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Preface

This thesis is prepared as a completafrthe Master Programme Sustainable Cities, in the
Department of Development and Planning at Aalborg University Copenhddgenwork has
been carried out from February to June 2016.

This thesiseeks to uncover existing barriers to district heating diffusion in countries with low
district heating penetration and to propose ways to overcome some of these barriers to
enable the diffusion of district heating in new district heating citigs.order b do so,
interviews have been carried out with actors from Ireland, UK and Denmark.
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Abstract

Currently more heat is being wasted in Europe than the amount required to heat all buildings.
By means bdistrict heating, some of the heat losses can be captured and recycled to provide
heating to 50% of all buildings in Europe. This thesis applies stepomethodological
approach to investigate barriers to development of district heating in new didtaeting

cities and suggests possible ways of overcoming some of these barriers.

First, a conceptual framework is applied to identify barriers in relation to the five elements of
technology; technique, knowledge, organisation, product and profit. Throggditative
interviews this framework is used to identify perceived barriers among people involved in
delivering new district heating systems and the people sharing their experiences. From the
interviews six main barriers are identified, which reveals somberesting alignments and
mismatches. Secondly, a feasibility study is used on a specific case, Dublin, to quantify these
main barriers. Based on the feasibility study nine recommendations are made to overcome
the barriers.

n Abstract| Nielsen & Schgning 2016
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1 Introduction

In the conext of climate change, continued urbanization processes and large amotint
energy wasted in the energy sector, there is a need for enhancing energy efficiency and
renewable energy penetration in EU energy systems. By mefadistrict heating, some of

the heat losses can be recycled to provide heating to buildings and improve the overall
efficiency of the EU energy systeRurthermore, this will add flexibility to the energy system
and allow higher penetrations of renewabémergy With a big potential for increasing the
district heating shareni Europe,these benefits are ready to pick. Howeyenuch of the
potential has not been utilised, indicating that there exist some barriémsthis thesis,
diffusion of district heahg is studied from a local planning perspective, with the aim of
uncovering the main barriers for implementing district heating in new district heating cities.
So far, little is known about the practical and technical limitations for developing and
implementing district heating in inexperienced countries perceived by the practitioners
involved and the experts supporting. The main objective is therefore to uncover practical and
technical challenges, as perceived by the people involved in deliveringlisénet heating
systems and the people sharing their experienaed to propose suggestions for how these
can be overcome

1.1 Towards a smart, efficient and sustainable heating and cooling sector

In December 2015, world state leaders were gathered at COP RAris, which culminated

in a historic global agreement. Never before have so many state leaders been able to create
consensus on the necessity of fighting climate change. Involving 196 nations worldwide, the
Wt HNINB SYSyYy (i Q O2 @&Sigiobadfrissldns, witk & lghtpdnaoal of keeping
global temperature rise below 2°C and a reaffirmation of the promise from the industrialized
countries to contribute with $00 billion annually to developing countries climate efforts
beyond 2020. The primaryMi 2 F (G KS Wt NA& ! ANBSYSydQ Aa
emissions, which is seen ascrucial action in order to prevent the irreversible effects of
climate change. This agreement is an important step towards a global society with
significantly reluced CO2 emissions, which is strongly signalling the imperative need to act.

In Europe, the European Unigncluding 28 member statehave ambitious energy policies,

with the main objectives of ensuring security of supply, sustainability and compeiss
(European Commission, 201%chieving this goal requires a fundamental restructuring of
the European energy systems. To pursue and fulfil these objectives the European Gommiss
has adopted EU wide targets and policy objectives for 2020 and 2030. Already by 2020, EU
aims to reduce its GHG emissions by at least 20%, increase the share of renewable energy to
at least 20% of total energy consumption and achieve energy savings lefist 20%
(European Commission, 201®ften referred to as the 2@0-20 target. Furthermore, EU
countries have committed themselves to a 40% cugreenhousegas emissions by 2030
compared to 1990 leus (European Commision, 2014pn the longer term the European
Council has committed to decarbonize the European energy system with a target of 80 to 95%
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cut in emissions by 2050 compared with 1990 le@sropean Commission, 2011d)o
ensure the fulfilment of these targets, the EU has set out a set of binding measures, which
will help EU countries enhance energy efficiency in the building sector (EE Directive), improve
the energy peformance of buildings (Energy Performance of Buildings Directive) and increase
the penetration of renewable energy sources (Renewable Energy Source Directive).

Some progress has been made towards these gyodlith a projected share of 1B
renewable enegy in 2014 gross final energy consumption the member states are on track
regarding the interim target defined in the RES Dirediv@fys et al., 201AVhile only a few
countries have appeared insufficient to trigger the required RES volumes. Even though this
seem promising for the decarbonisation of the European energy systems, the transition is still
adapting too slowlyEuropean Commission, 2010¥hile the ElMember Statesre on track

to reach the 20% renewable target, they far from achieving the energy efficiency objectives
(European Commission, 2011hich is one of the central objectives for the 2020 targets
and a key factor in achieving the leteymed energy and climate goals. This callsvatronal

and local authorities to intensify their work and tmplement adequate policies, especially
regarding energy efficiency.

Today, Europe wastes a lot of energyFigurel-1 reveals, approximately half of the primary
energy supply (PES) is lost in conversion before reaching theusgr. This highlights the
potential for increasing the efficiency of the energy sec8peciahttention should be given
G2 0GKS o0dAftRAY3I aSOU2NE GKAOK OdzZNNByduf e
consumption, as can be seenhigurel-1. This calls for making the sector smartemrm
efficient and sustainabland thereby contribute to the aim of the European Un{&uropean
Commission, 2010y reducing the dependencyncenergy imports, cut energy costs and
reduce emissions. Much of this can be obtaingth the diffusionof district heating, which

will allow a higher utilisation of renewable energy sources and recycling of waste heat.

With the release of the very firatollective heating and cooling strategyeparedby the
European Commission in February 2016, district heasimgknowledged as a key technology

in the decarbonisatiorfEuropean Qmmission, 2016)The overall vision of the heating and
cooling strategy is the decarbonisation of the building stock by intensifying energy efficiency
and renewable energy while creating synergy between the heating and electricity sector
through means oéfficient district heating.

1.2 Role of district heating

District heating systems are collective infrastructures, which distribute centrally produced
heat to individualkcustomes. By connecting suitable heat demands with decentralised heat
supplies, demands cabe met by use of fewer resources than conventional heat supplies,
such as individual gas boilers. The fundamental idea of district heating is to use local heat
sources, which would otherwise have been wasted, by utilising a local distribution network.
The benefit is that once the network is established, all types of energy sources, both fossil
fuels and renewables, can be used to supply heat in a cheap and reliable way. District heating

Introduction| Nielsen & Schgning 2016
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systems should thus be considered as urban energy efficiency mfcastes, which can be

employed to enhance efficiency in heat supply by increased excess heat recoveries. The key
benefits of district heating are that:

1 Itimproves the efficiency of the energy system
1 It enables additional renewable energy sources to hksed, e.g. wind and solar
1 It adds flexibility to the energy system by introducing thermal storage
1 Itincreases security of supply for the heating sector
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Figurel-1: EU 27 energy balance in 2010 preseritethree steps (D. Connolly, Lund, Mathiesen, Werner, Mdéller, et al.,
2014). The first bar reflects the primary energy supply into the European energy system. The second bar shows the total
final consumption of energy.

The role of district heating have beeoverlooked in many reports concerning the
decarbonisation of the EU energy supply, including the EU Energy Roadmap 2050 released in
2011 (European Commission, 2011ahich predicted no growth in district heagrbetween

2010 and 2050. Heat Roadmap Europe was the first study to emphasize the role of district
heating and to quantify the potentials and benefits of district heating from an EU perspective
(D Connolly et al., 2013The study showed that increasing the share of district heating to
50% in 2050 can achieve the EU objectives moreaifsttive than by means of heat savings

in buildings(D. Connolly et al., 2012; D. Connolly, Lund, Mathiesen, Wernatenyet al.,

2014) Furthermore, the study showed that exploiting this gotial will lower the energy
consumption, reduce carbon emissions and energy costs while increasing the renewable

energy share and creating new jofd3. Conntly, Lund, Mathiesen, Werner, Mdller, et al.,
2014)
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In 2010, 73% of the 507 million EU 27 residents lived in urban areas and it is expected that
this will increase to 84% in 20%0nited Nations, 208). This, itself, is a substantiated basis
and strong argument for utilising district heating in Europe. HoweveFigsrel-2 reveals,

the diffusion ofdistrict heatingvaries significantly all over Europe, with a total heatrkea

share of 13%. The figure illustrates that many countries have already implemented large
shares of district heating, especially the northern and eastern European countries, while other
countries still have very low shares of district heating.

Norway
UK
Netherlands
Switzerland
Italy
France
Croatia
Germany
Korea
Slovenia
Hungary
Austria
Romania
Serbia
Slovakia
Czech rep.
Finland
Sweden
Poland
Lithuania
Estonia
Denmark
Latvia
Belarus
Iceland

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figurel-2 Share of population served by District Heating in 25 countries (Euroheat and Power, 2013).

Previous research have showed that there is a sufficient heat demand for district heating in
many cities in Eugge (D. Connolly et al., 2012; Urban Persson & Werner, 2011; Werner &
Constantinescu, 2006Lurrently, the European heatarket share for district heating is 13%

(D. Connolly, Lund, Mathiesen, Werner, Mdller, et al., 20intjicating that much othis
potential has not been dployed. Furthermore, EU is wasting more energy in terms of heat
than the total heat demand in buildings, due to losses in conversion as illustratadure

1-1, which potentially could replace all gas for heating in buildindgs Ppresent an
opportunity for increasing efficiency of buildings in Europe, by substituting individual boilers
and enhance waste heat recovery by means of district heating in high density areas.
Increasing the share of district heating from 13% today@®&o5n 2050 is technically feasible
and will save energy and carbon dioxide emissions, increase security of supply and renewable

Introduction| Nielsen & Schgning 2016
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energy penetration, while also reducing costs and creating approximatelp@2®dew jobs
(D. Connolly, Lund, Mathiesen, Werner, Mdéller, et al., 2014)

A basic premise is that district heating can be developed in all areas with a sufficiently high
heat density, meaning that all demds beyond a given threshold value potentially could be
supplied at lower costs compared to individual heating solutions. By experience, a typical
threshold value, which can be considered directly feasible for district heating, 48310
TJ/kn? (Frederiksen & Werner, 2013)his heat density can be found in most cities in .
example, the district heating level in London is currelebg tharb%, but as illustrated by the

red and purple squares frigurel-3, most of London city has a heat deagsiver 100 TJ/km

with some areas above 300 TJ/A&iimdicating that a big part of London coubé supplied with
district heating

Heat Demand Classes
'{' 1 km2 densities of calculated heat demand.

<30 TJ/km2

30 - 100 TJ/km2
100 - 300 TJ/km2
> 300 TJ/km2

Figurel-3 Calculated heat demands in London represented in a spatialutémo of 1 kn#. The figure reveals high heat
densities in London city cent(eleat Roadmap Europe, 2016)

This is not only evident in northern European countries with low average temperatures, as is
often assumed to be the case. For exam{idavid Connolly et al., 201E)entified that the
potential district heating level for Italy is 60% of the heat demand compared to 40% of the
heat demand in Czech Republic, which is further north. This demonsttaéshe district
heating potential is not only linked to the outdoor temperatures, but also has to do with the
proximity of buildings to one another and the standard of the building envelopes.
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1.3 Unexploited potential

District heating is a wefiroven tecimology, which has existed for more than a century. In
Europe, approximately.800 district heating systems can be found covering a distance of
almost 200000km (Euroheat and Power, 2013This seems to have given a widespread
acceptance that technically district heating can be done. District heating can be found many
places, in waterich places such as in thesthierlands to hilly areas in Sweden and Finland

in both old and newly built city areas. District heating can be developed more or less
anywhere there is a sufficiently high heat density, but despite its many valuable merits,
district heating is still ainhe technology in many parts of the woilerederiksen & Werner,
2013) As illustrated irFigurel-2, the national heat market shares vary significantly within
EU, with heat market shares above 50% in some Scandinavian and Baltic member stiges, whi
district heating systems only cover approximately 13% of the total European heat market.
Many reasons can be proposed to explain this variety, such as national climates, urban
densities and available energy resources as well as differences in eneidgsyokgulatory
frameworks and heat planning traditiofState of Green, 2016)

From a pure technical and economical point of view, district heating has the potential to
increase significantly towards 2050 and contribute to the dboarsation of the European
energy systemg¢D. Connolly et al., 2012; Urban Persson & Werner, 200tiy has already
been demonstrated in the established countries like Denmark and Sweden, where district
heating is covering 63% and 52% of the heat demand. In these countriesaifeewelitested

and established ways of delivering district heating, i.e. to develop feasibility studies and bring
them forward through financing, economic assessment, organisation and procurement to
actually constructing the network and deliver hot wate the customes. They have know

how within planning and implementation of district heating and have gained lots of
experiences in all parts of the processimply because they have done it many times in
multiple projects. The only thing other countrikave to do is to copy these experiences. They
do not have to invent it all again, but simply replicate what is already done in the experienced
countries. So what stops the development?

Many textbooks and handbooks have been written in the very experiecoedtries like
Denmark and Sweden, and only exist in national languages. Only a few books, which
comprehersively address the subje#.g. Frederiksen & Werner, 2018ave been published

in English, since districelting is still a minor technology in countries like United Kingdom,
Ireland and USA. No doubt, this has made it very difficult for inexperienced countries to
exploit the benefits of district heating and has led to a rising demand for knowledge sharing.
The request for the Danish energy model and the experiences within district heating has been
so big, that the Danish Energy Agency initially has been necessary to select a few countries to
focus on(Danish Energy Agency, n.dbjowever, much effort has been done to export
experiences between countries. In Denmark a majooréfhas been made to provide
consulting and advisory on the delivery of district heating from Danish embassies, district
heating organisations, private consultancies and companies and research institutions.

n Introduction| Nielsen & Schgning 2016
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1.4 Thesis objective

This thesis seeks to understandhat barriers that impacthe deployment of district heating

in inexperienced countriet suggest possibleiays ofovercoming some othese barriers.

From a theoretical point ofiew, the introduction of district heating is framed as a radical
technologcal change as described by Lund (2010) arguing that assessment of technological
change must be understood based on five elemeiiesgchnique, Knowledge, Organization,
Product and ProfifThis conceptual frameworls adaptedo fit to the characteristics afistrict
heating systemandapplied inan empirical approach to understand thkallenges that occur

in the deployment ofdistrict heating The introduction ofdistrict heatingin undeveloped
countriesis identified in an empirical approach to provide piers and policymakers with
knowledge about possible pitfalls in the context of delivering district heating systeander

to suggest ways to overcome some of these. This is framed by the following research
guestion:

What are thebarrierswhen introduang district heating td&european countries with low district
heating market penetratiomnd how carthese be overcone

To answer the research questiamtwo-step analytical frameworkasbeen developed. The

first part of the thesis investigates challenges the practical implementation of district
heating in newdistrict heatingcities. To do so, a series of interviews were carried out to
explore and uncover perceived challenges related to the planning process among
inexperienced countrieandexperiencedcountries These outputs arased to outline the key
reasons for the slow diffusion of district heating in new district heating cities.

Secondlya case study is usede.Dublin to explore ways in which some ofetbe challenges

may be overcome. Thaudy is carriecut for alargescaledistrict heatingscheme irDublin

city, to demonstrate the process of designing and assessing a potential district heating
scheme, including technical aed¢onomicfactors.

1.5 Report content

Chapter 2 presents the theorgeused to framethe analysisChapter3 presents the overall
research desigrrheanalysisis dividedin two parts reflecting the two-step methodological
approach.

Part 1: Identificationof barriers
Chapter 4 describes the application of literature review and interviewghile chapter 5
presents the mairbarriersidentified in the interviews.

Part 2 Feasibility study

The second part startsy outlining the appoach of the feasibility studyChapter Goresents
the background of district bating in Ireland, andlescribes the spedtf case area, Spencer
Dock,which is used for the feaslliy study. In chapter 7two scenarios usd in the fasibility
study B desiged and the assmptionsare presentedChapter 8 presats the results of the
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feasibilty study. In Chapter 9 the findings of tke two analyses arediscussed and
recommendations e formed.Chapter 10 preserd the conclusions.

2 Theory

Technology theory, as described fyund, 201Q)is concerned with societal changes of
technologies in the energy sector. Technologies are defined to embrace a combination of the
five elements: technique, knowledge, organisation, products and profit. The basic assumption
is that if any of these five elements are substantially changed with the intraatucf a new
technology, others will have to follofitund, 2010)If society makes a fundamental change in

a technique without making equal changes in the knowledge and the organisations related to
this technique, this new technique will not be implemented. Therefore, creating a
fundamental ©ange of technology will require that more of these five elements change,
which can be defined as a radical technological chghged, 201Q)Here it is argued that
introducing district heating in countries and cities with low district heating penetrations will
enforce major change in the waheating curretly is providedand can be understood as a
radical technological chang8&hifting from individual heating solutions &ocollective heat
system likedistrict heatingsystemswill have influence onhow heat is being distributed,
organied ard planned Thus introducing district heating to undeveloped countries will imply
major changes in the existing heat secitorwhich can be defined as a radical technological
change (Lund, 2010). Such a radical technological change will face resistahnicethat
existing regimeand will require fundamental changes in multiple dimensions of émergy
system. Multiple organaionswill have to redefine their role in this nesystem roles will

be changed, profits Wibe redistributed, new orgaragionsand institutionswill be formed

and new knowledge wiliave to be obtainedRecognising that district heating is a radical new
technology for some EU countries can thus be used to identify the barriers that occur in the
diffusion of district heating in counes with low market penetration. By identifying the
content of the different elements the barriers that lies within them can be articulated and
accommodatedHere the technology theory is adapted asanceptual framework that will

be usedto assess disitt heating as a technological system, consistingeleinents of
knowledge, organgtion, technique, product and profiBlarke & Jenkins, 2013; Lund, 2010)

A successful implementation of a district heating network, must target the possible challenges
in all elementsApplying this frenework will be helpful in order to find relevant societal
factors thatgo beyondmerely technicathallenges

2.1 Understanding barriers to technological change z a conceptual framework

In order to identify and analyse the challenges for developing and deglayistrict heating
the technology theory as described Ifyund, 2010)s used as conceptual framework as
presented inTable2-1.

m Theory| Nielsen & Schgning 2016
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Table2-1 Conceptual framework for analysing challenges to deployment of districtrigeat

Technology
Components

Changes with the introduction obDistrict Heating System

Knowledge

Technique

Organistion

Economy

Product

PracticallLocal authorities will play a central role, which will
challenge the existing planning practice and capacity of skill
and knowledge

TechnicalIntroducing new technologies and equipment
requires knowledge and skills embedded in the technology
AwarenessFamiliarity with the potentials and benefits of
district heatingamong planners, researchers, companies anc
private consumers

New technobgies will be introduced in a district heating
system, primarily in the distribution grid, which will require
new techniques and planning practises, as described in
knowledge (see above).

EngagementOrganising and facilitating district heating
systems requires engagement with several actors, e.g.
suppliers, enelisers and prospect system owners and
operators.

Regqulation Establishment of rules and framework for district
heating at different levels such as legi#n, taxation and
incentives.

Profit: Profits will be redistributed, which might not support
the interest of existing organisations

RisksSeveral risks will occur in the development, which mig
challenge theorganisation and delivery of district heating
FinanceDistrict heding is an investmenbased technology,
meaning that upfront capital costs are high, while operation
and maintenance costs are considerably lowmrt existing
heating systems. District heatinigerefore relies on finance to
cover upfront investment costs.

Thefundamentalpurposeof district heating igo providebroad
societal benefits, i.e. benefits for trristomes, businesses
and societyCharacteristics:

- Local control: reduces external dependence

- Flexbility: allow introduction of renewablenergy
source

- Efficiency: reduce conversion losses and allow
utilisation of waste heat

- Cost efficiemy

Nielsen & Schgning 2016I'heorym
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With respect totechnique district heating is based on some physiaimentsthat make up
the system such as pipes, substations, heat exchangergsyalupply technologies and raw
materials inthe form of fuel and manpower.

Within this research theechnique element is understoodas the phgical parts of the
installation; pipes andaw materials inthe form of heat andmanpower The technical
elementis highly depended on the knowledge. A district heating network would require a
huge amount of technical installations in the ground as well as at the heat producing facilities.

Whereastechniquerepresents the raw materials and physical installation, kmewledge

element is related to knowow and knowwhy (Jespersen & Liengaard, 1998J)ithin the aim

of identifying challenges and solving thesiee understanding oknowledge(or the lack

thereof) is not solely related to the practitioners, but also related todbeietal discourse of
the matter, politically and publicly, and the awareness of the possible benéfitss

understanding is applied in the interviews.

Knowledgealso represents preeding research and development, which continuously is
renewed. In thecase study, new research akthowledge is applied in the specific contéxt
create awareness about alternative3his step is crucial in order to accommodate the
technique elements. There is a good possibility of building bridge to more experienced actors.

With respect toorganisation, it can be interpreted aboth the planningpracticeand the
execution of the working process with tliesign andestablishment of the infrastructure, as
well as the planning and operation of the network in the future. It corgdgower structures,
decisionrmaking and engagement and inclusion of stakeholders, on both supply and demand
side. Another aspect oforganistion is the institutional structures surrounding the district
heating network. A district heating network would ptaced in settings where existing rules
and regulation will play a decisive role, which is framed in the gecionical regimdGeels,
2004) Thus introducing district heating will require changes in the institutional setup and the
regulative framewdk, asrule2 F i Sy R2y Qi SEA &G It NBI Re o

The product in this case is the sum of the other elements, which should result inlzaged
heating system, with a central heat source that is not depending on gas at the individual
housing. The product should be both moneve@onmentally friendly, cost efficient, as well as
providing flexibility to the system.

Hvelplund(2005) add the element of profit as the decisive part of technological change.
Introduction of a new technology, which district heating is, will likely redistribute the profits.
It would be argued that a premise for a successful implemeoadf district heating is that
the product will withdraw benefits for usersbusineses and the societyThe way to
examining this is by applying the premises of institutional economy in the cadcula

The profit however, does not come without risks. In this report, the element of profit would
be seen in a broader economic sense, connected to initial investment, financial insecurity,
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funding schemes and liability on actually having a market to stipjm this manner, the priit

is influenced by the orgarational and institutional landscape, where changes in rules and
regulation would have a huge influence on the feasibility and viability of the project.
Furthermore, by applying the concept of ingtional economy, and aiming at an alternative
that can be profitable at individual, business and societal level; a strong argument for charging
the legislative framework can be obtained.

2.2 Technological change and the creation of alternatives

As stated b#ore, a radical technological change requires that more than one of these
technology aspectshange Geels (2004argues that when new technologies emerge énd

a place in the market, theociotechnical regime would have &dapt. However, the scope of
this report is just to identify key elements within the technology itself, whichbmtoucted
upon by the practitioners and not by society in a broader sense.

But identifying the key elements of the technology will not sfitherefor the Choice
Awareness theory developed by professor Henrik L(#810) The theory will be used to
describe how the current settings will affect the implementatadra dstrict heating network

in Ireland The theory also suggests a methodology f@ating counter strategies for how

the society can create alternatives to raise choice awareness in an environment where the
existing institutions and orgarations are not being supportive to a radical technological
change. First step according {aund, 2010)s to design a technical alteative to existing
technology, proving the potential and thereafter to conduct an economic lidagi study.
These two steps will be carriedut when analysing district heating in Ireland, as a way to
explore possible ways to overcome some of the challenge

Nielsen & Schgning 20161'heory
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3 Research design

This thesis seeks toncover existindparriersto district heating diffusion in countries with low
district heating penetration and t@roposeways to overcome some of these barridos
enable the diffusion of district heating in neslistrict heating cities. To do so, a tvetep
methodological approach has been applied.

First, qualitative interviewsire usedto explore the perceived challenges of district heating

delivery from a planning perspective. In order to gain a deep undersignaf thebarriers
NEfFGSR (2 ySé RAAGNAOG KSFGAYy3I OAGASE AYydSN
heating organisations, primarily from lIreland and United Kingdom (UK), as well as
WSELISNASYOSRQ RAA&GNROG rok BanishioyfahisaidnEwity dféclisii A 2 v &
on exporting district heating to other countriekot of experiencesbest practicesand

knowledge can be gained from Denmark, which have utilised district heating since the early

T n QBy3Ja&ir so, it is possible twmbine the perspectives from those that are currently
exporting district heating with those that want to start implementing district heating, which

reveals some interesting alignments and mismatches.

After identifying the key barriers for new distriot&ting cities, a feasibility study is conducted

to help overcome some of the barriers identified for new district heating cites. A specific case
is used here, which is Dublin in Ireland, but the methodology could be repeated in any district
heating city. Tie overall objective of the feasibility study is to quantify some of the barriers
identified in the interviews, which in line with the choice awareness theory, then makes it
easier to propose alternatives and solutions to overcome these barriers.

Finally,the findings from both the interviews and the feasibility study are useprtpose
suggestions for how to overcome some of the identified barrievkich can inform both
policymakers, planners and district heating promoters forward with the diffusiodistfict

heating.

Research designNielsen & Schgning 2016
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This first partof the studyseeks to understandnd identify barriers to developing and
deployingdistrict heating irnthe UK and Irelandn chapter4 the methodology of the analysis
is introduced. Here théata collection process, appliedethodsand data processing will be
described.In dhapter 5 the results arepresented based on the empirical data from the
interviews and the lgrature study.

4 Methodology

4.1 Data collection

The aim of the qualitative research was to collect detailed information about experiences with
district heating development, including state of progress, challenges and barriers and
possibilities for future devepment. These qualitative data were collected through interviews
and literature review.

4.1.1 Sample

The two countries, UK and Irelandyere selected with the aim of getting an-depth
understanding of the challenges of delivering district heating in citiEsiinpe withow levels

of district heating and which have a potential to increase this sh@hnés research aim was
usedas a frameworlandapplied ina purposive sampling procefBryman & Bell, 2011; 492)

i.e. to select which countriesto include in the researchBased on the categorisation
developed in(U. Persson, Mgller, & Werner, 20129 shown irTable2-1, these countries
include Belgium, Ireland, Luxemburg, Netherlands and United Kingdom (UK). In terms of
capability and availableesources it was chosen to focus the research on Ireland and UK.
Furthermore, these countries were seled due to their conveniencand the access to
gatekeepergBryman & Bell, 203428, whichwas used t@et access torganisations within

the UK andreland andwith experts fromDenmark.

Table4-1 Five general categories te€ting the current district heating penetration on EU27 member state heat markets.
Adapted from (U. Persson et al., 2014).

Country category Member states DH market penetration
Consolidated DK, EE, FI, LT, LV, SE Very High
Refurbishment BG, CZ, HU, PIORSK Medium or High
Expansion AT, DE, FR, IT, SI Medium

New development BE, IE, LU, NL, UK Low or Medium

Other CY, EL, ES, MT, PT No or Low

Nielsen & Schgning 2016Viethodology
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The informants were selected by use of the gatekeepers, which had connections in
organisations and companiesvolved in delivering district heating in the two target
countries. During conversations adéalogues with the gatekeepesome informants were
strategically selected to give a broad perspective on the challenges in inexperienced
countries. This way pedp involved in the delivery of district heating at different levels
(consultants, advisors, city and regional planners and private companies) were approached,
based on a convenience samgkryman & Bell, 2031489.

Within the aim ofidentifying challenges to dépyment of district heating itJK and Ireland,

it was ofparticular interest to have inputs about tHearriersto district heatingdeployment

from Danish trade organisations involved in the promotion and export of Danish district
heating experiences and solutions. Denmark is one of the most experienced countries when
it comes to district heating, from both a technglcal and plannig perspective. Thus, getting

an in-depth understanding of the challenges and opportunities from tipgrspectivewas

used to clarify, why delivery persons have difficulties in delivering district heating systems.
Having inputs of the chi@inges and opportunitiesf district heating deployment in UK and
Irelandfrom these two perspectives furthermore enable discovering inconsistency between
the barriersthat were considered to have the biggest impact.

In total 12 interviewshave been perfaned. Of these, 8nterviews were performed with
district heatingdelivery persons from IrelarahdUK while4 interviews were performed with
Danishdistrict heatingexperts involved in the promotion of district heatiingundeveloped
countries The finalinterview sample ipresentedin Table4-2.

Table4-2 Interview sample breakdown

Sample group Inexperienced| Experienced Number of interviews
UK IE DK

Local Authority 0 2 0 3

Consultant 3 2 1 6

Trade organisatiol 0 0 3 3

Total 3 4 4 12

Furthermore, 5 supplementary interviews have been performed to provide knowledge about
the planning process, give technical insight into district heating technologies and to frame the
aim ofthe researchDetailed information about the interviewees is presented able4-3.

Methodology| Nielsen & Schgning 2016
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Table4-3 Presentation of interviewees

Organisation Profession & title Reference Purpose

Inexperienced

Country

UK AECOM Regional Director, Andrew Crips Engaged in a project

Sustainable Development investigating how to reduce th

Group cost of district heating in UK.

UK RambglUK Sustainable Energy John O'Shea Involved inmasterplanning

Engineer, Energy Systems and feasibility studies in UK.

District Errgy Mainly involved in
identification of prospect DH
schemes, provisional network
designs, techneconomic
modelling and risk
assessments.

UK RambglUK Consultant, Energy Systen Alexia Gonin  Working with projects in UK
andisformer district heating
consultant from France.

IE Dublin City Senior Executive Engineer Victor Coe & Part of DCC district heating

Council(DCCy, Environment and Seamus committee, which is

District Heating Transportation & Senior ~ Storan responsible forte provision of

Committee Executive Engineer, DHin Dublin City.

Docklands Unit
IE CODEMA& Strategic Sustainable Donna Have produced detailed heat

Dublin Energy Energy Planner Gartland mappngs and assessments fg

Efficiency Dublin City and South Dublin

Agency pointing out prospecDH
areas. Carried out a market
assessment for district heating
in Dublin Cityon behalf of DC(C
Involved in the provision ddH
in Dublin City.

IE XD Consulting Founder and CEO Xavier Provides advice and support i

Dubuisson  renewable energy projects an
energy efficiency. Is involved i
the European Project,
SmartReFlex, which supports
the development of DH in 6
regions in 4 countries (DE, IE,
IT, ES) by providing capacity
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building and knowhow
transfer.

IE RPS consulting Associate Consulting
Engineer

Olivier
Gailliot

Was involved in Dublin WtE
project and was project
manager for Dublin District
Heating Project in RPS. Have
previously worked as
consultant in France
investigating tle potential of
Combined Heat and Power
(CHP) and biomass.

Experienced
Country

DK Danish District Mangerinternational
Heating Affairs in DDHA & Vice
Association president at Euroheat &
(DDHA) Power

Birger
Lauersen

Works with promotion of
district heating in both Danish
and EU policy and encourage
collaboration between
stakeholders.

DK Danish Board Business Development
of District Manager
Heating
(DBDH)

Morten
Duedahl

Responsible for the promotion
of DH in UK, Germany and
France through facilitatin of
partnershipsand export of
Danish knowhowWas Head of
Secretariat in the Danish
District Energy Partnership
under DI Energy, which
specifically focused on the
promotion of DH in UK and
Scotland.

DK Embassy of DK Senior AdvisqrDistrict
in USA Energy
(DK Embassy)

Jakob
Bjerregaard

Promotes andxport Danish
knowhow and expertise and
encourage networking
between Danish and America
industries.

DK Rambagll Senior Market Manager,
Denmark(DK) Energy Planning and
Production & Head of
Department, Enagy
Systems Divisions

Anders
Dyrelund &
Sgren @rsted

Supports the development of
DH in both Denmark and EU i
general.lnvolved in all stages
of DH project development
heat mappings and analyses,
network design, techno
economic assessments and
constructionand supervision.
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4.1.2 Qualitative interview ing

The nature of qualitative interviews is that they are formed to capture the interviewees
perspectives on a given topic, giving space to cover things that the interviewees sees as
relevant and importan{Bryman & Bell, 2011)'he aim of the qualitative interviews was to
collect detailed informatiorabout the barrierghat was perceived tthave an impacbon the
deploymentof districtheatingand to addrespossible ways of overcoming these.

The interviews were performed as unstructured intervigBsyman & Bell, 2011hat served

to explore and gain agenuine understanding of the interviewees perceptions. Using an aide
mémoire a brief set of topics and themes were covered during the interviews. This way the
interviews had the form as informal conversations where a single question was asked, and
the interviewee could answer freely, from where questions were raisecbier points that
seem worthyof being followed up. It was pursued to carry out the interviews ftacéace.
However, due to practical reasons telephone interviewing (or skype) have bedrfarsthe
hard-to-reach groups.

The interviews were audio recordechere possibléo enable accurate collation and analysis
of the findingsln cases where audio recordings were not possilgites were taking during
the interviews and summarised after theession. The recordings can be fouod the
attached USBand the takeaways are presented in chapser

4.1.3 Literature review

In addition to interviewsa thorough literatureeviewhasbeenconductedto gain a thorough
understanding of the district heating development WK and Irelandncludingnationalpolicy
documents,reports and assessments of potentials and barriers, research offrastice
district heating planningstateof-the art descriptionstechnical and planninguidelines,
magazines and articleShis literature hadeen reviewed during the research and used as
preparation for interviews and as supplementary input in the analyi$is. literature is used
throughout the report so it is referenced wherever it is relat.

4.1.4 Other data collection methods

As part of the research the case country, Ireland, was visited as a means to obtain data and
investigate the case area for constraints and possibilities regarding the analysed district
heating scheme. During the studyptrthree of the interviews were conducted where maps

and information about the case areaere obtained Furthermore, during the trip we

attended two talks. One of these were held at the Electricity Supply BagB) headquarter

in Dublin City, where DaviConnolly Associate Professor at Aalborg University Copenhagen,
LINBaSYGSR KAA NBaSIFNOK o62dzi  amnmr: wSySsgl o
different divisions of ESB attended the talk, where plagticipants discussed the future role

1 ESB owns and operates three large power gatien plants in Dublin City.
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of didrict heating in Irelandafterwards for approximately one houAs attendees, this
discussion provided valuable knowledge and insight into the real market dynamics, which
could not have been gained anywhere else. It also gave access to ask questionhaout t
interest and opportunity for participating in a prospect district heating system. Secaadly,
talk held at Irish International Energy Affairs was attended, where David performed the same
presentation(David Connolly, 2016At this talk several energy sector stakeholders from

LNBflIYR 6SNB LINBaSyids>s &4dzOK a bDhQas NBIAZ2YI

Again, the future role of district heating in Ireland was discu$sedpproximately one hoyr
providing valuable knowledge for the research.

4.2 Data compilation and analysis

Due to a very tight schedule and time available for the research it was not possible to produce
full transcripts of all interview recordings. Instead, was chosen to do a pragmatic
transcription process, where sections or portions of the interviews were transc(Brgthan

& Bell, 2011)leaving out sections or parts of theterviews that did not cover the research
topic or where the conversation went out of a tangent. However, this was also a process of
exploring and discovering, what was interesting to include in the research agide@ good
insightto the perceived isues and possibilities for district heating. For those interviews where
no audio recordings were mad#je notes takenthrough the process was gathered and
organised in one document to get an overview of the main inputs and to ensure consistent
reporting d the findings from all interviews.

All data from the interviews, meetings and talks (transcriptions, notes and minbte®
beenorganised and arranged order to discover main challenges and issudsswas done
inalIN2 OSaa 27T Wiaskwayty MakeldeiRe andgive ar bviériziew of the data
before analysing thenfEsterberg, 2002)Hereafte, the data was analysed intao-step
coding processyhich isa process of analysing qualitative data in order to find commonalities,
differences, patterns and structurégsterberg, 2002)First, an open coding procedure was
performed, where all the data were studied systematically and reduced to inductively derived
themes. This open coding process wasdgdiby the research question, but without pre
established codes, allowing key themes to emerge from the data material, which were
continuously revised and adapted in an iterative process.

After the open coding the key themes identified were used to camkrdthe important parts

of the data in a focused coding procdg&sterberg, 2002)Line by line the dataas studied

and a category system for discussed topics was developed and applied to the textual data.
This way the key barriers and enablers were identified and highlighted, which enabled
commonalities and differences to be identified across the intervieBath of the coding
processes were carried out in word using the comment function, which was a simple way to
identify and search for themes and topid$he key themes and categories that emerged from
the qualitative coding process apeesented in the reglt section (see chaptes).
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In the analysis references to interviews are presented by the surname, e.g. (Gartland, 2016).
Detailed information about the interviews can be foundliable4-3.

Nielsen & Schgning 2016Viethodology
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5 Barri ers to development and implementation of District
Heating

Thischapter presents thehallenges and barriets the deployment of district heatingn UK
and Ireland primarily basednanputs from the interviewsupplemered by inputs from the
reviewed literature.

Tableb5-1 summarises the inputs from the interviews in relation to the conceptual framework.
Themain topics that were discussed as barriers to deployment of district heatingelates

to organistion, economy and knowtige, whilesometopics were discussed in relation to
technique and product.

Table5-1 Main challenges discussed in the interviews

Reference Technique Knowledge Organistion Economy Product
IE
CODEMA Gartland, 2016 \Vj Vv V vV Vv
DCC Coe & Storan, 2016 V V \V \V \V
RPS Gailliot, 2016 Vv vV Vv
WD Consulting Dubkuisson, 2016 \Vj Vv V V; Vv
UK
Rambglluk hQ{ KSF Z HAMmc v v
AECOM Cripps, 2016 vV vV
DK
DBDH Lauersen, 2016 \Vj V vV vV
DDHA Duedahl 2016 Vv \Vj \V/ \VJ
DK Embassy Bjerregaard, 2016 Vv V vV
Rambgll DK  Dyrelund & @rsted, 2016 vV Vv

The subsections belopresentthe empirical findings organised in relation to the conceptual
framework. During the interviews it appeared that there were sevevatlapsbetweenthe
discussedopicsrelatingto techniqueand knowledge These are addressed together in the
first following section.

5.1 Technique, k nowledge and skills

Several aspects were discussed concerning experi&gnosvledge and competences related

to the actual planning and implementation of district heatirigrom the DanishS E LJS NIi & Q
perspectivalistrict heating were not considered 88 N2 O S landih€ykexpefiénSedhat

the technologyitself is well known in most citie©One expert experienakthat most people

have a good senseabout pipe sizes and temperatuseand in generalabout designing
networks(Duedahl, 2016)while others experienced thahe technical side of district heating

were not consideredis the mostcomplicated part andhat the technical aspect of district

heating not is causingthat projects stall(Lauersen, 2016; Bjerregaard, 201@) their

Barriers to development and implementation of District Heat|ndNielsen &
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perspectivepther aspectshouldhave greater emphasisuch as establishirtbe necessary
frameworkand setupfor district heating.

In contrast the Irish interviewees expressedneed for moretechnical knowledgend in
general to be more familiar withdistrict heating arguing thatthey currently haveno
experience withdistrict heating In Ireland very few organisations and projecedelopers
have been involved in district heating projectghichaccording toDubuisson2016)means
that they do not have thdechnical and practical skills to develop and implemeistrict
heating schemesTypically project developessill have to starfrom a blank pag&hen they
face new projectscausinghat projects progress very slowlykewise TheEuropean project,
SmartReFlexdentified alack of technical knowledge and experiemetating to the different
steps of district heating project delopment among local stakeholders in Ireland
(SmartReFlex, 2015) research study of barriers and challenges related to the deployment
of district heatingin UKcommissioned by the Department of Energy and Climate Change
(DECChave found that especially local authorities ldeiowledge to initialise districfBRE,
2013) It appeared from the interviews thatechnical knowledgerelating © the initial
processes of the development, such as creating a lmetigork design and deciding on pipe
sizes and routewere something that was needed

G2 KIFdG aAl S 2F LALS Aa yYySSRSR F2NJ I K2dzAS (KA
networkhere, what size of pipe is needed? What are the losses? What are the heat losses in a
LIALIS ySié2N]I K wX8d {2 L R2yQi KI @S (@og&( SELIS
Storan, 2016; 220).

dWhat size of pipe need to be is obviously an isngng to plan little parts of the picture
without knowing exactly how the big picture fits in, so exactly what size of pipes and pressures
'y R G SYLISNI (i dzNGagtland, R0BE; 509) P2 f OGS R D€

OAre there limitations on if you have a small area anlthckbone at the start in terms of then,

in terms of spreading thdistrict heatingsystem into other areas? So what should you design

your water storage far dist the small development or should the water storage be designed

at the start tohavetheexpy aA 2y AY YAYR® ¢Gadlan§ 2018 160 2F (KA

From the perspective of the Irish intervieweésere arelots of experiences with other types
of urban infrastructurelike water, sewage water and public lightingfyessingthat the
groundwvork andinstallation is not new, but concerning tlepecific experience with district
heating it is something that lackn general(Coe & Storan, 20165artland, 2018, 2016o).
Another perspective was thathat even engineers and consultancidack this knd of
knowledge as the district heatingnarket within Ireland still is immature and very few
schemes exis{Gartland, 2016&; Dubuisson 2019. The market penetrationn Irelandis
virtually zero, and wittvery few smalkcale district heatingchemesn Ireland, theredoes
not exist bestpractice examples from an Irish context copy and no guidelines to gain
knowledgeand assistancBom. Therefore the intervieweegequestedguidance and support

Nielsen & Schgning 201@arriers to development and implementation gl
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to upskill persons involved in the project developmenthich cangenerae the necessary
capacity to initialise district heating project¥his need for capacity building has been
acknowedgad in SmartReFlex, whichas trained and educatedey stakeholders at both
national and regional level, among other tectadistaff and city planners from municipalities
(SmartReFlex, 2016)

During the discussion of netw designs,it also appeared thatgetting the needed
information aboutend-dz& SiméalBations and consumptiais an issue. e Irishinterviewee
noted that obtaininginformation aboutexactcustomerdemands and type adpace heating
is an issuén terms of establishing network design (Gartland@016a). Another interviewee
experienced that the same information deficit appeared in UK and notedittsiof efforts
have to be put at the marketing to colleittis information whichcan be labour intensive and
difficult, as most people are reluctanb tprovide that information6 h Q{ KSFL B HAMc 0
comparison, project developersand local authoritiesin Denmark can accesactual
consumption data and buildinmppformation from the Buildingand HousingRegister (BBR)
which ease the process of gettirsglequde information at building levelHowever, @en
when marketing ixompletedsuccessfullyand adequate datas obtained, one interviewee
experiencedan inabilityof determiningwhat inceptions andefurbishmentare necessaryto
make theend-userdistrict heating enabled and to determine what the costs of taoption
would be(Gartland, 2018, 20165).

Concerning the implementation and installation of district heating networks, another aspect
that was discussed was the supply chain and the lack of skileld campetent civil
contractors. In UKit is evident thathe diffusion of district heatings hampered by a lack of
qualified civil contractors(BRE, 2013; Poyry & AECOM, 20@)e of the UK interviewees
faced that very few contractors have the competencies and skills to do excavation of trenches
and perceivedthat there is aneed to break theknowledge gaphat occursamongthe
contractors(Cripps, 2016)This lack of experiencegausedoy the low market penetration in

UK, which ecording to Lauersen (2016jll be rectfied with the diffusion ofistrict heating
schemes and the maturity of the markdthe lack of local experience and established supply
chain also occwin USA, which according Rjerregaard (2016&xperiencethe same hurdles
with contractorsthat lack compeg¢ncies to do excavation and wald of district heating pipes
mainly because theglo not have experience with itin general this wasperceived asa
consicerable challenge in relation to the tendering process and construction ,casish
were considered tdhhamperthe overalleconomy of the projectsas discusseuh section5.3.

5.2 Organisation

Several aspects were discussed concerpnogect deliveryin terms of engaging stakeholders
and developingbusinessplans Aligning stakeholdergyetting them to come to termsand
structuring theownership of the netwrk were seen as central isseeOne experimentioned
that many feasibility studies in UK englg collecting dustas the project developerdo not

y¥A Barriers to development and implementation of District HeatjndNielsen &
Schgning 2016



NEW DISTRICT HEAT BIGI E RIS leR a0k s

have theknowhow and experienceo convert it in to a business model in terms of deciding
who should own, fiance and operate the system (Duedahl, 20T6k lack of experience and
ability to convert the feasibility studies ito a business caseave occasionally stalled the
projectsin UK(BRE, 2013)t is achallengethat hasbeen addressed by DBDWhichin a
recently publishednagazinestatedthat it is a challenge thahot only occur to newcomers,
but appears in mangountries(DBDH, 2015)n generalthe Danishexpertsconsidered the
organisation of systesand alignment of stakeholders to be the essenod key elemenof
deliveringdistrict heating.For instance, Lauersen (203pressedhat engaging the variety
of stakeholders that should come to terms in a district heating networthéscomplicated
part. Yau have to find someone that haome heat to supply, authoritiehat providesthe
needed permissions angbu need toidentify and securea customerbase that arewilling to
pay for the heat. In his perspective, getting all these different actoaditm and agree on the
same conditionss what makes the process complex and new to many citesthermore,
when this isettled, the next question that arises is htlve benefits, risks and responsibilities
should be distributed among differeqartners in the business model, whiplses the real
hurdle (Lauersen, 2016)The Irish interviewees, who felihat they did not have any
knowledge about and experience with hdw develop business models and push projects
forward, supported this argumenin Dublin they have been working on a feasibility study for
a while, but findhgout who should own and run the network and how it should be structured
is one of the main chadinges they still have to overcon{&artland, 2016; Coe & Storan,
2016).

G¢KS RSLINIYSYyd Aa G GKS Y2YSyd t221Ay13
council best in terms of what part they should own, should they just owpifiedines and
maybe rent this district heating | OAf Al &> g2dA R GKIFIG 0SS (KS
know will thecustomes trust the utility enough to connect or should it be a municipality run
district heatingsystem. So that kind of business is a little biOd? Y LJ A QGaildn@ y & ¢
2016; 2:30).

Anotherconcern wasvhether the municipality would have the resources and ability to own
a distrct heating network, as they do hdvave any experience with running utility. Also in
terms of trust and legitimacy, e intervieweeexpressed aoncernfor the customega Q
willingnessto acceptthe utility depending on who should own the district heating network
(Gartland, 2016).

Fromthe Danish district heating E LIS NJi Q &e, d.bf) Nait bi$h® Dakigh district hiag
success has bedH(i KS 5 | v, kidk is bageR &effe@iveregulation and planningrhe
heating sectorin Denmarkhave been regulated since the establishment of the first Heat
Supply Act in 197@nd continuously developed and strengthezhin to a strong planning
approach, which by margre regarded as one of the most effective in the wofthittum &
@stergaard, 2014, IEA, 201Bgsides the regulation of the heating sectitve Danishmodel
comprisea stable energy policy, municipal planning and a tradition for cooperg@mttum

Nielsen & Schgning 201 @arriers to development and implementation
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& Pstegaard, 2014)Assuch theelements comprised in this model haseeated asetup and
frameworkthat have madet possible tantegrate high shargof district heating irthe Danish
energy systemAccording to the Danish district heatingpexts, the absere of such a
frameworkis a barrier for the organisation and delivery of district heating srahe of the
main reasons why districheatingfacesa slow diffusion irmany countriegLauersen, 2016
Duedahl, 2016Bjerregaard, 2006 The planningramework isin their perspective necessary
to make district heating compatible and pvotect both suppliers andustomersfrom other
heat supply source®istrict heating is a natural monopoly, which means that when first
established it can provide heat at a citerably lower cost than a competing alternative
supplydue to theeconomyof-size(Frederiksen & Werner, 2013\lore elaborated, a natural
monopoly should not be exposed to competitidie ensureeconomyof-scale and thus to
protect the interest of both consumers andvesbrs. In Denmarkhe principle in the Heat
Supply Actis to ensurethat the supply alternative with the best socieconomy isto be
implemented and after thait is made to a monopoly, where nothing elsealtowed to
compete with it. It is a principle, wth hasbeen adopted irthe Energy Efficiency Directive
(EEDMArticle 14, where it is stated that:

Member States shall carry out and notify to the Commission a comprehensive assessment of
the potential for the application of higéfficiency cogeneration anefficient district heating
Iy R O2 2(Euopean Rakadnent, 2012; Article 14/1)

Member States shall carry out a cdmnefit analysis covering thiderritory based on climate
O2yRAGAZ2yas SO2y2YAO TSI &A 0 A-bendiitanalysisRhalibd OKy A O
capable of facilitating the identification of the most resouasel costefficient solutions to

meeting heating and cooling nee(European Parliament, 2012; Article 14/3)

Where the assessment referred to in paragraph 1 and the analysis referred to in paragraph 3
identify a potental for the application of higlefficiency cogeneration and/or efficient district

heating and cooling whose benefits exceed the costs, Member States shall take adequate
measures for efficient district heating and cooling infrastructure to be developed rattd/o
accommodate the development of highT TA OA Sy O& OQEufofearSPaHiamer?, y ® X 8 ¢
2012; Article 14/4)

This principle has had great success inBark and by adopting it in the EBBe European
Commission have strived to makke Member Statesadopt it. However, making other
Member Statesadopt this principle is not that easy, arsb farit hashad little impact
(Lausersen, 2016 way teenhancethe promotion of district heating is tmake it mandatory
for Member Statesto implement district heating in areas where the comprehensive
assessmentgas required by Article 14 in the Energy Efficiency Direcsiiejv that district
heating is the socik@conomic best solutionwhich might be something that will come from
EU as a followap on the Heating and Cooling Strategy (Lausersen, 2016).

pZ Barriers to development and implementation of District HeatjndNielsen &
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Neither Ireland nor UK has any regulation on district heating, which both UK and Irish
interviewees considered aa challenge to the diffusion of district heating. The Irish
AYGSNIBASSHSSE YSYyi(iAz2ySR (KIF (G Adistoimes tolcondectNNA S NJ
due to the lack of regulation (Coe & Storan, 2016). Also that it is difficult to secust@mer
basewithout regulation(Gartland, 2018, 20160). In UK one intervieweanentionedthat the

unregulated pricingf heatoften makesconsumeranervous about getting ¢id to contracts

GKSNBE G(GKS LINAROS 27F KD16)iThiOtragspakehcy ifie hdtinglprkd @ 0 h O
have earlier been deemed as an important factor to convowstomes to connect to district

heating inboth UKand Ireland(BRE, 2013)SEAI2015a) All district heating companies in

Denmark are established under a nfor-profit principle, which means that the company is

not allowed to earn moneyDanish Energy Agency, 2015haeby,the price thatcustomes

pay reflecs the actual price of producing and delivering the heat plus some additional legal
expenses, which are defined in the Heat Supply (Benish Energy Agency, 2016)ore

elaborated, it means that theustomes arefirst of allprotected from sudden price increases,

which are not reflecting the marginalized costs. Secondly, they directly benefit from any
savings that may occur.

In combination with the regulatiomnd planning thepolitical stabilityand commitmentin
Irelandwas mentioned aa barrier At the momentthe oil and gas pricesre lowand thee is
aneed for incentives to promote district heatin@ne interviewee referretb the discussions
about a Renewdb Heat Incentive (RHwhich have been much debated in working groups
and policy documents in Ireland, as the incentive that can make district heating bankable
similar to the RHI that isnforcedin UK(Crown, 2015)Recently, anational White Papehave
been published in Irelandtating that this RHI will be introduced in 20IBCENR, 2015b
however the interviewee were sceptical, as it is not outighhow and when it will be
introduced DPubuisson 2016). The Sustainable Energy Authority of Ireland (SBAY
supported theneed for national political stabilityin their assessment of thgotential for
district heating in Ireland they state thab prior national assessments have been carried out
(however one thorough study have been carried out by Dublin), and that it is important for
the Irish Government to identify how the policy shoslabport district heating in the future
(SEAI, 2015a)t isalsoconsidered that the absence of national policy is a barrier and as part
of that suggestgrovidingincertives to allow district heating enter the heat marketowever,

at the moment district heatings not on the political radar and the political commitmers
consideredto be more or less absent (Coe & Storan, 20X8/en though the National
Renewable EneygAction Plan has recognized the potential benefits of district heating
(DCENR, 2009n UK district heating have gotore political attention and several actions
have been proposed to increase the diffusion of district heatidigCC, 2013a, 2013b, 2014)
For examplea national heat map has been commissioned by DECC to support the planning
and deployment ofdcal lowcarbon energy projects in EnglatBECC, 2012)hich has
providedinformation and increasecawareness of available heat demands and suppbets

Nielsen & Schgning 201@arriers to development and implementation @4s
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OhQ{ KSIZ HAamMcO® CAdNIKSNY¥2NB>Z | yFEGA2y Lt |
up by DECC to provide grant funding and guidance to local autho(DEEC, 2015)
recognising the capacity and capability challenges they identifiezd previous studyBRE,
2013)

The role of local authorities and their ability to push districtatiag projects forward was
another discussedspect In generalit was considered that the local authorities should play

ST i

I OSYiNIf NREfS Ay (KS RS@St 2 LIY &yilfot, 2FpndINE 2 S O

WSy (i K (Raeklahia IDIB)Themunicipalitieswere seen as particularly significant actors,
and as a key element in developing district heatiag they both are in a good position and
possess valuable knowledde. Denmark, part of the district heating succéswe beerthe

role of municilities in Denmark, whicleffectively acts as local regulators and project
facilitators in cooperation witldistrict heatingcompanieqChittum & @stergaard, 2014 art

of this is that they have been enabled and empowered to have tioie, with the
decentralised heat planning power and resganility provided by the Danish Government.
However taking on this role was considered a barrier between both UK and Irish interviewees
and has similarly been found to be a barrier in much ditere (D. J. C. Hawkey, 2009; D.
Hawkey, Webb, & Winskel, 2013; Péyry & AECOM, 2009; SEAI,.20mhBanterviewee
observed a lek of skills and competencies within local authoritiedrelandand a lack of
empowerment, which he considered as a aahtbarrier Dubuisson 2016). Another
interviewee explained that district heating silpwer priority than other services and further
stated that it caused a resource deficit, which was the maason whya project stalled(Coe

& Storan, 2016)It was also noted that the internal coordination in the public authority is a
shortage, which have to be address&ilipuisson2016).In UK thecities face the same issues
(BRE, 2013; Poyry & AECOM, 2pa8itiefrom London, where the former City Mar had the
power and willingness to push projects forwards, by allocating resources anccistmmes

02 02y ghea) 016§ wixh might change with the enforcement of the new mayor.
However, outside London the cities are depending on the local @btm make district
KSFGAY3 LIWISGATAY3 0hQ{KSIFIX HamcOX odzi | &
lower than other public sector services, such as health and educ@iyry & AECOM, 2009)

The projects that actually are realizeatre typically smakscale projects that emerge in
WOl YaRiiad Ay 34 Q> U &édlerds with \ery &wW] lofferi publidibtdmgs. In
these projects the developdgither private or publicare keen to put efforts into realizing
the project, as they have one large or very femstomes and thusho difficulty in structuring

it (Bjerregaad, 2016; Duedahl, 2016Jhese types of projects can be found in most of UK and
USA and a few exssin Ireland. Howeverwhen you get outside these campasttings and
beginto look at largescale district heatingchemesit can be difficult to find somane to
mobilise the projects. It was mentioned thativate developers usually doot have an
appetite for these projectsas they are perceived to carhygher risks (Bjerregaard, 2016;

I8 Barriers to development and implementation of District HeatjndNielsen &
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Duedahl, 2016). In these caséise local authority could very welbke the role as project
facilitator, but theyoften lack both resources and competenctesdo so (Bjerregaard, 2016).

Another problem that occur in UK is the jurisdiction that does not allow district heating
companies to sell heat to private entitiesdikospitals and universitiesshich means that a
municipal company will drag a pipe over housing associations, hotels and hospitals, even
though they would be both willing and beneficial to conn@atiedahl, 2016)Due to these
jurisdictional limitationsmany small isolated systems emerge, each with their own small heat
unit. This preventsollaboration between the system ownexad thus coordination agystem
investments which means thathey are not able to pick # benefits of economy of scale,
whichis one of the key challengésthe UK district heating situatiofbuedahl, 2016).

5.3 Economy
The e&onomy wasraised as a centralbarrier to deployment of district heatindoy all
interviewees. Especially threespects of economyere discussed; costsisksand finance

In relation to costssome intervieweedacedthat the capital investment needed for the heat
network conteststhe competitiveness of district heating schemes Irish interviewee
involved in a scheme development in Duldlicedthat there islacking experience with pipe
costs and suffered from the absence of Irish cases to get the information from. He explained
that the price of installing an ordinary pipeould bee m n penmeter, as the city centre is
highly congested with existing pipesd perceived that the cost of installing district heating
pipes would be twice as high (Coe & Storan, 2016)UK, it is evident that network
development costs are significapthigher compared to other marke{8RE, 2013; Poyry &
AECOM, 2009faused by the immaturity of the maek as was discussed in sectibri.
Contractors in UK are perceived to lack competencies and knowhow, istadtected in high

risk premiums being added to the cogRBoyry & AECOM, 2009; Cripps, 20I@)is isan
obstacle that hagot increaed intention in UK. For exatep a UK consultancy, AECOM, is
engaged in investigating why the installation of district heating pipes seem to bear more costs
and why UK contractors seem to be-skilling slower than other countrie@Viltshire &
Cripps2016) Another reason relates to the market immaturity and the absence of domestic
district heating unit and pipe manufacturdBRE & Centre for Sustainable Energ013;
Cripps, 2016)which cause higher prices on network equipment. These challenges also occur
in USA, where the market size for district heating is low as well. However, this market
immaturity maybe rectified when district heating gets more commiatly mature (Lauersen,
2016; Bjerregaard, 201€06yry, 2009)

It is also evident that some costs drivers are of a more structural naturale of thumb is
that areas with heat densities over 140 TJ/A&oan be considered feasibléFrederiksen &
Werner, 2013)whilethe cost effectiveness of a prospect districiatiag schemalepends on
the plot ratiofor the specifiarea(Nielsen, 2014)A report carried out for DEA@ UK found
that the mix of the housing stock leads to increased costs of building the network compared

Nielsen & Schgning 201 @arriers to development and implementation
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to a country like Finlan{Poyry & AECOM, 2009imilarly, a assessment of the potential for
district heating in Irelandound that the heat demand is low density in nature, with less than
10% of the national heat demand deemed feasible for distreating(SEAI, 2015alprior to

this, it was stated in the National Energy Efficiency Plan (NEEAP) of Ireland that the cost
effectiveness of district heating is costed by the population dispersal, the nature of the
housing stock, temperate climate and low availability of biom{@3ENR, 2014)he NEEAP
further states that the district heating market is contested by the deflated construction
industry and a pereived low cost effectiveness of retrofitting district heating:

GoXe G(GKS 0240 SFFSOGAPSySaa 2F NBGNRTFTAOGGAY 3
having regard to (a) the drive towards near zero energy buildings with accompanying low heat
demand and (b) capital cost and logistics, both weakening the business case for District

I S { ADCENRE2014; 46)

In relation toinvestment coststhere was a perception of high risks and uncertaintieshis t
regard several risks where perceived to be a barrier fokintgaa return on the investment,
which dten gets a strong focu®BIH, 2015) In Dublinthe City ©@uncil is hesitant to make
investments due tdhe uncertainty about the size of investment relateddestablishment of
the heat network as the schemén their perspectivaalready have small financial gains (Coe
& Storan, 2@6).This is a risk that influence whether the scheme wiltdaized, as the gjt
council not iswilling to gamblewith public money, as reflected in the quote:

S KIFI@SyQil F2dzy R 2dzi 6KIG (K2aS 0z2ada INB |y
have a return on the money and the investment that DCC have invested to build this. So we
R2y Qi (1y2¢ oKIG GKFrd Aa &@Sid ho@Aaz2dzate 5dzf A
want to be sure that we are not putting ourselves us self at risk. So wketod@mow what is

the cost, or the reports says it is going to cost 34.6 or 21.5 million depending on which report

you read. And we need to know if we connect all these properties here that we are going to

get a return on our 43.6 or 21.5 million. But wifat costs 100 million? Then we will never get

a return on it and we have asked the taxpayers in Dublin to spend 100 million that they are

never going to get a return on. That is not good governd@r(€ne & Storan, 2016; 31:15).

Besides merely cost adkd riskst wasperceivedthat the lacking regulation afistrict heating

posesa coordinationproblem It was mentioned that project developers doot have the

ability to make district heating mandatory, and thus have to handle this obstacle by signing
optional customer contracts (Gartland, 2016b;Coe & Storan, 2016h Q{ KS I X HNMC
Furthermore,it wasperceived- & | o1 NNA SNJ F2NJ ( KSengayRidS Ol RS
heat suppliersywho areunwilling to participate ifong termedcontracts have nbbeen agreed

0 h Q{ K S I Accondimgva Dugdlahl (2016), private companies are not willing to expose
themselves to unnecessary risks, whichldgitimate and understandable seen from a

a G 2 O1 Kpint Bf SidWETRe lacking regulation was alperceived as a barrier in terms of
engagingustomes and getting theiacceptanceOne interviewee expressed that the lacking
familiarity with district heating amongustomes coupled with the insecure pricingakes

sl Barriers to development and implementation of District HeatjndNielsen &
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customesnervousaboutuncontrollableheat pricesd h Q{ K S Ao thesiamt that district
heating schemes are not protected from competition frasther alternative supply (as
discussed irb.2 on page22) was by a Bnish expertperceivedas a risk to the project
developer (Lauersen, 2016).

In general,it wasperceivedthat district heating projects are subject to several types of risks;
lack of knowledge, inability to coordinate, inconsistent pricing andtomer protection,
protection fromcompeting energy sourceand lacking maturity of supply chaifheserisk
coupled with the highupfront capitalcosts makes district heating amcertaintyinvestment
which affect project develope€appetite to develop the projectsAccording to aDani
expert it allcomes down to a discussion of risks and returns (Bjerregaard, 2016).

"So it's all about risk and return in the end. When you start to plan something like this, if you
then think that there is 50% chance that it [the project] will comediting, then you would

have 50% profit on it [...]. And that assessment of what type of profit and what type of risk you
have, that is so vital for private companies, as they only enter projects where they can see that
there might be a 'return on investmermn let's say 280%. Since there is a risk that it does

not succeed they will require this return to even bother to develop the projBrtegaard,

2016; 7:009

As reflected in thequote, private investors are motivated by the prospect of a prdhtys
projects that areperceivedto contain risks will be re required to have a high return on
investment.Another interviewee experienced thativate investorsn UK typically looks for
an internal rate of return of 1:A5%, while public authorities reqei 810%. Theséurdle
rates arein his perspectiveeflectingtheir risk willingness, where public authorities often will
accept a bit more uncertainty h Q{ KSI' X Hamc 0O ®

Sourcing financeand obtaining funding were considered as a principal impediment to
deployment of district heatingDistrict heating is still a niche technology in both Ireland and
UK, which means that mayor investments are requiredcatingfinanceto realize these
investmentsis maybe thebiggest barrier Dubuisson 2016).In Ireland, tkere is nonational
funding or grants to cover capital costad private finance can be difficult to get, if projects
have low rates of returdSEAI, 2015a\s suchthe capital costseedto be covered byhe
municipality(Gartland, 2016)Obtaininglong termedbank loans ia challengeas they daot
have any experience with district heating and thprceive district heating projectgo
contain high risksubuisson2016).In 2013, a nationdtnergy Efficiendynding mebtanism

2owntranslationsi ! f Gann RSG KStS KIFIyRESNI2Y NA&a] 23 NBGANY A aARadS
hvis man s tror, at der er 50 % chance for at det ikke bliver til noget, s& skal man gerne havdNB %A i LIJN RSG wX8 @
vurdering af, hvilken type profit og hvilken type risiko man har, det er den, der er sa afggrende for at fa private gélskaber

Fd 3IDANB RS F2NI RS @At (dzy 3In AyR A LINESYINQ 40> B@RRNI 2RSS alAl3
C2NRA YSR RSY NAR&aA{12X RSNISNI F2NE +Fid RSG A11S 0ftAGBSNI At vy
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gl a aSat dzLx +FEft20F0Ay3 eop YAL T AZ2(BEALI2013INR O 0
However, the funds are mainly dggeated to retrofitting or end use reductionsshich can
coverthe investments in e.g. heat exchangerstbe connection to an established district
heating scheme, but not the pipe costs (Gartland, 2)1®his is a major challenge, as the
costs related tahe heat netwak are a significant part, coveringhaybe60% d all capital
costs(h Q{ K2&16) Considering that some projects can have ltemgned revenuesand low
returns on investmentdpngtermed funds withfavourablelow ratesmay be gprerequisite

for projects to bebankable In Denmarkpublic authorities can obtaitong termedloans at a
favourable rate through KommuneKredi{The Credit Institution for Local and Regional
Authorities in Denmark)In UK sourcingfunds and making projects bankableave until
recentlybeen a challenge as wéBRE, 2013put in November 2015, DECC md&880 million
available for project funding in order to support gext owners in project deliver§Ashfords,
2015) Furthermore the HNDU have been established to support the development of projects
from heat mapping to the detailedeasibility and viability study and tieery of business
models.Theinitial preparation of a schemis usually a long and costly proceswl sourcing
appropriate finance to this first phase of the scheme developnuamt itself be darrier for

the mobilsation of projectgBjerregaard, 2016}-or the same reasaiine HNDU also provide
grant fundingto local authority projectscovering up to 67% of the of eligible costs.

5.4 Product

The societal priority objectives for district heating over conventional tsegiply, such as
natural gas, includes factors as energy efficiency, independence from external fuel supply,
increased renewable energy penetration and local jobs. These are priority objectives that
have been incorporated in the European heating and coalirejegy(European Commission,
2016)as a means to comply with theverallEuropean Uniombjectivesof ensuringsecurity

of supply, sustainability and competitivenggairopean Commission, 201%he deployment

of district heating is not yet mandatory, but the European Commission will most like follow
up on the heating and cooling strategy with an attemptnorease the diffusion of district
KSFGAyYy3 | ONRHoweval, ké diffision ef digiridt deating in Ireland and UK are
facing a challenge in terms of competition with established market interests (Duedahl, 2016).
Both countries have high sharesradtural gas covering up to 70% of the total heat demand

in both countries(DECC, 2013b; Howley, Holland, & Dineen, 20feflecting a well
established gas sector. District heating is a competing technologgi@sinot fitthe priority

of the existing gas sector, whighotectstheir interest through lobbism (Duedahl, 2016).
Therefore, he market uptake of district heating will need to be supported politically to be
able to compete with the gas sector (Lauersen, 206K, district heating penetration in

the building sector have reached ZZECC, 2014yhile the district heating level in Ireland is
approximately 0%SEAI, 2015aYhe difference is possibly enforced by political awareness
and support of district heating, which recently have encouraged and enabled the entry of
district heating through fiscal incentives, allocation asaarces and enhanced awareness of
GKS Ll2aaArAoAtAdGASa T2 NJIhB pohtidaNdtediion t6 @strict heatig 6 h Q{ F
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in Ireland has not reached the same levels yet (Dubussion, 2016; Coe & Storan, 2016), but is
beginning to get attention impolitical document{DCENR, 2015iowever, district heating

has got a central role in the fulfilment of the Covenant of Mayors in Dublin, where the priority
objectives are a better environmental footprint, increased podisybior RES and efficiency
gains(CODEMA, 2010RAs part of this, Dubliity has committed to the development of
district heating in Dublin as a means to reduce carbon emissuatiisse excess heand
promote Dublin as a sustainable city (Coe & Stpi20i6).However, the familiarity with
district heating among the public and their acceptance of a collective heat supply pose a
challenge. The district heating network is developed to be supplied with heat frdraste

to Energy(WtE) facility, which havebeen met negatively by the public and generated bad
press (Coe & Storan, 2016aillot, 201§ Though, the plat is going to be commissioned in
2017, the council have not been able to sign contracts with@rsfomes, and he public
acceptanceof the WtEfacility and willingness to connect are thus posing a considerable
challenge to the realization of the proje(Gartland, 2016)This is considered to require a
change in mineset, as connecting to a collective system like a district heating system almost
is a cultural barrier focitizens in UK and Irelandhich tend to prioritize independency and
freedom to chooseubuisson 2016 Duedahl, 2016 Thegassector in Ukhave according

to Duedahl (2016)persuaded citizens to prioritize natural gas ovestrct heating, in the
believe that it provides independency aneéé&dom to ©ioose over own supply.

Nielsen & Schgning 201@arriers to development and implementation @il
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5.5 Main barriers

Overall, the results show that there are several barriers that have to be overcome to enable
the development of district heating in the nedistrict heating cities. However, some barriers
stand out from the rest. The results show that several barriers are hampering the deployment
of district heating in Ireland, which relates to all of the technology elements, while the district
heating devedpment in UK slowly is beginning to mobilise making the barriers more specific
and mainly related to organisational and economic aspects of the developmbkatmain
findings of the analysis are summarized able5-2.

Table5-2 : Overview of main barriers

Technique Knowledge Organisation Economy Product
IE \Y \% \ \ \
Designing and Preparing business Ability and resources t¢ High capital costs Public acceptance
dimensioning case and defining  mobilise and facilitate
prospect DH business model projects High risks and
networks uncertainties
Skilled consultanes  Coherent planning and
and contractors internal coordination  Funds and grants
to cover upfront
Political stability capital costs

Regulation of heat

networks
UK \% \% \%
Skilled consultancies  Regulation of heat High capital costs Public acceptance
and contractors networks
Longevity and
reliability of
customer demands
Market maturity
DK \% \ \% \%
Lacking ability to Regulation of energy  High capital costs Public acceptance
organise ad establish sector
business models High risks and ~ Competition and
Integrated planning uncertainties lobbyism from the
framework gas sector

Funds and grants
to cover upfront
capital costs

Market maturity

There is a deficient practical and technical knowledge related to the design and development
of district heating networks in Ireland, while UK seem to have gained a little more experience
and knowledge within this fieldinterestingly, a midggnment was found between the
AYSELISNASYOSR IyR SELISNASYOSR O2dzyiT™ha S&aQ
experienced intervieweedid not recognise this parameter as a main barrier, as they did not
consider district heating to be rocket scienceRan 4t KS& KI R O2yFARSYyOS
competences to overcome most obstacles. A capacity building through training and insight to

K¥A Barriers to development and implementation of District HeatjndNielsen &
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bestpractice showcases could be a way to overcome the restraints in the inexperienced
country.

Though the perceived barriewere found to differ among the experienced and inexperienced
interviewees the results show that there is some degree of convergence indicating that the
barrier is to enable and empower local authorities to develop and implement district heating.
The lochauthorities have a key role to play, in terofSfacilitating and organising the project,
both in relation to identifying and engagipgssible stakeholders and ewsers, as a well as

to organi® a business model. There is a challergjatingto the question of how to distribute

the benefits, risks and responsibility in the business model. Thus, from a theoretical point of
view t is not only an organaional challenge, but also a question of providing knowledge and
developingn-houseskillsin the puwlic sector that enable therto develop and deliver district
heating projects.

From the perspective of the experienced interviewees the regulative and political support is
a determining factor. A strong political commitment and support is needed to gemerat
momentum for district heating. The last couple of years several political actions have been
initialised in UK, which among others include a national support unit and allocation of national
funds. This indicates a strong and clear political commitmertergbled beyond the long
termed strategies and good intentions. The political commitment could also help creating a
higher degree of security of the investment and create a stable setting for district heating.
The high capital costs and risks suggest thiatilhportant to establish this lonrggrm stability

in order to secure returns on investments.

Table5-2 outlines there is a consistency in the perceived challenges. Derimagik proven
concept and the inexperienced countrieseastriving for inputs, so much to a degree where

the demand is higher than the supply. The Danish expert organizations accommodate this
demand, by providing their support where they see fit. For organizations such as DDHA and
DBDH, the main focus has be®nassists overcoming regulative and organizational barriers.
This hadeen done by showcasing good Danish practices of engaging the supply side with the
city planners. Thus, DBDH and DDHA are attempting to open up new market arenas and are
acting proactie by providing knowledge that enhances the local capacity. When it comes to
technical challenges, they can refer to Danish companies like Logstor and Danfoss, who have
specialized expertise related to meet the concrete technical challenges related tectdistr
heating projects. Rambgll on the other hand, as a consultancy offer their services in all stages
of planning, design O&M and managing. The have the skills to realize and commission the
concrete projects. Put simple, Rambgll is delivering the produttewhe trade organizations

are creating the market. An vgualification of the local actors could prove beneficial in order

for them to identify new potential projects, as seen in SmartReFlex.

Nielsen & Schgning 201@arriers to development and implementation @i
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In conclusion, the following smainbarriers can be higlghted

1. Lack of technical and practical knowledge among local stakeholders, such as public
sector city planners and technical staff

Incapability of engaging stakeholders and arrange business models

Lack of regulation and political stability

High capital csts and sensitivity to lonrterm risks

Lack of funding to cover lortgrm capital costs

Lacking understanding of the benefits of district heating among individual
consumers

ook N

In part 2, a feasibility study will be used investigatesome of the main barers that have

been highlighted here in more detalirst, the feasibility study will be used to demonstrate
how a rough network design, including route mapping and pipe dimensioning can be carried
out, which address the technical barrier identified abo8econdlyan economic assessment

of the designed network will be used to quantify the magnitude of the investment in the
pipeworkand the risks and uncertainties, which address the economic barriers. Thirdly, the
feasibility is used to investigate, howdsstrict heating network can be organised andigé
stakeholders could be involved, which address the knowledge and organisation barriers.
Fourthly, the feasibility study is used to quantify the benefits of a district heating system from
a socioeconomic,Usiness economic and consumer economic perspective, which address the
product barrier.Therebythe feasibility studwvill investigate all of the six barriers highlighted
above.

K78 Barriers to development and implementation of District HeatjndNielsen &
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In line with the choice awareness theory descdhlechapter2, a 3step methodology is used
here toinvestigate and quantify some of the main barriers identified in part 1ljuestrated

in Figure5-1. First, a technical alternative will be deségh which will demonstrate how to
design a district heating network. Secondly, this technical alternative is compared with a
reference scenario and evaluated from a societal, business and consumer economic
perspective. Here the capital costs, risk and utaiaties and benefits will be quantified and

the organisation of the district heating network will be investigated. In the third and last step,
the results of the feasibility study and the identified barriers from part 1 are discussed.
Overall, the feasiitity study will serve as a social learning tflaind, 201Q)that can be used

to suggest solutions for the identified barriers and furthermore create awareness of the
possibility for developing district heating in Dublin.

Methodology Purpose

Step 1 Address main barrier:

oy

How to design a district heating

Design of Technical Alternative
system

Address main barriers:

Step 2 High capital costs

Risks and uncertainties
Benefits of district heating
Organization and engagement

Feasibility Results

AL

Step 3

Discussion of identified barriers

Step 4

Recommendations

Figure5-1 Flow chat of feasibility study

Ireland is used as case country, but the methodology could be repeated in any district heating
city. Ireland is chosen due to the availability of data required for the feasibility study and
further due to the institutional contextwhich was easy to understand and gain knowledge
from. The fact that the district heating level in Ireland is virtually 0% was furthermore a
motivation for quantifying the barriers to introducing district heating. The first chapter gives
a short descriptiorof the potential for district heating in Ireland and introduces the specific
case area, Spencer Dock, which is used for the feasibility study.

Nielsen & Schgning 201@arriers to development and implementation @&
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6 Background of district heating in Ireland

District heating has had very limited development in Ireland. Orignasmaliscale district
KSFEiAy3 ySig2Nla SEA&AGT LR6SNBR o6& avltt /11
Tralee Town in Kerry County Council where 100 residential units and a few public buildings
are supplied with hot water and heat from two 5RW wood chip boiler§Sustainable Energy
Authority of Ireland, n.d.)One feasibility study hasbn conducted for a large scale district
heating in Cork, while two feasibility studies have analysed the potential for large scale district
heating in Dublin. The District Heating Association of Ireland carried out the first study in
1975, but still afted0 years there have been no breakthrough for district heating. A couple
of reports have stated that the low heat density, temperate climate and access to cheap heat
sourcesarebarriers to the development of district heating in Irelafittoheat4EU, 2011; SEAI,
2015a; WS Atkins Consultants, 2Q0Bpwever, it will be argued that these are hailie
statements(Lund, 201Q)

In 2015, a comprehensive assessment of theeptil for cogeneration and district heating
showed that around 90% of the total Irish heat demand is located in low heat density areas
(SEAI, 2015ayvhile around 1,5%f the heat demand, mainly located in Dublin, was found to
be in high density areas with a sufficiently high viab{BEAI, 2015a)A detailed spatial
energy demand aalysis of the heat demands in Dublin, found that over 75% of the total heat
demand in the city is located in higlensity areas (i.e. have heat densities above 150 B)/km
and could be classified as suitable for district heati@@dema, 2015b)The study also
indicated that there are several potentiavaste heat sources within short range, such as
breweries, cement factories, waste water treatment plants and power generation plants
(Codema, 2015bAs illustrated ifrigure6-1, three power plants are located within 2 km from

the high heat density areas, which currentlyti@arness any of the waste heat generated
from the electricity generation processes. It has been argued that the excess heat from these
LI2oSN) adlradazya ft2ySs AF GdzZNYSR Ayid2 /1t Y2R
by means of district heatg (David Connolly, 2016Another potential supply source, which

has not yet been mapped (€odema, 2015h% Dublin Wastdo-Energy (WtE) facility, which

is currently under construction on Poolbeg Peninsula in Dublin City. Theadiligy fis to be
completed in 2017 with a thermal capacity of 150MW, expected to produce heat enough to
cover the heat demand of 50.000 househol@®WVtE, 2014) These potential waste heat
sources would beraideal input for district heating systems, as it can utilise the excess heat
as a low cost domestic energy souféeederiksen & Werner, 2013)

Background of district heating in IrelapdNielsen & Schgning 2016
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Figure6-1 Heat densities in Dublin City (Codema, 2015b)

It can be concluded thaven though the potential for district heating is found to be low in
most of Ireland, over 75% of the heat demand in Dublin could potentially be supplied with
district heating. Furthermore, it is shown that there are excess heat sources within short
range, which potentially could cover all of the heat demand in Dublin City. Arguing that Ireland
is not suited for district heating in terms of heat density and cheap supply soaregisus

not true.

To quantify the barriers to district heating in Irelandjldlin will be used as a case in the
feasibility study. The next section presents the specific area in Dublin, Spencer Dock, which is
the focus of the study.

6.1 District heating in Dublin

In 2009, the Lord Mayor of Dublin signed up to the Covenant of Mawdrigh imply that

Dublin City has to go beyond the EU objectives set by EU for 2020. In the Sustainable Energy
Action Plan (SEAP) from 2010 it is stated that the development of a district heating system is
necessary to reach this targgfODEMA, 2010)
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required in: 1) Dublin District Heating project, 2) Transport- plblic transport and 3)
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26)

Dublin City Council has since 2008 planned the development of a district heating system in
Dublin DocklandsseeFigure6-2). Docklands is a Strategic Development Zone (SDZ), in which

several new developments are currently at a planning stage conditioned to be district heating

enabled(DCC2013)
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Figure6-2 New developments in Dublin conditioned to be district heating enafGattland, 2015)

The new developments, Spencer Dock and Grand Canal, are plannedh aicgeof the river
(Liffey). Grand Canal Dock on southern side of Liffey, consist of several existing commercial
buildings, while only a few existing premises are found in Spencer Dock, where several new
apartments and offices are planned to be completeithin the next two years. Most of the
existing buildings in Spencer Dock are district heating enabled and the new developments are
conditioned enabled as well, which means that Spencer Dock easily can be connected to a
future district heating system. A wte to energy (WtE) facility is under construction at
Poolbeg PeninsulaFigure 6-3), less than 3 km from Spencer Dock and due to be to
commissioned in 201{DWtE, 2014)which isplanned to supply the district heating system.

The focus of this feasibility study is to analyse the feasibility of a large scale district heating
system in Spencer Dock supplied by heat from the WtE, in line with plans of Dublin City
Council. Spencer Dbées a good place to start, as most buildings are district heating enabled.
The location of Spencer Dock and the WtE facility is showEdjure6-3.

Spencer Dock covers 300.008with a total annual heat demand of 62 GWh iristing and

future buildings(Codema, 2015b)THs corresponds to a heat density of 520 TXkwhich is
considerably higher than the threshold value of 140 TJ3/kas previous described. The area
consists of relatively few users, mainly commercial and with big annual demands, which can
be considered asssential anchor loads for a prospect district heating system. Most of the
existing buildings are already district heating enabled and Dublin City Council has conditioned
call proposed developments be district heatewgabled in order to provide an enviraentally

Background of district heating in IrelapdNielsen & Schgning 2016
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sustainable source of heating and coofifGartland, 2015; 4)This suggests there is a local
commitment to a district heating scheme in the area. Dublin City Council hasadgl

installed some district heating pipes in the area including a district heating tunnel under Liffey,
which will enable the WLE facility to supply heat to Spencer Dock. The proximity to the new

WIE facility is in favour for a district heating systen$pencer Dock.
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Figure6-3 Location of case area and heat supply source

In summary, Spencer Dock has humerous advantages relating to be the backbone of a future

district heating system in Dublin:

a) High headensity
b) Few entities with high demands

c) Proximity to heat source

d) New developments
e) Political commitment
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