy Savings Agreement says
that savings from an activity performed has to be specifically due to the utility companies’
involvement otherwise they cannot report it — the savings has to be additional. However, Ea
Energy Analyses has assessed whether the savings are in fact additional. When looking at the
large-scale business projects Ea Energy Analyses estimates the additionality to be between 42
% and 46 % whereas in household projects it is only between 6 % and 8 %. It also varies
between which utility company is responsible for the savings. The electrical grid, natural gas
and district heating companies all perform savings with an additionality between 45 % and 68
% whereas the oil companies only perform savings with an additionality around 10 % (Ea
Energianalyse, Viegand og Maagoe & Niras 2012b) The final element is that the reported sav-
ings include the prioritization parameters. It means that for instance projects with a short life-
time or projects that convert electrical heating to district heating reports for the former half of
the actual saving and for the latter more than what is the actual effect of the saving.

What is also important to remember is that the fundamental basis for savings agreement is
savings at the end user. The measurements therefore also take place at the end user, which is
key because, a kWh saved electricity saves more fuel than a kWh saved heat. In total, all these
elements are important to remember when analyzing the actual effect of the Energy Savings

Agreement from an energy point of view, which is the goal of Chapter 0.

To summarize Chapter 4, Figure 4.1 shows the structure of the Energy Savings Agreement
and Table 4.2 shows the main elements covered regarding the elements of the Energy Savings
Agreement. It describes the development of the reduction targets, involved partners, method-

ological approach and the overall concerns in the agreement mentioned in this Chapter.

Danish Government

B
Interest organization Interest organization Interest organization Interest organization
Natural Gas Qil District heating Electricity
! ! ! !
Natural gas companies Oil companies District heating plants Electrical grid companies
! ] ] ]
End users
(feed back from their own end users)

Figure 4.1 Structure of the Energy Savings Agreement
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5 Integration of Suitable Energy Savings

This chapter contains three elements towards analyzing the Danish energy system in terms
of identifying suitable energy savings. Defining the application of the methodology described
in Section 3.2 to the case of energy savings in Denmark; highlighting what characterizes dif-
ferent types of savings; and calculating the consequences of different kind of savings in the
context of the current Danish energy system. The 2010 CEESA model and 2008 Climate Com-

mission model represents the current Danish energy system.

5.1 Towards the Identification of Synergies
This section has the goal of transforming the overall methodology described in Chapter 3

into some operational calculations on the identification of synergies between different saving
types.

The methodology’s basis in the holistic approach emphasizes the need for having as many
factors included as possible. This thesis however has to make a delimitation, thus, it only fo-
cuses on the elements of savings targeted by the Energy Savings Agreement. These are heat
savings, electricity savings and industrial savings, and conversions between different fuel types.
The current energy system becomes the framework of these calculations. The calculations do
have a holistic approach because it takes into account the whole energy system and not only
the few sectors on which it calculates. Therefore, the parameters for measuring the perfor-
mance are the whole systems primary energy supply (PES), CO; emissions and renewable en-
ergy share (RES). Another important result is the distribution of demands on how savings
affect the use in the winter compared to the summer, as these might help explaining the ben-
efits of certain savings.

Because this is the first step in the identification of suitable energy savings, the calculations
are conceptual. This means that current potentials, targets and feasibility do not define the
numbers. Instead, Section 5.2 describes them qualitatively, and in the end of this chapter, the
elements combined with the strategy towards 2050 described in Chapter 1 are included in

framing the strategy for savings.

The elements analyzed in this chapter therefore becomes reducing energy demand, in form
of insulating, new appliances and installing new stoves and grids, and conversions between
different types of heating productions. EnergyPLLAN is the basis for calculation in both in-
stances, where gradually reducing the energy demand models the energy savings, and gradually
transferring an energy demand from one type of fuel to the other models conversions. Here-

after, the goal is the identification of possible synergies within the current system. Section 5.3
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highlights the key results and synergies found between savings, whereas Section 5.4 shows the
same just with the focus on conversions in relation to savings. Appendix L. accompanies Sec-
tion 5.3 and Appendix M accompanies Section 5.4, which contains tables of results used before
presenting the figures of Sections 5.3 and 5.4. A key notion in terms of calculating conversions
is that because of the targets of future energy systems, both described in Chapter 1 and dis-
cussion 3.2, the analysis of savings disregard biomass, and the analysis of conversions disregard
biomass and heat pumps. This is because they are necessary in the future energy system, mak-
ing it redundant to test for conversions from for instance biomass to fossil fuels.

Because of the possible sensitivity in the calculations, the thesis calculates the analyses both
in the model defined by CEESA and the model constructed based on the Climate Commis-

sion’s report.

Since the calculations are conceptual, the possible conclusions should not depend on the
specific inputs as long as the tested scenarios are the same. Nevertheless, to specify what num-
bers this thesis uses, Appendix K shows tables with all the numbers inputted. The overall
concept is that by using the same percentage reductions for all possible savings and conver-
sions, it becomes possible to create several data points, have the numbers on the x-axis and

overall make easier comparisons in terms of synergies.

The elements calculated and analyzed for synergies are:
e Savings in district heating demand
e Savings in electricity demand
e Savings in individual heating
e Savings in industrial energy
e Conversions form oil to natural gas, biomass and district heating
e Conversions from electricity to natural gas, biomass and district heating

e Conversions from natural gas to biomass and district heating

Finally, the calculations also covers the possible synergy between converting from oil to
district heating and heat pumps at the same time compared to converting just to heat pumps

ot district heating.

In the calculations for savings in district heating, all three groups are in the same calculation
and therefore the results show for overall district heating savings and not savings in first group
1, then group 2 and finally group 3. In individual heat savings and industrial savings, each fuel
type has its own calculation and results.

The tables showing conversions have the focus of maintaining the current demand. There-
fore, the numbers inputted in EnergyPLAN take into account the different efficiencies of the
different individual heating technologies. These are 90 % for natural gas stoves, 85 % for oil
stoves and 80 % for biomass stoves. When calculating the conversions each energy type con-

verted to has its own results. For example, when converting from electrical heating there is a
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calculation assessing the effect if converting to natural gas, one to biomass, one to district

heating group 1, one to district heating group 2 and finally one to district heating group 3.

5.2 Characteristics of Savings
This section describes the type of savings analyzed in this chapter. This included how the
savings and conversions typically look like, and what the lifetimes are. It also characterizes

overall goals for these types of savings.

5.2.1 Heat savings

When focusing on heat savings it is important to recognize that individual heating and dis-
trict heating makes up the total heat demand. This means that there are two very different ways
of approaching heating. Combined heat and power plants make up most of the district heating
plants, as seen in Section 1.3 thus linking heat production to electricity production, whereas
areas with individual heating produce their own heating thus separating heat and electricity
production. The Danish Energy Agency estimates the current heat demand to be 59 TWh with
29 TWh district heating and 30 TWh individual heating (Energistyrelsen 2012). The Climate
Commission estimates that in 2050 the heat demand in district heating is 23 TWh and 17 TWh
in buildings with individual heating (Rise DTU, Ea Energianalyse 2010a). This means a reduc-
tion from an overall heat demand of 59 TWh to 40 TWh or a reduction 32 %. In CEESA the
demand for heat from district heating is 38 TWh and in individual buildings 9 TWh in 2050.
This totals a demand 47 TWh and a reduction of 20 % (Lund et al. 2011b).

To reduce the heat demand in buildings there are two focus areas, existing buildings and
new buildings. In existing buildings, the possible tools for refurbishment are re-insulation of
outer walls, roofs and ceilings, and foundations; installation of new and better windows; new
ventilation systems; and insulation of technical installations. Of these, the biggest potential for
reducing the heat demand is by re-insulating buildings, especially those built before 1979. (Riso
DTU, Ea Energianalyse 2010b)

The potential for heat savings in existing buildings, with the inclusion of new ventilation,
are without an economic concern estimated to be around 70 %, however when including eco-
nomic costs the potential drops to 23 %, but could increase to 47 % (Wittchen 2009). This
depends on factors such as payback time and desired standards for the savings. Another key
component in securing the feasibility of the savings is that costs are significantly lower if done
while the building is having other renovations done.

In new buildings, it becomes important to secure the right level of insulation, windows and
ventilation during the construction phase. One of the ways to do this is by tightening the
building codes, an example could be that buildings built after 2015 cannot have a heating de-
mand. This would result in 2050, 25 % of the buildings would not require heating. (Riso DTU,
Ea Energianalyse 2010b)

Compared to electricity savings, the lifetime of heat saving projects become relevant. Initi-

atives to reduce heat savings often have a long lifetime. Building envelopes can surpass 30
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years of lifetime (Schmidt 2012), which means that to reach the target of 100 % renewable
energy in 2050 the consumers must do the right amount of savings in a household now when
renovating a building. Overall, this description indicates that it should not be impossible to
reach the required reductions as defined by CEESA and the Climate Commission.

5.2.2 Electricity savings

The Danish energy agency estimates the current electricity demand to be around 36 TWh.
(Energistyrelsen 2012) Towards a 100 % renewable energy future both CEESA and the Cli-
mate Commission suggests an overall increase in electricity demand, this is however due to
increased amounts of heat pumps and electricity used in industry. The Climate Commission’s
ambitious scenario estimates the total electricity demand in 2050 to be 49 TWh, however, this
includes an electricity demand of 5 TWh for heat pumps and 9 TWh of increased electricity in
industry compared to 2010 (Rise DTU, Ea Energianalyse 2010a. This means that the Climate
Commission is calling for an unchanged electricity demand in the already established sectors.
When disregarding transport and heating from the CEESA scenario they call for a reduction
of the electricity demand to be 20.57 TWh (Lund et al. 2011b).

The potential for electricity savings primarily comes from installing appliances that are more
efficient and more conservatory use (Rise DTU, Ea Energianalyse 2010b). Of technical im-
provements, the Climate Commission points toward that typical electricity savings are focusing
on lighting, electronics, appliances, pumps and ventilation (Riso DTU, Ea Energianalyse
2010b, Rise DTU, Ea Energianalyse 2009). These type of savings all have a rather short life-
time which both creates a need for maintaining a certain level of savings, but also allows for a
flexibility in terms of having the right solutions for the 2050 targets, in other words, the short

lifetime makes it possible to correct possible implementation errors.

5.2.3 Industrial savings

The Danish Energy Agency estimates the current energy demand in industries to be 38
TWh though it is 25 TWh if disregarding the use of electricity and district heating in industry
(Energistyrelsen 2012). The Climate Commission’s ambitious scenatio estimates that the en-
ergy demand for industry has to be 36 TWh (Rise DTU, Ea Energianalyse 2010a), however if
disregarding a need for electricity and district heating the demand has to be reduced to 10
TWh. CEESA estimates that the energy demand in industry in 2050 has to be 19.03 TWh
(Lund et al. 2011b). In total, this means that if disregarding electricity and district heating, the
reduction has to be between 25 % and 50 %.

To reduce energy demand in production industry several elements are in focus. This in-
cludes transportation, space heating, drying of products, heating and burning need in produc-
tion. Thus, industrial savings spans over wider types of possibilities including both electricity
and heat savings. There are however certain types that are common for most industrial units.
These include lightning, pumps and electrical engines. (Rise DTU, Ea Energianalyse 2009)

Economically the estimates are right now that 8 % to 30 % are feasible, and this might increase
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to 43 % in 2030 (Rise DTU, Ea Energianalyse 2009). Because of these various types of initia-
tives, it becomes hard to estimate lifetimes. Vehicles for transportation and electrical installa-
tions might have a lifetime around 5 years, whereas engines and furnaces might have longer
life times. Danish Energy however estimates that industrial savings made in accordance with

the Energy Savings Agreement typically have lifetimes around 7 years (Thingvad 2013).

5.2.4 Conversions

The final element is conversions. This covers some overall transitions needed in the Danish
energy system to reach the goal of a 100 % renewable energy system. In the current agreement,
the conversion can happen between several energy types, though with certain types preferred
over others. One can also disregard conversion and keep an end user within the same energy

framework.

The conversions, which CEESA and the Climate Commission focus on, in relation to this
thesis, are the conversion of households, commercial units and industries from individual heat-
ing to district heating. In CEESA, the district heating demand of the total heating demand is
61 % in 2010 but this increases to 78 % in 2050 (Lund et al. 2011b). The Climate Commission
estimates the current share of district heating to be 45 % of the total heating demand, and this
increases to 57 % in 2050 (Rise DTU, Ea Energianalyse 2010a). Thus, both system operates
with an increase of around 25 % in the district heating share of the total heating demand.

The second element that is relevant to this thesis is that individual households and build-
ings, and industry have to move away from fossil fuels. Therefore, individual heating transi-
tions to biomass, solar heat and heat pumps, and industries makes the same transition, with
more energy coming from electricity and district heating and the only separate fuel being bio-
mass (Lund et al. 2011b, Rise DTU, Ea Energianalyse 2010a). These conversions are important
to keep in mind when understanding that not only are savings needed, they also have to go be

targeted towards the right sectors.

5.3 Relations between Different Kinds of Savings

Based on the inputs described in Section 5.1 calculations have been made with the goal of
identifying relations and effects between savings in different energy sectors. The background
results for doing this are available in Appendix L. The focus of this analysis is specifically on
possible relations, synergies and effects between savings in district heating and electricity, sav-
ings in individual heating and electricity and savings in industry and electricity. It is important
to note that, as the last section highlighted, all savings are important but the goal here is to
identify where these savings affect each other.

To understand the first aspect of possible savings between district heating and electricity it
is important to understand that demand varies between winter and summer, these differences
are especially noticeable in heating demand, whereas electricity demand is more constant over

a year. Therefore, when reducing demands it especially targets the winter period since most
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heating is done here. Figure 5.1 and 5.2 show the development in district heating demands and
electricity demands dependent at respectively O % savings and 54 % savings.
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Figure 5.2 Heat and electricity demands with 54 % savings

These graphs show that by reducing the overall demand it lowers the difference between
the maximum heat demand and minimum heat demand from approximately 5000 MW to 2200
MW. Figure 5.1 and 5.2 also show that savings do not affect the variance in electricity demand
as much. Thus, by doing savings, heat demands and electricity demands become more aligned.
This is important in understanding why a coordination of reductions can create more efficient
results, because production units based on CHP can run more evenly in this case.

Figures 5.3 and 5.4 show the results for the identification of how demand reductions in
district heating are affected by electricity savings. The graphs are for the three parameters,
primary energy supply (PES), CO, emissions and renewable energy share (RES) on which the

comparison between savings without coordination and savings with coordination.
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Figure 5.4 Reduced CO; and percentage point increase in RES when doing electricity and district heating savings

From these two figures, it becomes apparent that electricity savings affect savings within
the district heating sector. In CEESA, a 54 % reduction in demand in both sectors lead to an
8.10 TWh lower PES, 2.7 Mton less CO, emitted and 1 percentage point more renewable
energy in the system than if the savings were not in the same system. In the Climate Commis-
sion model, a 54 % reduction in demand leads to 4.6 TWh lower RES, 1.2 Mton less CO, and
0.3 percentage point lower RES. The difference between the two systems results are due to
more heat demand in district heating in the CEESA model, compared to the Climate Com-
mission model. However, all results besides RES in the Climate Commission model leads to
the conclusion that electricity and district heating savings have to in relation to each other and

coordinated in the current Danish energy system, because of the amount of CHP.

Because of the separation between production units based on fuels in individual heating

and electricity, it is not possible to find any measurable synergies between those two. The
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representation in Figure 5.5 shows the PES and CO; for the system with and without coordi-
nation, which illustrates the total similarity. The numbers shown in Figure 5.5 are only for the
CEESA model but calculations show the same effect in the Climate Commission model, which
Appendix L illustrates. In the cases of electricity used for heating, the reduction is similar to a
reduction in overall electricity demand. As such, it does not make sense to calculate individual
electricity savings and check for synergies between two types of electricity savings. Since it is
an electricity saving, it must be noted that savings in electrical heating also has to be made in

coordination with district heat savings.
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Figure 5.5 Saved CO; and PES when doing electricity and individual heat savings

The final element analyzed for possible advantages by coordinating savings is a synergy
between industrial savings and electricity savings. As was the case for individual heating, the
fuel used in industry is separate from the fuel used for producing electricity and heating. There-
fore, there are no immediate relations between savings in industry and savings in electricity.
Figure 5.6 illustrates this, by showing the reduction in CO; and PES with and without coordi-
nation with electricity production. The calculations shown are in CEESA but the Climate

Commission model show the same results. Appendix L illustrates this.
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Figure 5.6 Saved CO; and PES when doing electricity and industrial savings
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However, there is a slight overlap between industry and electricity and heat production, but
quick calculations show that these are almost insignificant. When performing 54 % savings,
calculations in CEESA, it suggests that coordination with electricity saves 0.2 Mton CO, and
0.5 TWh PES. When coordinating with reduced demand in district heating it saves 0.01 Mton
COzand 0.01 TWh PES.

Based on these analyses, Section 5.5 summarizes strategies for coordination and integration

of suitable energy savings.

5.4 Relations between Conversions and Savings

This section covers the analysis of what happens to the energy system with the integration
of conversions between different energy types used for heating. As mentioned in Section 1.3
and Section 5.2, the conversions analyzed are in accordance with the overall strategies of the
CEESA and Climate Commission reports. Therefore, no calculations are made of conversions
from biomass since both CEESA and the Climate Commission increase the demand for bio-
mass. Furthermore, no conversions to oil and electrical heating are calculated since the target
is to phase out these rather quickly. Natural gas is included with both the possibility of con-
version to and from, since both CEESA and the Climate Commission include this fuel on a
longer term for supplying heat, but also by 2050 suggest a complete move away from natural
gas. Finally, the possible synergies with heat pumps are tested. The calculations only focus on
heating, but because industrial energy to a certain extent resemble the individual heating sector
the learnings from this section also applies to conversions from industrial energy to district

heating.

Appendix M highlights the results from the individual calculations of conversions from
each fuel to anothet. These show that, because biomass is CO; neutral but also the least effi-
cient compared to oil and natural gas stoves, it results in, when converting from oil and natural
gas to biomass, an increase in PES, but lower CO, emissions and higher RES. Electrical heat-
ing is the least efficient heating technology thus converting from that to another energy type
always results in better performance on all three parameters.

When converting to technologies that in the current system have shares of fossil fuels they
perform differently depending the different technologies. Therefore, the following ranking de-
scribes which technology are the best targets for the conversion. Local district heating plants
without electricity production perform the worst on CO, emissions whereas natural gas stoves
results in the highest primary energy supply. Both are equal in renewable energy share. Con-
verting to district heating group 3, which are centralized CHP plants, are the second best op-
tion in terms of conversions in the current energy system. When converting 54 % of oil con-
sumption to this group it reduces, in the CESSA model, the CO, emissions 0.21 Mton more
than in district heating group 1, and 1.3 TWh more in the PES compared to natural gas. The
best conversion option is however district heating group 2, which are decentralized CHP
plants. Here COs is reduced 0.83 Mton more than in district heating group 1, and the PES 1.4

['Wh more than converting to natural gas.
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Overall, the recommendations are that the focus on conversions should be to convert from
oil, natural gas and electrical heating to biomass and district heating with CHP units. The next
step therefore becomes to analyze the synergies between these types of conversions and elec-
tricity savings. The analysis disregards electrical heating savings due to its relation to the overall
electricity demand. Furthermore, it is possible to deduct from analysis in the previous chapter
that transitions between the different individual heating devices based on fossil fuels do not
have synergies with electricity savings. Thus, the calculations primary focus becomes the syn-
ergies between electricity savings and conversions to district heating. The graphs shown in this
section therefore focus on the key parameters when making these conversions in relation to

electricity savings.

Figures 5.7, 5.8 and 5.9 show the parameters in converting from oil to district heating, and
Figures 5.10, 5.11 and 5.12 show it in converting from natural gas to district heating. All Fig-

ures show the result with and without coordination with electricity savings.
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Figure 5.7 Reduced CO; emissions when converting from oil to district heating group 2 and district heating group 3
in relation to electricity savings

Figures 5.7 to 5.9 illustrate how conversions from individual heating based on oil to district
heating, either based on decentralized CHP (district heating group 2) or centralized CHP (dis-
trict heating group 3) operates in a context with electricity savings. All Figures, both in the
CEESA model and the Climate Commission model, show that when putting the context of
reductions in electricity demand the performance of the system is not as good as if the two
tools were looked at separately and then added together. Furthermore, whereas conversion to
decentralized CHP performed the best when looking at the different conversions inde-
pendently, but when adding the element of electricity savings conversions to centralized CHP

is less affected by the electricity savings.

40




45,00 45,00

40,00 40,00
o 35,00 o 35,00
6| 6|
A~ 30,00 A+ 30,00
el el
§ 25,00 § 25,00
3 20,00 2 20,00
Al Al
15,00 15,00
=z 15 =z 15
=10,00 _/ =10,00
5,00 500 |
0,00 / 0,00 /
0% 20% 40% 60% 0% 20% 40% 60%
Percentage reduction Percentage reduction
District heating group2 District heating group 3

Conversion from oil to DH group 2 - added with separate electricity saving - CEESA
—0— Conversion from oil to DH group 2 - electricity savings in the same system - CEESA
—@— Conversion from oil to DH group 2 - added with separate electricity savings - Climate Commission

Conversion from oil to DH group2 - electricity savings in the same system - Climate Commission
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Figure 5.9 Percentage point increase in RES when converting from oil to district heating group 2 and district heating
group 3 in relation to electricity savings

The reason for the system performing less optimal is due to the explanation illustrated by
Figures 5.1 and 5.2, but instead of creating a balance between district heating demand and
electricity demand, converting to district heating creates a greater imbalance, thus the CHP
plants need to operate even in situations where there is no need for electricity. Therefore, when
converting to district heating it becomes relevant to maintain a balance between electricity

demand and heating demand. A suggestion could be to do conversions to heat pumps running
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on electricity as well. These will increase the electricity demand, but also generate heat in indi-
vidual housing. Thus, converting to district heating from CHP might perform better if other

households with individual heating convert to heat pumps.

Figures 5.10 to 5.12 show the conversion from individual natural gas heating to district
heating in both decentralized CHP and centralized CHP for both the CEESA model and Cli-
mate Commission model. They show how these conversions operate in context with electricity
savings, and compare it with a perspective where the savings is without context to each other,
but only added together. The conclusions from these calculations are the same as the conclu-
sions from converting to oil. All Figures show that conversions within a context of electricity
savings reduce the reductions in RES, PES and CO; than without accounting for this context.
In addition, the impact is less when converting to centralized CHP than converting to decen-
tralized CHP. Again, the weaker performance is due to greater imbalance between the electric-
ity demand and heat demand, thus the recommendation should be to strive towards a balance
here. A way to achieve this, and move away from the use of fossil fuels for individual heating

is heat pumps.
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Figure 5.10 Reduced CO; emissions when converting from natural gas to district heating group 2 and district heating
group 3 in relation to electricity savings
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Figure 5.11 Reduced CO2 emissions when converting from natural gas to district heating group 2 and district heating
group 3 in relation to electricity savings
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Figure 5.10 Reduced CO; emissions when converting from natural gas to district heating group 2 and district heating
group 3 in relation to electricity savings

Both oil conversions and natural gas conversions suggest coordination with heat pumps.
Therefore, Table 5.1 show the savings when half of the conversion from natural gas goes to
heat pumps and the other half to district heating group 2 in the CEESA scenario, in relation
to electricity savings and compares it to conversions only to heat pumps and conversions only
to district heating group 2. Table 5.2 shows the same for the Climate Commission.
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Percent reduced/converted 0% 5% 10% 14% 34% 54%

Conversion from natural gas to DH 2 - electricity savings in the same system — CEESA

CO2 [Mton] 0 1.297 2.45 3.402 6.822 9.387
RES [Percentage point| 0 0.4 0.8 1.1 2 2.8
PES [TWh] 0 3.68 06.96 9.89 20.54 28.77
Conversions from natural gas to DH2 and heat pumps - electricity savings in the same system - CEESA

CO2 [Mton] 0 1.243 2.386 3.349 6.845 9.564
RES [Percentage point| 0 0.4 0.8 1.1 2.1 3
PES [TWh] 0 3.68 7.02 10.01 21.19 30.08
Conversions from natural gas to heat pumps in - electricity savings in the same system - CEESA

CO2 [Mton] 0 1.189 1.837 3.286 6.848 9.697
RES [Percentage point] 0 0.4 0.8 1.1 2.2 3.1
PES [TWh] 0 3.68 7.05 10.12 21.82 31.33

Table 5.1 Conversion from natural gas to heat pumps with electricity savings in CEESA

Percent reduced/converted 0% 5% 10% 14% 34% 54%
Conversion from natural gas to DH 2 - electricity savings in the same system - Climate Commission

CO2 [Mton] 0 1.561 3.026 4.392 8.935 12.358
RES [Percentage point| 0 0.5 1 1.6 3.6 5
PES [TWh] 0 4.49 8.6 12.35 25.92 37.21

Conversion from natural gas to DH 2 and heat pumps - electricity savings in the same system - Climate Com-
mission

CO2 [Mton] 0 1.449 2.816 4.09 8.815

RES [Percentage point| 0 0.4 0.9 1.5 3.6

PES [TWh] 0 4.43 8.47 12.19 26.49
Conversion from natural gas to heat pumps - electricity savings in the same system - Climate Commission
CO2 [Mton] 0 1.334 2.601 3.784 8.49 12.38
RES [Percentage point| 0 0.4 0.8 1.3 3.3 5.3
PES [TWh] 0 4.25 8.27 11.99 26.96 39.77

Table 5.2 Conversion from natural gas to heat pumps with electricity savings in Climate Commission

From Tables 5.1 and 5.2 the results state that the implementation of heat pumps works best
with very high conversion rates and reduction in electricity demand. The lower these numbers
are the lesser effect the heat pumps have. This is because discrepancies get bigger every time
the amount of conversions and savings increases. Therefore, the combination of conversions
to heat pumps and district heating has the best overall performance because it limits worse
effect in the small conversions, but also has the increased when the amount converted gets

bigger.

What is important to remember with the calculations presented in Sections 5.3 and 5.4 is
that they do not represent “true” comparisons since savings always are in relation to each
other. However, what they do show are that how the combination of savings in certain cases
give different results than looking at savings without an understanding of the whole system.

In some cases, the system show that savings can actually affect each other to create a greater
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effect of both savings, but in other cases savings and conversions results in a lower effect than
the expectation from doing them separately shows. Therefore, the calculations become im-
portant in understanding how to create a strategy for the integration of energy savings in a
Danish energy system, because they shed light on how different types of savings interact with
each other. Furthermore, there are many other calculations to be made, but these are the most

important in assessing the performance of the Energy Savings Agreement.

5.5 Strategies and Other Considerations

Based on the qualitative descriptions in Section 5.2, the calculation and analyses in Sections
5.3 and 5.4, and some of the notions in the earlier chapters it is now possible to summarize
these into strategies for the integration of suitable energy savings. One brief notion is that the
calculations had the goal of identifying certain effects in the system because they would have
intertwined and therefore would not give meaningful results. It is however both expected and
needed in the actual integration of large-scale energy savings.

The bullet points below identify the five strategies and considerations regarding integration

energy savings:

e Heat savings in general have longer lifetimes than both industrial and electricity savings.
Therefore, it is important to be aware of reducing heat demand in households correctly
already now, since these houses might not be refurbished again before 2050. Further-
more, it is also important to start doing it now and not wait. Electricity savings and
industrial savings have shorter lifetimes and can therefore better endure some poor
choices, since these can be corrected. On the other hand, these require a constant in-

volvement from the companies in making sure they are reducing energy consumption.

e The energy system should strive towards being fossil free in 2050, thus electrical heat-
ing, oil and natural gas should preferably be converted to heat pumps, biomass or dis-
trict heating. This is required both in individual heating and industrial energy. The con-
version to biomass has to be under the consideration of it being a limited resource and
the CO, emissions from indirect land use change. On the short term, it might make
sense to replace inefficient oil and natural gas boilers with updated efficient equipment
but in the long term, this is not the right strategy because this might delay the conver-
sion. The Climate Commission recommends in its unambitious scenatio increased
amounts of biomass, district heating and heat pumps, whereas CEESA and the Climate
Commission in its ambitious scenario try to restrict the increase in biomass, and focus

on heat pumps and district heating.

e When converting to district heating it has to be coordinated with the reductions of
electricity demand, since the conversions potentially could increase the imbalance be-
tween heat and electricity demand, which would affect the way CHP plants run. A way
of balancing these out is by implementing heat pumps. Therefore, heat pumps become

important in relation to conversions to district heating.
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e It is preferable to reduce heat demand in district heating and electricity demand com-
bined as this generates synergies, which leads to greater amount of savings. This is due
to that coordination lowers the discrepancy between the distribution of heat demand
and the distribution of electricity demand. Therefore, it is important to make savings in
both places and not only within one of the sectors, even though reducing the electricity
demand 1 TWh has greater effect than reducing the heat demand 1 TWh.

e Since there is a separation between the need for energy in industry and the individual
heating demand and the electricity demand, both industrial savings and savings in indi-
vidual heating demand can largely be made without attention to reduction in other en-
ergy sectors. However, it should still be in consideration with overall goals such as 100

% renewable energy in 2050 and the lifetime of the different types of savings.

With an offset in these strategies, Chapter 7 compare the results from this analysis with the
actual performance of the Energy Savings Agreement, which is the focus of Chapter 6, to be
able to understand whether the Energy Savings Agreement moves the Danish energy system

in the right direction in terms of integrating savings.
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6 The Performance of the Utility companies

This chapter analyzes the actual reported savings and what consequences the Energy Sav-
ings Agreement has had for the utility companies. The first part focus on the overall perfor-
mance, taking into account the reported savings and trying to give an estimate of how much
the reported savings is actual savings. The second part of this chapter is the analysis of the
performance of each individual utility company. Each of the companies have a section, which
combines what type of savings they have made with information from interviews that high-
lights the consequences of energy savings for the company and whether they have any strate-

gies towards fulfilling the targets in the agreement.

6.1 Reported Savings and Estimates of Actual Savings
As described in Chapter 4 the savings reported by the utility companies are not necessarily

the actual savings caused by Energy Savings Agreement. Furthermore, there is a slight lack of
detail in the reporting of conversions between fuels because it does not specify fuel type.
Therefore, this section both presents the reported savings, and try to estimate the actual sav-
ings and conversions due to the Energy Savings Agreement. The basis for the analysis are the
reported savings and conversions in 2010 (Danish Energy Agency 2011) and 2012 (Danish
Energy Agency 2013). Thereby it also becomes possible to see the progression in the utility
companies’ activity. The notions to the Energy Savings Agreement and arguments made by Ea
Energy Analyses mentioned in Chapter 4 create the foundation for the estimation.

There are several factors, which influence the reported savings, and not all are currently
possible to correct for in relation to this thesis since either there has been no study on the field,
ot the data available do not have the right amount of details. Some of the elements that are
possible to consider in terms of the agreement are, additionality, prioritizing parameters for
specific types of savings, prioritizing parameters for life time of projects and parameters when
converting from one on fuel to another. As mentioned in Chapter 4, the parameters are in
place for guiding the agreement in a certain direction without compromising the free choice
of method, but they result in that the reported savings do not necessarily equal actual savings.
In terms of additionality it is important to remember that the savings are done, the question is
just whether they are done due to the agreement or not. A third factor is overestimation in

general.

6.1.1 From Reported Savings to Estimates
This analysis focus on two elements in terms of identifying estimates of the actual savings
due to the Energy Savings Agreement. These are the additionality of the savings, and the pa-

rameters used when converting from one fuel type to another. This selection is due to that
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there is reasonable data available, both in terms of what the additionality factor is, and what
conversions are made. The other parameters become hard to correct for without too many
assumptions, such as differences in projects lifetimes. It is important to note that there is still
a certain need for assumptions also when correcting for additionality and conversion parame-
ters.

When looking at additionality, Ea Energy Analyses’ analyzes it (Ea Energianalyse, Viegand
og Maagoe & Niras 2012b), but also states that the qualitative approach they use have a fair
amount of uncertainty. They furthermore identify the additionality based on different scopes,
such as from the perspective of who does the savings and where the savings are done. Table
6.1 and 6.2 represent these respectively. Because of the lack of combination between these
numbers, Table 6.1 is the foundation for one approach to estimating the actual savings and
Table 6.2 the foundation for another way. By presenting both results, it creates a better foun-
dation for discussing the effect of the Energy Savings Agreement. Because Table 6.2 does not
included additionality for conversions, Table 6.3 shows the additionality for conversions, based
on a later table in the same analysis from Ea Energy Analyses. The tables all represents addi-
tionality based on the payback periods of either 1 year or 3 years, but in terms of this report

the average in the third column based on number of respondents is used.

Additionality 1 year | Additionality 3 year | Weighted average
District heating 43 % 31 % 38 %
Natural gas 50 % 37 % 44 %
Oil 12 % 11 % 12 %
Electricity 58 % 56 % 57 %

Table 6.1 Additionality based o then utility company performing the savings. Average based on the amount of cases 1
year and 3 year cases (Ea Energianalyse, Viegand og Maagoe & Niras 2012a, p. 79)

Additionality 1 year | Additionality 3 year | Weighted average
Industry and production 52 % 60 % 56 %
Public sector 45 % 18 % 36 %
Households 8 % 6 % 32%
Commerce and service 31 % 33 % 7%
Other 2% 2% 2%

Table 6.2 Additionality based where the savings are made. Average based on the amount of cases 1 year and 3 year cases
(Ea Energianalyse, Viegand og Maagoe & Niras 2012a, p. 76)

Additionality 1 year

Additionality 3 year

Weighted average

Specific measurement

24 %

24 %

24 %

Table 6.3 Additionality for conversions, renovation, rebuilding and other. Average based on the amount of cases 1 year
and 3 year cases (Ea Energianalyse, Viegand og Maagee & Niras 2012a, p. 88)

When correcting for the parameters used when converting from one energy type to another
there are a few assumptions. First, based on Ea Energy Analyses’ study, when the utility com-
panies are converting, they primarily convert to their own energy type (Ea Energianalyse, Vie-

gand og Maagoe & Niras 2012a). Therefore, the assumption is that all savings are of this type,
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besides when the numbers show that the conversion is away from their own energy type. These
assumptions are important because it then becomes possible to determine the fuel converted
to and from due in each case. Normally the data provided by the Danish Energy Agency only
provides the saved fuel, or in other terms, the fuel used before the conversion. In the cases
where the utility companies are converting from their own fuel type, the calculations use an
average parameter based on the other companies’ conversion activities to this fuel, therefore
these are different in 2010 and 2012.

By knowing the fuels on both sides of the conversions, it is possible to identify the priori-
tization parameters used, which are the target of the corrections. Appendix O shows the pa-
rameters in the savings agreement, but the way they are described, specific measurements be-
fore and after are the conversion are required, which are not available. Therefore, the param-
eters are defined with basis in the standard value chart. Because of the assumption of using the
standard values chart, which focuses on households, and because Chapter 5 focused on con-
versions in individual heating, the non-quota fuels parameters create the foundation for con-
verting from and to oil, natural gas and coal. The parameters used are found by dividing the
“from parameter” with the “to parameter” showed in Appendix O. By comparing the standard
value chart (Energistyrelse et al. 2013) and typical energy savings (Videnscenter for ener-
gibesparelser i bygninger 2010), the thesis assess that this is methodology by the utility com-
panies applied when combining standard values with conversion parameters.

Tables 6.4 and 6.5 highlight the parameters used. The use of parameters causes either over
or under estimations, which is why removing the effect becomes important. The way of doing
this is by dividing the reported conversions with the parameter. One important note is that the
parameters guides the savings made, and therefore they are important within the political
framework. Without them, it might have been completely different conversions reported. This
analysis only secks to subtract the effect of the parameters, to be able to see a clearer picture
of the actual performance of the Energy Savings Agreement. Because of the size of the pa-
rameters, it is also important to note that the conversions might actually not lead to savings

but just transferring a demand from one fuel to another.

Conversions to
District heating | Natural gas | Oil Electricity

District heating 0.80 0.80 0.40
g€ | Natural gas 1.25 1.00 1.00
= o 1.25 1.00 1
S [ Tlectricity 250 1.0 1.00
S [ Coal 1.25 1.00 1.00 1.00
§ Biomass 125 1.00 1.00 0.40

Other 1.00 1.00 1.00 1.00

Table 6.4 Parameters divided with the reported conversions from each utility company. Based on (Klima- Energi- og
Bygningsministeriet 2012a)
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District heating | Natural gas Oil Electricity
2010 0.40 1.21 1.09 1.46
2012 0.72 1.10 1.06 2.21

Table 6.5 Identified parameters when performing savings in own fuel type. Calculated by dividing the estimated conver-
sions by the other utility companies with their reported conversions.

The described assumptions and inputs create the framework for estimating realized savings.
The reported savings are however still very important because of the uncertainties tied to the
calculated estimates. The descriptions, analyses and conclusions in this section all uses the
reference and the two estimates, based on the two ways of calculating additionality. Figure 6.1
shows the total reported savings (I-2010), the estimation based on the Table 6.1 (I1I-2010), and
the estimation based on Table 6.2 and 6.4 (I1I-2010) all for 2010. Figure 6.2 shows the same
for 2012 (1-2012, 11-2012 and I11-2012). All estimates include corrections for conversion pa-
rameters. The important information in the analyses is not the numbers but the tendencies

shown. The results from Section 6.1.2 and 6.1.3 are shown in tables in Appendix N.

6.1.2 Reported Savings and Estimates in 2010
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Figure 6.1 Reported savings (I) (Danish Energy Agency 2011), estimated savings from additionality based on who
reduces (II) and estimated savings from additionality based on where savings are reduced (III) in 2010

From Figure 6.1 it is seen that the overall amount of savings are reduced from a total of
7,040 T] to 3,226 T] in scenario 11-2010 and 2,793 'T] in scenario I11-2010. In all cases, indus-
trial savings are the predominant type of saving, but it varies from being 45 % in the reported
savings 1-2010, to 47 % in I1-2010 and 63 % in I11-2010. The reason I1I-2010 has such a higher
share of industrial savings is that the additionality of households drops dramatically due to very
low additionality factor used here. It goes from 26 % of the savings in I-2010 to 5 % of the
savings I11-2010. This indicates that there are high uncertainties about how many of the savings
in households are actually due to the Energy Savings Agreement. In I11-2010, 5 % of district
heating savings are in households, which is 4 % of natural gas, 7 % of oil and 6 % of electricity.
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In the reported savings, 28 % of district heating are in households, which is 23 % in natural
gas, 28 % in oil and 30 % in electricity. In all cases in 2010, district heating is the one that
provides the most savings, and it is the one that varies the tools used for savings the most,
with in all cases finding savings in industries, commerce and households. Furthermore, it seems
that only savings in district heating include solar panels and optimizing distribution networks
(92 % of all grid and network optimizations and solar panels are reported here). Savings in the
electrical sector also have a rather great variation to it. Natural gas savings have the greatest
focus on industrial savings, which goes all the way up to 88 % of all natural gas savings in
scenario 111-2010. Oil savings focus on industry, households and conversions and especially
conversions from oil to other fuels have a great impact. In total, oil conversions are 67 % of
all conversions in I-2010, this number is 61 % in 11-2010 and 65 % in 111-2010. In the reported
savings, electricity is the second highest with 16 % of all conversions being from electricity,
but this drops to 11 % in 1I-2010 and 10 % in III-2010. These drops are due to the disregard
of the prioritization parameters, which also explain why conversions from district heating in-
crease.

Overall, the scenarios affect primarily the amount of total savings and the share of savings

in households.

6.1.3 Reported Savings and Estimates in 2012
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Figure 6.2 Reported savings (I) (Danish Energy Agency 2013), estimated savings from additionality based on who
reduces (II) and estimated savings from additionality based on where savings are reduced (III) in 2010

In 2012, I-2012 indicate that the total reported savings are 8,523 T], which, because of
additionality, drops to 4,083 in 11-2012 and 3,159 T in 11I-2012. Industry is the primary place
for reducing energy demand in all scenarios, with 40 % of all savings in 1-2012, 42 % in II-
2012 and 61 % in I11-2012. The reason for I11-2012 being significantly higher is that addition-
ality for savings in households used in III-2012. The amount of savings drop from 33 % of all
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savings done in households in I-2012, to 6 % in I11-2013. In 2012, district heating provides
the most savings, with 32 % of the reported savings, and 31 % done by district heating in both
11-2012 and III-2012. Natural gas is the sector with the second most reductions, electricity
being third and oil being fourth. Savings in district heating have basis in all types because they
utilize the option for optimizing the network and installing collective solar panels. In the other
sectors, savings are from reducing demands in industry, households, commerce and public
sector and conversions. Besides savings in district heating and oil, industrial savings are in all
cases the primary place to find reductions. This is also the case for district heating in III1-2012,
because the share of savings from households drops from 47 % in I-2012 to 9 % in I11-2012,
but in I-2012 and I1-2012 households are the primary places to find savings in district heating.
Oil savings also have important shares of household and industrial savings, but oil savings are,
largely, conversions to other types of fuels. In 1-2012, 36 % of oil savings are because of con-
version, 37 % in 11-2012, and 31 % in I1I-2012. This means that respectively, 47 %, 47 % and
45 % of all conversions are moving away from oil. Natural gas is the second most converted

from fuel, with district heating being third and electricity fourth.

Opverall, from Figure 6.1 and 6.2 the observations are that the savings agreement favors
savings in industry, with households only representing a reasonable share if the additionality
of these is high. Furthermore, the amount of reported savings has increased from 2010 to
2012. District heating is the primary place of finding savings, but this is somewhat due to the
possibility of grid and network optimization and solar panels. The Energy Savings Agreement
causes almost double amount of savings reported in district heating compared to electricity,
and even without solar panels and grid and network optimization more savings are still done
in district heating compared to electricity. In terms of conversions, the primary focus of con-
versions is away from fossil fuels in form of natural gas and oil. Biomass is only the target of
between 2 % and 4 % of conversions, depending on the scenario and year. There is however
also between 13 % and 18 % of savings being due to conversions in district heating. These
observations are in Chapter 7 compared with the strategies identified in Chapter 5, but before

that a further understanding of the activities of each branch utility companies is needed.

To create this further understanding of the savings done, the next four sections assesses
each branch of utility companies. These assessments have the focus of both identifying strat-
egies applied by the companies, but also to understand why the companies are part of the
savings agreement, what attitudes they have towards and it, and how the savings agreement
have affected them as energy producers and organizations. The goal is therefore both to create
a better understanding of the performance of the utility companies in accordance to the Energy
Savings Agreement, and to make a connection between the utility companies’ role in integrat-
ing large-scale energy savings, and the theoretical framework. To do this, each section includes
the reported savings from 2010 and 2012, and information gathered through interviews. Since
the focus is to identify strategies and not the specific amounts of savings by each company,
the sections do not include estimates of actual savings since these are not important in this

context.
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6.2 The Performance of the District Heating Companies

When analyzing the performance of each individual companies it is important to remember
the free of choice of methodology. Therefore, it becomes relevant understanding where the
utility companies focus their savings. Figure 6.3 shows the reported savings by the district
heating companies in 2010 and 2012. This amounted to 2,482 T] reported savings in 2010 and
2,521 in 2012, both over the target of 1,900 TJ. These show that in both 2010 and 2012 the
focus has primarily been on finding savings inside district heating (Danish Energy Agency
2011, Danish Energy Agency 2013). The three primary places of reporting savings are in
households, industries and optimizing the district heating network. Totally, the reported sav-
ings within district heating amounts to 56 % in 2010 and 49 % in 2012. This slight decrease
might indicate that it becomes harder, with the increased focus on savings, to keep finding

savings primarily within district heating.
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Figure 6.3 Reported Savings by the district heating companies in 2010 and 2010 (Danish Energy Agency 2011, Dan-
ish Energy Agency 2013)

The district heating companies perform various types of savings, but the two primary tools
used are improving the heating equipment at the end user and increasing the insulation of
buildings. Finally, there is a focus on conversions, primarily on reporting conversions in oil,
electricity and natural gas to district heating, but also conversions away from district heating
are being included (Danish Energy Agency 2011, Danish Energy Agency 2013).

Opverall this indicate a strategy, where the district heating companies to a large extent seek
to perform savings within district heating, the big focus here is however due to especially the
possibility of performing optimizations to the district heating network. Secondly, there is also
a focus on converting from oil, natural gas and electricity with the primary target being district

heating (Danish Energy Agency 2011, Danish Energy Agency 2013).
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Based on the interview with the Danish District Heating Association (DDHA), see Appen-
dix G, there are no specific strategies from the district heating companies in terms of perform-
ing savings. The primary goal is to focus on cost efficient savings, but as the DDHA states,

they do not determine any goals for the individual district heating plant:

“We don’t have an opinion on how the individual plant reaches their given target. But
there are great differences in the individual people’s opinion on where to make the sav-
ings, and some thinks they should be done locally.” (Jensen 2013a)

That does not exclude that each plant cannot apply their own strategy, where they focus on
for instance local savings. That is the case for both Albertslund (Jensen 2013a) and Brovst
district heating plants (El-Khatib et al. 2012), where both thinks that because the costs for
doing the savings are paid by the customers at the district heating plant, the savings should
also focus on them. Other plants focus on getting the cheapest savings, so the end-users sees
the lowest costs as possible. This has to be weighed against each other, because by focusing
on local savings, the market for performing and buying savings becomes more limited thus
increasing the price, which in the end is added to the local heat bills because of the self-bal-
ancing principle.

From earlier interviews with Brovst and Aabybro (El-Khatib et al. 2012)district heating
companies, both plants had a focus on optimizing the district heating network because this
was a cheap and accessible approach. The DDHA also mentions keeping the element of count-
ing improved district heating pipes as an end user as an important element in the agreement.

In terms of conversion, both Brovst and Aabybro also mentions that they focus on making
conversions from natural gas and oil to district heating in the local houses not on the district
heating network. Furthermore, the end users are also interested in such conversion, especially
when moving out, as this increase the property value.

Opverall, even though there are no official strategies, it seems as if the district heating com-
panies are focusing on performing savings within their own sector, especially in improving
networks. It does however, looks like that different companies do apply different strategies,
which means that not all district heating savings are local but might be done by other district
heating plants. Conversions to district heating also seem to be in interest of the district heating
plants. Finally, finding savings outside their own energy type help the plants reaching the over-
all targets set in the Energy Savings Agreement.

The DDHA expresses an overall happiness towards the Energy Savings Agreement, and
acknowledges the district heating companies responsibility towards a 100 % renewable energy
system in 2050 (Jensen 2013a). Brovst District Heating Plant however expresses that the sav-
ings agreement merely creates an extra tax on savings, which the customers have to pay (El-
Khatib et al. 2012). Because this creates unevenness between the prices paid for energy de-
pending on fuel delivery, Brovst prefers a system where the utility companies do not have the
responsibility, but instead the money needed to promote savings could be from a certain prop-
erty tax. Other district heating plants instead expresses satisfaction with the Energy Savings
Agreement, and agrees with them having a responsibility. Aabybro is a case of this attitude.
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The DDHA and the district heating plants have organized the savings by giving each com-
pany a share of the target, which they have to fulfil. In the DDHA, the organizational changes
have focused on providing the right support for the district heating companies, but at the
individual plant level the organizational consequences of the Energy Savings Agreement varies
greatly. (Jensen 2013a)Large plant or supply companies have created divisions with focus on
energy savings but small plants, where there might not be even one full time employee finding
the savings have taken its toll on the district heating company. Here the goal become to find
easiest and cheapest savings, because the operator primary focus still is to deliver the cheapest
energy (El-Khatib et al. 2012). As such, making the right energy savings and finding a strategy
for these are far from first priority. Therefore, the DDHA have great attention on keeping the
free choice of method since it gives the most freedom to do local or cheap savings, it poten-
tially keeps down the costs, and reduces the bureaucracy that might limit the operation of the
small plants. By limiting the opportunities for free choice of method by introducing specific
targets for households, industry and commerce, the DDHA argues that the result more expen-

sive savings and more bureaucracy (Jensen 2013a).

6.3 The Performance of the Power Grid Companies

Figure 6.4 shows the reported savings by the electrical grid (electricity) companies in 2010
and 2012. They reveal that the power grid companies do non primarily focus on savings within
the electricity sector but also finds savings in district heating, natural gas and oil. In 2010, 28
% of the savings made by the power grid companies were in the electrical sector. In 2012, this
numbers was 22 %, and instead most savings were in district heating which accounted for 29

% of the savings made by the power grid companies (Danish Energy Agency 2011, Danish

Energy Agency 2013).
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Figure 6.4 Reported savings by the power grid companies in 2010 and 2012 (Danish Energy Agency 2011, Danish
Energy Agency 2013)
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The power grid companies increased the amount of savings made from 2010 to 2012, from
3,058 TJ to 4,412 T, both over the target of 2,900 TJ. In 2010 and 2012, most of the reported
savings were in industries, but the share was 56 % in 2010, which decreased to 47 % in 2012,
with the result of more reported savings being in households and service. Conversions were
in 2010 primarily from oil, but in 2012 shifted to focus on conversions from both oil and
natural gas. The conversions targeted converting from other fuels to the use of electricity, with
around 50 % being these types of conversions (Danish Energy Agency 2011, Danish Energy
Agency 2013).

Overall, it is hard to identify certain strategies from power grid companies based on the
numbers presented in Figure 6.4, the companies spread out the activities to all sectors. The
only elements are that they focus on industrial savings, and conversions to electricity, and the

reported savings in households increased from 2010 to 2012.

Danish Energy (see Appendix F), who are responsible for reporting the power grid com-
panies savings, state that the reason why the power grid companies spread out their savings to
multiple sectors is that they have a tradition for savings, and that it does not make sense to

only make electricity savings when helping a customer.

“The reason why we do not only focus on our own sector is partly due to bistorical rea-

sons in that we have made energy counseling since the 90ies. Until 2006 we were only

allowed to mafke electricity savings, but we conld see that it did not make any sense to
only focus on one type of energy.” (LThingvad 2013)

Therefore, Danish Energy does not impose certain strategies on the single power grid com-
pany; the only goal is to perform the savings the most cost efficient. Some of the companies
do however have their own strategies, with a focus on local savings that the local customers
benefit from. They do not see any conflict between delivering energy and reducing energy
demands, and instead see the higher focus on savings as a strength to the savings activities
(Thingvad 2013). DONG Energy applies the same overall strategy, of primarily focusing on
the cost efficiency of the savings. DONG Energy does savings as a power grid company, but
also as a natural gas company. They also operate all over the country, thus it is also very natural
to focus savings in all energy sectors and geographical areas, because they also are responsible

for oil and district heating production (Pedersen, Fuglsang & Broberg 2013).

Danish Energy expresses satisfaction with the Energy Savings Agreement. One of their
focus areas are that there have to be a balance between the different energy types and that the
target savings reflect the production of energy today (Thingvad 2013). The share of responsi-
bility has historically been high at the power grid companies, and higher than their share of
energy production to society. Thus, they have had a smaller increase of their target in the latest
agreement. It also important for the future to maintain the free choice of method and a focus

on cost efficiency.
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"If a certain subsidiary aim is applied to the savings agreement, which breaks with the
principals of cost efficiency and free choice method, we probably will not take part in a
future voluntarily agreement.” (1hingvad 2013)

They do however see some issues in handling savings in buildings through standard values
as these do not account for the possible synergies between different kinds of savings. There-
fore, relations and synergies do not become a focus in the same degree as in industrial sav-
ings.(Thingvad 2013) Thus, there might be a reason for changing how the Energy Savings
Agreement handles buildings.

From an organizational point of view, Danish Energy has divided the responsibility of the
power grid companies based on delivered energy. The companies have historically made sav-
ings since the 90’ hence the Energy Savings Agreement have not changed the organization
within each company dramatically, although the amount of employees working with energy
savings in the power grid companies doubled in 2010 (Thingvad 2013). Another point of de-
velopment in organizations is the increased focus on involving third parties to perform the
savings. This result in the electrical companies not being directly involved in the savings but
instead, counseling and craft firms identify the savings and report them to the companies.
(Thingvad 2013) This organization becomes easier with the free choice of method resulting in
a broader portfolio of savings. DONG Energy (see Appendix E) has applied certain energy
savings units and points to that their suppliers have had to develop energy saving skills, since
they are included in the overall saving efforts made by DONG Energy (Pedersen, Fuglsang &
Broberg 2013).

6.4 The Performance of the Natural Gas Companies

The natural gas companies primarily, as Figure 6.5 illustrates, focus on savings within the
natural gas sector, with 50 % of the savings done here in 2010 and 53 % in 2012. The natural
gas companies find the most of their savings in industry with 49 % made here in 2010 and 46
% in 2012. In 2012, the amount of reported savings in households increased to 32 %, but
within savings in natural gas the share of household savings were 50 %. Of the savings in
households, 75 % were due to improvements and replacements of boilers and stoves within

the same energy type (Danish Energy Agency 2011, Danish Energy Agency 2013).
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Figure 6.5 Reported savings by the natural gas companies in 2010 and 2012 (Danish Energy Agency 2011, Danish
Energy Agency 2013)

In total, the amount of savings reported by the natural gas companies in 2010 was 1,239 T
and 1,357 T] in 2012, both over the target of 1,100 TJ. This is more or less the same amount
of savings. These numbers make it the third biggest contributor of savings. Figure 6.5 shows
that they found 100 T] more savings within natural gas in 2012 than in 2010 and that savings
in coal increased, whereas the district heating, oil, electricity and biomass had small drops.
Conversions are primarily from oil and electricity in 2010, respectively 75 % and 24 % in elec-
tricity; in 2012 this is 79 % in oil and the rest spread out between district heating and coal, and
to minor extent electricity. Based on the data from 2012 most of the conversions are to natural

gas (Danish Energy Agency 2011, Danish Energy Agency 2013).

HMN Natural Gas (see Appendix H), who represents a major part of the natural gas com-
panies in the Energy Savings Agreement, argues that even though the goal is to perform sav-
ings the most cost efficiently, there is an overall desire from them to perform savings within
their own supply area. They however indicate that this becomes harder every year as the in-
creased targets leads to the other utility companies to look more and more towards natural gas
companies. Therefore, the natural gas companies do savings in other energy sectors too (Jen-
sen 2013c).

The natural gas companies do not see a conflict between the savings agreement and deliv-
ering natural gas, because it allows for them to council on the choices they make so the con-

sumers can choose and keep a more efficient delivery of natural gas. As they say:

“The best energy we have is the one that was never produced” (Jensen 201 3¢)

The natural gas companies are therefore satisfied with the Energy Savings Agreement. They
focus on that the Energy Savings Agreement has to help towards completing projects that
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otherwise would not have been, and as such discouraging projects with very short payback
periods. The free choice of method and cost efficiency are important elements. By limiting the
free choice of method, the natural gas companies believe that the expenses will increase. These
increased expenses fall back to the consumers who have to pay more for their energy. As of
now, HMN Natural Gas expect the savings to be at reasonable level until 2017-2018, at that
time a shortage cost-effective savings must be expected. (Jensen 2013c) Therefore, HMN Nat-
ural Gas has performed savings beyond the required targets, like the rest of the utility compa-
nies. This gives them a buffer the following years, which leads to more stable prices for their

consumers.

In terms of organization within the natural gas companies, the Energy Savings Agreement
has not required many changes because they have been doing savings since 1990. They concur
that it is a good thing that the Energy Savings Agreement have led to a more defined frame-
work for doing these savings with similar requirements for everybody. The Energy Savings
Agreement have resulted in the organization with external collaborators, which means that
instead of the natural gas companies finding the savings, the savings come, via external collab-

orators, to the natural gas companies. (Jensen 2013c)

6.5 The Performance of the Oil Companies

Figure 6.6 show the performance of the oil companies. The oil companies deliver by far the
smallest contribution to the performed savings, which is due to them having the smallest tar-
gets as well (Klima- Energi- og Bygningsministeriet 2012a). The oil companies primarily report
savings performed within the oil sector, with 49 % of the savings done here in 2010 and 62 %
of the savings in 2012. The oil industry reported savings of 260 TJ in 2010 and 233 T] in 2012,
both over the target of 200 TJ. The oil companies bought more savings outside the oil sector
in 2010 than in 2012. (Danish Energy Agency 2011, Danish Energy Agency 2013) The savings
outside the oil sector resembles the activities of the other energy sectors, with the primary
place to find savings is in industry. However, within the oil sector itself the main place of
finding savings is households, which is 93 % of oil savings in 2010 and 86 % in 2012. The
primary reason for this is that the oil companies perform a lot of replacement and renovation
of existing oil boilers. In households, this explains 93 % of the reported savings in 2012 and
64 % of all savings reported by the oil companies. The numbers were 89 % and 57 % respec-
tively in 2010. (Danish Energy Agency 2011, Danish Energy Agency 2013) This links to that
the oil companies do not have the same legal framework as the other companies in form of
having their customers pay for savings. This explains why they have such a small target for

reductions.
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Figure 6.6 Reported savings by the oil companies in 2010 and 2012 (Danish Energy Agency 2011, Danish Energy
Agency 2013)

In terms of conversions, the oil companies make almost none with 2 % of the savings
coming from conversions in 2010 and 5 % in 2012. Those made are interestingly away from

oil and converts to electricity.

The strategy of the oil companies has historically been, according to the Danish Oil Industry
Association (see Appendix I), to perform savings within oil and the oil sector. This is based
on that they have natural access to customers and savings, with a focus on service and replacing
old boilers. This strategy has to been in light of how the oil companies have organized around
the savings. (Jensen 2013b)

From an organization point of view, the oil companies have two components to their saving
strategies. The organization of oil savings are local agreements with collaborates who report
the savings. The savings found outside the oil sector are organized through an energy savings
trust, which have the responsibility of buying savings, organizing the reporting of the savings
and gathering the sufficient funds for these. (Jensen 2013b) In that relation, it is important to
note that because the oil companies do not have the same legal framework as the other three
companies, who are operating on a “self-balancing principle” meaning that income has to
match expenses, they have to gather the money needed from somewhere else. The oil compa-
nies have historically been doing the local savings for a long time, so from an organization
point of view, they have not changed, but the energy savings trust is a new organizational

measure to tackle the Energy Savings Agreement.

The oil companies are satisfied with the agreement, and have the main standpoint that free
choice of method and cost efficiency are key elements of the agreement (Jensen 2013b). One
of the important attitudes towards the future of the agreement is that no energy type must not

be favored compared to others. No fuel type should get an unfair treatment. They agree on
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the targets of a 100 % renewable energy society in 2050, but they argue that this is still far out
in the future, thus oil should currently still be an option in cases where it creates the most
savings and most efficient solutions (Jensen 2013b). Not before 2050 is closer should other

suboptimal solutions be considered.

“There has to be a neutrality between the different energy types, which means that there
should not be any favoritism on one type at the expense of others types becanse of some
narrow political goals or other agendas.” (Jensen 2013b)

6.6 Summary

The overall conclusions from this chapter are that the performance of the utility companies
primarily focuses on industries, especially when accounting for the lack of additionality in
household savings. The companies especially target industries when they are doing savings
outside of their own supply area, where there are more variety in the type of savings made
when it is within their own energy sector. All, besides the oil sector, have a large amount of
savings in industry within their own sector. Else, it is important to note that the reported sav-
ings are not equal to the Energy Savings Agreement effect on the energy system. Households
are the second biggest group of reported savings, but when accounting for additionality they
drop. Furthermore, savings in households are small savings meaning they are accounted based
on the standard value chart. As such, there are uncertainties whether the reported savings are
actually the performed since these are not measured.

When looking at the strategies of the individual utility companies it is seen that every sector,
besides the power grid companies, target their own sector primarily, even though some say
that there are no specific strategy towards this. All the companies with a primary focus on
delivering energy for industry and heat have easy available savings in improving the energy
equipment at the end-user, and in the case of district heating also the distribution grid. There-
fore, the oil companies logically target oil boilers and the same for the natural gas companies
who target the boilers and energy units at their end users. The district heating companies target
the distribution grid and heating units. The power grid companies do not have these easily
available savings, and as such have a need to seek more widely. This also helps explaining that
they have the most varied types of savings in terms of different energy sectors.

Chapter 7, discusses and compares the elements of this chapter with each other and Chap-
ters 4 and 5 with a focus on whether the Energy Savings Agreement is in line with the strategies
for saving but also to identify the longevity of the savings agreement towards the goal of a 100

% renewable energy system in 2050.
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7 A Future Plan for Promoting Energy Savings

The goal of this chapter is to identify whether the current performance of the utility com-
panies are sufficient compared with the strategies defined in Chapter 5, and towards 2050. This
discussion covers two sections, one that compares the defined strategy with the performance
of the utility companies and the Energy Savings Agreement, and one that discusses this per-
formance towards reaching the 2050 goal. Including in this are suggestions to possible changes

and alternatives, which is important in light of the elements in Choice Awareness.

7.1 Comparing the Defined Strategy with the Performance and Agreement

The first strategy defined in Chapter 5 was that heat savings in form of energy renovating
buildings should be a focus early in the process, and have the right targets from the beginning
because of the long lifetime of insulations. Industrial and electricity savings have shorter life-
times and therefore require more changes towards 2050, and making the implementation of
these more flexible in terms of when and how.

The Energy Savings Agreement included in 2006 a sentence indicating that savings should
be equally focused between all types of energy savings and, as such target heat savings in
houses. This is not present in the current agreement. Instead, prioritization parameters have
the responsibility of creating an incentive for energy renovation of houses and other buildings.
The first set of parameters that has the possibility of influencing the utility companies to per-
form in line with this is strategy is those that prioritize projects with longer lifetimes. They do
however mostly focus on limiting projects with lifetimes below 4 years than promoting projects
with lifetimes over 15 years. Only in projects done in end-users who use non-quota fuels can
projects with lifetimes over 15 years be multiplied with a factor 1.5, else all projects with life-
times over 4 years are not separated in prioritization. When increasing insulation, installing
new windows in oil and gas heated buildings there is also a prioritizing parameter of 1.5, but
this is not applicable to savings done in district heating. As such, only house with individual
heating are prioritized in terms energy renovation, but even then, because of the high costs of
energy renovation (Rise DTU, Ea Energianalyse 2010b), these parameters are not enough to
secure an early and correct completion of these projects, thus there is a rick for a need of
further refurbishments later.

In terms of the electricity savings, there are no specific parameters focusing on these besides
conversions away from electricity and to other energy types. Industrial savings seem to be cost-
efficient, and there are no direct parameters targeting industrial savings, besides the ones cre-
ating incentive for energy renovating the buildings they are using.

When looking at the results from Chapter 6, they show that the primary targets of savings

are industry. The utility companies report many savings in households, but when including the
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additionality of the projects the amount drops. In total, reported savings tied to energy reno-
vations were 1,469 TJ, which equals 22 % of the total reported renovations in 2012. Of these
reported savings, 71 % are however from households, which apply the standard value chart.
As Section 5.2 points to, there is a tendency to over evaluation in these, and the additionality
is generally low in households.

Therefore, there is an effect on energy renovations of buildings and households, and the
agreement have a focus on prioritizing these savings, however the focus is somewhat limited,
which Energitjenesten that is an organization who helps promote energy renovations also ar-
gues for (Bender 2013) (see Appendix J). Therefore, it is hard to make some overall conclu-
sions on whether the utility companies are performing as desired, but better incentives toward

renovating buildings earlier and the right way is most likely still desired.

The second strategy was that conversions should be with the focus of moving away from
electrical heating and the use of fossil fuels, which in terms of industry and individual heating
are primarily from oil and natural gas. The target of these conversions is district heating and
heat pumps, and to a lesser extent biomass.

Again, the Energy Savings Agreement has parameters that lies within the overall thought
of this strategy but also conflicts with this strategy. The first parameters showing this is when
converting from electricity to district heating and fuels within the CO; quota system. A con-
version from electrical heating to district heating is very desirable towards the 2050 goal, but
converting from electricity to oil, natural gas and coal is not. The agreement also punishes the
opposite conversion. The system does not reward conversions from quota fuels to district
heating, which is not in line with the strategy, but in line with the strategy, it rewards conver-
sions from fuels outside the CO, quota system to district heating. The Agreement regards
biomass as a non-quota fuel and therefore there are no parameters incentivizing conversions
to biomass. Another indicator of elements operating against the defined strategy are that in-
stallations of new oil and natural gas boilers outside the quota system are prioritized with pa-
rameter 1.5, but on the other hand so is heat pumps that replaces oil and natural gas boilers.

Chapter 6 shows that most conversions are from oil to the other energy sectors. The com-
panies, besides the oil companies, target conversions to their own sector, which results in the
conversions not being in line with the overall strategy defined in this report. The savings are
primarily from non-quota fuels to electricity, district heating and other non-quota fuels. These
are either not affected by the parameters or only gives a slight prioritizing of converting from
non-quota fuels to district heating. In terms of electricity and non-quota fuel conversions it is
hard to determine how much are conversions to respectively heat pumps and biomass, with
heat pumps being the only one with a significant parameter.

Opverall, the current prioritizing parameters give the companies opportunity to make con-
versions to their own sector, even though this might be undesired on a long-term perspective.
This indicate that the institutionalizing and organization of savings and conversions through
the Energy Savings Agreement and utility companies might not have been sufficient in terms

promoting the needed technological change.
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The third strategy targets that when converting from individual heating or industry to dis-
trict heating this has to be coordinated with balancing the electricity demand. The goal is to
lower the electricity demand, and currently CHP plants are the primary responsible for the
power production. The conversion to district heating however increases the demand for heat
production and as such, the CHP operates more inefficient.

Within the framework of the Energy Savings Agreement, heat pumps can balance out this
discrepancy. By coordinating conversions to district heating with individual heat pumps, the
CHP plants can operate more evenly. The Energy Savings Agreement only has the one param-
eter focusing on heat pumps and do not look at the possible synergies between these two
different types of conversions.

This also results in that the activity described in Chapter 6, which shows no indicators of
the combinations of electricity savings, and conversions to district heating and individual heat
pumps due to this strategy. The key point here is that the amount of conversions to heat pumps
is not clear, but there are reductions of the electricity consumption and conversions to district
heating.

Overall, there is very little promoting this strategy in the current agreement and it is unclear
whether the companies perform in this way. However, this might also become rather complex

to include in an Energy Savings Agreement.

The fourth strategy defined in Chapter 5 states that the reduction of heat demand in district
heating should be alongside the reduction of electricity demand. The explanation for this strat-
egy is the same as strategy 3, it creates better relation between heat demand and electricity
demand resulting it better CHP performance, thus reducing the overall PES and CO; emis-
sions. Therefore, savings in both sectors are important.

There is no indication of such coordination taken into account in the Energy Savings Agree-
ment through parameters. Nevertheless, it does include the option of individual measurement
in large-scale projects. In these, it is possible to include the increased savings caused by coor-
dinating electricity savings with heat savings. This is however not possible in projects that uses
the standard value chart, which results in the different relations between the activities not being
taken into account.

The results in Chapter 6 show that the savings target both district heating and electricity,
which is important on the overall system perspective. In both 2010 and 2012, and in scenarios
I-111, the utility companies perform more savings in district heating than in electricity. Depend-
ing on the scenario and the effect of grid and network optimizations, the companies should
still strive towards a better balance. For the EnergyPLAN calculations, it is not important
whether the coordination of electricity and heat savings happens in the same activity, but be-
cause decentralized district heating plants operate based on heat demand, coordination has to
happen within the same district heating area.

Opverall, on a whole system level there is a focus on both electricity and heat savings, with
the possibility of slightly better coordination. It is however not possible to say whether there

are coordination between electricity savings and district heating savings in the same district
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heating areas. Because of the Energy Savings Agreement lack of promoting this strategy, pro-
jects based on the standard value chart probably do not focus on coordinating heat and elec-
tricity savings, where projects with individual accounting have the possibility of considering

such coordination.

The final and fifth strategy based on the analyses in Chapter 5, is that individual heat savings
and industry savings are unrelated to other reductions and as such do not have to be coordi-
nated in the same way as other savings. They however still have to live up to the goals of 100
% renewable energy in 2050.

As mentioned earlier, the Energy Savings Agreement promotes savings in individual heating
areas by parameters if they are done in buildings heated by natural gas or oil. This also includes
buildings in industry. The agreement does however not include parameters that improve effi-
ciencies in industrial equipment. Another tool, also mentioned eatlier in this section is that the
Agreement prioritizes the installation of new oil and natural gas boilers.

Chapter 6 shows that the primary savings are within industry and most of them are im-
provements of the production units. Because the lifetime of industrial projects are around 7
years according to Danish Energy, the quick performance of many industrial savings have to
be maintained over the years so the energy demands in industry are not increased when new
equipment have to be installed. The industrial savings are predominantly by reducing natural
gas. Regarding individual heating savings, it is important to note that many of these are through
installing new boilers. The natural gas and oil companies focus on these savings.

Even though these savings does not relate to other types of demand reductions, there are
still some important points. Industrial savings primarily reduces fossil fuel use, although 7 %
of the savings were in biomass. It is important to maintain a low energy demand in industry.
In terms of individual heating savings, many of the savings are because of replacement of
boilers. Thereby the oil and natural gas companies maintains there position in the energy mar-
ket by renewing oil and natural gas boilers instead of switching to district heating, biomass or
heat pumps. Again, the utility companies might not be able to perform the technology change
needed, because of the Energy Savings Agreement do not create the right organization when

it comes to what energy types should be included in the future energy system.

7.2 Towards the 2050 Goal

Section 7.1 discusses each suggested strategy with the performance of the utility companies.
This leads to that some of the elements functions well and others need changes in order to
reach a 100 % renewable energy system in 2050. The suggestions for changes include perspec-
tives from the utility companies.

The Energy Savings Agreement results in savings and secures savings distributed to all en-
ergy sectors. The analyses show that this most likely is because of the involvement of all the
utility companies because of the local focus tree of them have. If some of them were to leave
the agreement, the variety of savings might change. Because of this, the Energy Savings Agree-

ment results in savings that target the current Danish energy system well in terms of having
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savings in both electricity and district heating which gives an overall better performance of the
savings.

The Energy Savings Agreement also succeeds in reporting savings in all types of end-users
although with a primary focus on industrial savings. The Energy Savings Agreement also focus
on conversions and the included parameters help towards connecting more end-users to dis-
trict heating. As such, cost efficiency and free choice of method can lead to some of the needed

savings.

Although the utility companies report a large amount of savings in households, when in-
cluding the additionality of the savings and the notion from Energitjenesten the indication is
that the Energy Savings Agreement does not perform as well as the reporting indicate (Bender
2013). The Energy Savings can therefore have a better focus in performing savings in house-
holds and promoting energy renovations to reach the 2050 goal. First, there should not be an
incentive to replace boilers with fossil fuels and instead the parameter of 1.5 should be reduced,
maybe to 0.5. Furthermore, the incentive for energy renovations could increase by increasing
the parameter for long lifetime projects. The suggestion is first to raise the parameter of pro-
jects with lifetimes over 15 years in all energy sectors so households within district heating
have incentives to do energy renovations, and second increase the parameter to more than 1.5,
which it is today. This increase should be on projects lowering the energy use of the building,
and not the energy use of the unit heating the building. DONG Energy suggests to increase
the parameter to 5.0 (Pedersen, Fuglsang & Broberg 2013).

The lowering of the parameter of replacing oil and natural gas boilers with new more effi-
cient ones has to be combined with changing the prioritizing parameters for conversions.
Right now, the conversions are primarily from a fossil fuel to a utility companies’ own energy
type. Therefore, the new parameters have to challenge both the replacement of boilers and
conversions to an undesired energy type in regards of the 2050 goal. The suggestions become
to introduce a parameter that incentivizes conversions to heat pumps and improves on the one
to district heating. Finally, conversions to fossil fuels should always have a low prioritization
parameter. By doing this, incentives are created without removing the free choice of method,
which all the utility companies claim to be very important to keep since this strives towards
cost efficiency. The issue is that such parameters make the reported savings even less compa-
rable to the actual effect of the savings. Therefore, these have to be precisely determined, so
the companies perform the desired type of energy savings.

Even though the Energy Savings Agreement results in savings in all energy sectors, the
synergy between different savings should still be in focus. This is important because district
heating demand and electricity demand has to be coordinated on a local level. The standard
value chart does not consider such things, whether the synergies in savings create better or
worse overall results. Therefore, the standard value chart could include such elements instead
of being a simple addition. This would create an incentive to do savings with a total focus in
households and not only on heat savings, which Danish Energy also points to as a possible
change to the current agreement (Thingvad 2013). This might however create higher work-
loads for the small utility companies.
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The Energy Savings Agreement primarily focuses efficiency increases and do not target
elements that helps towards energy conservation through monitoring programs and advices.
The reason might be that they are harder to register, but they might secure higher saving rates.
The Danish District Heating Association suggests an increased focus on such elements be-
cause they have registered houses, which have already been energy renovated, sometimes have
an increased energy consumption (Jensen 2013a). Therefore, there is a need for energy advice
and monitoring which creates better behavior. Also, Energitjenesten suggests that more focus
are put on improving counselling because the small money that the utility companies can give
are not what currently creates the big savings in households. It might only serves as a kick-
starter (Bender 2013).
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8 Discussion

While Chapter 7 focused on discussing the results of the analyses between each other, the
Energy Savings Agreement and the theoretical framework regarding technological change, this
chapter seeks to discuss the results in relation to the methodology and theories. Included in
this is elements of uncertainties tied the results. First of is the theoretical framework discussed,

and secondly the methods and the uncertainties related to these.

8.1 Discussion of the Theoretical Framework

The theoretical framework has two primary elements. It defined the holistic approach in
terms of identifying energy savings, and defined increased energy savings as a technological

change.

The holistic approach focuses on that instead of analyzing savings on a micro level, the
whole energy system has to be the focus. The argument is that this understanding creates a
better strategy for how to integrate energy savings on a societal scale. The alternative to this
approach is to determine potentials for each type of saving on a micro level.

By using the holistic approach, it becomes hard to reach clear numbers for total reduction
targets because of the many possible elements to include in the analysis. The goal of the anal-
yses was however not to do this but instead to understand how different energy savings oper-
ated together, which the thesis from Section 2.1 also states. In addition, by looking at the
results of the report it managed to define where the system affected the savings and from that
define strategies towards future savings activities. Therefore, the calculations are seen as suc-
cessful even without the use of specific numbers.

The thesis and the defined approach to identifying suitable energy savings strategies can
still be expanded on, partly due to the holistic approach that opens for the analyses of many

more effects and synergies.

The second primary part of the theoretical framework is technological change. The purpose
of this element is in relation to understanding whether current organizations can handle tech-
nological change in form of energy savings. The Energy Savings Agreement defines the frame-
work for the utility companies and within that the organization of energy savings. The results
show that savings are being reported and in relation with the study from Ea Energy Analyses
also being done. However, the interviews and results also show that certain approaches by the
companies hinder the right development. This leads to a situation of status quo in terms of
changing from natural gas and oil. This is also because of the definitions in the Energy Savings

Agreement.
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Therefore, when looking at the identified hypotheses in Section 2.2, the Energy Savings
Agreement creates a product of energy savings and implements new techniques in terms of
identifying savings. The organization also follows to a certain extent with the utility companies
creating new divisions and such. But even though the organizations are changing, and they
claim that the predominant goal is to do cost efficient savings, all companies besides the power
grid companies focus on mostly on their own type of energy. This is partly due to the compa-
nies having more knowledge in this field making it a logical and easy place to do savings, but
the activity also helps maintaining the status quo, and therefore keep their role in the energy
system. This is partly in line with hypotheses three, but there is also a will to perform savings
in form of efficiency increases, so the goal is not only to maintain a status quo.

When looking at the elements in the Energy Savings Agreement it also appears that some
of them help in maintaining the status quo as hypothesis 4 states, for example, the factor 1.5
when installing a new natural gas or oil boiler.

These elements indicate that the theory explains some of the activities by the utility com-
panies, but it is important to remember that they do perform savings. Therefore, the analyses
cannot finally conclude whether the Energy Savings Agreement leads to the needed energy
savings and conversions to reach the goal of 100 % renewable energy in 2050. Although, with-
out performing the suggested changes in Chapter 7, the organizational change probably will

not be enough and there is a greater chance of the technological change failing.

8.2 Discussion of the Methodology and Uncertainties

This section describes the methodologies and uncertainties relating to the two primary anal-
yses in this thesis. The first section focuses on the definition of an approach towards analyzing
the integration of suitable energy savings and the energy system analysis relating to this ap-
proach. The second section focuses on the interviews and calculations in relation to the as-

sessment of the current activities by the utility companies.

The approach defined in Section 3.2 regarding how to analyze the integration of suitable
energy savings shows that because of the holistic approach the three steps require many con-
siderations and all of them are an analysis in itself. In relation to this project, not all were
necessary from the perspective of energy system analysis, thus the focus only was on analyzing
step 1, which focuses on identifying how the system works in relation reducing demands and
converting between energy types. This step will not produce specific numbers for the further
analyses, but can describe the tendencies of the system that are equally important. The next
steps in determining the integration of suitable energy savings are assessing the potential for
savings, combining these with the relations identified in step 1 and finally introducing renew-
able energy. This thesis does include information related to the second step but only convers
it qualitatively. The third step is only included peripherally.

Because the analysis did not focus on specific estimates of potentials for energy savings, as
step 2 focus on, the uncertainty of the analysis id not relate to the sensitivity of these potentials.
Instead, the uncertainty in step 1 focus on the model applied, and how well it represents the

system that it seeks to emulate.
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The analysis focused on the current Danish energy system, but to make sure the identifica-
tion of relations in this system were correct the analysis applied two models of the current
Danish system. The first model was the 2010 CEESA model, already modeled in EnergyPLAN
and the second was the 2008 Climate Commission model, which was modeled in EnergyPLLAN
in relation to this thesis. There are some differences in these two models such as the heat
demand in district heating compared to the individual heat demand, and demand for energy in
industry. Therefore, there were slight differences in the outputs, but all the results showed the
same tendencies for relations in the current Danish energy system. Although some of the num-
bers in the Climate Commission model came from the CEESA model, the assessment is that
these had only a slight effect on the results, and the differences in demand had greater effects.
Opverall, because the two systems showed the same behavior in terms of relations and synergies
between different savings the uncertainty is rather small, and the assessment is that the results

show how the Danish energy system reacts to different savings.

The assessment of the performance of the utility companies consists of analyzing the re-
ported savings and interviewing the utility companies.

The calculations consisted of representing the reported savings as registered by the Danish
Energy Agency and by taking into account the additionality of the reported savings and the
use of prioritization factors when the companies converted from one fuel type to another. In
regards of the additionality, Ea Energy Analyses mentions that the methodology used by them
is uncertain. Therefore, the numbers presented in Chapter 6 also have uncertainty to them.
Therefore, the specific numbers as a result is not of much use but the tendencies the results
show are of great importance, since they help showing a more likely distribution of savings
caused by the Energy Savings Agreement. Because of the uncertainties, the calculations used
two ways of multiplying additionality to the reported savings, which lowers the uncertainties
in relation to understanding the estimated actual performance of the utility companies.

The calculations also corrected for prioritization parameters that focus on conversions be-
tween different fuels. The Energy Savings Agreement includes many parameters, but not all of
them were possible to correct for, which together with the relevance of the conversions in
terms of the 2050 goal are reasons why the thesis focused on conversions between different
fuel types. There were also uncertainties tied to this estimation, since the calculations had three
assumptions. One, the conversions are all to the utility companies own fuel; two, conversions
from fossil fuels were outside the CO»-quota system; and three, the conversion factor used
was based on the standard value chart. In real life, there is greater variance to these, but based
on Ea Energy Analyses and the results from the utility companies reported savings, the con-
versions do primarily target their own fuels and most of the fossil fuels conversions are non-
quota. The final assumption was necessary since all given savings available includes the param-
eters and therefore makes it impossible to identify the specific before and after reductions.
Therefore, the standard value chart becomes the one to base these on.

Opverall, the primary findings from the calculations in Chapter 6 are the overall tendencies
of the utility companies’ performance, and in addition, how the reported savings can be dif-

ferent from the effect of the Energy Savings Agreement.
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The analysis in Chapter 6 uses interviews with the involved interest organizations to reflect
on the tendencies and strategies identified in the data. The interviews thereby confirm or give
other information in relation to the data. The use of interest organizations have the benefit of
getting the official opinion of the utility companies as one and an overview of all the energy
sectors by only having a few interviews. However, on the other hand these companies might
not have a great deal of experience actually finding the savings, which is why interviews with
DONG energy and information from an older report helps identifying the more local activities
and the opinion when performing these. There were no scientific assessment involved in se-
lecting these local companies, and therefore should not be seen as representative, but instead
they provide a perspective to the overall strategies. Thereby, the interviews succeed in identi-
tying current strategies and what organizational changes the companies have experienced due
to the Energy Savings Agreement. The interviews also managed to gather suggestions for
changes, but it was not possible to get reflections on all changes suggested in this section,
partly due to the answers given by some of the companies.

In total, the interviews is seen as an success, and because of the use of both overall organi-
zation and perspectives from local companies, the interviews in relation to the calculations
create a good understandings of the strategies of the utility companies. They also show how
the Energy Savings Agreement has influenced the organization of the companies, and how the

Energy Savings Agreement creates a framework that defines certain types of energy savings.
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9 Conclusion

The introduction to this report framed a problem that circled around two elements, there
is a need for energy savings towards creating a 100 % renewable energy scenario and this needs
political guidance to ensure that the right types of savings are made. The Energy Savings Agree-
ment creates this foundation by making the utility companies responsible for demand reduc-

tions. The research question was:

How does the Danish energy system effect the integration of large-scale energy savings and what are the
consequences in terms of defining suitable integration strategies of savings towards the goal of 100 %o renewable

energy in 2050. Is the current Energy Savings Agreement helpful towards implementing such strategies?

The first conclusion relates to the identification of savings in relation to defining suitable
integration strategies. From the analyses in chapter 5, the conclusion becomes that the Danish
energy system, because of combined heat and power production requires coordination when
combining reductions in district heating demand and electricity demand, and when converting
from individual heating and industrial energy to district heating in relation to reducing electric-
ity demand. These are, in combination with the other information obtained through this anal-

ysis, summarized into five strategies:

e Heat savings have to be done correctly from the beginning because of their long life-

times. Industrial and electricity savings have shorter lifetimes so they are more flexible.

e In both individual heating and industry, electrical heating, oil and natural gas should
preferably be converted to heat pumps and district heating, and to a lesser extent bio-
mass.

e When converting to district heating it has to be coordinated with balancing the electric-
ity demand by using heat pumps.

e Reduce heat demand in district heating and electricity demand combined as this gener-
ates better coordination between the two demands resulting in better operation in the
combined heat and power plants.

e Industrial savings and savings in individual heating demand can largely be made without

attention to reduction in other energy sectors.

In terms of whether the Energy Savings Agreement is helpful towards implementing these
strategies, the first conclusion is that the utility companies do perform energy savings. The
calculations in this report do not determine whether the amounts of savings performed are

sufficient towards the total demand reductions required in 2050, but they indicate whether the
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Energy Savings Agreement and utility companies operate towards this goal. In terms of sav-
ings, the activities are predominantly industrial savings and the demand reductions performed
in households are uncertain both in terms over evaluation and additionality. The savings in
households also includes a large amount of replacing old natural gas and oil boilers with new
ones. In terms of conversion, the utility companies focus on converting to their own energy
sector, with the primary conversions being from oil. The conversions however target natural
gas, electricity and district heating and probably also some biomass and heat pumps.

Therefore, some of this activity is in line with the strategies, while other elements are not.
Opverall, the Energy Savings Agreement will not work on a long run towards 2050 without
changing the prioritizing elements towards displacing fossil fuels. The current agreement in-
stead maintains the fossil fuel companies’ role in the energy system.

These adjustments do not rule out the use of the free choice of method or having cost
efficiency as an overall goal, but some of the utility companies might no longer be a part of
the agreement. By not having all utility companies involved the analyses indicate that it will
influence the savings made and therefore, might reduce the variety in savings. If this is to be
the case, the Energy Savings Agreement might not the right way of organizing savings towards
a 2050 scenario. However, if the companies are willing to change the way savings and conver-
sions are prioritized, nothing in the analyses show that the Energy Savings Agreement cannot

be a part of converting the Danish energy system to 100 % renewable energy in 2050.
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Appendix A
EnergyPLAN output for CEESA 2010
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Appendix B
Modeling Climate Commission 2008

The Climate Commission defines the demand for energy based on the 2008 energy system.
Table C1 show these demands divided into groups needed for inputting the numbers in
EnergyPLLAN. The numbers from the Climate Commission does not divide the district heating
demand into the different types of district heating systems present in the Danish energy system,
district heating without electricity production, decentralized CHP and centralized CHP.
Therefore, to split out the district heating demand, the shares from CEESA are used. These
are 8 % for group 1, 29 % for group 2 and 63 % for group 3 (Lund et al. 2011b).

The second important notion is that the Climate Commission defines industry by the
demand whereas EnergyPLLAN calculates based on fuel use. This means that number is rather

low which is why tweaking the industry numbers might become necessary.

Demand type Energy [TWh]|

Electricity 33.06

District heating 28.61
- DH group 1 222
- DH group 2 8.31
- DH group 3 18.09

Individual heating 32.49
- Ol 6.94
- Natural gas 10.56
- Biomass 11.94
- Coal 0
- Electricity 1.94
- Heat pump 1.11

Industry 23.33
- Ol 8.61
- Natural gas 9.44
- Biomass 2.50
- Coal 2.78

Transport
- Petrol 21.67
- Diesel 33.89

Table C1 Demand inputs in EnergyPLAN, italics indicate numbers based on CEESA (Lund et al. 2011a, Riso DTU, Ea

Energianalyse 2010a)

The next step in converting the Climate Commissions base model to EnergyPLLAN is the

definition of the installed capacities and efficiencies of the various production units. More
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specifically this covers the installed capacities of district heating, power production, boilers,
stoves, waste incineration and renewable energy. Here the Climate Commission’s reports
become somewhat unclear on the capacities installed in the current system. Therefore, when
the numbers have not been available in the reports associated with the Climate Commission,
the baseline for installed capacities and fuels the thesis adopts numbers from the CEESA
report; these numbers are marked in italics in the table. CEESA also defines the base number
for the efficiency of the installed energy production units in cases where the Climate
Commission does not define the numbers. If the Climate Commission defines both installed
capacity and yearly production, the goal is to calculate the efficiency.

This methodology of course create lesser variance between the two energy systems, but
because of the timeframe given for the thesis it was the most sound way of doing it. Especially
because the CEESA 2010 system represents the current energy system and as such, the
assumption is that the numbers are close. In addition, it should be possible to see differences
in the behavior of the systems because of the differences in demands. Finally, the hourly
distribution files are also from CEESA. Tables C2 to C7 show the installed capacities and

efficiencies of the various energy production units.

Group 1 DH Group 2 DH Group 3 DH
CHP capacity - 1945 MW -e 2500 MW -e
Boiler - 3667 M]/s 7978 M]/ s
Condensing capacity - - 7522 MW-e
Electrical efficiency - 0.3732 0.3148
Thermal efficiency 0.9271 0.4618 0.5274
Boiler efficiency - 0.9271 0.9271
Condensing efficiency - - 0.4020

Table C2 Installed capacities and efficiencies in district heating and CHP. Italics indicate number from CEESA. (Lund

et al. 2011a)

Coal [TWh] Oil [TWh] Natural gas | Biomass [TWh]
[TWh)
DH - 2.23 2.83 1.31
CHP2 0.2 0.02 9.8 142
CHP3 19.41 0.86 3.14 2.99
Boiler2 - 2.23 2.83 1.31
Boiler3 - 2.23 2.83 1.31
Condensing/PP 26.75 1.07 3.57 3.42
PP2 - - - -

Table C3 Distribution of fuels in district heating and CHP plants. Italics indicate number from CEESA.(Lund et al.
2011a)

Wind

Off-shore wind

Capacity

2500 MW

800 MW
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Correction factor

0.08

0.22

Table C4 Installed capacities and correction factors for renewable energy.(Riso DTU, Ea Energianalyse 2010a)

Thermal efficiency COP heat pump
Coal boiler 0.7 -
Oil boiler 0.85 -
Natural gas boiler 0.90 -
Biomass boiler 0.80 -
Heat pump - 3
Electrical heating - -
Table C5 Efficiencies and COP in individual heating. Italics indicate number from CEESA.(Lund et al. 2011a)
DH group 1 DH group 2 DH group 3

Waste input 0.07 3.21 5.91
DH efficiency 0.8 0.75 0.75
Electricity efficiency - 0.19 0.19
DH production from 0 0 0.96
industry

Electricity production 0 0 1.01
from industry

Table C6 Waste incineration and industry parameter. Italics indicate number from CEESA.(Lund et al. 2011a)
Bio-diesel plant Bio-petrol plant

Electricity share 0 0.011
Bio-diesel share 0.96 -
Output bio-diesel 0.19 -
Steam share - 0.13
Steam efficiency - 1.25
Bio-petrol efficiency - 0.50
DH3 group share - 0.70
TWh/year bio-petrol - 0.06

Table C7 Parameters for biofuel plants. Italics indicate number from CEESA.(Lund et al. 2011a)

By applying these tables, the thesis creates an overall system. Tweaking is however necessary

to make the inputs fit the outputs defined by the Climate Commission. Appendix C show the

final system with inputs and outputs.
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Appendix C

EnergyPLAN output for Climate Comm

2008

ission
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Appendix D
Interview guide

Questions regarding the handling of the energy savings agreement

a)
b)
)
d)

¢)
)

How much are your target savings?
How do you reach the target savings?
How do you divide the target savings onto your member organizations
How does the individual company perform these savings
a. Between local and external savings?
b. Differences between the types of plants?
How have the prices for savings developed?

Have the energy savings agreement had an effect on your production activities?

Questions regarding the current involvment in the energy savings agreement

o)
b)
9

d)

©)

Why did you choose to participate in the energy savings agreement?

How do you see your role in this agreement?

What are the consequences, if any, of you being responsible of delivering energy and
reducing energy demands?

Have the responsibility regarding savings had a effect on you as an organization? Have
there been a need for change?

Do you have certain strategies and goals in regarding what type of savings should be

made, and where should they be made?

Questions regarding the future of the energy savings agreement

2
b)
0

d)

©)

How do you see the future of the energy savings agreement?

What consequences will increasing prices have?

What does the free choice of method in the energy savings agreement mean to you and
your involvement? What are the consequences on limiting the options here?

Are there any possible changes and improvements to the agreement you would like to
see?

How easy will it be in the future to perform the required savings?
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Appendix E
Summary of Interview and Mail from DONG Energy

An interview with Knud Pedersen and answers via email from Chatrlotte Naja Fuglsang and

Morten Broberg create the foundation for this summary.

Questions regarding the handling of the energy savings agreement

DONG energy had to reduce 326 GWh in year 2013. They reach their target savings by
focusing on savings from their suppliers. This means that normally the savings done within
these suppliers, but they do not have a goal in terms of this. DONG energy savings are
determined based on what they sell, so the savings are related to natural gas and electricity.
Today the pay 0.42 DKK/kWh saved.

The energy savings agreement have had an influence on the delivering of energy but not a

1:1 influence. It is mostly on overall demand level they feel a difference

Questions regarding the current involvment in the energy savings agreement

DONG energy was required to enter the agreement so they have targeted to define how to
split the burden between the companies and getting some useful tools.

The agreement have made it easier for the operation of DONG energy with the increased
focus on both savings and reduction of energy. The Energy Savings Agreement have led to
certain units being created which focus on energy saving both at their supplier and at themself.

DONG do not have a specific set of strategies besides performing the most cost efficient
savings. DONG energy however also thinks this is in line with them being a national energy
company who operates within all fields of energy, thus they should not limit their focus in
terms of energy savings. They perform savings at both small and large customers and do it by

providing subsidies, energy counseling and finding external savings.

Questions regarding the future of the energy savings agreement

Because of DONG operating on the “self-balancing principle”, they see that the increase
in prices on savings will affect the energy prices at the customers.

The free choice of method is crucial for DONG energy in securing the cost efficiency of
the savings, and therefore they do not regard changes to this as a very good strategy since it
will also increase the bureaucracy and increased costs.

Improvements suggested by DONG energy could be to put the responsibility of the savings
to the suppliers instead of the energy companies who cannot perform the savings. Other
suggestions goes towards increasing the parameters of desired activities and lowering the

parameters related to undesired activity.
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Appendix F
Summary of Interview with Danish Energy

The interview with Kamilla Thingvad creates the foundation for this summary.

Questions regarding the handling of the energy savings agreement

Danish Energy have the responsibility of accounting the energy savings from the power
grid companies. This amounts to 4.5 PJ in 2013-2014. The savings are reached at the individual
plant and are divided between them according to their productions.

The companies perform savings both outside and inside their own energy sector and as
such primarily targets cost efficient savings. A few plants have strategies towards local savings.

The prices that the power grid companies have experiences a small drop in prices for
savings, but with the current agreement the prices are expected to rise since it is no longer
possible to perform the cheapest savings.

The Energy Savings Agreement have had an effect but it is very complex to identify how

big of an effect it had had because of all the other tendencies in the energy system and society.

Key quote:

“The savings are probably lower than the reported savings since there are overlaps in the Agreement”

Questions regarding the current involvement in the energy savings agreement

Danish Energy have an important role as an interest organization in how the agreement
looks since it is a voluntarily agreement. The key for them is that there are balance between
the different energy types in terms of the different energy sectors demand equals the reduction
targets. Therefore, Danish Energy have taken a lesser target compared to the other energy
companies in this agreement. They also pay great attention to the free choice of method and
the cost efficiency and that the savings made are actual savings.

The energy savings agreement have not led to conflicts between production and reduction
of energy demand. Danish Energy think it is natural for them to both focus on having greener
energy production and reducing the energy demand to have better use of the energy. The
companies have moreover been responsible of savings since the 90s.

Because of them being historically responsible the energy savings agreement have not had
the great effect on the way they organize savings, but it has created a more focused and precise
performance. The energy companies are performing the task differently than before the
agreement with the possibility of involving outside partners and perform savings in all energy
sectors. The number of employees working with energy savings have also increased.

The primary strategy for Danish Energy is to perform the savings the most cost efficient
way. The individual companies might have other strategies but it always have to in
consideration of cost efficiency. Many companies have local savings because they think they
have to give back to the local end users. Danish Energy relates that the reason why their
performance is spread out to the fact that they have done savings since the 90’s and that they
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have the customer in focus who might need other types of savings than electricity as well.
Furthermore, the oil companies have natural savings in replacing oil boilers and the district

heating companies in increasing the efficiency of the grid.

Key quote:
“The reason why we do not only focus on our own sector is partly due to historical reasons in that we bave
made energy counseling since the 90ies. Until 2006 we were only allowed to make electricity savings, but we

could see that it did not make any sense to only focus on one type of energy.”

Questions regarding the future of the energy savings agreement

In the future, it is important to maintain the free choice of method and focus on cost
efficiency. Changes on these are not in the interest of Danish Energy. If the free choice of
method were to be limited the society will experience greater costs of energy savings, and the
strength of this agreement is its focus on cost efficient savings on a broad palette of savings.

If the prices increase, the focus should be on whether the savings is cheaper than producing
more renewable energy. When this happens, it makes more sense to install a wind turbine.
Before savings under the current agreement are still possible.

Danish Energy agrees with the overall structure of the savings agreement but points that
improvements could be made in terms of buildings who report their savings based on the
standard value chart. The savings made here do not take synergies into account and therefore
are not thought through in terms potentially higher savings and possible overlaps. There might
be reasons for applying a different methodology on buildings. They also want to open up for
more savings in transportation, and keep maintaining the reporting procedures, which

becomes increasingly important with the growth of the agreement.

Key quote:
" If a certain subsidiary aim is applied to the savings agreement, and thereby breaking with the principals
of cost efficiency and free choice method, we probably will not take part in a voluntarily agreement.”
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Appendix G
Summary of Interview with
Danish District Heating Association

The interview with Louise Overvad Jensen creates the foundation for this summary.

Questions regarding the handling of the energy savings agreement

The Danish District Heating Association (DDHA) is responsible for reporting all savings
done in district heating companies. These are divided based on how much each company is
producing. The DDHA assume that prices for the individual heating company have gone up
during the agreement with the increased targets. There has been a development where the
district heating companies have broaden the search for energy savings from having more local
savings towards having savings outside district heating and also in terms of more household

savings.

Questions regarding the current involvement in the energy savings agreement

The district heating companies did not participate in the first agreement, but entered in the
second one with the rationale of that they most likely would be forced otherwise. Thereby they
could influence the content of the agreement. Thereby elements such as improvements in the
distribution grid and solar panels are included. The Danish District Heating Association has
the attitude that the current agreement is good, but also know that some plants think it hinders
their production of cheap energy and only serves as a tax. The overall strategy is cost efficiency
but the plants can adopt other strategies towards having targets for local savings, but the
DDHA do not care about such strategies. Therefore, the free choice of method is important

for the DDHA because it creates the foundation for cost efficient savings.

Key quote:

“We don’t have an opinion on how the individual plant reaches their given target. But there are great
difference in the individual people’s opinion on where to matke the savings, and some thinks that they should be
done locally.”

Questions regarding the future of the energy savings agreement

In terms of the future, the DDHA argues that maintaining the free choice of method is
essential since it keeps the cost low. If other elements were introduced that would limit the
free choice of method it would create more markets and overall increase the costs of savings,
which also would be against the intention of cost efficiency.

Overall, there is a satisfaction with the current agreement, but the DDHA suggests that a
change could be to make it easier to report savings in households that currently requires

individual measurements. A specific example is that lowering the return temperature of district

89



heating increases efficiency, but measures towards this are very hard to report. Another change
could be to include increased importance of energy monitoring that can lead to energy
conservation. This can go hand in hand with energy renovation that does not guarantee that
the end-users have the right behavior. These do not count today. The goal of DDHA is to
start counting these savings as well.

The DDHA sees that savings become harder to perform in the future with increases to

today’s standard and other elements that increases the price.
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Appendix H
Summary of Interview with HMN Natural Gas

The interview with Per Jensen creates the foundation for this summary.

Questions regarding the handling of the energy savings agreement

HMN Natural Gas have the responsibility of saving 336,000 MWh in 2013, and the savings
they have the intention of being on their own playing field but in the last years it has become
harder and harder so the savings have broaden to other areas. HMN Natural Gas always offer
the same price for savings 0.38 DKK/kWh.

Questions regarding the current involvment in the energy savings agreement

The reason for HMN Natural Gas’ participation in the energy savings agreement is that has
been natural to focus on savings, which they have done since the 90’s. Therefore, it is good
that the Energy Savings Agreement formalizes the requirements and creates an even playing
field for all companies. A great incentive for them is that they believe the best energy is the
one that is never produced.

HMN Natural Gas focuses on that the savings are actually performed due to the
requirements and therefore wants to prioritize savings that have longer payback times and
therefore benefits more from the Energy Savings Agreement. They do not see a conflict
between production and savings, but instead see the Energy Savings Agreement as a possible
way of establishing a better performance of natural gas.

The organization have not changed greatly internally but there are better collaboration with
outside partners in terms of crafts and counseling firms.

The strategy of HMN Natural Gas is to perform the savings as cost efficient as possible,
and have the intention that the savings come to them, and they do not have to look for the
savings. They do however prefer to do savings within natural gas when this is possible, but do
also seek to perform savings in other places if that makes more sense. There is a natural focus

on replacing inefficient gas boilers.

Key quote:

“The best energy we have is the one that was never produced”

Questions regarding the future of the energy savings agreement

HMN Natural Gas sees the lacking supply of energy savings as the biggest challenge in the
future, which will lead to increased prices. Therefore, they seck to keep a good amount of extra
savings so their customers will not be affected too much. Right now they assess that reasonable
savings can be found until 2017-2018.

They do think that maintaining the free choice of method is important since this maintain
the cost efficiency of the savings. Overall, HMN Natural Gas sees the Energy Savings

Agreement as a good one.
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Appendix |
Summary of Interview with
Danish Oil Industry Association

The interview with Michael Miicke Jensen creates the foundation for this summary.

Questions regarding the handling of the energy savings agreement
Because of the late timing, the interview skipped this part.

Questions regarding the current involvement in the energy savings agreement

The oil companies perform savings through an energy savings trust operated by Danish Oil
Industry Association, and local savings done by the local oil companies and installation
companies. The energy savings trust maintains the reporting of the savings and finding savings
outside the oil companies, with the strategy of cost efficiency. Therefore, the free choice of
method is very crucial. The local companies find savings within their current supply areas.

The oil companies have historically targeted local savings in the oil sector, with the
consideration of them being oil companies and therefore have natural access to these end-
users.

The oil companies are in the agreement on a voluntarily basis that is more free than the
other companies are, since they do not have the same legal binding as the other utility
companies. They however think it is very natural to register savings they have always done
under the Energy Savings Agreement.

They have not experienced a conflict between savings and production since the oil
companies have always been responsible of savings. The only consequences for them as an

organization have therefore been the establishing of the energy savings trust.

Questions regarding the future of the energy savings agreement

The current agreement is overall very good, but in terms of the future, it is very important
to maintain that no energy types are favored over others in terms of the possible types of
savings in the agreement. Danish Oil Industry Association acknowledges the 2050 goal but
thinks that it cannot be in the way of what is the most efficient solution current, also if that is
a new oil boiler, especially if it is combined with energy renovation. The agreement should not

limit savings in certain sectors because of political goals.

Key quote:
“There has to be a neutrality between the different energy types, which means that there should not be any

Savoritism on one type at the expense of others types because of some narrow political goals or other agendas.”
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Appendix J
Summary of Interview with Energitjenesten

The interview with Marianne Bender creates the foundation for this summary. The

questions asked were:

. Do you inform your clients about the Energy Savings Agreement?

. How many uses the possibility of funding?

. How much is the energy consumption in a household lowered when performing
savings?

. How could energy savings be improved?

Energitjenesten is a counseling company supported by the Danish Government, which

seeks to improve energy efficiency in households, offices, shops and other buildings.

They do tell their clients that the Energy Savings Agreement offers the possibility of
subsidizing their project, but they have to contact their local utility company. Energitjenesten
does not think that many households take advantage of this opportunity, but this might be due
to that the utility companies already have agreements with local craft firms who report the
savings for them. Therefore, Energitjenesten do not hear about it.

Energy renovations can lead to various decreases in consumption, but based on
Energitjenesten’s assessment of their own activities, the households typically save from 10,000
kWhs and up.

To improve savings in households, a better awareness is key. This is important both in
terms of informing people of the possible subsidies in the Energy Savings Agreement, which
can act as kickstarter, but also deducting the cost for energy renovations. The greatest effect is
however, through creating awareness of the possible counseling the consumers can get. There
are many options in the energy savings market, but not all are the right ones for the given
consumers. Therefore, this becomes important. This also includes informing the house owners
of what is the advantage of energy renovations, which also includes better indoor climate. To

inform the house owners of this local cases become important.
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Appendix K
Inputs in the energy system analysis

CEESA Inputs
These tables show the inputs in the CEESA model for all calculations in Chapter 5.

% reduction 0% | 5% | 10% | 14% | 19% | 23% | 26% | 30% | 34% | 46% | 54%
TWh recution 000 | 176 | 343 502 653 797 933 ] 10.62]11.85 ] 16.19 | 18.90
El demand input

3522 | 33.46 | 31.79 | 30.20 | 28.69 | 27.25 | 25.89 | 24.60 | 23.37 | 19.03 | 16.32
[TWh]

Table L1 Inputs for electricity savings
% reduction 0% | 5% | 10% | 14% | 19% | 23% | 26% | 30% | 34% | 46% | 54%
DHI demand 278 | 264 | 251 | 238 226| 215| 204 | 1.94| 1.84| 150 | 1.29
input [TWh]
DHI TWh 000 | 014 027 040 | 052| 063] 074 | 084 | 094 | 128 | 1.49
reduction
DH2 demand 1042 | 990 | 9.40 | 893 | 849 | 806 | 7.66| 7.28 | 6.91| 563 | 483
input [TWh]
DH2 TWh 000 | 052 1.02| 1.49| 193 | 236 | 276 | 314 | 351 | 479 | 559
reduction
DH3 demand 22.67 | 21.54 | 20.46 | 19.44 | 18.46 | 17.54 | 16.66 | 15.83 | 15.04 | 12.25 | 10.50
input [TWh]
DH3 TWh 000 | 113 | 221 | 323| 421| 513 | 601 | 684 | 7.63 | 1042 | 12.17
reduction
Table L2 Inputs for district heating savings
% reduction 0% 5% [ 10% | 14% | 34% | 43% | 54%
Coal input [TWh] 0 0 0 0 0 0 0
Oil input [TWh] 580 | 560| 532| 505| 391 335 | 273
Natural gas input [TWh] 773 | 734 698| 663| 513| 440 358
Heat pump input [TWh] 1.31 124 118 112 087] 074] 060
Electrical heating input [TWh] 1.94 1.24 1.18 1.12 0.87 0.74 0.60
Table 1.3 Inputs for individual heat savings
% reduction 0% 5% | 10% | 14% | 34% | 43% | 54%
Coal input [TWh] 288 | 274 260 247] 191 1.64 | 133
Oil input [TWh] 16.04 | 1524 | 1448 | 1375 | 1064 | 912 7.43
Natural gas input [TWh] 1403 | 1333 | 1266 | 1203 | 931 798 | 6.50
Table L4 Inputs for industrial savings

0/0 converted 00/0 50/0 100/0 140/0 340/0 430/0 54(70
Tnput electricity [TWh] 1.94 1.84 1.75 1.66 1.29 1.10 0.90
Input natural gas [TWh] 7.73 7.84 7.94 8.04 8.46 8.66 8.89
Input biomass [TWh] 12.04 12.16 12.27 12.38 12.85 13.08 13.34
Input DH gr. 1 [TWh] 2.78 2.88 2.97 3.06 3.43 3.62 3.82
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Input DH gr. 2 [TWh] 10.42 10.52 10.61 10.70 11.07 11.26 11.46

Input DH gr. 3 [TWh] 22.67 22.77 22.86 22.95 23.32 23.51 23.71
Table L5 Inputs for conversions from electricity to other fuel types. The fuel types converted to are all analyzed
separately
% converted 0% 5% 10% 14% 34% 43% 54%
Input oil [TWh] 5.89 5.60 5.32 5.05 391 3.35 2.73
Input natural gas [TWh] 7.73 8.01 8.28 8.53 9.61 10.13 10.72
Input biomass [TWh] 12.04 12.35 12.65 12.93 14.15 14.74 15.40
Input DH gr. 1 [TWh] 2.78 3.03 3.27 3.49 4.47 4.94 5.47
Input DH gr. 2 [TWh] 10.42 10.67 10.91 11.13 12.11 12.58 13.11
Input DH gr. 3 [TWh] 22.67 22.92 23.16 23.38 24.36 24.83 25.36

Table L6 Inputs for conversions from oil to other fuel types. The fuel types converted to are all analyzed separately

% converted 0% 5% 10% 14% 34% 43% 54%
Input natural gas [TWh] 7.73 7.35 6.98 6.63 513 4.40 3.58
Input biomass [TWHh] 12.04 12.47 12.89 13.28 14.97 15.79 16.71
Input DH gr. 1 [TWh] 2.78 3.13 3.46 3.77 5.12 5.78 6.52
Input DH gr. 2 [TWh] 10.42 10.77 11.10 11.41 12.76 13.42 14.16
Input DH gr. 3 [TWh] 22.67 23.02 23.35 23.66 25.01 25.67 26.41
Table L7 Inputs for conversions from natural gas to other fuel types. The fuel types converted to are all analyzed
separately
% converted 0% 5% 10% 14% 34% 54%
Input natural gas [TWh] 7.73 7.35 6.98 6.63 5.13 3.58
Input Heat pumps [TWh] 1.305 1.48 1.64 1.80 2.48 3.17
Input DH gr. 2 [TWh] 10.42 10.59 10.76 10.92 11.59 12.29

Table L8 Inputs for conversions from natural gas to heat pumps and DH group 2

% converted 0% 5% 10% 14% 34% 54%
Input natural gas [TWh]| 7.73 7.35 6.98 6.63 5.13 3.58
Tnput Heat pumps [TWh] 1305 1.65 1.98 2.30 3.65 5.04

Table L9 Inputs for conversions from natural gas to heat pumps

Climate Commission Inputs
These tables show the inputs in the Climate Commission model for all calculations in
Chapter 5.

% reduction 0% | 5% | 10% | 14% | 19% | 23% | 26% | 30% | 34% | 46% | 53%
TWh reduction 0.00| 1.75| 342 | 500| 650 | 7.93| 929 | 10.58 | 11.80 | 16.11 | 18.82
El demand input

[Th 35.06 | 33.31 | 31.64 | 30.06 | 28.56 | 27.13 | 25.77 | 24.48 | 23.26 | 18.95 | 16.24

Table L10 Inputs for electricity savings
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% reduction 0% | 5% | 10% | 14% | 19% | 23% | 26% | 30% | 34% | 46% | 54%
DHI demand 222 241] 200| 190 | 181 ] 1.72| 1.63| 155| 147 120] 1.03
input [TWh]

DH1 TWh 000 011 | 022] 032] 041 | 050| 059 | 067 075| 1.02| 1.19
reduction

DH2 demand 831 | 7.80 | 750 | 7.12| 677 | 643 | 611 | 580 | 551 | 449 | 3.85
input [TWh]

DH2 TWh 000 | 042 | 081 1.19| 154 | 1.88| 220| 251 | 280 | 3.82| 446
reduction

DH3 demand 20.09 | 19.09 | 18.13 | 17.22 | 16.36 | 15.55 | 14.77 | 14.03 | 13.33 | 10.86 | 9.31
input [TWh]

DH3 TWh 0.00 | 1.00| 1.96| 287 | 373 | 454| 532| 606| 676 | 923 |10.78
reduction

Table L11 Inputs for district heating savings
% reduction 0% | 5% | 10% | 14% | 34% | 43% | 54%
Coal input [TWh] 0 0 0 0 0 0 0
Oil input [TWH] 962 | 914 | 868| 825| 638| 547 446
Natural gas input [TWh] 1173 | 1114 | 1059 | 1006 | 778 | 667 | 543
Heat pump input [TWA] 111 ] 1.05| 100 095| 074| 063] 051
Electrical heating input [TWh] 194 | 184| 175| 1.66| 129| 1.10] 090
"Table L12 Inputs for individual heat savings
% reduction 0% | 5% | 10% | 14% | 34% | 43% | 54%
Coal input [TWh] 49 | 466 | 442| 420| 325| 279 227
Oil input [TWh] 13| 1235| 1173 | 11.15| 862| 739| 602
Natural gas input [TWh] 10| 950 | 903| 857| 663| 569| 463
Table L13 Inputs for industrial savings

% converted 0% 5% 10% 14% 34% 43% 54%
Tnput clectricity [TWh] 1.94 1.84 1.75 1.66 1.29 1.10 0.90
Tnput natural gas [TWH] 11.73 11.84 11.94 12.04 12.46 12.66 12.89
Input biomass [TWA] 13.33 13.45 13.56 13.67 14.14 14.37 14.63
Tnput DH gr. 1 [TWh] 222 232 2.41 2.50 2.87 3.06 3.26
Input DH gr. 2 [TWh] 831 8.41 8.50 8.59 8.96 9.15 9.35
Tnput DH gr. 3 [TWh] 20.09 20.19 20.28 2037 20.74 20.93 21.13

Table L14 Inputs for conversions from electricity to other fuel types. The fuel types converted to are all analyzed

separately
% converted 0% 5% 10% 14% 34% 43% 54%
Input electricity [TWh] 9.62 9.14 8.69 8.25 6.38 5.47 4.46
Input natural gas [TWh] 11.73 12.19 12.62 13.03 14.79 15.65 16.61
Input biomass [TWh] 13.33 13.84 14.32 14.78 16.77 17.73 18.81
Input DH gr. 1 [TWh] 222 2.63 3.02 3.39 4.97 5.75 6.61
Input DH gr. 2 [TWh] 8.31 8.72 9.11 9.48 11.06 11.84 12.70
Input DH gr. 3 [TWh] 20.09 20.50 20.89 21.26 22.84 23.62 24.48
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Table L15 Inputs for conversions from oil to other fuel types. The fuel types converted to are all analyzed separately

% converted 0% 5% 10% 14% 34% 43% 54%
Input natural gas [TWh] 11.73 11.15 10.59 10.06 7.78 6.67 5.44
Input biomass [TWh] 13.33 13.99 14.61 15.21 17.77 19.02 20.41
Input DH gr. 1 [TWh] 222 2.75 3.25 3.73 5.77 6.77 7.89
Input DH gr. 2 [TWh] 8.31 8.84 9.34 9.82 11.86 12.86 13.98
Input DH gr. 3 [TWh] 20.09 20.62 21.12 21.60 23.64 24.64 25.76

Table L16 Inputs for conversions from natural gas to other fuel types. The fuel types converted to are all analyzed

separately
% converted 0% 5% 10% 14% 34% 54%
Input natural gas [TWh] 11.73 11.15 10.59 10.06 7.78 5.44
Input Heat pumps [TWh] 1.11 1.37 1.62 1.86 2.89 3.94
Input DH gr. 2 [TWh] 8.31 8.57 8.82 9.06 10.09 11.14
Table 117 Inputs for conversions from natural gas to heat pumps and DH group 2
% converted 0% 5% 10% 14% 34% 54%
Input natural gas [TWh] 11.73 11.15 10.59 10.06 7.78 5.44
Input Heat pumps [TWh] 1.11 1.64 2.14 2.62 4.66 6.78

Table 118 Inputs for conversions from natural gas to heat pumps
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Appendix L
Results from Energy Savings Calculations

These tables show the results from the analysis of electricity savings, heat savings and
industrial savings, both in the CEESA 2010 model and the Climate Commission 2010 model.

CEESA results
% reduction 0% 5% 10% 14% 19% 23% 26% 30% 34% 46% 54%
CcO2 0 1.186 2.273 3.228 4.047 4,792 5.468 6.073 6.609 8.302 9.22
PES 0 3.51 6.68 9.54 12.12 14.45 16.56 18.45 20.14 25.46 28.34
RES 0 0.4 0.8 1.1 1.3 1.5 1.7 1.8 2 2.5 2.8

Table M1 Reduction of CO; emissions and primary energy supply, and percentage point increase of renewable energy
share when reducing electricity demand

% reduction 0% 5% 10% 14% 19% 23% 26% 30% 34% 46% 54%

CO2 0.00 0.15 0.24 0.29 0.34 0.39 0.44 0.48 0.52 0.65 0.72
PES 0.00 1.07 2.00 2.82 3.55 4.20 4.79 5.33 5.83 7.44 8.33
RES 0.00 0.00 0.10 0.10 0.20 0.20 0.20 0.20 0.20 0.20 0.10

Table M2 Reduction of CO; emissions and primary energy supply, and percentage point increase of renewable energy
share when reducing demand in district heating

% reduction 0% 5% 10% 14% 34% 54%

PES 0 091 1.75 2.58 6.06 9.67
CO2 0 0.236 0.456 0.672 1.577 2.516
RES 0 0 0 0.2 0.4 0.7

Table M3 Reduction of CO; emissions and primary energy supply, and percentage point increase of renewable energy
share when reducing individual heating demand in oil, natural gas, electricity and heat pumps

% reduction 0% 5% 10% 14% 34% 54%

CO2 0 0.405 0.793 1.161 2.74 4.369
RES 0 0 0.2 0.3 0.9 1.4
PES 0 1.64 3.21 4.7 11.09 17.69

Table M4 Reduction of CO> emissions and primary energy supply, and percentage point increase of renewable energy
share when reducing industry energy supplied by oil, natural gas and coal

Electricity and DH Savings separately added together - CEESA

% reduction 0% 5% 10% 14% 19% 23% 26% 30% 34% 46% 54%
CcO2 0| 1.339 251 | 3517 | 4389 | 5181 | 5904 | 6.551 | 7.127 8.955 9.941
RES 0 0.4 0.7 1 1.1 1.3 1.5 1.6 1.8 23 2.7
PES 0 4.58 8.68 | 1236 | 15.67 | 18.65 | 21.35 | 23.78 | 25.97 329 36.67
Electricity and DH savings in the same system - CEESA

Reduction 0% 5% 10% 14% 19% 23% 26% 30% 34% 46% 54%
cO2 0| 1358 | 2.622 | 3.805 | 4.909 | 5937 | 6.887 | 7.766 | 8569 | 11.181 | 12.626
RES 0 0.4 0.7 1.1 1.4 1.7 2 2.3 2.6 33 3.7
PES 0 4.67 9.03 | 1311 | 16.93 20.5 | 23.81 | 26.88 | 29.75 39.32 44.77

Table M5 Reduction of CO2 emissions and primary energy supply, and percentage point increase of renewable energy
share when coordinating savings in the same system between district heat savings and electricity savings

Electricity and Individual savings separately added together - CEESA
% reduction 0% 5% | 10% 14% 34% 54%
CcO2 0.00 | 1.34 2.58 3.68 7.67 10.91
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RES 0 0.4 0.8 13 2.4 3.4
PES 0 4.19 8 11.48 24.72 35.65
Electricity and Individual savings in the same system - CEESA

% reduction 0% 5% 10% 14% 34% 54%
CO2 0.00 | 134 | 258 3.68 7.67 | 1091
RES 0 0.4 0.8 1.3 2.4 3.4
PES 0 4.19 8 11.48 24.72 35.65

Table M6 Reduction of CO; emissions and primary energy supply, and percentage point increase of renewable energy

share when coordinating savings in the same system between individual heat savings and electricity savings

Electricity and Industrial savings separately added together - CEESA

% reduction 0% 5% 10% 14% 34% 54%
CcO2 0 1.591 3.066 4.389 9.349 13.589
RES 0 0.4 0.8 1.3 2.4 3.4
PES 0 5.15 9.89 14.24 31.23 46.03
Electricity and Industrial savings in the same system - CEESA

% reduction 0% 5% 10% 14% 34% 54%
CO2 0 1.591 3.066 4.389 9.349 13.589
RES 0 0.4 0.8 1.3 2.4 3.4
PES 0 5.15 9.89 14.24 31.23 46.03

Table M7 Reduction of CO; emissions and primary energy supply, and percentage point increase of renewable energy
share when coordinating savings in the same system between industrial savings and electricity savings

Climate Commission results

% reduction 0% 5% 10% 14% 19% 23% 26% 30% 34% 46% 54%

CO2 0.00 1.35 2.63 3.82 4.93 5.93 6.83 7.63 8.35| 10.65| 11.92
PES 0.00 4.07 789 1137 14.60| 17.60| 20.33| 2276| 2491| 32.00( 36.07
RES 0.00 0.40 0.80 1.30 1.80 2.20 2.50 2.90 3.30 4.30 4.90

Table M8 Reduction of CO; emissions and primary energy supply, and percentage point increase of renewable energy
share when reducing electricity demand

% reduction 0% 5% 10% 14% 19% 23% 26% 30% 34% 46% 54%

cO2 0.00 0.06 0.11 0.16 0.21 0.25 0.29 0.33 0.37 0.48 0.50
PES 0.00 0.04 1.23 1.77 2.26 272 3.15 3.55 3.93 5.16 5.85
RES 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.10 0.10

Table M9 Reduction of CO> emissions and primary energy supply, and percentage point increase of renewable energy
share when reducing demand in district heating

% reduction 0% 5% 10% 34% 54%

PES 0 1.34 2.59 8.94 14.26
CO2 0 0.338 0.653 2.249 3.581
RES 0 0 0.1 0.6 1.1

Table M10 Reduction of CO; emissions and primary energy supply, and percentage point increase of renewable energy
share when reducing individual heating demand in oil, natural gas, electricity and heat pumps

% reduction 0% 5% 10% 14% 34% 54%

CO2 0 0.357 0.7 1.024 2419 3.854
RES 0 0 0.1 0.2 0.8 1.2
PES 0 1.39 272 3.98 9.4 14.98

Table M11 Reduction of COz emissions and primary energy supply, and percentage point increase of renewable energy
share when reducing industry energy supplied by oil, natural gas and coal
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Electricity and DH Savings separately added together — Climate Commission

% reduction | 0% 5% 10% 14% 19% 23% 26% 30% 34% 46% 54%
CO2 0 1.409 2,744 | 3.982 514 | 6.176 7.119 7.959 8.718 11.129 12.42
RES 0 0.4 0.8 1.3 1.8 22 25 3 34 4.4 5
PES 0 471 9.12 13.14 16.86 20.32 23.48 26.31 28.84 37.16 41.92
Electricity and DH savings in the same system — Climate Commission

Reduction 0% 5% 10% 14% 19% 23% 26% 30% 34% 46% 54%
CO2 0 1.408 274 | 3981 5.142 6.227 7.246 8.197 9.079 11.999 | 13.627
RES 0 0.4 0.8 1.2 1.6 1.9 2.3 2.6 3 4.1 4.7
PES 0 4.74 9.23 13.43 17.36 21.04 | 2451 27.75 30.76 40.79 46.49

Table M12 Reduction of CO2 emissions and primary energy supply, and percentage point increase of renewable energy
share when coordinating savings in the same system between district heat savings and electricity savings

Electricity and Individual savings separately added together — Climate Commission

% reduction 0% 5% 10% 14% 34% 54%
CO2 0 1.60 3.11 4.52 10.00 14.55
RES 0 0.4 0.9 1.3 1.8 2.4
PES 0 5.14 9.97 14.41 32.09 4751
Electricity and Individual savings in the same system — Climate Commission

% reduction 0% 5% 10% 14% 34% 54%
CO2 0.00 1.60 3.11 4.52 10.00 14.55
RES 0.00 0.40 0.80 1.30 2.40 3.40
PES 0.00 5.14 9.97 14.41 32.09 4751

Table M13 Reduction of CO; emissions and primary energy supply, and percentage point increase of renewable energy
share when coordinating savings in the same system between individual heat savings and electricity savings

Electricity and Industrial savings separately added together — Climate Commission

% reduction 0% 5% 10% 14% 34% 54%
CcO2 0 1.709 3.33 4.843 10.765 15.774
RES 0 0.4 0.7 1.1 2.5 3.7
PES 0 5.46 10.61 15.35 34.31 51.05
Electricity and Industrial savings in the same system — Climate Commission

% reduction 0% 5% 10% 14% 34% 54%
CO2 0 1.709 3.33 4.843 10.765 15.774
RES 0 0.4 0.7 1.1 2.5 3.7
PES 0 5.46 10.61 15.35 34.31 51.05

Table M14 Reduction of COz emissions and primary energy supply, and percentage point increase of renewable energy
share when coordinating savings in the same system between industrial savings and electricity savings
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Appendix M
Results from Calculating Conversions

These tables show the results from the analysis of conversions, both in the CEESA 2010

model and the Climate Commission 2010 model.

CEESA results

% converted 0% 5% 10% 14% 34% 54%

" CO2 53.669 53.591 53.515 53.443 53.135 52.817

é RES 18.6 18.8 18.9 19.1 19.8 20.5

i:% PES 241.49 241.54 241.59 241.63 241.82 242.01

CO2 53.669 53.679 53.685 53.591 53.721 53.754

EL RES 18.6 18.6 18.6 18.6 18.6 18.6

E go PES 241.49 241.48 241.47 241.46 241.41 241.37

CO2 53.669 53.556 53.447 53.344 52.964 52.719

% RES 18.6 18.6 18.7 18.8 19 19

E §o PES 241.49 241.31 241.13 240.96 240.34 239.82

CO2 53.669 53.649 53.628 53.608 53.535 53471

m% RES 18.6 18.6 18.6 18.6 18.7 18.8

E §o PES 241.49 241.33 241.17 241.01 240.41 239.86
Table N1 Outputs from conversions from natural gas

% converted 0% 5% 10% 14% 34% 54%

CO2 53.669 53.627 53.59 53.552 53.402 53.322

j‘g RES 18.6 18.6 18.6 18.6 18.7 18.7

7 & |[PES 241.49 241.41 241.35 241.28 241.02 240.87

" CO2 53.669 53.605 53.547 53.489 53.252 53.141

é RES 18.6 18.6 18.7 18.8 19 19.1

i:% PES 241.49 241.42 241.37 241.31 241.1 240.98

CO2 53.669 53.63 53.594 53.559 53.415 53.342

T:L RES 18.6 18.6 18.6 18.6 18.7 18.7

E gﬂ PES 241.49 241.41 241.34 241.27 240.99 240.85

CO2 53.669 53.594 53.528 53.461 53.188 53.051

ZL RES 18.6 18.6 18.6 18.7 18.8 18.9

E gﬂ PES 241.49 241.36 241.25 241.13 240.67 240.45

CO2 53.669 53.621 53.578 53.535 53.361 53.273

Ef RES 18.6 18.6 18.6 18.6 18.7 18.8

E §0 PES 241.49 241.36 241.25 241.15 240.7 240.49
Table N2 Outputs from conversions from electricity

% converted 0% 5% 10% 14% 34% 54%

e CO2 53.669 53.639 53.63 53.609 53.527 53.485

z g §| RES 18.6 18.6 18.6 18.6 18.6 18.6
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PES 241.49 241.48 241.47 241.45 241.39 241.35

" CO2 53.669 53.592 53.517 53.445 53.141 52.992

é RES 18.6 18.7 18.8 18.9 19.4 19.7

é PES 241.49 241.51 241.53 241.54 241.62 241.65

CO2 53.669 53.654 53.64 53.623 53.565 53.533

T% RES 18.6 18.6 18.6 18.6 18.6 18.6

% g@ PES 241.49 241.47 241.45 24141 241.33 241.28

CO2 53.669 53.567 53.469 53.374 52.979 52.814

(;l: RES 18.6 18.6 18.7 18.7 18.9 19

E g@ PES 241.49 241.34 241.2 241.06 240.51 240.27

CO2 53.669 53.633 53.599 53.563 53.427 53.36

NC;L RES 18.6 18.6 18.6 18.6 18.7 18.7

E g@ PES 241.49 241.35 241.23 241.09 240.59 240.35

Table N3 Outputs from conversions from oil

% converted 0% 5% 10% 14% 34% 54%
Conversion from natural gas to DH group 2 - added together - CEESA

CO2 0.00 1.30 2.49 3.55 7.31 10.17

RES 0.00 0.40 0.90 1.30 2.40 3.20

PES 0.00 3.69 7.04 10.07 21.29 30.01
Conversion from natural gas to DH group 3 - added together - CEESA

CcO2 0.00 1.21 2.31 3.29 6.74 9.42

RES 0.00 0.40 0.90 1.30 2.40 3.20

PES 0.00 3.67 7.00 10.02 21.22 29.97

Conversion from natural gas to DH group 2 - same system - CEESA

cO2 0.00 1.30 2.45 3.40 6.82 9.39

RES 0.00 0.40 0.80 1.10 2.00 2.80

PES 0.00 3.68 6.96 9.89 20.54 28.77

Conversion from natural gas to DH group 3- same system - CEESA

cO2 0.00 1.20 2.30 3.25 6.57 9.18

RES 0.00 0.40 0.80 1.10 2.00 2.90

PES 0.00 3.66 6.95 9.90 20.63 2891

Table N4 Reductions in CO» emissions and primary energy supply, and percentage point increase in renewable energy
share when and when not conversions from natural gas are coordinated with electricity savings

% converted 0% 5% 10% 14% 34% 54%
Conversion from oil to DH group 2 - added together - CEESA

CO2 0.00 1.29 2.47 3.52 7.30 10.22
RES 0.00 0.40 0.90 1.20 2.30 3.20
PES 0.00 3.66 6.97 9.97 21.12 29.80
Conversion from oil to DH group 3 - added together - CEESA

CO2 0.00 1.22 2.34 3.33 6.85 9.60
RES 0.00 0.40 0.90 1.20 2.30 3.20
PES 0.00 3.65 6.94 9.94 21.04 29.73
Conversion from oil to DH group 2 - same system - CEESA

CO2 0.00 1.29 2.46 3.42 6.91 9.58
RES 0.00 0.40 0.80 1.10 2.00 2.80
PES 0.00 3.65 6.92 9.85 20.54 28.84
Conversion from oil to DH group 3- same system - CEESA

CO2 0.00 1.22 2.34 3.30 6.72 9.42
RES 0.00 0.40 0.80 1.10 2.00 2.90
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PES

0.00

3.64

6.91

9.85 |

20.66

28.94

Table N5 Reductions in CO; emissions and primary energy supply, and percentage point increase in renewable energy
share when and when not conversions from oil are coordinated with electricity savings

Climate Commission results

% converted 0% 5% 10% 14% 34% 54%

" CcO2 49.44 49.323 49.21 49.103 48.646 48.205

é RES 19.4 19.6 19.9 20.2 213 22.4

i:% PES 218.77 218.85 21891 219.98 219.27 219.69

CO2 49.44 49.458 49.473 49.488 49.551 49.628

Fg: RES 19.4 19.4 19.4 19.4 19.3 19.3

E ‘3@ PES 218.77 218.76 218.74 218.73 218.66 218.61

CO2 49.44 49.231 49.031 48.842 48.067 47.336

(\gZ RES 19.4 19.4 19.5 19.5 19.9 20.4

:]D: §o PES 218.77 218.35 217.93 217.55 216.1 214.93

CO2 49.44 49.377 49.315 49.257 49.001 48.821

m% RES 19.4 19.4 19.5 19.5 19.8 20

:]D: §o PES 218.77 218.42 218.08 217.77 216.48 215.36
Table N6 Outputs from conversions from natural gas

% converted 0% 5% 10% 14% 34% 54%

CO2 49.44 49.386 49.337 49.288 49.09 49.985

Tg RES 19.4 19.4 19.4 19.4 19.5 19.5

Z & [PES 218.77 218.65 218.55 21844 218.02 217.79

" CO2 49.44 49.304 49.295 49.226 48.942 48.797

é RES 19.4 19.4 19.5 19.6 19.8 20

i:% PES 218.77 218.66 218.57 218.47 218.1 2179

CO2 49.44 49.389 49.343 49.297 49.108 49.011

g RES 19.4 19.4 19.4 19.4 19.5 19.5

:]D: §c PES 218.77 218.65 218.54 218.43 217.99 217.77

CO2 49.44 49.346 49.262 49.177 48.829 48.651

2% RES 19.4 19.4 19.4 19.4 19.5 19.6

:]D: §c PES 218.77 218.57 218.39 218.21 217.48 217.11

co2 49.44 49.374 49.314 49.254 49.007 48.88

?T RES 19.4 19.4 19.4 19.4 19.5 19.6

E §0 PES 218.77 218.59 218.42 218.25 217.58 217.24
Table N7 Outputs from conversions from electricity

% converted 0% 5% 10% 14% 34% 54%

CO2 49.44 49.405 49.373 49.338 49.128 49.13

T‘;: RES 19.4 19.4 19.4 19.4 19.4 19.4

z §o PES 218.77 218.75 218.73 2187 218.59 218.54

" CO2 49.44 49.312 49.193 49.075 48.577 48.335

é RES 19.4 19.6 19.8 20 209 21.3

é PES 218.77 218.8 218.83 218.85 218.97 219.02
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cO2 49.44 49.417 49.396 49.373 49.278 49.234

54 RES 19.4 19.4 19.4 19.4 19.4 19.4

% go PES 218.77 218.73 218.71 218.66 218.5 218.43

CcO2 49.44 49.241 49.053 48.872 48.12 47.759

C‘} RES 19.4 19.4 19.5 19.5 19.8 19.9

% go PES 218.77 218.41 218.07 217.74 216.46 215.89

CcO2 49.44 49.354 49.274 49.194 48.854 48.687

«é RES 19.4 19.4 19.5 19.5 19.7 19.8

E g@ PES 218.77 218.47 218.19 21791 216.78 216.26

Table N8 Outputs from conversions from oil

%, converted 0% 5% 10% 14% 34% 54%
Conversion from natural gas to DH group 2 - added together - Climate Commission

CcO?2 0.00 1.56 3.04 4.42 9.72 14.02

RES 0.00 0.40 0.90 1.40 3.80 5.90

PES 0.00 4.49 8.73 12.59 27.58 39.91
Conversion from natural gas to DH group 3 - added together - Climate Commission

cO?2 0.00 1.41 2.76 4.00 8.79 12.54

RES 0.00 0.40 0.90 1.40 3.80 5.90

PES 0.00 4.42 8.58 12.37 27.20 39.48

Conversion from natural gas to DH group 2 - same system - Climate Commission

cO?2 0.00 1.56 3.03 4.39 8.94 12.36

RES 0.00 0.50 1.00 1.60 3.60 5.00

PES 0.00 4.49 8.60 12.35 25.92 37.21

Conversion from natural gas to DH group 3- same system - Climate Commission

CO2 0.00 1.42 2.76 3.99 8.39 11.89

RES 0.00 0.50 1.00 1.60 3.60 5.00

PES 0.00 4.41 8.52 12.23 26.00 37.41

Table N9 Reductions in CO; emissions and primary energy supply, and percentage point increase in renewable energy
share when and when not conversions from natural gas are coordinated with electricity savings

% converted 0% 5% 10% 14% 34% 54%
Conversion from oil to DH group 2 - added together - Climate Commission

CcO2 0.00 1.55 3.02 4.39 9.67 14.00
RES 0.00 0.40 0.90 1.40 3.70 5.60
PES 0.00 4.43 8.59 12.40 27.22 39.56
Conversion from oil to DH group 3 - added together - Climate Commission

CcO2 0.00 1.44 2.80 4.06 8.93 12.86
RES 0.00 0.40 0.90 1.40 3.70 5.60
PES 0.00 4.37 8.47 12.23 26.90 39.13
Conversion from oil to DH group 2 - same system - Climate Commission

CO2 0.00 1.55 3.01 4.37 9.09 12.70
RES 0.00 0.50 1.00 1.60 3.60 5.00
PES 0.00 4.43 8.49 12.21 25.91 37.31
Conversion from oil to DH group 3- same system - Climate Commission

CO2 0.00 1.44 2.80 4.10 8.64 12.30
RES 0.00 0.40 1.00 1.50 3.60 5.10
PES 0.00 4.37 8.43 12.12 25.95 37.44

Table N10 Reductions in CO; emissions and primary energy supply. and percentage point increase in renewable energy
share when and when not conversions from oil are coordinated with electricity savings
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Appendix N

Performance of Energy Companies in 2010 and 2012

These tables show the total reported savings compared with the two estimates, both for
2010 and 2012.

2010 Savings

District
T] heating | Natural gas Oil Electricity Coal Biomass Other Total
Houscholds 644.24 382.49 364.09 383.91 7.49 6.03 26.14 1814.38
Public sector 228.72 101.35 11.36 99.42 0.19 2.06 7.22 450.33
Industry and
production 652.14 1121.49 404.59 539.51 115.21 159.26 154.23 3146.43
Commerce
and service 183.99 30.63 9.17 144.34 0.00 0.49 21.04 389.66
Grid
optimization 318.18 1.69 0.90 23.24 0.00 0.36 0.15 344.53
Collective
solar 97.88 2.79 3.38 0.74 0.00 0.00 1.44 106.23
Conversions 70.82 52.70 528.33 125.79 0.05 1.08 9.82 788.60
Total 2195.97 1693.13 1321.84 1316.96 122.94 169.29 220.03 7040.15

Table O1 Reported Savings in 2010 (Danish Energy Agency 2011)

District
T] heating | Natural gas Oil Electricity Coal Biomass Other Total
Households 279.96 185.70 138.69 202.86 4.22 2.57 10.31 824.30
Public sector 97.60 48.59 5.19 46.31 0.00 0.68 2.82 201.19
Industry and
production 301.45 529.18 209.20 2806.41 55.28 68.65 78.11 1528.27
Commerce
and setvice 75.61 15.09 3.54 70.74 0.00 0.21 7.89 173.09
Grid
optimization 121.01 0.64 0.34 10.35 0.00 0.14 0.06 132.53
Collective
solar 36.72 1.05 1.27 0.28 0.00 0.00 0.54 39.86
Conversions 66.54 17.48 233.35 37.73 0.01 0.47 3.71 359.30
Total 978.89 797.72 591.57 654.67 59.51 72.72 103.44 3258.53

Table O2 Scenario II estimates in 2010

District
T]J heating | Natural gas Oil Electricity Coal Biomass Other Total
Households 45.97 27.29 25.98 27.39 0.53 0.43 1.86 129.47
Public sector 81.93 36.31 4.07 35.61 0.00 0.74 2.58 161.24
Industry and
production 366.24 629.83 227.22 302.99 64.70 89.44 86.62 1767.04
Commerce
and setvice 58.79 9.79 2.93 46.12 0.00 0.16 6.72 124.50
Grid
optimization 318.18 1.69 0.90 23.24 0.00 0.36 0.15 344.53
Collective
solar 97.88 2.79 3.38 0.74 0.00 0.00 1.44 106.23
Conversions 42.49 10.46 118.80 20.70 0.01 0.26 2.36 195.08
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‘ Total 1011.48 ‘ 718.15 ‘ 383.28 456.80 65.25 91.39 101.73 2828.08
Table O3 Scenario 111 estimates in 2010
2012 Savings

District
T] heating Natural gas Oil Electricity Coal Biomass Other Total
Households 1265.14 570.55 344.22 459.78 3.00 148.60 7.00 2798.30
Public sector 179.93 99.01 8.71 110.25 66.75 28.41 5.95 499.00
Industry and
production 584.90 1270.88 251.19 481.49 598.95 253.13 -6.30 3434.24
Commerce
and setvice 174.57 58.54 14.74 307.99 6.78 4.09 2.69 569.40
Grid
optimization 325.18 4.76 0.03 0.19 9.30 0.00 1.89 341.35
Collective
solar 96.58 12.08 0.00 0.36 0.00 39.26 8.06 156.34
Conversions 94.09 170.36 344.44 57.02 10.24 14.70 44.48 735.33
Total 2720.40 2186.18 963.34 1417.06 695.02 488.20 63.77 8533.97

Table O4 Reported Savings in 2012 (Danish Energy Agency 2013)

District
T] heating Natural gas Oil Electricity Coal Biomass Other Total
Households 640.92 258.29 126.52 240.15 1.43 76.83 2.65 1346.79
Public sector 78.69 48.94 4.21 54.51 25.04 11.73 2.23 225.35
Industry and
production 266.54 643.72 122.86 253.62 305.59 132.17 -4.34 1720.15
Commerce
and service 82.96 28.48 6.34 150.76 2.54 2.06 1.52 274.66
Grid
optimization 123.09 1.79 0.01 0.07 3.49 0.00 0.71 129.16
Collective
solar 38.35 4.53 0.00 0.13 0.00 14.73 3.03 60.77
Conversions 51.01 75.94 152.11 10.84 4.22 13.59 18.46 326.19
Total 1281.56 1061.69 412.06 710.07 342.31 251.12 24.26 4083.07

Table O5 Scenario I estimates in 2012

District
T] heating Natural gas Oil Electricity Coal Biomass Other Total
Households 00.28 40.71 24.56 32.81 0.21 10.60 0.50 199.68
Public sector 64.45 35.47 312 39.49 23.91 10.18 213 178.74
Industry and
production 328.48 713.73 141.07 270.40 336.37 142.16 -3.54 1928.67
Commerce
and service 55.78 18.71 4.71 98.41 2.17 1.31 0.86 181.94
Grid
optimization 325.18 4.76 0.03 0.19 9.30 0.00 1.89 341.35
Collective
solar 96.58 12.08 0.00 0.36 0.00 39.26 8.06 156.34
Conversions 31.34 37.32 78.31 6.19 2.37 6.14 10.68 172.35
Total 992.10 862.78 251.81 447.84 374.32 209.65 20.58 3159.08

Table O6 Scenario 111 estimates in 2012
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Appendix O

Parameters in the Energy Savings Agreement

Fuel converted from Fuel converted to From To
parameter parameter
Electricity District heating 2.5 1.0
Quota fuels (oil, natural gas, coal)
Electricity Non quota fuels (oil, natural gas, | 1.0 1.0
coal)
Biomass
District heating Electricity 1.0 2.5
Quota fuels
Biomass
District heating Quota fuels 1.0 1.0
District heating Non quota fuels 0.8 1.0
Biomass
Non quota fuels Electricity 1.0 1.0
Non quota fuels District heating 1.0 0.8
Biomass
Quota fuels District heating 1.0 1.0
Quota fuels Quota fuels 1.0 1.0

Non quota fuels
Biomass

Non quota fuels
Biomass

Table P1 Conversion parameters from the Energy Savings Agreement (Klima- Energi- og Bygningsministeriet 2012b)

Less than 4 to 15 More than
4 years years 15 years
District heating 0.5 1.0 1.0
Electricity and individual biomass 0.5 1.0 1.0
Fuels under the CO; quota system (oil, natural gas, coal) 0.5 1.0 1.0
Fuels not under the CO> quota system (oil, natural gas and coal) 0.5 1.0 1.5

Table P2 Lifetime parameters from the Energy Savings Agreement (Klima- Energi- og Bygningsministeriet 2012b)

Parameter of 0.5

Parameter of 1.5

. Increasing efficiency of boilers and heating °

plant on service plans

e  [Efficiency increases of ventilation on service

plans
e Regulation of heating plant

° Systematic maintenance plans for engines and i

pumps
e  Energy management

buildings

buildings

non-quota fuels

district heating

Increased insulation of floor, walls, ceiling that
reduces energy demand in oil and gas heated

° New “A” labeled windows and doors in oil

and gas heated buildings

Heat recovery to space heating in relation to
mechanical ventilation in oil and gas heated

e Increased insulation of thermal energy storage
and pipes in relation to units for space heating
in relation to the use of non-quota fuels

e  New oil and natural gas boilers in relation to
e  Connecting oil or gas heated buildings to
e  Installation of heat pumps that replaces non-

quota oil and natural gas consumption
. Solar panels on oil and gas heated buildings.

Table P3 Activity parameters from the Energy Savings Agreement (Klima- Energi- og Bygningsministeriet 2012b)
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