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THE INTERNATIONAL ENERGY AGENCY

The International Energy Agency (IEA) was established in 1974 within the framework of the
Organization for Ecamic Cooperation and Development (OECD) to implement an international
energy programme. A basic aim of the IEA is to foster international cooperation among the 29 IEA
participating countries and to increase energy security through energy research, deeglihamd
demonstration in the fields of technologies for energy efficiency and renewable energy sources.

THE IEA ENERGY IN BUILDINGS AND COMMUNITIES PROGRAMME

The IEA coordinates international energy research and development (R&D) activities through a
comprehensive portfolio of Technology Collaboration Programmes. The mission of the IEA Energy in
Buildings and Communities (IEA EBC) Programme is to develop and facilitate the integration of
technologies and processes for energy efficiency and conservatwhaatthy, lowemission, and

sustainable buildings and communities through innovation and research. (Until March 2013, the IEA EBC
Programme was known as the IEA Energy in Buildings and Community Systems Programme, ECBCS.)

The R&D strategies of the IEA EBGgramme are derived from research drivers, national

programmes within IEA countries, and the IEA Future Buildings Forum Think Tank Workshops. These
R&D strategies aim to exploit technological opportunities to save energy in the buildings sector, and
to remove technical obstacles to market penetration of new enexfficient technologies. The R&D
strategies apply to residential, commercial, office buildings and community systems, and will impact
the building industry in five areas of focus for R&D adtisit

1 Integrated planning and building design
9 Building energy systems

1 Building envelope

1 Community scale methods

1 Real building energy use.

THE EXECUTIVE COMMITTEE

Overall control of the IEA EBC Programme is maintained by an Executive Committee, which not onl
monitors existing projects, but also identifies new strategic areas in which collaborative efforts may
be beneficial. As the Programme is based on a contract with the IEA, the projects are legally
established as Annexes to the IEA EBC Implementing AgreéeAt the present time, the following
projects have been initiated by the IEA EBC Executive Committee, with completed projects identified

by (*):

Annex 1: Load Energy Determination of Buildings (*)

Annex 2: Ekistics and Advanced Community Energy Systgms
Annex 3: Energy Conservation in Residential Buildings (*)
Annex 4: Glasgow Commercial Building Monitoring (*)

Annex 5: Air Infiltration and Ventilation Centre

Annex 6: Energy Systems and Design of Communities (*)



Annex 7: Local Government Energy Plamg (*)

Annex 8: Inhabitants Behaviour with Regard to Ventilation (*)

Annex 9: Minimum Ventilation Rates (*)

Annex 10Building HVAC System Simulation (*)

Annex 11Energy Auditing (*)

Annex 12\Windows and Fenestration (*)

Annex 13EnergyManagement in Hospitals (*)

Annex 14.Condensation and Energy (*)

Annex 15Energy Efficiency in Schools (*)

Annex 16 BEMS I, User Interfaces and System Integration (*)

Annex 17BEMS 2, Evaluation and Emulation Techniques (*)

Annex 18 Demand Controll@ Ventilation Systems (*)

Annex 191 ow Slope Roof Systems (*)

Annex 20Air Flow Patterns within Buildings (*)

Annex 21Thermal Modelling (*)

Annex 22 EnergyEfficient Communities (*)

Annex 23:Multi-Zone Air Flow Modelling (COMIS) (*)

Annex 24Heat, Ar and Moisture Transfer in Envelopes (*)

Annex 25Real time HVAC Simulation (*)

Annex 26 EnergyEfficient Ventilation of Large Enclosures (*)

Annex 27 Evaluation and Demonstration of Domestic Ventilation Systems (*)

Annex 28Low Energy Cooling Syste(tis

Annex 29:Daylight in Buildings (*)

Annex 30Bringing Simulation to Application (*)

Annex 31EnergyRelated Environmental Impact of Buildings (*)

Annex 32integral Building Envelope Performance Assessment (*)

Annex 33:Advanced Local Energy Plarmif)

Annex 34 ComputerAided Evaluation of HVAC System Performance (*)

Annex 35Design of Energy Efficient Hybrid Ventilation (HYBVENT) (*)

Annex 36Retrofitting of Educational Buildings (*)

Annex 37Low Exergy Systems for Heating and Cooling ofiBggddLowEXx) (*)

Annex 38:Solar Sustainable Housing (*)

Annex 39High Performance Insulation Systems (*)

Annex 40Building Commissioning to Improve Energy Performance (*)

Annex 41Whole Building Heat, Air and Moisture Response (M@&ISG) (*)

Annex 42:The Simulation of Buildirigitegrated Fuel Cell and Other Cogeneration Systems
(FC+COGESIM) (*)

Annex 43Testing and Validation of Building Energy Simulation Tools (*)

Annex 441ntegrating Environmentally Responsive Elements in Buildings (*)

Annex 45Energy Efficient Electric Lighting for Buildings (*)

Annex 46 Holistic Assessment Tekit on Energy Efficient Retrofit Measures for Government
Buildings (EnERGO) (*)

Annex 47 CostEffective Commissioning for Existing and Low Energy Buildjngs (

Annex 48Heat Pumping and Reversible-8ionditioning (*)

Annex 491 ow Exergy Systems for High Performance Buildings and Communities (*)

Annex 50Prefabricated Systems for Low Energy Renovation of Residential Buildings (*)

Annex 51 EnergyEfficient Communities (*)

Annex 52Towards NeZero Energy Solar Buildings (*)



Annex 53Total Energy Use in Buildings: Analysis and Evaluation Methods (*)

Annex 54integration of MicreGeneration and Related Energy Technologies in Buildings (*)

Annex 55 Reliability of Energy Efficient Building Retrofittqngrobability Assessment of
Performance and Cost (RAETRO) (*)

Annex 56:CostEffective Energy an@Q Emissions Optimization in Building Renovation

Annex 57 Evaluation of Embodied Energy at® Equivalent Emissions for Building Construction (*)

Annex 58Reliable Building Energy Performance Characterization Based on Full Scale Dynamic
Measurements (*)

Annex 59High Temperature Cooling and Low Temperature Heating in Buildings (*)

Annex 60New Geration Computational Tools for Building and Community Energy Systems

Annex 61Business and Technical Concepts for Deep Energy Retrofit of Public Buildings

Annex 62Ventilative Cooling

Annex 631mplementation of Energy Strategies in Communities

Annex 64 LowEx CommunitiesOptimized Performance of Energy Supply Systems with Exergy
Principles

Annex 65LongTerm Performance of Sup#émsulating Materials in Building Components and
Systems

Annex 66Definition and Simulation of Occupant Behavior in Buggin

Annex 67 Energy Flexible Buildings

Annex 681ndoor Air Quality Design and Control in Low Energy Residential Buildings

Annex 69:Strategy and Practice of Adaptive Thermal Comfort in Low Energy Buildings

Annex 70Energy Epidemiology: AnalysisR#al Building Energy Use at Scale

Annex 71Building Energy Performance Assessment Based-situliMeasurements

Annex 72:Assessing Life Cycle Related Environmental Impacts Caused by Buildings

Annex 73 Towards NeZero Energy Public Communities

Annex 74:Energy Endeavour

Annex 75 Costeffective Building Renovation at District Level Combining Energy Efficiency and
Renewables

Working Groug; Energy Efficiency in Educational Buildings (*)

Working Groupg; Indicators of Energy Efficiency in Cold Climate Bigjd(*)

Working Groug;, Annex 36 Extension: The Energy Concept Adviser (*)

Working Groug; HVAC Energy Calculation Methodologies for-ewidential Buildings

vi



ThedEnergy Master Planning for Resilient Public Commurgtie$ 4 S { l(akRd&sSa é¢ 06 2
developed within the IEA EBC Program Annex 73, as the result of a joint effort by researchers and
practitioners from Australia, Austria, Denmark, Estonia, Finland, Germany, Norway, the United
Kingdom, and the United States. The authors express épgireciation to the many international
contributors and organizations, whose volunteer efforts made possible the development of this
practicaldocument Special gratitude is owed to the American Society of Heating, Refrigerating,
FYR | ANt/ 2 yhéeks (ABRRAR) W itsITgcAnical Committees TBUiléing Energy
Performance The U.S. National Academie$ Sciences and Medicine Federal Facilities Council,

and the Environmental Security Technology Certification Program (ESTCP) for providifigra plat

for public discussion of the proje@tprogress and for the review of the document by its members.
The authors would like to personally thank the members of the EBC Program Executive Committee
for providing direction, guidance, and support to the gt} Special appreciation is owed to the
following reviewers, who provided their valuable comments and suggested improvements to this
book:

We acknowledge the financial and further support for the Austrian contributions to IEA EBC Annex
73 as part of thenational research projectEA EBC Annex @3in zu resilienten 6ffentlichen
WNiedrigstenergi€ebaudeverbanden und Siedlung€RFG project number 86414 he

Department of Infrastructure Engineering Bte University of Melbourne, Australifiom the

Research Council of Norw@yethods for Transparent Energy Planning of Urban Building Stocks
ExPOSe (project number 268248) under EnergiX prograrfrandNOVA(the Norwegian Energy
efficiency agency}he Danish Energy Agendyomthe Academy of Rland Strategic Research
Council (SRC) project: Smart Energy Transition ($¥eB)izing Its Potential for Sustainable

Growth for Finlan@ Second Century, Decision No. 314325, MySmartLife project that has received
funding from the European Uni@Horize 2020 research and innovation programme under

grant agreement No 731297 and SunZEB project funded by Helen Ltd., Finnish Energy Association,
Fortum Ltd. city of Helsinki, Hyvinkdan Lampévoima Ltd., Projectus Team Ltd., Confederation of
Finnish Construain Industries, Senaattikiinteist6t Ltd., Skaala Ltd., Tampereen Sahkdlaitos Ltd.,
Turku Energia Ltd., Uponor Ltd. and Ministry of Economic Affairs and Employment of Fihtand
German Department of Economic Affairs and Energy in the context of'tE@e8gy Research

Program and by approval by the German Bundedfag)U.S. Department of Defense

Environmental Security Technology Certification Program; the office of the Assistant Secretary of
the U.S. Army for Installations, Energy, and Environment; th®. Borps of Engineerand the

U.S. Department of Energy (Office of Building Technologies and Federal Energy Management
Program)
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coordinating preparation of tlsidocument
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Experience without theory is blind,
but theory without experience is mere intellectual play.

Immanuel Kant
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CHAPTER 1. INTRODUCTION

Wherever humans havived, they had to cope with everyday challenges and rare disruptive
events that threatened their lives. Buildings, energy systems, all infrastructure has the scope
to protect and comfort usThroughout historythe challenge has always been to best adapt

to local circumstancely handling challenges and usibyg potentialsfor constructive

changeor to simplyrun away and look for a better place to live.

In modern times, we have advanctgthnolagiesis at our disposal to help us cope witte
environment Also, the challenges we have to face have evolwedther extremesurrently
threaten our complex and often vulnerable infrastructure. Moreover, in many countries of
the world, infrastructure built since industrializatitvas not kept pace with needsrfbigh
efficiency or is even deteriorating, antustbe modernizedo improve efficiencyresiliency,
and to incorporatehe use of more renewable energy.

So, what are the barriet® applying our knowledge to create a truly integrated, efficient
and redlient energy infrastructure? One big part is habits. We kitloat people are

creatures of habitwe like to go on doing what we have always done. Moreover, we have
created structures, botin the physicainfrastructureandin governinglegislationthat allow
for certain solutions and prevent others. Another barrier is cimstovativeor special
solutions usuallyequire ahigher investment coghan do traditional technologieslf our
actionsare guided by the simple desite maximizeprofitsin the short term then there will

be little room for better solutions that over the life cycle might be more esféective.
Another point is complexityintegratedsystems require cooperation and communication. At
the outset, it will take longeto involve all stakeholdeli; acomplex integrated ®lution

even thought will createa better solutionin the long term In fact, better solutions often
require more cooperationd communicationandhigherfirst investment Upto now, it
seems this dditionalinvestment in resources and commitmestnot being madén most
cases If we wantto continuouslyadaptto the changing environment, we need to evolve our
ways of planning and building.

It would be instructive in this effort ttmokto thoseplaces where peopléavehandled their

local challenges and demands in an exemplary way. They have used experience ahdwnow
gathered over a long time, learned frammal and error,and continued toinvestthe needed

time, effort, and resources to build bettemore efficient, more energy resilient communities
They considered possible threats and local potentaisl cooperated in large teams to
achievetruly admirable resultsWe carlearn from these casdsy exploring thanethodsthat
were applied andby consideringvhat might be dondo further improvefuture systems

Partof the Annex 73oroject Wowards NeZero Energy Resilient Public Commungitsdied

cases of community energy master planning. The goal was to investigate how energy master
planning for entire communities is performed, and to find out how it can be imprdwved.

each participating counyr cases of community master planniwgre chosen, sidied, and
analyzedCasestudiesincluded military camps, universities, research institutes, hospitals,
small communities, town&nd large cities. In most of these cases, buildings and systems
(includngcritical infrastructure like data servers or Igastaining systemsre ownel by

public entities. Therefore, resilience and reliability play a strong role.
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The impact of local climate conditionsaisrucialinfluenceon the choice of energy supply
systems. The described case studies are located ereliff areas of the world, ranging from
tropical regions in Australia to icy Greenlaifithe following report is structured as follows:

1 Chapter 2gives aroverview of all case studies.

1 Chapter 3categoriescase studies according to differeattributes like energy use,
climate conditionsetc.

Chapter 4summaizeslessons learneffom the case studies

Chapter Sincludes lessonearnedregardingmaster planning processesummarizeshe
current trends in energy master planning and projects titure of community energy
master planning processes.

Chapter6 offers anin-depth description of thecase studies.

Chapter7 summarizeshe methodologesusedin the Annex 73ase studies.

1
1

= =
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CHAPTER 2. CASE STUDY OVERVIEW

Severallifferent kinds of casewere studied tobetter explorethe complexity of the topic,
and to enhancehe transferof knowledgeand technologies

Type lincludeenergy supply systemm large cities, townsand villagesin such locations
buildings areseenascconsumers that are connected to these supply systems. In energy
planning, buildingevel energy production facilities are compared with the energy system
energy productionAlsq special spare and baghcapacity can be installed to serve critical
demand in some buildings.

Type 2representcampuslike structureslike university campuses, military installatioasd
research centersvhere grous of buildingscan be analyzetbgether withtheir energy
supdy systems.

Type 3case studiegocus on single componenthat may have been added to enhance an
energy supply system. Most of these cgsgbkichare from Finland, concernhemselveswith
the introduction of heat recovery by heat pump tre introduction of heat storage systems
into traditional energy supply systems.

Case studies also differ by thstate ofdevelopment In some cases, existing energy supply
systemswereinvestigatedn hindsightby analyzing how itvaspossible to plan and
implement theg systems (some of the Danish casts}iraw conclusions otheir longterm
performance and operation. Other cas&sidies focus on measurdisat are only now

coming torealization.In most such caseenly the planning process is in focus of the case
study, although some cases may proviggtentially limited feedbackrom the actual
realizationand operation

Tablel liststhe case studiesncludnginformation on the location (country, locationhd
the type of use (Type). The symbols in the last column repregbennain characteristics of
the case studyfigurel showsthe legend for these symbols

ﬂ District Geothermal or @ Heat Pum
Cooling Groundwater Energy P
ﬂ District ( i | |Heat / Cool water

Heating \_® / |Storage

Green Roofs

e /7, | Use of Waste
t Solar Building Focus or | 0 | |Heat/
6 Energy Critical Infrastructure ./ |Renewable
Sources

Figurel. Symbols for main characteristics to be used to highlight focus of case studies

Tablel. List of case studies investigated in IEA EBC Annex 73

Country Location Main Characteristics
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Case No. Country Location Main Characteristics
6.1 Australia Townsville U?\?\/n;f;fy w
district cooling,cold
storage
6.2 Australia Cairns U?\?vrzlr)suif ﬂ
y district cooling, cold
storage
6.3 Austria Innsbruck Ui?vne]fslfy O
building efficiency,
ambient cold
edad ©
6.4 Austria Vienna Cz_:\mpu_s @
University
district coolingheating,
heat pump, groundwater
thermal storage
6.5 Denmark Skrydstrup Military Air Base @ w
biogas CHPdistrict heat,
thermal storage
District heating in a @ ﬂ
6.6 Denmark Taarnby tower:i rlnglr?cci:r?] aulsarge low carbon heak.g.
P P wastedfueled CHP
district heating
District cooling in an ‘—.ﬂ
6.7 Denmark Taarnby urban development
area district cooling
District heat in a large 'ﬂ
6.8 Denmark Greater Kopenhaget city mclu@mg 20 .
communities and
many campuses district heating
6.9 Denmark Vestforbraending LSS W) [ @
suburbs
district heating, waste
fueled CHP
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Case No.

Country

Location

Main Characteristics

e

DTU District heating and |
6.10 Denmark Close to cooling in a University H
Kopenhagen campus
district heating and
cooling
Denmark, District heating in a ‘_g
6.11 Greenland Quaanaap small town .
district heating from CHF
Iﬂ &
W ¥
6.12 Denmark Danfoss Campus Campus 0
Company Campus o .
district heating, heat
pump, solar energy,
thermal storage
District heating and
6.13 Denmark Favrholm cooling in urban
development district cooling/heating,
heat pump, thermal
storage
6.14 Denmark Gram District heating in a a
small town —_—
thermal storage, district
heating
6.15 Denmark Nymindegab Military Camp @ w @
Biogas CHRjstrict heating
storage (biogas, thermal)
Ouded
o Singe Components
6.16 Finland K;:LS;?::na sunZEB Building for g#
District building focus,
district heating/cooling,
solar energy
6.17 Finland Merihaka Campus

District Refurbishment

building efficiency
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Case No.

Country

Location

Main Characteristics

Helsinki Single Component .
6.18 Finland . Heat pump for district i
Esplanadi Park
heat
heat pump for district
heating/cooling
. Helsinki Single Component
St Al Katri Vala Heat pump for district w
heat pump for district
heating/cooling
A Single Component w
6.20 Finland Musljiili;]rfaan Heat storage for
district thermalstorage, district
heating
Single Component w
6.21 Finland Helsinki Kruunuvuor Seasonal heat storage
for district seasonal hermalstorage
for district heating
c I
6.22 Germany Stuttgart ampus 4,
University .
solar energy, building
efficiency
Campus
b2 Germany DBl Education Campus solar energy, building
efficiency
6.24 Germany Karlsruhe Rintheim Energy S_up_ply Syster ﬂ
District
district energy system
6.25 USA Guam M.Ifamﬂus @ O
titary fown renewable sources, critical
infrastructure
6.26 USA Texas Fort Bliss Mll%amp_}_us @ O
titary fown renewable sources, critica
infrastructure
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Case No. Country Location Main Characteristics
Denver National
6.27 R Western Center CEELE @
heat pump, district heating,
renewable sources
o
6.28 USA St. Paul \ Ca’SP“S. o
ew District solar energy, thermal
storage
6.29 USA Austin campus w O
University .
district energy system,
critical infrastructure
'u'J@ o
6.30 USA Davis campus "
Research Center district energy system,
critical infrastructure solar
thermal
6.31 Canada Vancouver C‘."mp‘!S w @
University o
district energy system,
critical infrastructure
6.32 USA Fort Bragg .Qampus
’ Military Town
critical infrastructure heat
pump, thermal storage
3 (o)
6.33 Norway Trondheim Cz_:lmpu_s
University
critical infrastructure
district heating, heat pump
solar and renewable
sources
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CHAPTER 3. CATEGORIZATION OF CASE STUDIES

To allow for a faster and moseficient analysis, case studies were categorized according to
different attributes. Categaesinclude type of case, climate, energy sources, storage
methods, redundancyandother characteristicsCategorizationvas doneby various teams
and, depending a the focusof the study led to different resultswhichare summarized in

the tablesin this chaptermandalso in Appendix &f the Annex 73 EMP Guidebqetkhich
describesnergy system architecturehis chapter also providesshort overview and
introduction to the case studiassingsome information drawn fronthe aforementioned
categorization.

TheWype of Case Studis distinguishedoy Campus and Distriglystems Case studies on
universities, military installationgnd othersiteswhere buildings and their energy systems
were studied in combination areonsidered€ampuslocations A Bistrictsystem refers to
those case studies th@tvolvedistrict heat and/or cooling networkand often even more
specificallysingle measuresra&omponents installed to enhance these networks.

3.1 Energy System and Climate

Eachcase studynvestigatedthe use of local resources and energy storaigghle?2 liststhe

type of energy needed in the area of interessdistinguisked bycold, heafand power and

by energy sourcessed storage typeand climate. As theata inTable2 indicate, thermal
storage is common. Heat storage has been realized in almost allinastgngdistrict

heating and cooling systems. Especially when volatile resources are used, thermal energy
storage becomes gequirement Oftertimes, power storagetakesthe form of diesel power
units. Althoughit is locally available in many cases, particularlgsupplement needs of the
critical infrastructurethe data inTable2 do not consider diesel power backup

Table2. Case Studies have differeenergy needs, energy system architectures, depending on
climate zone and locally available resources

System Climate Zone
Architec  (According to IECC
ST VANEINE) Energy Sources Storage ture / ASHRAE)
James Cook University, |power, power grid thermal Type 1.3.2 |Tropical savanna
Townsville, Queensland |cooling
James Cook University, |power, power grid thermal Type 1.3.2 | Tropical monsoon
Cairns Queensland cooling
University of Innsbruck, |power, power grid, heat from gas, Type 1.3.4 |humid continental
Technology Campus heating, ground water
cooling
Vienna University of power, power grid, ground water +|ground Type 1.3.4 |humid continental
Economics and heating, heat pump water
Business, Campus cooling
Air Base Skrydstrup, power, combined district heat and |thermal Type 1.2.1 |temperate
Denmark heating, power (CHP), biogas and power
Taarnby district heating |Heating waste heat, CHP, gas, thermal Type 3.1.1 |temperate
heat pump
Taarnby district cooling |Cooling ambient, waste, heat thermal Type temperate
pump 234.1
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Study Name

Energy Sources

Storage

System
Architec
ture

Climate Zone
(According to IECC
/ ASHRAE)
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Greater Copenhagen Heating waste heat, CHP, gas, thermal Type 1.3.4 |temperate
District heating heat pump
Vestforbraending District |Heating waste heat, CHP, gas, thermal - temperate
Heating heat pump
Danish Technical power, power grid, waste heat, thermal Type temperate
University heating CHP, gas, heat pump 2343
Quaanaap district power, CHP Type 4.3.1 |Arctic
heating heating
Favrholm Urban Heating waste heat, CHP, gas, thermal Type 3.3.4 |temperate
development district heat pump
Denmark, Danfoss Power, waste heat, CHP, heat Thermal |Type 1.3.1 |temperate
campus heating, pumps, power grid
process
heat
Village of Gram Heating waste heat, CHP, gas, large-scale | Type temperate
heat pump thermal 2311
SunZEB Kalasatama Heating, Heat recovery, heat pump |Large- Type humid continental
cooling scale 2341
thermal
Horizon 2020 Lighthouse project MySMARTLife actions in Type 3.1.2 |humid continental
Merihaka retrofitting area
Esplanadi Park heating, waste heat, heat pump large-scale | Type 1.3.4 |humid continental
cooling thermal
Katri Vala heating, waste heat, heat pump large-scale | Type 1.3.4 |humid continental
cooling thermal
Mustik-kamaan heating, Type 1.3.4 |humid continental
power
Kruunuvuori Type 1.3.4 |humid continental
HFT Stuttgart power, power grid, district heat Type 1.3.1 |humid continental
heating,
cooling,
solar
Detmold power, power grid, district heat Type 1.3.1 |humid continental
heating
Karlsruhe Rintheim power, power grid, district heat Type 1.3.1 |humid continental
heating
Guam power, power grid Type tropical rainforest
cooling 1131
Fort Bliss power, power grid Type cold desert to hot desert
heating, 1.1.3.1
cooling
National Western Center |power, Power grid, waste heat from sewage |Type 1.2.3 |semi-arid continental
in Denver, CO heating, and heat pumps
cooling
St. Paul Ford Site in St. | power, heating, cooling thermal Type 1.3.4 |Continental
Paul, MN
UT Austin power, power grid, emergency thermal Type 2.3.4 |humid subtropical
heating, generators
cooling




System Climate Zone

Architec  (According to IECC

Study Name Energy Sources Storage ture / ASHRAE)
University of California |power, power grid, solar thermal  |thermal Type 1.2.4 |Mediterranean
(UC) Davis heating,

cooling
University of British power, power grid, renewables thermal Type 1.3.1 |Oceanic
Columbia heating,

cooling
Fort Bragg power, heating, cooling Type Humid

1131
NTNU Glgshaugen power, power grid, solar photovoltaic (PV), Type 1.3.1 |Oceanic and humid
campus heating district heating, waste heat- heat pump, continental
biogas CHP

Toallow for a more efficient energy system desitite system architecturs of energy
systems were analyzed agdtegorized. The categories are identified by a combination of
numbers, see 5th column dfable2 (e.g.,Type 1.1.3.1)Themethod behind this numbering

is described in detail i@hapter 8f the Annex 73Guidebook Ths methodology als@llows

for astandardized graphical representatiohtbe energy system architecture. In some case
studies, the energy system has been mapped following this methodology. The results are
shown inFigures 2 to 5.

In the graphical representation, components of the energy system like energy source,
storage and consumer asssigned to different levelsranging from upstream network level
to the buildingclusteror buildinglevel. In this way, one can easily see how centralized the
energy system is, and which lesehergy sources, storage and conversion are assigned to.

Figure2 shows the energy system architecture of Quanaaq in Greenland. Both power and
heating are created locally from oil CHP. Additional heat is provided by oil and waste boilers.
Buildings include imssion critical consumers.

Quanaaq (Greenland) No. 2.3.1.3

Upstream Community Level: Community Level Building Cluster Level:
Network Level Centralized Energy Generation and Storage Energy Distribution Generation and Storage
Useful Energy

| Electricity
il Heating 110°C/350°C
e @
Heating 160°C/70°C

Fuel
Qil
Boiler(s)

Waste
Boler(s)

Other Energy Building Level:
Resources:
Electricity Mission-Critical
(to ship) Consumer(s)
—
Qil
(from ship)
— “
Waste ] CD

Other Consumer(s)
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Figure2. Energy system architecture for case study on Quanaaq, Greenland

Taarnby District, Copenhagen (DK) No. 2.3.4.1

Upstream Community Level: Community Level Building Cluster Level-
Network Level Centralized Energy Generation and Storage Energy Distribution Generation and Storage
Useful Energy
Electricity L -@ Electricity
(Medium-Voltage
Grid)
District Heating Heating 75°C/45°C

Qil
Boiler(s)
Cooling 8°C/15°C

Other Energy Building Level:
Resources:

—-

Ambient Heat Electric ®
(Waste Water, Heat @
Ground Source Pump
Cooling)
Chilled % @

Water
Tank(s)

OIN .|

Other Gonsumer(s)

Figure3. Energy system architecture for case study on district cooling in Taarnby,
Denmark.

In Figure3, a graphical representation of the heat and electricity supply of the Taarnby
District in Copenhagen is shown. Both electricity and district heating are provided from the
network level. On the community level, an additional oil boiler can generate bdwatp

Also on the community level, ambient heat is used by an electric heat pump to generate both
cold and heat. The temperature levels of supply and return are added to the distribution
lines.

Figured shows the energy system architecture of the University of California Davis. Electric
energy is provided from the network. In addition, biogas and natural gas are available. These
are used in addition to solar thermal edents to generate heating.

A heat storage at the community level can be used for peak shaving and increases coverage
by solar thermal. Also at the community level, electric chillers create a cold supply. On the
building level, there are emergency genenatdor missiorcritical consumers.

The last example is that of the university Campus Technik in Innsbruck (Austifégseb)
Electricity is provided by the upstreametwork, while heat is created locally from natural

gas. There are emergency power supply units on the building cluster level, which serve
missioncritical consumers. Cooling is provided on the building level by electric chillers, and is
secured by coldterage in the ground water.

39



University of California Davis CNPRC No. 2.3.4.4

Upstream
Network Level:
Useful Energy

Community Level:
Centralized Energy Generation and Storage

Community Level:
Energy Distribution

Building Cluster Level:
Generation and Storage

= > (i) —
Electricity A, Electricity
(Medium-Yoltage
Grid)
Heating 160 °C /70 °C
—
Natural Gas
Biogas

Bio-/ Gas Cooling 5°C/10°C
Boiler(s)
Solar
Thermal
Heat
Storage

Other Energy (Tanks)

Resources:

Useful Energy
Electric f—’
Chiller Q—J# ©_.

—

ail

Figure4. Energy system architecture for case study on UC Davi#, US

Upstream Metwork
Level:
Useful Energy

Electricity
{Medium Voltage Grid)

Community Level;
Centralized Energy Generation
and Storage

i

Community Level:
Energy Distribution

Matural Gas

am

Other Energy
Resources:

®

Diesel [storage)

Ground Water
Cold

BOY50

Building Level:
Emergency
@ Generator
Mission-Critical
Consumer(s)
—@
Other Consumer(s)
Bullding Cluster Lewel
Generation and Storage
—— Emergency power supgly
|Dimsel,
Kinatic Enargy)
Building Level:

P

u—@

Storage and Consumption

O—-26

Mission Critical
Consumers

CF

Nen-Res.
Building,

Low Demand
@)

Electrc
Chiller

Heat
Pisrig

Cold from
Grownd
Water

Elextric
Chillles

Figure5. Energy system architecture of the University Campus Technik in Innsbruck (AUT).
Thesystem is of type 1.3.4

With a special focus on technologies, energy systems of some case studies have been
categorized according to a series of characteristics that have been developed together with



the classification of energy system architecturiégure6 provides insight on the result of
this work.The full table can be found in thppendixEof the Annex 73Guidébook.
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Greater
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ion . en district
examples cooling ~
heating

Figure6. Detail o classification table from technology database

3.2 Dirivers

Thecase studiesvere examined to identifthe driving forces for change. Common drivers
include campus growth, growing demand of supply, economic reg$ikashe oil crisisof

the early 70s)costs for supplyandtaxes and targets that have been fixed by governments.
Table3 provides relevantase stug details

Table3. Drivers for master planning processes, as documented in case studies, sorted by country

Australia campus growth
system load
Austria building age
indoor conditions
demonstration
operation costs
Canada living lab

aging infrastructure
carbon tax

Denmark reduce cost for the society including cost of CO2 and harmful emissions

city growth, cost efficiency and lower prices for the consumers

comfort, lower costs, flexibility

costs, resilience, efficiency, living lab, cooling

growing cooling demand, symbiosis between district cooling and district heating
more available space in buildings and no environmental problems with cooling
avoid energy production facilities in buildings and in local neighborhood

Finland attractive apartment buildings

climate change

climate change mitigation

regulation

reduce greenhouse gas (GHG) emissions

find alternative energy sources for district heating and cooling

R R I e I I R B I B I R I I I I ]
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Germany

Norway

USA

initial drivers often vary and may arise from individual needs

aging systems

low comfort

high consumption and costs
new quarter

aging systems
demonstration

campus growth

costs

GHG emissions

new district

regulation

regulation, installation growth

campus growth, different building age cohorts

high energy consumption (both electricity and heating)

goal of achieving a Zero Energy / Emission Neighborhood in 2050
GHG reduction

B R R R B e B I I

The full categorization table is added to this report as attachment. It contains objectives,
measures for efficiency, measures for resilience, climate change impacts and other useful
information. Due tdts size, it cannot be included into the main report, and is foanhd
Universal Resource Locator (URItps://nx3557.yourstorageshare.de/s/cbtk8Erjiawdd.7r

3.3 Financing and Business Mod  els

The case studigiustrate anumber oftypicalbusiness modelsharacterized by

)l

1
1

Identified solutionsaretypically lower in life cycle costs than ekigtsolutions (base line)
or alternatives.

Thus, mvestment can be paid off by the tenant oube life cycle.

Projects are often owned by public entities like energy providers or communities. These
have access tmarketcredits at low interest rates and often everovidea loan
guarantee. Irsomecases, money from government boniaias been used giead of
capitalmarket loans.

In some casegublic funding was used to support part of the project like solar energy
production orto supportstudies on life cycle costs.

When setting up new districgnergysystemdor cooling investments are deast partly
covered by connection fees and fixed annual paymehfsiture customers

Banks and financing institutes aséten involved in the planning phase to offer
competitive financing

The case studieslso demonstratalifferent variants and sometimesnnovative business
models(Tabled) in the following contexis:

1

In Denmark, most energy systems are owned by communities. This has shown to be most
profitable for the local community. To benefit from market forces, some services are
outsourced to private companies.

It was a political decision to allow communities to have their own companies for gas,

heat transmissiopand distribution. These companies optra&ompletely independemy

from municipal budgets, all costs are covered by tariffs, and the municipality can
guarantee loans.
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Some cases from Denmark deal with distributed ownerdbipexample if district

heating grids are combined to increase resilience and optimize reaction to energy costs.
The District Heat Act specifies that no profit can be made in heat supply so the approach
is to cover costs of each player.

Districtcoolingis not boundby such regulatios, but district coolingmustcompete with
consumer individual solutiondloreover district coolings bound to districheating

since the system depends on the-creation of heat and cold.

In case othe DanishDanfoss, a private compgmodernized its infrastructure. The
payback period for investments was 3.1 years, which was below expectation. The project
was supported by 25% public funding.

In Gram, Denmark, district heatinigpends orcontractors forthe generationand

storageof heat.

Another way of financing is sponsorship, as realizati@lienna University of

Economics and Business (Gerndefirtschaftsuniversitat Wiefior WLE) (Austria),

where specifiénstitutes ofthe universityare sponsored bg private companywhich

provide funds in exchangder access to research results and publicity)

WU VienngAustria)alsoprovidesan examplef shared responsibilitypetween a

university anda public buildingcompanyby creating a shared venture thptans, owns

and operateghe campus

The case study on Merihaka, Finldnduseson an existing districtvhere energy

efficiency measures need to be established. Here, a lack of suitable financing methods
for the privde apartment ownersvas identifiedand addressed by local energy supplies.
The case study &tuttgart University considsdifferent options for financing like intracting,
contracting, green bondsand crownfinancing before settlingn public finanang.

Themilitary settlementin Guamhada need to increase resilienc&nalysis ofneasures
showed that demand reduction arehergy efficiency measuresuld be used to finance
resilience measure§.hus,measurebundlesthat were attractive for thirdparty

investment (public utility investment and private energy performance service contracts)
were created(Contracting?)

The casestudy atthe U.S.Army installation Fort Bliss shows thaepending on the goal

or type of energy measures and the ownesbf the energy system (privatized or

public), the approach varies between using existing Utility Privatization Contracts,
Operation and Maintenance budgets, military construction, thpedty financing like

Utility EnergySaving Contracts. Mokt S.Army projects willsupposediybe funded using
Operation and Maintenance budgets.

Atthe Denver National Western Center, thigy, as building ownerhad nofunds to

invest and thusllowed aprivate companyo make investments ithe energy systems

to berepaid through utility bills(private public partnership, contracting)

U.S university campus refurbishmemptojects are ofterprivately owned by the

university itselfincluding theenergy systemdnvestmentscan bejustified by future
savings an@re obtained at reasonable cost on tleapitalmarkets.
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Table4. Categories ofinancing / business models in the best practice cases.

Technical measures?

Financing source?

Public / Financed on capital Asked for by law, Use of renewables, diverse generation |Most
municipality market, guaranteed by reliable grids plants, switching between energy Danish

municipality sources according cases
Public / Public funds By efficiency, demand |Efficiency, avoided costs of installing Australia
University reduction and storage |higher capacity
Private Financed on capital Reliable grids, local Efficiency Denmark

market, proprietary capital |generation ,

and, 25% public funds Danfoss
Public Financed on capital Uninterruptible Power |Use of renewables, efficiency Austria

market and by national  [Supply (UPS) in case

bonds of necessity, reliable

grids, local generation

Public Utility  |Loans from financial By redundant energy |Use of previously wasted heat by Finland
company institutions (capital generation storage and heat pump, cogeneration of

market) and proprietary cold, heat

capital
Public, Financed by Operation  |Financed by bundling |Energy efficiency USA
department of |and Maintenance these measures to
defence Budgets energy efficiency cost

reducing ones

Public / Energy system is created, owned and operated  |Use of waste heat, energy efficiency, USA
municipality  |by a private company that sells the energy. renewable power production
Private, Financed on capital Redundant supply, Efficiency, cost-effective generation of  |USA
University market, partly supported |smart grid own power and heat, use alternative

by public funds for sources like of landfill gas

renewable energy
Private, Financed on capital Redundant supply, Efficiency, cost-effective generation of |USA
University market, partly supported |smart grid own power and heat, use alternative

by public funds for
renewable energy
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CHAPTER 4. LESSONS LEARNED FROM CASE STUDIES

Projectownersin the case studiesere askedo identify major success factors, bottlenegks
and lessons learned. lBchaptersummarize theanswers to these questions

4.1 Success factors

What success factorsere highlightedn the case studiesPhis chaptegroups success
factorsby four main topics: goals, cooperation, integratji@md analysis.

It is critical to consider projegioalsduring the planning stagd heexperience othe Danish
energy system planning institute Ramboll, which is responsible for most of the Danish case
studies,shows that project goaldiffer according to stakeholder role:

)l

For a campus ownethe goalwill typically be to minimize the total lifeycle cost &

providing a sufficient indoor climate and resilient energy supply, based on energy prices
at the campus gate, including taxes and subsidies.

For local communities, the planning authority typically miniwike total lifecycle cost of
providing a suffiently low carbon and resilient energy supply to all buildings and campuses
in the community based on energy prices at the city gate, including taxes and subsidies.
For the national community, the planning authority will typically minimize the total life
cycle cost of providing a sufficient low carbon and resilient energy supply to all buildings
and campuses in the country, based on import/export energy prices excluding taxes and
subsidies.

Another factor often mentioned in the case studies@peration To find the best solution
for a community, it is important that all major stakeholder®perate and giveccess to all
necessary information to the planning authority, aiheét theylater becomepart of the
solution according to their roleBefore implerentation, it is important to agree on how to
share the benefit of the best solution and how to implement it.

The studied casdadicated that theintegration of local potentials and possible reactions to
rare eventds of greatmportance. In Denmark, plamg teams draw on the rich experience
of at least4 decades of planning and implementing integrated energy systems. When
systems are to change, experts consider planning one or two levels above the fisgjkct
and improving projects by identifying snrtasector integration:

)l

1
1

Toplan installations in a building is necessary to consider planning at the campus and
city level.

Toplan installations in a campLis is necessary to consider planning at the city level
Toplan at the city level, it is necemy to consider planning at the national level

Calculation and analysikavealsobeen reportedasimportant methods to helstakeholder
achievegood results with the limited resources.

Chart 1 shows¢he major success factors. Some of them happeared in many case studies,
or are general conclusions from the case studies. Others refer to one specific case study,
which is then mentioned for croseference.
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el GOals & Framework

eDefine clear goals, targets and priorities from the start.

eHave a framework for your planning and for analyzing and evaluating proposed
alternative options

*Tying the project to the strategic goals (carbon neutrality and others) of the city,
energy company and real estate developers (case study on SunZEB, Finland)

*The energy infrastructure in the area, especially the connection to the large central
heat pump, was a key enabler (SunZEB, Finland)

mmmel  COOperation

e/dentify, involve, engage and manage all stakeholders (as described in case study on
Ford Site, US)

eGather support and ensure engagement from main stakeholders and drivers right
from the start

eHave a clear mandate; define clear roles & clear responsibilities, find suitable
organizational structure (case study on WU Vienna, Austria)

eGather a strong and well-rounded project team that encompasses major
stakeholders (UC Davis, US)

eEstablish good, frequent communication and team spirit as these projects last
(usually) for several years (case study on WU Vienna, Austria and HFT Stuttgart,
Germany)

e Trust in people, technology and concepts
elf necessary, build up trust in smaller pre-projects and demonstrations

einclusiveness, shared decision making boosting local participation, knowledge
transfer, networks of best practice solutions and their providers, match-making and
district level learnings for early planning (Merihaka, Finland)

mammd  INntegration

eLong-term thinking in planning and investments is vital

*Bear in mind potential future development (like population growth, additional need
for capacity, climate change)

e Think holistically, do not treat matters as stand-alone, always try to address them as
part of bigger whole (as shown in Danish case studies)

el ook for integration of / in existing energy systems

e  Analysis

eAdjust your level of detail to the progress of the project

eHave a clear business case with cost-efficiency and cost-effectiveness: Based on life-
cycle costs and on long-term planning

eWeigh in reduced operation and maintenance costs and environmental costs like
very good costs (Danish Case Studies, Ramboll)

eInclude and monetize also aspects such as resilience, sustainability, comfort, quality
of living / working

*Show and highlight verified costs estimates including investment, operation and
maintenance and delivered energy and cost savings

el Costs and Financing

e/f a sustainable solution has similar life cycle costs as the standard solution, this can
be very helpful. In case of SunZEB (Finland) the “affordable solution with a similar
lifetime cost compared to the conventional approach” was chosen.

Chartl. Major success factors that have been pointed out imet case studies



4.2 Bottlenecks

Bottlenecks slow a project down and in the worst cas®y/even stop and impede it.
Bottlenecks are the main challenges. Experience from case studies shows that there are
some typical situations in the realization of resiliamwlenergy neighborhoods that act as
bottlenecks.

Lack of information or data in the early process phase has been reported in several cases.
Many decisions need to be made early in the process. It is not possible to find good solutions
if input is missing odenied in this process phase.

On the other hand, motivation helps to overcome bottlenedkenone encountes
challenging situations, it is of uttermost importeihat there be a strong driver or need for
the proposed solution. A clear layout of drigeand need for the chosen concept or idea can
help to pushthe solution to successful completioGhart2 shows bottlenecks (BN) and
means to overcome (ME) them that were reported in the case studies.

uBN Need for Relevant Data / information: No data & information, no next steps. In
the case of Fort Bliss, it was difficult to obtain data on privatized infrastructure.

uBN Stakeholder Involvemeireferably, all stakeholders should be motivated to
contribute and identify with the project from the early stages. In the case of Fort
Bliss, US, even with motivated stakeholders it was difficult to gather all data, due to
the enormous number of interviews to be held with involved persons.

uBN lack oknowledgeon planning renovations and energy efficiency measures (case
of Merihaka, Finland)

uBN Missing organization and methodology represent typical bottlenecks, just like
their poor application

WME ScheduléActions have to be scheduled, and the schedule needs to be respected
WME Methods: Have methods, and adjust them to fit needs throughout the project

uME CoordinationCommunication and transparency throughout the process (case of
WU Vienna)

«ME Finding champior(especially among the potential investors) that support your
idea

BN A lack of investments blocks haghming projects. Projects which involve works
to be done over a long period or in portions require sustainable financing

WME Securing investments for loteym efforts

uBNIlack of suitable financing methods (case study on Merihaka, Finland)

BN lack of financial motivatiofinancial benefits are low with one smart heating
control solution only without apartment/user based billifogse study on Merihaka,
Finland)

Chart2. Bottlenecks (BN) ath means to overcome (MBhat were reported in the case
studies
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4.3 Lessons learned

Chart 3 listdshe major lessons learnegkported by those who studied best practiser who
led these projects.

wAddress multiple problems and challenges at once for larger impact and reduced
investments.

wCombine different infrastructures and discipliiregour approach.

uEven if certain infrastructure measures are only due in a number of years, think of
them as well, to avoid loek scenarios and stranded investments.

wl+1>2

(A novel combination of things (read: concepts, technologies, approaches,
methods) may offer huge potential even if appearing questionable at a first
glance.

ol ook for innovation in concepts, technologies and people.

uReflect, not only for checking your progress, but also to reflect on what you have
done and why.

wCooperation and open dialogue with peers are vital.
wFailure is a great way to learn something, yet it does not hurt to talk to others
beforehand.
uKnowledge transfer, dissemination and good documentation is key.
ainclude, do not exclude.
WaildlofAaK I aO02YYdzyAOF{iA2y Kdzomé¢ G2 ONBIFGS
wn the case of SunZEB (Finland), the buildings act as energy sGioses.
collaboration between energy concept developers and architectural and technical
planners of the building is necessary for successful results.
W 22LISNI GA2Y 2F ySAIKOo2dzZNAY3I o0dzZAf RAY3IaQ |y

considerably improved to reach shared targets more easily, to reduce risks and to
lawvmvar-tha-har far-tha-naad-af-individiial-inviactmante /l\llnrihgl(a, F|n|and)

wrechnically and economically sound concepts still need a framework for
implementation and an investor who wants to go through with the concepts.

uEarly involvement of investors! (if needed!)

u'he project owner, e.g., a campus owner, a public utility or a constomer
operative, is engaged in the planning and investment. In case the project is
profitable, the project owner can finance 100% of the investment at lowest
interest rate (Danish Case Studies, Ramboll).

¥ KAfS 0SAYy3 Iy a9 N¥fe FR2LIISNE 2NJ aCNRBYGN
and courage, later benefits may outweigh this point.
uintegrate resilience and sustainability into your energy master planning initiatives
as soon as possible, instead of waiting for the inevitable crisis, natural disaster
and change to spur you to action.
ubDo not wait and react, instead act and plan beforehand. Challenges, future and
present, will not disappear if you neglect them. See these challenges as a chance
to evolve, not as a threat.

Chart3. Major lessons that havdeen learned by those who studied best practice cases

48



CHAPTER 5. LESSONS LEARNED ON ENERGY MASTER
PLANNING

This chaptesummarizeissuesdrawn from the studied casdbat involve thedesign of

energy master planning process. Information and statements belowlr@®wn from major
success factors, bottleneckand lessons learned reported in the case studies. The answers
to these questions have been groupedaocording to the previouslsummarizedcategories

5.1 Resiliency Analysis and Gap Evaluation

Thecase studieshow thatresiliencewasaddressed bysking stakeholders to idefyi
known risks, critical functionandstrategiesto adoptto maintainsupply system availaity
in challenging situations.

Answers to thos questions indicat¢hat often regulation and standards required by law are the
strongest drivers for resilience. In many cases, emergency poweKusuislly diesel fed engines

with kinetic storage for immediate load) werestalled to reduce damage by power outage. In

other cases, resilienagas increased by combining the thermal energy supply system of two
closelying areas and thus creating a n+1 redundancy for generation and distribution, like in cases
on Danish district heating systems. Here, resilience ispdmuctof costefficiency redundancy
allowsusersto always choose the most cesffective energy source.

For backup power supply, the most common solution is still kinetic plus diesel fed units,
which serve only very limited purposes such as emergency ventilatid lighting as well as
server systems and life sustaining measures in hospitals. Tord&®grids are being

realized in the United States and supplied from-fisded CHP plants at the site to increase
resilience where the power systems are degetiagh Micro grids are not common in other
European countries, as the power grids are reliable, but used in some cases, e.g., the Danish
Technical Universityp avoid distribution tariffs, as the costs of operating their own low

voltage gridarelower thanthe distribution tariff from the utility. Even a large gas CC CHP

plant at the campus is not connected to the campus grid, but is connected to the utility grid
and operates on the market for energy and regulation.

TheGuam, US.Armycase studyighlightsthe role of district systems for providing
resilience. Here, demand reductiavas shown tacosteffectivey improve resilience.
Another measurdakenthat has a sideffect on resilience it activdy manageresponses
from the electric utility toreduce load under an interruptible tariff noticEor examplesee
the Fort Bliss, L& Army installation case studfnotherlesson learned fronthe case study
at Fort Bliss was that many solutioimsplementedto reduce risk are operatioAsased and
low cost. When planning for these. B.Army sites, the procedure developed in context of
Annex 73 has been applied, as describedripanet al.(2020).

Inthe Australian casstudies it was found thagexisting energy or water supply cannot cover
demand peakdHere, thermal energy storage was the method of choice. Resilience is
increased via demand shifting.

In summalyy, one can say that rare events are only considered if required by local/national
legislation, unless resilience is afmpduct of coskfficieng or is specifically required by
critical functions or sensible function owners, as in the cases@tibiversity campuses:
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1 Resiliency is key for the Medical District and the microgrid at the University of Texas
Austin whichhas 10060nsite generation a@pacity, including N+1 redundancy for prime
movers under 9%of all load conditions. This provides flexibility to serve the critical
research customers and Medical District. UT Austin also has a redundant electric
interconnection to the Austin Energy gtil provide 2N+2 system redundancy for nearly
all system load conditions.

1 The campuses have integrated resilience into energy master planning initiatives as soon
as possible instead of waiting for the inevitable crisis or natural disaster to spur the
adminstration to action.

1 Combined with efficient and sustainable energy and water strategies, resilience efforts
can reduce operational and maintenance costs in addition to reducing (or avoiding
entirely) the costs of responding to a catastrophic ev@ng.,Figure7). Insurance
premiums may be significantly lowered, too (case study on UT Aust#), US

Figure7. Tractor providing power to a mountain resort during-Bour blackout. This is a
typical mobile backup method used in agricultural and sparsely populated areas (February
2020, Sommeralm in Austrigsource’AEE INTEC)

Available resources include occasiomslbcal energy production and storage, as well as
supply from existing energy infrastructure like power lines, gas tubes district heating.
Othersignificantresources reported in case studies include kdmw, experienceand
sympathetic regulationjust like access to mobility networks.

As mentioned above in the section on resilience, supply via grid may be limited, especially at
demand peaks. In some thfe case studies (especially hot climate regiong.,Australia),

the reduced electrical consyption and demandenefited both the building owners

(university) and the energy operating company.

50



Another important local resource is mobilitpnecaseemphasizedhe importanceof finding the

right lot for the campus. The chosen area can be used fal éoergy generation and even more
importantly, guarantees a high accessibility by public transport. The lot and its surroundings were
essential and strongly determined the outcome (study on WU Vienna, Austria).

The existing knowledge and experiences @& thsearch team and the included network in
similar projects are important resources (case studyHéiTStuttgart, Germany).

Another success factor reported is the cooperation with an institution holding experience in
similar projects, like offered in arpendialogwith Americanuniversities (study on tiversity
of British Columbia (UBGyancouver, on IDEA cooperation in case).

General information on how available resources can be included into energy master planning
is found in chapter 4 of thguidebook, where local circumstances and resources define
constraints for the master planning process.

5.2 Organizational Matters

Organizational matters range from team buildigdinternal communicationto
involvement of third partiesThis sectiosummarieslessons learned on organizational
matters.

Generally, good communication and team sprit on the working level of the team enable
success.

If more parties are involved or interested, communication is essential, and slow
communication leads to bottle nesk

T Communication:

0 Inone case, communication with administration of university and other stakeholders
outside the campus was reported to be a major bottleneck (case stuthFdn
Stuttgart, Germany).

0 In another casethe operationalplanning effort was led by staff in the partment of
Planning and Economic Development. However, much of the adopted master plan
was informed by other departments in the city, and while they were responsive, the
potential existed for progress to get held up (case study on BtedSt. Paul, US.

I Team / Structure

0 A wellrounded project team that encompasses major stakeholders has been
reportedto be an important success factor (case study on UC Daviy, US

0 If owner and user are naghe same it is important to find the righbrganizational
structure to allow owner and user/tenant to developethroject together, define
common targetsand fulfill all requirements (case study on WU Vienna, Austria).

0 Inthe Danish casstudies, itwas alsashownthat it is a good idea for cityistrict
heating companies and campus owners toperateto find the best common
solutions.

0 The choice of the best planning form for the project is importaimtegral planning,
with the responsibility lying with the main planner allowed for good solétjcase
study from Innsbruck, Austria).

In Denmark, energy planning has become a natural part of urban planning in the local
community, and there is obligation to plan for caesffective heating and cooling in
cooperationwith local stakeholders, first @l with the energy utilitiese.g.,the public utility
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who owns the infrastructure. This framework contribate createamodern and resilient
energy supply infrastructure.

The casatudies show that it is important that all stakeholders provide allvalg information,
which allows the planning authority to find the least cost solution tanprepare a stakeholder
analysighat will indicae how the benefit can be shared among the parties.

Commissionings not an integral part of planning, but can be considered in the planning
process.TheAustrian case studieshow howcosteffectiveness can be improved by splitting
construction work into feasible, competitiyget still economic pieces for commissiogin
(WU Vienna, Austrian case study).

5.3 Financing/ Economics

Thissectionsummarizesemarks collected in the case studies regarding financing and
economics. Generally, the evaluationaafse studieshows that mosoften a dbusinessas

usuak business model im usethat assigns the major cost and benefit risks to the building or
community owners. Most business models assume that the public community is taking all
performance and investment risks. The deeper analysis of three cases showed that some
business mdels such as energy supply contract or even energy performance contracts are
not known or not considered at all. Also, utilities dfadergy Service Companies (ES@Os)

not provide specific services for netro energy (NZE) communities.

In the Danisltasestudies, ESC&@ompanies are not necessdrgcausehe public utilities
and consumer cooperativesasnmanage projects alone or with help of consultaratad
becausehey can obtain loans to finance all necessary costs. Experiraoan from the case
studies shows the importance afevisingan accurate business casend ofconsideing
public funding and avoided costs.

1 Itis important to create an accurate financial business case around forecast electrical
power prices. Knowledge on future carbon pricing #melcarbon taxcan helpincrease
the accuracy of the business case and thus facilitate financial planning (case study on JCU
Townsville, Australia)

1 Inthe calculatios,one should considehe additional savings achieved at the other side
of themeter, due to cold mechanical rooms. In one case tthis amounted tcan
unexpected 10% savings (case study on UBC, Canada)

1 Life cycle costs and energy implications should be controlled at decision points (case
study from Innsbruck, Austria). Idealbne would consider demolition as well.

1 Acquisition of appropriate financial subsidies allowstferdevelopnent andtracking of
non-standard procedures (integral planning, innovative measures, monitoring, life cycle
cost analysis (L@E(case study frormhsbruck, Austria)

1 Permanent monitoring and temporal monitoring do lead to similar costs (case study from
Innsbruck, Austria)

1 Inone case, a foundation grant was used to fund a series of planning studies conducted,
including energy studies. This enabldenergy consultant team to evaluatesite
energy system options for the site, including technical and financial feasibility (UC Davis,
UA).

1 Leverage alternative funding to support project implementation (case study on Fort Bliss,
USA.

1 Life cycle cosL.CCtalculations show that losiech solutions have lower life cycle costs
(case study from Innsbruck, Austria)

52



Another important issue is to check and evaluate use of local and sustainable materials
as well as carbon embedded in materials.

In a big progct, it is very important to use more than just one method to check costs
(case study on WU Vienna, Austria)

Different options for the financing of the proposed measures were considered and
discussed with the projegiartner éStuttgart Financi@land othe experts. Among them
were intracting, contracting, green bonds crowdinvesting. In the end, the
Department of Treasury BadeNlrttemberg agreed to finance the projestich thatthe
other options were not needed anymore. However, the ideas can beegpidifuture
projects (case study oAFTStuttgart, Germany)

Inthe Merihaka case study in Finland, large buildings with privazelged apartments
neecdedto be upgraded. To resolve issues around finanaihgn supportng government
funding is missing, the local energy companglen Ltd,.is active with a business case
and will be creating new business model studies as part of project acsindsvill thus
contribute to achievinga large impact.

First studies on the business cases for Merihaka have includdedlitecal, Economic,
Social, Technological, Environmentaid Legal (PESTEBDOY Strengths, Weaknesses,
Opportunities, and Threats (SWGiHalysesas well as TALC methodoldigat identifies
customer profiles to see how society is prepared to accept it. Quick summaries of market
size and a porter diagramas prepared for the project partners, the energy company
andsubject matter experts (SMEsyhich consideed thepowerneeds and capabilities of
consumers and supplierthe threat of rivalry,energysubstitutes and new entrantsnto
the marketplace

In the NTNU Glgshaugen campmase studyfour energy efficiency packages were
introduced for energy use reductidn help meetthe target ofa Zero Energy/Emission
Neighbahood by 2050 Most buildings were built between 1951 and 1%twere
expected to undergo demolitignmeanwhile a plan toexpard the campusthrough2025
with new buildingduilt to the passivehouse standard. It is most likely to achieve self
sufficiercyfor heating,but will remainlargely dependent on electricity import frothe
grid until 2050.

In conclwsion, the followirg deductions can be synthesized from best practice examples:

)l

In most best practice casgimvestments will paypackin the long term by reduced
operation and maintenance costs, and can thus be financed by tramgon the

capital marketon goodterms.

If the energy system has been privatized and is not owned by the campus building
owner, itwill e more difficult to renovate it since the investor does not profit from
savings in operation.

Most public entities (nations, municipalitiestc.) can get finaking even for very lorg
term investments (>20 years). Private companies instead look for a return of investment
on a shorter timeperiod,around 4 years. The Danfo&enmarkcase studyghowed that

it is possible to reduce energy consumption with estalelistechnologies and reach a
very short papacktime (here 3.1 years).

Many countries offer financial support for renewalgleergygeneration, innovative
technologiesor outstanding procedures. Such subsidies can help to redudsapkiyme.
Resilience cabe obtained in many ways, ranging from UPS units for each critical
function to redundant production and delivery systems. Daces$e studieshow that
redundant production and supply systems can also be used to exploit price variations
the energy supty, and thus reduce operation costs.
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5.4 Framework

The termdframework€ denotes theexternal factors that affect community master planning,
like nationwide regulation on energy use or planning procedures, and project specific goals.
Theframeworkoften defines what measures to apply and which solutions to prioritize. The
generalguideline for community master planninge.,that youcdhold it in your handg can

also be seen as framework since it gives advice on tools and procedures.

Here, lessons learnadtrawn fromthe case studiesn different types of frameworks are:

1 Framework for assessment of options:

o
o

It is important to have a framework with which to ass alternative options.

However, it is important to consider the overall framework at least one level above
the level of the projecte.g.,a project for assessment of investments in buildings has
to be assessed at the campus or city level and be compaitadalternative options
including this level. Likewise, a project for assessment of investments at the campus
level has to be assessed at the city level or national and be compared with
alternative options including this level (Ramboll, experience framigh case

studies)

In one case, higltevel criteria for energy efficiency and sustainability led to better
than usual results, because they were defined early (should be before commissioning
to planner team) and checked throughout the process. The sapkes to costs

(case study from Innsbruck, Austria)

The framework deployed on one project consisted of an economic evaluation of the
lifecycle cost, an evaluation of whether the option would align with campus
initiatives, and whether the solution wouldqvide sufficient reliability and

redundancy. (case study on UC Davi#)uS

1 About framework for implementation:

o

In one case, although a new visiordhzeen created for the site, a new developer

who would purchase and develop the site may not find it fédesito implement all

the ideas and concepts laid out during the &gt visioning for the site within the
timeframe needed for horizontal and vertical development to proceed. While the

city conducted a significant amount of study to ascertain the findrasid technical
feasibility of a district energy system, more focus could have been placed on
implementation frameworks to better prepare for the period between identification

of a developer and execution of a development agreement (case study on Sdint Pau
Minnesota, Ford Sita)SA.

Thecity is also considering how the lessons learned from large district projects can be
translated to smaller, parcaicale projects. One important conclusion from some case
studies is on the possibility to draw from pilatigies to modifythe
legislation/regulatiorframework(case study on Saint Paul, Minnesota, Ford Big).

City staff can lead a process of active community engagement and act as a hub for all
city departments to create a shared vision that optimizes community benefits from
the redevelopment of a property. As tloity works through the due diligence period
with the developer, staff are developing a better understanding of how to define
expectations and policy in advance of projects being initiated (case study on Saint
Paul, Minnesota, Ford SitdSA.

For information on framework in form of goals and constraouasultTable5, chapter 4
and Annex A of the guidebook.
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Table5. Framework conditions to be considered regarding later planning and latergg&a

Phase Details Examples

Operation |Availability of personnel Denmark/Greenland

Acquisition [Low-tech costs less

Monitoring |Optimization Austria/Innsbruck, Finland/Merihaka
Evaluation before bringing methods to other districts

Planning |Privatized infrastructure USA /Fort Bliss
Campus growth Norway/Glgshaugen, Trondheim

5.5 Technology

Thissection presentgessons learned from case studies on use of technology. Changing
climate and disruptive eventanchallengesupply energy supply. Innatians and new
technologies can help to create and maintain efficient, resililent-carbon energy systems.
In the followingdiscussiorsummarize lessons learned on technology. Outcasmange from
general remarks to very specific suggestions.

1 The challeng was to deliver system capacity that covers high demand days (case studies
from Australia)

1 Use of innovative technologies holds difficulties. One needs to define:

0 Technical requirements for feasibility

0 Ciritical factors like erreproneness otontrol systems, space requirementsc.
0 Conditions for cosgffectiveness and cost drivers

0 Criteria for the request for proposal (REBase study from Innsbruck, Austria)

1 Inthe Merihaka, Finlandase studythe building envelope turned ot offer suficient
insulation. Thus the key intervention in the retrofitting process to lower energy
consumptionwasthe installation of smart controls for management of apartmethtsat
and electricity demanddsmart heating control is applied with added focusesdting
heat demand response to optimize energy systems and implement the human thermal
comfort study with a QR code feedback system (based on the Human Thermal Model
(HTM) developed by VTT). Together with HTM, predictive algorithms are also used to
optimize energy use to achieve savirgs

1 d&rhe company has been first moweith regard tonew technologies in the pit storage in
large scale. This has caused some problems and reduced the economic benefit the first years
of operation. It has however been to therefit of the next generation of storagesg.,a
storage pit in Toftlund not far from Gram, which has learned from this experience and
managed to avoid holes in the liner during the constructi@ase study on Gram, Denmark)

1 Consider the huge benefitsf reduced power consumption, costnd carbon
equivalentswhich can be raised from a centralized plant (case studies on central cooling,
Townsville and Cairns, Australia)

T Include plans on future thermal load growth and allow for system expandability to meet
these future loads (case study on UBC, Vancouver,daana

1 Substitution of technology offers opportunitie§fhe steam to hot water conversion
LINE2SOG X StAYAYIFGSR bmdpn YAftA2Yy Ay RSTFSNN
costs, improved safety and resiliency, and dramatically reduced energy and water
consumptiore (case study on UBC, Vancouver, Canada)

1 Consider the transition periqd.e.,whatto do with new buildings that carot connect to
new technology€.g.,hot water) yet should connect to steam (old technology being
eliminated) (case study on UBZancouver, Canada)
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Operation mode of chiller$Ensure that the centralized centrifugal chillers are run highly
loaded, for as long continuous periods as possible and do not&(ogse studies on
Townsville and Cairns, Australia)

Consider thestructurd design parameters for the modular tank for hot/cold water
storage (case studies on Townsville and Cairns, Australia)

Ground water can be a powerful source of energy (case studies on WU Vienna, Austria)
Process steam scoping. Several labs and or proegagements were not captured

under original scopingfter change from steam to hot water heating, they were out of
steam. (case study on UBC, Vancouver, Canada)

Provide coskffective alternatives to generatore.Q.,storage, photovoltaics, demand
resgponse (case study on Fort BliSSA.

Whethera specific innovative solution is possibEndependon the specifisituation,
e.g.,as reported in SunZEB case study from Finlégiidfrict cooling with access to a

heat pump that can reuse the energy setledé¢

Moreover,acampus camprovidefeedback on its surrounding energy system, making
adaptations of the system necessafif.a large number of SunZEB buildings are
developed, adapting the district energy system for the loadeeded (SUnZEB case
study from Finland)

There is constant waste heat with capacity of LMW from IT center in the campus, which
is already sed for haating and will contribute tan heat supply. Heat pungare

expected to supply around half of the total heating use. The contribution to electricity
from solar PV is less than 10% in new buildamg$less than 5% in existing buildinghe
contribution from a biogashased CHRb both electricity and heating is negligible (case
study of NTNU Glgshaugen campus, Norway)

Thecase studieshowedthat various methods are used for storing ene(@gble6). Here
there is certainly space for innovation. In fact, storage is one of the big research topics,
ranging fromchemicalstorage (batteries}o fuels (hydrogen, biogagp heat (latent and

sen

sible) Storagesolutionsare anticipated tagrow rapidly in the next years.

Table6. Storage solutions featured in case studies

Storage Type Details ‘ Examples
Thermal water storage Hot water Denmark/Gram, Finland
Cold water Australia, Finland, Denmark
Ground water Austria/WU Vienna, Denmark
Fuel storage Hydrogen Denmark/Nymindegab

Generationon the other hanghas beerthe subject ofmuchresearchoverthe past

decades, and is increasingly integrated in solutionthasase studiedlustrate. Table7 lists
some examplegGeneric information on technologies is presented in Apperdixthe EMP
Guideboo
Table7. Generation types featured in case studies. The list is not complete, only some exemplary
case studies are listed for each generation type.

Generation Type ‘ Details Examples ‘

Fuels QOil, Natural Gas, Biomass Denmark, USA

Ambient heat Ground water river Austria/ WU Vienna

Ambient heat Sea Denmark, Finland

Waste heat CHP USA, Denmark Copenhagen

Waste heat From cooling Finland, Denmark/Taarnby cooling
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Waste heat From Building SunZEB, Finland
Recovery Of exhaust air heat/cold Austria/ Innsbruck
(only heat) Norway/ Glgshaugen

Of wastewater heat Denmark/ Taarnby cooling
Photovoltaics USA, St. Paul
Cogeneration of Heat/Cold Heat Pump Finland, Denmark/Taarnby cooling
Waste heat Heat pump NTNU Glgshaugen campus, Norway
biogas CHP

5.6 District Energy  Systems

District energy systems play anportant role inthe Annex 73¥Wowards NeZero Energy
ResilientPublic Communiti€Xase studies. T sectiorsummarize lessons learned about
district energy systems, from steam to hot water, from heating or coolirmcimmbination
of both, andthe integration of power. Moreovetthe discussion refers to the specitiase
studies to consultor additional information.

5.6.1 Advantages of district heating and cooling

With district heating and coolingt is possible to

)l
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use efficient waste heat from industry and power generation, in particular at low
temperatures

include enegy from different sources including renewables

include storagehat enhances use from volatile sources

choose generation source according to actual prize level, due to variable flow operation
reduce costs for generation plants due to economy of scale

read to power costs by choosing heat source accordingly.(gas turbine or heat

pump).

See case studies from Denmark for more details.

Fordistrict cooling especially

1

1
1

storage reduces the dependence on power supply. If the local power system is at its
limits, cold water storage can be part of the solution.

Storage provides capacity, due to strong daily fluctuations

Storage is an option to optimize operation and use of electricity

See case studies from Australia.

Advantages of combining heating and cookiygtemsnclude

1
1

Wasteheat from cold production can be used for heating and waste cold from heat

production can be used for cooling.

Heat pump for combined heating and cooling can be combined with ground source

cooling Aquifer thermal energgtorage, shortATES)

Coolingwith small devices on building level has some disadvantages:

0 In cold regions this heat is lost, while it is needed elsewhere.

0 In hot regions, this heat further warms up the environment, aggravating the
situation, while domest hot water is usually still provided with fossil fuels

0 Problems with noise, visual impact and space.
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1 Inregions where heat and cold is needed concurregntse one heat pump for combined
cooling and heating.

1 Inregions where heat and cold is needed iffadient seasonsconsider seasonal thermal
energy storage.g.,ATES.

See case studies from Finland, Denmark and Austria (WU Vienna) for more details.

Advantags of CHFRnclude

I One carreactto supply costs by choosing appropriate generation plargs CHPvs.
heat only

1 Combined with thermal storage tanks, the extraction CHP plant can generate power only
at power peak hours and generate combined heat and power in the most optimal way

1 Combired with thermal storage tanks, the bapkessure CHP plant and gas engines can
generate combined heat and power in the most optimal weay,,at maximal load in
ower peak hours

See case studies from thénited Stateand Denmark for more detail, espedyaliniversity
campuses, townsand cities.

Generally, case studies show that district infrastructure including generation and storage
enhance local community value creation.

Table 71 in chapter 7 of the guidebook contains a full listisadvantages and advantages
of district thermal energy systems.

5.7 Planning

This section presenll lessons learned regarding planning. For easier review, we distinguish
between different categories, including method, goals, simulation, costs, monitaniy,
involvement of user/operator.

Planning method.

I To enable innovative solutions, use integral planning at the level of society to include all
potential sectors (Danish cases, Campus Technik Innsbruck)

1 Ensure that the planner has access to the necesstalydata from all stakeholders and
facilitate an open coperation

1 Beyond access, planning should be done directly with stakeholders and legislative bodies
as the engagement practices have many benefits including less opposition for zoning
change, helpig the developers showcase the clients they are building for to directly
respond to the needs of the market and business models that show positive cash flows
and increased rental/ sale numbers in less time. These positive side attributes will offset
some ofthe perceived risks of the private developers. Beyond institutional builders,
community and private developers should be part of the equations of sustainable
development metrics.

1 To reduce barriers and promote use of digital methods, the public authoaityoffer
information to planners: In case study on Merihaka, the City of Helsinki has collected
extensive data on buildin@snergy information for open source use in the Energy and
Climate Atlas as an integral part of the 3D City Modelds:/kartta.hel.fi/3d/atlas/#/

1 Moreover, in the same project, VTT Technical Research Centre of Finland has performed
a comprehensive technical and cedficiency study on suggested renovation measures
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for particular type of apartment buildingsinformation table embedded as peyp
clickable feature onto the model Merihaka apartment buildings)
Use simulation tools.g.,EnergyPro for simulating the most optimal operation and
network analysis systems for desigrtoé energy carriers (Danish case studees,,
Taarnby district cooling)
Create different scenarios and compare them, as has been done in Merihaka case,
Finland, by using the Multi Objective Building Energy Optimization (MOBO) study, to map
best scenarie and combinations of energy conservation measures. In Merihaka case,
energy, emissions arlide cycle costhave been compared for a period of 25 years.
Use life cycle cost analysis including actual costsat present value (NP\&nalysis
based on a reasonable lifme and discount rate, including residual value for
infrastructure for which the lifeme exceeds the project period (Danish case studies)
Note: life cycle should start at the acquisition of faad ifdemolishing and soil
remediation is required.
For nonstandard energy supply and building components and rarely used technologies,
invite manufacturers to cooperate the planning phase
0 dNoconstruction company would deliver the innovative prefabricatezhéie as it
was planned, thus the design had to be adapted, including standard elements to
achieve the aspired resdl{case study in Innsbruck, Austria)
In US.case studies oArmy campuss, planning for resilience and sustainability
procedure described idefferset al. (2020)s applied
In the case study of NTNU Glgshaugen camgnex,gy efficiency measusavere
considered under scenarios of standard and ambitious renovation activity and
demolition.

Goals, Framework.

1 Define energy and cost limits in an early planning phase (preliminary design) (case study
from Innsbruck, Austria)

1 Coordination of some tasks neetbre adjustment to prevent duplication of efforts.g.,
refurbishment scenarios should be final before simulation, etc.) (case stubyfFon
Stuttgart, Germany)

1 Optimization variantsd.g.,regardingHeating, Ventilating, and AC€onditioning [HVA(]
shoud be defined and assessed in the preliminary phase

1 Determine whether the university campus is able to achittesgoal of Zero Energy/
Emission Neighlvbood 2050and define the most important factors influencing energy
demand andsHGemissions reductiofcase study of Glgshaugen campus, Norway)

Simulation.

9 Simulation toolgTable8) can provide resilient results but neeeliable input
information (case study omFTStuttgart, Germany)

1 Detailed simulations are not necessary in some situations (case studi @tuttgart,

Germany)

Table8. Software andtools reported in case studies

Type of Software,

Application

Application  Used In Case Studies

Geographic information  |ArcGIS

system
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Type of Software,

Application Application  Used In Case Studies
Simulation of energy SYSTEMRORNET (hydraulic analysis in Danish cases)
systems SMPL/Net-Zero Planner (U.S. Army case studies)

Vision Simulation Tool from AECOM (U.S. Army case studies)

Comprehensive Energy Investment Plan (CEIP) Vision Scenario Planning Tool (U.S.
Army case studies)

IDA-ICE (SunZEB case study, Finland)

IDA-ICE (NTNU Glgshaugen campus, Norway)

INSEL and PVsol for PV (case study on HFT Stuttgart, Germany
PVsyst for PV (NTNU Glgshaugen campus, Norway)

Business Excel sheets for business models and calculation

Ramboll business plan model in Danish cases

Life cycle costs (e.g., econ calc, Austria)

Excel tool for economic efficiency, inhouse by HFT Stuttgart

Resilience Energy resilience analysis ERA tool developed by MIT (in U.S. Army case studies)

Optimization Use of monitoring data e.g., on flow and temperature of wastewater (Denmark)
Mentor Planner for optimized operation(Denmark)
ENERGYPro: simulation of cost- optimal operation (Danish cases)

Building Comfort IDA-Ice for Dynamical building simulation of indoor comfort (Austrian Case studies,
Simulation Merihaka, Finland)

PHPP passive-house planning platform (Austria, Germany)
Daylight Simulation

Surrounding Wind simulation for outdoor comfort (case study on WU Vienna)
Building Design CAD software for design
Building Energy Use Energy performance certificate according to ONORM (Austria)

Certification tool (PHphit) (Germany)
SimStadt simulation platform (Germany)

Project organization Project Platform

Project leaders and construction supervision used different cost tools to control cost
development (WU Vienna, Austria)

Optimization, Hybrid Multi Objective Building Performance Optimization MOBO (Merihaka, Finland)
Solutions

Monitoring.

1 Consider monitoring already in the planning phase (case study from Innsbruck, Austria)
T Permanent monitoring and temporal monitoring do lead to similar costs. (case study
from Innsbruck, Austria)

Involvement ofUsers/Operators.

T Complex control system in one of the buildings requires the terfattisntion and
know-how (case study from Innsbruck, Austria). Training can help remove barriers to
behavior modification

1 In case of complex technical installations inedillwe future operator from an early phase
(case study from Innsbruck, Austria)

1 It may be difficult to keep and attract qualified staff to ensure efficient operation and a
high maintenance standard in remote areas (case study from Greenland, Denmark)
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5.8 Moti vation/Mobilization

Motivation and engagement are always essential. In some case studies, they were
mentioned as driving factor for reaching a higlrel solution.

In case of demand for additional space, a required reduction of energy use can leverage the
process to reach sustainable systems:

Institutions of higher education are requiring that campus growth go hand in
hand with objectives of reliability, efficiency and carbon reduction on campus
when evaluating options for expanding or managing existingidi€nergy
infrastructure (IDEAJSA.

1 The motivation of campus users and owner is a success féBoth tenant and owner
have knowhow on building, and were interested in achieving a Halrel results (case
study from Innsbruck, Austria)

Engagemenof management team (case study bifr TStuttgart, Germanyis essential.

In the case of UBC (USA), the economic impact of a carbon tax played a strong role in

reducing natural gas use and moving to fuel diversity by adding bioenergy (case study on

UBC, Vacouver, Canada)

1 Certification and pricesin November 2017, the 1dcre Dell Medical District at The
University of Texas Austin became the first project to hold SITES, LEED, dnd PEER
certifications, making it one of the most holistically sustainable and resilient facilities in
the world£ (case study on UT AustidSA.

1 The engagement of stakeholders increases acceptance and may in this way reduce future
costs for adaptationgiThe na-technical planning success was the dedication of time
and effort the City oBaint Paul planning department put into extensive community
stakeholder engagement from 2007 through 2017. This stakeholder engagement effort
was visible and reached the commiynihrough:

0 Over 80 presentations to business, civic and-paoufit groups

0 45 public meetings with over 1300 people attending those meetings

0 Over 100 articles in print, radio and television media

0 Thousands of ideas and comments were received through tigagement effort,
and the key themes from the community were able to be incorporated into the
vision statement and six guiding principles that were ultimately adopted by the City
Council and Mayor as the Ford Site Zoning and Public Realm Master PlaawThe n
vision for the site, rather than the existing industrial use, was available to developers
as they made bids on the siégcase study on St. Paul, F&@tk, US)

1 In case of Merihaka, Finland, private apartment owners need to be motivated and
included.An energy advisor has been brought on board to assist with engagement of
private stakeholders and to continue and trigger furtherareative discussions. Another
activity was performing a study on renewable energy and discussion of results with the
localbuilding owners to acquire more feedback on their interests.

1 The retrofitting work of the privatelpwned apartment buildings was first introduced
through prepilot experiences. This helped in creating a level of acceptance for the
project actions (case stly on Merihaka, Finland).

1 dDiscussions with the local housing association chairpersons aim to motivate them and
encourage exchange of knowledtperaise more awareness on the energy matters.
Some events are open to public and some are specifically fdrutding owners in the

E R

* Performance Excellence in Electricity Renewal (PEER)
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form of living lab cecreation sessions. As an example, three events consist of cascading
workshops with experts, residents and interested stakeholders, such as solution
providers and financiers for energy retrofits. This excharfgdeas aims towards

matching the preferences and transforming retrofitting on district level. Joint discussions
between the housing associations, the district real estate management company, local
energy company and energy optimization study providercanatinuing to have more
detailed discussions. The program on the city level is supported by the administration
and conducted in conjunction with the City Straté@ylerihaka, Finland)

1 Successful projects serve as role mod@lsie CNPRC will be useddemonstrate the
feasibility, cost, effectiveness, and challenges faced in implementing energy efficiency
and environmentally friendg/(case study on UC Davis, US)

1 One of the pilot projects of the Zero Emission Neighbodsin Smart Cities (ZEN)

Centre $ 6Knowledge Axis Trondhejawhich is a nortksouth bound route in Trondheim
with high concentration of knowledge institutions. NTNU Glgshaugen campus is situated
alongthe Knowledge Axis artie university isone of theprimary actors in the project.

5.9 Current trends and future solutions

To summarize, some trends may be observed in the case studies:

In manycases, power demand has strongly increased, due to use of electrical equipment and
cooling demand, which may again be caused by electrical equipment and higher outdoor
temperatures. This results in low summer comfaintd overheating rising costs for coilg,

and sometimes eveoapacity overload

Measures applied include

Replacement of electrical devices (e.g., lighting) by more efficient ones

Shading

Use of renewable cold, e.qg., ventilation (day and night), ground water etc.
Centralized cooling systemstivTES to shave demand peaks and move consumption
from day to night.
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Experience from case studies shows tiganerallythere is often large potential using
standard/well-tried technologies These include efficiency measures like insulation of
envelope, upgrade of building technolggnd use of heat pumps, renewable generation
and heat storage.

Where district heating is wedistablishedthermal supply networksare beingexpandedor
combined with each other to replace fossil fuels with renelgagmergy and surplus heat and
to increase the overall energy efficiency. Moreover, thermal storage capabiging
increasedo use more thermal and electrical energy from volatile regenerative sources.

In Denmark, integrated energy systems that acs@asalledvirtual battery: The district
heating is supplied from a CHP plant, a heat pump, an electric boiler and storage units. The
system is operated in response to the electricity market prize.

In some cases, theeat pumpcan deliver cooling to disticooling in combination with an
aquifer thermal energy storage. In many cases, both for district cooling and district heating
networks,thermal storageis being installedo avoid stress by consumption peaks and to
optimize the production and operationnd thereby reducing the risk of load shedding and
blackout on warm and cold days (case studies from Finland)
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One important leap is theeplacement of steam systemisy hot water systems. In Greater
Copenhagen, one of many subprojects in the city centtr isplace the old steam system

with hot water district heating and thereby reduce the costs and increase the efficiandy,
increasethe use of renewable energy and the level of resilience. This experience is valuable
for U.S. campuses, as 95% of all pamheating systems are steam based.

In single ownership areasuch as university campus, EEMs can be undertaken to reduce
demand peaks, e.g., building shell renovation and replacement of emergguming devices
by more efficient ones, as the campus owigeable to optimize the whole chain from
thermal comfort in buildings to use of resource and fuels. Thereby the campus owner can
also find theright timing for modernizing building installations and optimizing the insulation
and HVAC system with respeotthe real costs of energy supply (HFT Stuttgart, Germany)

If the energy supply system is owned by the city or consumers like in Denmark, the utility
aimsto minimize the cost for all consumers in total. In fact, this leads to optimal solutions as
in sinde owner campus situation€ostbased tariffsare important to stimulate efficient use

of energy.

Forbackup power supplythe most common solution is still kinetic plus diesel fed units,

which serve only very limited purposes such as emergency vemntilatid lighting as well as
server systems and life sustaining measures in hospitals. Tord&w®gridsare being

realized in the United States and supplied from-fjeded CHP plants at the site to increase
resilience where the power systems are degeniegtMicro grids are not common in other
European countries, as the power grids are reliable, but used in some cases, e.g., the Danish
Technical Universityp avoid distribution tariffs, as the costs of operating their own low

voltage gridarelower thanthe distribution tariff from the utility. Even a large gas CC CHP

plant at the campus is not connected to the campus grid, but is connected to the utility grid
and operates on the market for energy and regulation.

For existing large areas, tipdanning pracess is complexand includes consideration of

future use and energy costs as well as maintenance and operation of existing infrastructure.
Implementation plans for energy systems cover many years of actions to increase efficiency,
resilience and reliabiity. These plans are important to allow for financing from a third party
that needs a schedule and security.

Energy master planning considering resilience has been further developed in the framework
of Annexr o Towdrds NeZero Energy Resilient Publicn@uounities¢ and is being

increasingly applied in planning processes. It helps to build a constructive and informed
energy master planning process, allows to consider various aspect, and proposes procedures
and solution sets for lorterm implementation plas that lead to highly sustainable, cost
efficient, and resilient supply systems.

Requirement of energy security is growing duehe increased complexity dhe built
environment. First of all, it is a challenge to develop a low carbon energy system and
integrate volatile energy sources. This is further causetthéwuse of electrical devices in

many aspects of our liveshich ultimatelychallengsoutdoor conditions and high standards

of indoor climate. To provide for a resilient supply system, adagtatof our water and

energy supply systems are necessary. Due to the complexity of requirements, many
stakeholders need to be involved. The energy master planning process for single ownership
areas and for local communities designed in AnnegTt8vards NeZero Energy Resilient
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Public Communitigshelps to create resilient communitiesd is described in detail in the
Annex 73 Guidebook.
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CHAPTER 6. CASE STUDIES

6.1 James Cook University Townsville Campus District Cooling
System with Thermal Energy Storage , Australia

Special Points of
Case No. Country Location Specific  Type Photo Attention

1 Australia Townsville
. coolingold storage
Country: Australia
Name of city/municipality/public community: Townsville, Queensland
Title of case study: James Cook University Townsville Campus District Cooling
System with Thermal Energy Storage
Author name(s): Behzad Rismanchi / Caroline Frauenstein
Author email(s): brismanchi@unimelb.edu.au / caroline.frauenstein@jcu.edu.au

Link(s) to further project related information / publications, etc.:

https://www.jcu.edu.au/tropeco-sustainabilityin-action/sustainable-campuses/energy/campusdistrict-
coolingcdc-systemavertingan-energycrisis

https://www.airah.org.au/Content_Files/EcoLibrium/2009/September09/2009-09-01.pdf
https://www.ergon.com.au/ __data/assets/pdf_file/0006/149658/FINAL -ERG_A4CaseSheet_JCU.pdf

6.1.1 Background and Framework

In 2006, JC@ Townsville Campus in Queensland, Australiafagisg an energy dilemma,
we had reached a point where our energy demand was close to that of the available
electrical supply from the local Zone Substatgoend we would not be able to implement
our plans to expand our teaching and research facilifiaygical footprint) without major
infrastructure upgrades to the electricity supplgr a major rethink of our energy efficiency.

As we are in a tropical environment, -gionditioning our facilities was the most significant
electrical power consumer, ugiralmost 60% of the total energy for the camgusith little

or no requirement for heating. Each building had been built with separate, atandair-
conditioning plants, and many of these were inefficient, outdated (several had been in use
for 35 yearshnd in need of replacement. All our facilities use electrical power off the grid
and there are ndiquefied petroleum gas (LP@J) natural gas supplies.

Our Cairns campus had a small sced¢etralizedchiller facility(Figure8) and we levered of
this experience, with input from stakeholders such as Ergon Energy and consultants like
McClintock Engineering Group to research alternatives and present a detailed busisess c
for approval.
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Figure8. Townsvillechilled-water reticulation.

Interesting 2007 Statistics and Plans:

1

f
f
f

255 hectares containing 28 distributed teaching and research facilities or 680680
air-conditioned space.

Campus electrical maximum demand of 7.3MW.

Power costs of $2.million per annum.

Development plans to add 25,206 of air-conditioned space by 2010 and another
25,000m? by 2015, equating to 9.9MW in 2010 and 13MW by 2Qb6th in excessf
installed electrical network capacity

6.1.2 Innovative Solution

Our solution, installed in 2008 and commissioned in 2009, is the lazgagtalizedCampus
District Cooling System in the Southern Hemisphere, where we instatiedtalizedchiller
and thermal enegy storage tank facility with an underground chilledter piping
reticulation to cool 69,000n? of research and teaching facilities locdtie 28 different
buildings on this tropical campus.
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Our business case compared this sustainable, energy reduction opportunity with the
alternative of installing additional high voltage feeders and increasing electrical consumption
and demand on the campus

The system was designed to run the chillers during periods of low campus ilodage night
when the lighting and power loads are layto charge the Thermal Energy Storage Tank
(TEST). The TEST provides the cooling during the high demand lightiray@ndampus
loads, typically between 08:00 and 17:00.

Interesting Project Statistics and Information:

1 12Megaliter, modular, galvanized steel platezFstands 16.5n high and has an
outside diameter of 32n. Maintaining a thermocline and distinct stratiition is critical.
Insulation is provided by 2 0%nm layers of polystyrene grade insulation and the water
seal by a B mmwelded butyl rubber liner. Nominahpacityis 120,000 MWh(t).

I The system contains a total of Megalitersof chilled water (CHYn the TESRnd the
11.2kilometersof reticulated piping (DN560 to DN110) is open to atmosphere and
therefore treated with a molybdate corrosion inhibitor and various biocides and
treatment additives CHW is typically sent to the campus @t€and rdurned to the
TEST higher than @2C

1 Four, 4.2MW(t) rated Trane CVHG Chillers provide the system chilling capacity in the
central energyplant. Primary CHW Pumps service the chillers while Secondary CHW
Pumps provide the pressure to reticulate the Cldkbund the campus with Tertiary CHW
Pumps located in each building.

1 A Condensed Water system uses five induced draft counter flow evaporative coolers to
each cool 200iters/second of water from 370Cto 310°Cwith an air entering wet bulb
temperature 0f270°C

Energy Objectives

1 Reduce Maximum Demand from 9.9MW to 5.4MW in 2010 with 94r006f air-
conditioned space.

1 Reduce Maximum Demand from 13MW to 6.1MW in 2015 with 120p006X air-
conditioned space.

1 Reduce electrical operating costs by80

Curent Status:

10 years after implementation, all objectives have been achieved or exceeded, given that the
University Masterplan has changed and the anticipated growth hasaterialized

Interesting Statistics and PlaseeTable9 and 10):

1 Achieved 2017 campus electrical maximum demand of 7.0MW

1 Achieved campus electrical maximum demand of 5.7MW in 2010 and 6.4MM. T

1 2017 power consumption costs reduced by/@dgainstBusiness as Usual (BAU

1 85,000m? of air-conditioned space attached to the Campus District Cooling System in
2017

Maximum 2017, 24r consumption of 191MW(tjFigure9)

GHGemissions reductions of over 10,6@hs per year

= =
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Table9. General quantitative information on University Campus in Townsuville
(all measured data)
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Figure9. Energy Consumption per month in 2017
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Table10. Additional information onUniversity Campus in Townsville

Building mix in the area*: Non-residential, teaching/research/offices

Consumer mix in the area**: Large, power consumed is 34GWh/a

Energy plant owner (public or private): Private

Thermal energy supply technologies***: Grid electricity

Thermal energy production from solar: Insignificant PV solar contribution (55 kW on site with a 2.5
MW nominal)

Geothermal collectors: Nil

Thermal energy storage: 120MW

Cooling energy used: 35,157 MWAh(t) per annum

Available cooling power: 147,168 MW(t) per annum

Electrical energy consumption: 6,285 [MWh/a] measured to generate this thermal power
(e.g., from simulation, measurement)

Voltage level: 11,000 [V]

N. of consumer substations [power]: 50 substations on our network. Direct supply for High
Voltage Chiller Motors. Two, 1,000 kVA transformers for LV
equipment[-]

Local electric power supply technologies: Nil

Backup power, critical demand: 0 [MW] (what for)

6.1.2.1 Innovation in the Solution
Our solution is innovative in:

1 Moving away from separate, staalbne, chiller plants per each building

1 Moving away from another high voltage 3MW capacity feegler additional power
capacity consumptionand demand

1 Moving to acentralizedsystemthat includes the largestHSTin the southern
hemisphere at 1Mliter capacity

1 Leading edge technology in thize of the installed chilling equipment for an-aémand
installation

6.1.3 Decision and Design P rocess

6.1.3.1 General / Organizational Issues

1 Why was this project initiated, to answer which need?
1 The project avoided installing an additional electrical feeder, repijpsaveral
standalonechiller plants and paying higher bills for power consumption to facilitate
planned campus growth.
Which stakeholders were involved in the project?
James Cook University staff and students, Ergon Energy, McClmgitleering Group
Which resources were available before the project? What are local energy potentials?
Electrical power at 11kV potential.
Who (what) were drivers and who (what) were opponents (barrieem)d why?
Drivers were operating aneplacement capital expenditure avoidance. Barriers were
overcoming concerns about system scale and implementing new technologies at that scale.
What have been the main challenges regarding decision finding?
Decisioamaking? The main challenge is liningalighe required internal and external
approvals and ensuring all documentation is completed as required for these meetings.
1 What was finally the crucial parameter for go fgo decision?
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9 Financial business case accuracy around forecast electrical powes.p

6.1.3.2 Financing Issues

1 What have been the main challengesnstraints regarding financing?
1 Noneg as the project financing was mostly internal and involved the State Treasury as the
external body.

6.1.3.3 Technical Issues

1 What have been major technical challenfmmstraints regarding system design?

1 Understanding the correct scale of the system and achieving a balance of chiller and TEST
capacities.

What solutions have been considered for generation, storage and load management?
Ondemand, a second similar siz€tlild Development Center (CD@ith Thermal Energy
Storage and a larger CDC with Thermal Energy Storage were considered.

= =

6.1.3.4 Design Approach

T Which tools have been used during the design phase? Include name, originate (plus web
link), purpose of the tool, speafuse of the tool within the case study, practical
experiences during application, cost/price (if commercial tool)

1 CAD software for design and excel files developed specifically for the project to model

use and calculate business cases.

What have been thenain challenges in the design phase?

Matching the chillers, systems and TEST capacities.

What have been the most crucial interfaces?

Interfacing the existing building chilledater systems with the new central system

chilled water and ensuring crogentanination is reduced.

What parameters are controlled via monitoring?

Chiller run time schedules to ensure campus maximum demand limits are not breached.

Flows, pressures, etc. as the parameters in the automated control system.

=a =4 -4 -9

= =

6.1.4 Resilience

Which threatswere considered and are to be considered? Are there redundancies in the

energy supply system?

1 There are electrical power redundancies in that there are three high voltage feeders
supplying the campus, but all feedargginatefrom the same Zone substation

1 There is no thermal power redundancy for the central energy plant, however n+1
redundancy has been designed into the system for major equipment..

1 During cyclones, or similar events, the campus is closed with no staff or students in CDC
cooled facilitiesand while there is capacity in the TEST, the chillers are not run to
generate additional coolth. Post event, there are teams of recovery speciahstwiill
give the aliclear and allow startip of the electrical and thermal power systems.

What is the degee of autarky?
9 This has not been quantified
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6.1.5 Lessons Learned

6.1.5.1 Major Success Factors

Reduced electrical consumption and demahdt benefited JCU and Ergon Energy

6.1.5.2 Major Bottlenecks
TEST capacity on high demand days

6.1.5.3 Major Lessons Learned

Ensuring that theertralizedcentrifugal chillers are run highly loaded, for as long continuous
periods as possible and do not surge. Structural design parameters for the modular tank and
not to use sandwiched panels in the construction.

What should be transferred from thiggjects?

The huge benefits of reduced power consumptions, castscarbon equivalenthat can be
raised from aentralizedplant.

6.2 James Cook University Cairns Campus District Cooling System
with Thermal Energy ~ Storage , Australia

Case Specific Special points of
No. Country Location Type attention
i
2 Australia Cairns J; ?\Zf:lfy . ﬂ
district cooling, cold
storage
Country: Australia
Name of city/municipality/public community: Cairns, Queensland
Title of case study: James Cook University Cairns Campus District Cooling System
with Thermal Energy Storage
Author name(s): Behzad Rismanchi/Caroline Frauenstein
brismanchi@unimelb.edu.awtaroline.frauenstein@jcu.edu.au
Link(s) to further project related information/publications, etc.:
https://www.jcu.edu.au/tropicalsustainabledesigrcasestudies/bybuildingtype/all/casestudy-campus
district-coolingsystemwith-large scalethermalenergywater-storagejamescookuniversity:cairnscampus
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Figurel0. University Campus in Cairns; Chilledater reticulation.

6.2.1 Background and Framework

When JC@ Cairns Campus in tropical Far North Queensland, Australia, was constructed in
1994, the initial buildin@ airconditioning was serged from a central plantroom containing
three, chillers and supplemented with aVBgaliterThermal Energy Storage System (TESS) in
2005 to increase campus cooling capacity.

By 2010, we had reached a point where our electrical andaiditioning demanddr the
campus had increased, through additional facilities, to a point where the existing
infrastructure could no longer provide sufficient coolth for any future campus developments.

After the Townsville Campus District Cooling System project was sudiyessfuomissioned,
we started actively scoping the new Cairns Campus District Cooling Siagem210) with
Thermal Energy Storage and commissioned this project in.2012

Interesting 2010 Statistics and Plans:

1 60 hectares containingine distributed teaching and research facilities or 25,0000f
air-conditioned space.

1 Campus electrical maximum demand of 1.2MW.

1 Power costs of $0.million per annum.

1 Development plans to add 29,006 of air-conditioned space by 2018 equating to
3.4MW electrical demand in a BAU scenario.

Solution:

We replaced the existingentralizedchiller andTESTacility with a new facility, capable of
servicing the projected canus growth for the next 15 years, increased the amount of in
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ground chilledwater piping providing offakes for future developments and planned a
second electrical feeder from a different Zone substation for the campus.

Our business case compared this &rgcale sustainable, energy reduction opportunity with
the alternative of installing either stamatbnechillers for each new buildingor constructing
a second, similar sized central chiller aftSBacility.

The system continued to run the chillers thg periods of low campus loadh the night

when the lighting and power loads are loweto charge the TES®hich then provided the
cooling during the high demand lighting and power campus loads, typically between 08:00
and 17:00.

Interesting Project tatistics and Information:

1 9 Megaliter, modular,baseplateand galvanized steel plateE$Stands 16.5n high and
has an outside diameter of 28. Maintaining a thermocline and distinct stratification is
critical. Insulation is provided W50 mm layer ofpolyurethane insulation and the water
seal by a 1.51m welded butyl rubber liner. Nominaapacityis 90,000 MWNh(t).

1 The system has 5i8lometersof reticulated piping (DN450 to DN110), is open to
atmosphere and therefore treated with a molybdate corrosion inhibitor and various
biocides and treatmenadditives CHW is typically sent to the campus &tand
returned to the TESS higher than (2

T Two, 4.2MW(t) rated Trane CVHG Chillers and a single 3SMW(t) Trane CVHG Chiller
provide the system chilling capacity in tbentral energyplant. Primary CHW Pumps
service the chillers while Secondary CHW Pumps provide the pressure to reticulate the
CHW arand the campus with Tertiary CHW Pumps located in each building.

1 A Condensed Water system uses eight, induced draft counter flow evaporative coolers to
each cool 100iters/second of water from 37Cto 31 °Cwith an air entering wet bulb
temperature of 27°C

6.2.2 Energy Objectives

1 Reduce Maximum Demand from 3.4MW to 2.5MW in 2020 with 54r008ir-
conditionedspace.
1 Reduce electrical operating costs by#25

CurrentStatus:

Five and a half years after implementation, all objectives are on track to be aclueved
exceeded, especially as the built programme has been accelerated and 5&,306urrently
air-conditioned with a further 4,000n? to be added in 2019.

Interesting Statisticésee Tabld1and12):

1 Achieved 2017 campus electrical maximum demand of 1.7MW with 54;8@@-
conditionedspace

1 2017 power costs ratted by 29against BAU

1 Maximum 2017, 24our consumption of 58MW(t)Figurell).
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Table1l. Quantitative Information on University Campus i@airns case
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Before | 600000 | 29000 | O (4415 |9/17 0 1.2
BAU 600000 | 54000 | O 6/14 0 3.4
After 600000 | 54000 0 3301 | 6/12 9000 | 11533.8 1.6 2647.2
Tablel2. Additional Information on case University Campus in CairAsstralia
Building mix in the area*: Non-residential, teaching/research/offices
Consumer mix in the area**: Large, power consumed is 8.4GWh/a
Energy plant owner (public or private): Private
Thermal energy supply technologies***: Grid electricity
Thermal energy production from solar: Nil
Geothermal collectors: Nil
Thermal energy storage: 90MW
Investment costs***: [ Al'l per m| @abd. usable are
Cooling energy used: 11,533 MWh(t) per annum
Available cooling power: 100,000 MW(t) per annum
Electrical energy consumption: 2,647 [MWh/a]
Voltage level: 22,000 [V]

N. of consumer substations [power]:

Electric power supply technologies:
Backup power, critical demand :

16 substations on our network. Supply for the Low
Voltage equipment in the Central Energy Plant is via
four 1,500 kVA and one, 1,000 kVA transformers [-]

Nil
0 [MW] (what for)
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Figurell. Cairns thermal energy for chilledater consumption

6.2.3 Decisi onand Design P rocess

6.2.3.1 General/ Organizational Issue s

Describe a technical or organizational highlight:

)l

= =4 -8 -8 -8 _a_°a_2

= =

= =

Our solution isot innovative for this campus given the previous installation history, and
the size of the campus installation in Townsville. However, it is still innovative in industry.
Why was this project initiated, to answer which need?

The project facilitated plannecampus growth.

Which stakeholders were involved in the project?

James Cook University staff and students, Ergon Energy, McClintock Engineering Group
Which resources were available before the project? What are local energy potentials?
Electrical power at 22k potential.

Who (what) were drivers and who (what) were opponents (barriee)d why?

Drivers were operating and replacement capital expenditure avoidance. Barriers were
reducing capital expenditure.

What have been the main challenges regarding decifsnaiing?

Decisioamaking? The main challenge is lining up all the required internal and external
approvals and ensuring all documentation is completed as required for these meetings.
What was finally the crucial parameter for go /go decision?

Financial business case accuracy around forecast electrical power prices.

6.2.3.2 Financing Issues

What have been the main challendgesnstraints regarding financing?

None as the project financing was mostly internal and involved the State Treasury as the
externalbody.
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6.2.3.3 Technical Issues

What have been major technical challenf@mstraints regarding system design?

Understanding the correct scale of the system and achieving a balance of chiller and TESS
capacities.

What solutions have been considered for generatgtorage and load management?

Ondemand and Thermal Energy Storage systems were considered.

6.2.3.4 Design Approach

Which tools have been used during the design phase? Include name, originate (plus web
link), purpose of the tool, specific use of the tool withiretcase study, practical experiences
during application, cost/price (if commercial taol)

CAD software for design and excel files developed specifically for the project to model use and
calculate business cases.

What have been the main challenges in thesid@ phase?

Matching the chillers, systems and TEST capacities.

What have been the most crucial interfaces?

Interfacing the existing building amonditioning mechanical and control systems with the
new central system software platforms.

What parameters a controlled via monitoring?

Chiller run time schedules to ensure campus maximum demand limits are not breached.
Flows, pressures, etc. as the parameters in the automated control system.

6.2.4 Resilience

Which threats were considered and are to be considered?tiere redundancies in the
energy supply system?

There are electrical power redundancies in that there are two separate high voltage feeders
supplying the campus currently from the same Zone substation, but with plans to separate
the supplies in future.

There is no thermal power redundancy for the central energy plant, however n+1 redundancy
has been designed into the system for major equipment.

During cyclones, or similar events, the campus is closed with no staff or students in CDC
cooled facilities an@vhile there is capacity in the TESS, the chillers are not run to generate
additional coolth. Post event, there are teams of recovery specialistsvill give the aH

clear and allow starup of the electrical and thermal power systems.

What is thedegree of autarky?

This has not been quantified
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6.2.5 Lessons Learned

6.2.5.1 Major Success Factors

Reduced electrical consumption and demawtiichbenefited JCU and Ergon Energy

6.2.5.2 Major Bottlenecks
None.

6.2.5.3 Major Lessons Learned

Design of manholes on the modulank.

What should be transferred from this projétt

The huge benefits of reduced power consumptions, costs and carbon equitiz@¢oen be
raised from acentralizedplant.

6.3 University of Innsbruck 0 Technology Campus. Renovation of
Two Buildings and Thei  r Auxiliary Buildings , Austria

Cas¢ . e Special points g
No. Country Location Specific Type Photo attention
3 Austria Innsbruck Cgmpgs
University -
building
efficiency,
ambient cold
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Country: Austria

Name of city/municipality/public community: Innsbruck

Title of case study: University of Innsbruck i Technology Campus. Renovation of two
buildings and their auxiliary buildings (Architecture, technical
sciences)

Author name(s): Anna M. Fulterer AEE INTEC, Dirk Jager BIG

Author email(s): a.m.fulterer@aee.at

Team of the scientific project for renovation of main building; e7 energy market analysis; BIG; Grazer energy agent;
Passivehaus Innsbruck; ATP Engineers

Link(s) to further project related information / publications, etc.:
http://www.big.at/projekte/fakultaet-fuer-architektur/
http://www.big.at/projekte/fakultaet-fuertechnischewissenschaften/
https://www.nextroom.at/building.php?id=37298
https://nachhaltigwirtschaften.at/de/hdz/projekte/bigmodensubprojekt-9-demonstrationsprojekt
universitaetinnsbruckfakultaetfuer-bauingenieurweseibaulicheumsetzung.php
https://www.monitoringstelle.at/index.php?id=752&tx_ttnews%5Btt _news%5D=1019&cHash=ad1ba454
5f0c09690fc56e9e9¢c
https://www.cci-
dialog.de/wissensportal/projekte/sonstiges/sanierung_fakultaeten_architektur_und_technische wissens

der_uni_innsbruck.html?backLink=/wissensportal/projekte/sonstiges/sanierung_fakultaeten architektur
technische wissenschaften der uni_innsbruck.html
https://nachhaltigwirtschaften.at/de/hdz/projekte/bigmodermachhaltigemodernisierungsstandarefsier-
bundesgebaeudéer-bauperiodeder-50erbis-80erjahre.php
https://nachhaltigwirtschaften.at/resources/hdz_pdf/events/20091009 hdz_workshop_big_jaeger.pdf?m
660299

https://www.atp.ag/integraleplanung/service/news/archiv/newarchiv/campusechnik/
http://mww.westwind.or.at/fileadmin/pdf/WW 2016 A3 Online.pdf

Sources:

BIGMODERN Leitprojekt: Nachhaltige Sanierungsstandards fiir Bundesgebaude der Bauperiode der 50er bis 80er
Jahre

BIGMODERN Subprojekt 3: Demonstrationsgebaude Universitét Innsbruck - Hauptgeb&aude der Fakultét fir technische
Wissenschaften. Planungsprozess. ; D. Jéger, G. Hofer, K. Leutgdb, M. Grim, C. Kuh, G. Bucar. Berichte
aus Energie- und Umweltforschung 15/2013

BIGMODERN Subprojekt 9: Demonstrationsgebaude Universitat Innsbruck 1 Umsetzung. Schriftenreihe 30/2015 D.
Jéager, K. Leutgdb, G. Bucar, Herausgeber: BMVIT

And the project descriptions to be found following the links above.
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https://www.nextroom.at/building.php?id=37298
https://nachhaltigwirtschaften.at/de/hdz/projekte/bigmodern-subprojekt-9-demonstrationsprojekt-universitaet-innsbruck-fakultaet-fuer-bauingenieurwesen-bauliche-umsetzung.php
https://nachhaltigwirtschaften.at/de/hdz/projekte/bigmodern-subprojekt-9-demonstrationsprojekt-universitaet-innsbruck-fakultaet-fuer-bauingenieurwesen-bauliche-umsetzung.php
https://www.monitoringstelle.at/index.php?id=752&tx_ttnews%5Btt_news%5D=1019&cHash=ad1ba45454f3f95f0c09690fc56e9e9c
https://www.monitoringstelle.at/index.php?id=752&tx_ttnews%5Btt_news%5D=1019&cHash=ad1ba45454f3f95f0c09690fc56e9e9c
https://www.cci-dialog.de/wissensportal/projekte/sonstiges/sanierung_fakultaeten_architektur_und_technische_wissenschaften_der_uni_innsbruck.html?backLink=/wissensportal/projekte/sonstiges/sanierung_fakultaeten_architektur_und_technische_wissenschaften_der_uni_innsbruck.html
https://www.cci-dialog.de/wissensportal/projekte/sonstiges/sanierung_fakultaeten_architektur_und_technische_wissenschaften_der_uni_innsbruck.html?backLink=/wissensportal/projekte/sonstiges/sanierung_fakultaeten_architektur_und_technische_wissenschaften_der_uni_innsbruck.html
https://www.cci-dialog.de/wissensportal/projekte/sonstiges/sanierung_fakultaeten_architektur_und_technische_wissenschaften_der_uni_innsbruck.html?backLink=/wissensportal/projekte/sonstiges/sanierung_fakultaeten_architektur_und_technische_wissenschaften_der_uni_innsbruck.html
https://www.cci-dialog.de/wissensportal/projekte/sonstiges/sanierung_fakultaeten_architektur_und_technische_wissenschaften_der_uni_innsbruck.html?backLink=/wissensportal/projekte/sonstiges/sanierung_fakultaeten_architektur_und_technische_wissenschaften_der_uni_innsbruck.html
https://nachhaltigwirtschaften.at/de/hdz/projekte/bigmodern-nachhaltige-modernisierungsstandards-fuer-bundesgebaeude-der-bauperiode-der-50er-bis-80er-jahre.php
https://nachhaltigwirtschaften.at/de/hdz/projekte/bigmodern-nachhaltige-modernisierungsstandards-fuer-bundesgebaeude-der-bauperiode-der-50er-bis-80er-jahre.php
https://nachhaltigwirtschaften.at/resources/hdz_pdf/events/20091009_hdz_workshop_big_jaeger.pdf?m=1469660299
https://nachhaltigwirtschaften.at/resources/hdz_pdf/events/20091009_hdz_workshop_big_jaeger.pdf?m=1469660299
https://www.atp.ag/integrale-planung/service/news/archiv/news-archiv/campus-technik/

6.3.1 Background and Framework

Theobjective of the case studyasto undertakethe renovation process (01/20134/2016)

of two buildings that are part of an ensemlileat forms the technology campus of the
University of InnsbruckFiguresl2 and13). The buildings are owned by BIG, one of the
largest public building owners in Austria. BIG constructs, maintains and renovates buildings
that are let to universities, schools and public admiaitbn, and now holds.2 Mio. m2. BIG
hasknow-how on renovation and technical issues, but is limited in budget since all
renovations have to be financed by rental income, and thus by financial means of the
tenants.

Function and surroundingsthe two 4 and 8story-buildings and their auxiliary buildings are
located on the technology campus of thimiversity of Innsbruck. They hold mostly offices,
seminar roomsand laboratory rooms. Both buildings were construckaie inthe 1960s in a
modular way. At tht time, the campus walecated on the edgef the town. Since thenthe

town closedin around the campus; there is however a master plan for the campus to expand
to the west, where there are still areas availablmsbrucl@ moderate climate with partly

alpine character poses the challenge of cold and dry winter and hot sungeerTable$3

and 14 for addtional quantittive information.

Energy supplyThe area is supplied by a local district heating fed by natural gas, with
generation directly on the university campus as established in the 1960s. The system is not
connected to public district heating, butserves additional buildings outside of the

university, like a school. Energy generation costs for district heat are tyfidaly A Yy
Austria for heat and the large clients tariff ranges froi®8t0 0.12¢  LISNJ {2 Kd [ 2 Ol f
energy factors ard.3 for the district heating and.91 for the Austrian power mix
(Osterreichisches Institut fir Bautechnik [Austrian Institute for Structural Engineering] [OIB]
Guidelines 201p Heat is provided at high temperaturgygically80/50), with temperature
lowered locally where possible. A change of fuel or lowering of feed and return temperature
for the overall system was not considered in the project. Power is provided by the public
power grid, with UPS units located onsite for backup. The energy system iwned doy BIG

but by the university (tenant of buildings) itself.

Local energy resourceslse of solar energy has been considered but abandoned due to lack
of suitable surfaces. The energy topics addressed with most priority were ventilation and
cooling sinceverheating was onef the most urgent problems before renovation. As a

result, a graind water well is used for cooling on building level, while ventilation is addressed
by a combination of automated window control and central ventilation system.

The renovation of the 8tory building was planned in the subsidized R&D project
0BIGMODEREIThe following sections mostly refer to this demonstration building process.

Project objectives and challenge$he project objective was to bring the buildings to an up
to-date standard regarding energy consumption, building services, comafultsafety.
Moreover, an important objectiven the R&D projectvas to develop an enhanced standard
building process to be further used in other projects at BIG, leading to innovative energy
efficient solutions at standard cost level.
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Figurel2. View on the campus of the University of Technology Innsbruck. The marked
buildings have been renovated in the described process (Souresemap.at2020).

" i

Tec\\(‘,‘\‘e‘s“a&e | Local Heat

eyl 2/( Generation Kl o
25d | | \ .j

';Tecﬁnikerstra&e‘ .5 ——Technikers

13b . Z =
— 41| Renovated
buildings

' [

Figg ¢ Ml L

iy 21~:| 21|21b 21a
el

Figurel3. Map of thecampus area. Source: Tifi§iroler Rauminformationssystem © DKM.
BEWWien ©TIRIS, with additional Information on renovated buildings and location of heat
generation (2018)

Innovative ideasThe main organizational innovation is integrative planningadJgiis
approach, the following technical innovations could be realized:

Integration of balconiesyhichformerly comprisedheat bridges, into the building envelope.
Natural ventilation through exterior windows ardverflow-doors/windows¢ Heat from
ventilation is recovered.
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Windows, sun shadingnd lighting are controlled by an innovative control system. Window
openings and night flushing are automated by the building technology system. Light shelves
are used to get daylight far into the iding. A newfacade system has been especially
designed for the project.

6.3.2 Energy Objectives

1 Reducehe energy consumption for heating and HVAC to a value at or below the
threshold for nearly zero energy buildings in AustFimuresl4-16).
1 Use locally available natural resources
1 Ensure aedundantsupply of critical data server infrastructure
1 Plnners were confronted by BIG with the statemei8iG sets highest value on energy
efficiencyé
Tablel13. Quantitative Information on case of University campus in Innsbruck
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BAU 11.800 28 Local reduction| 1 75/60 °C 0
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Energy Consumption Before
total: 2.6 GWh/a

m Power

m Heating

Figurel4. Energy Consumption before modernization
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Energy Consumption After
total: 0.93 GWh/a

m Grid Power for
buildings
Thermal from
DH
Grid power for
users

Figurel5. Energy Consumption after modernization

Power Consumption After
6.82 [MWh/a]
m Heating

2.7& m Lighting

‘ m Ventilation
m User

5-8\25'2 Elevators

m Cooling
Domestic Hot Water
109 other building technology

Figurel6. Energyconsumption per use type aftemodernization.
Table14. Additional Information on case of University Campus Technik in Innsbruck, Austria

Building mix in the area*: 100% educational: offices, labs, seminar rooms

Consumer mix in the area**: 100% large consumers

Energy plant owner (public or private): University (tenant of buildings)

Thermal energy supply technologies***: district heating using natural gas

Thermal energy production from solar: o}

Geothermal collectors: ~8*36,200 MWh/a cooling energy from ground water
well at 14/18 °C

Investment costs*™**: [ Al'l pewd.n] Toft admcost: 37

Cooling energy used: 10.9 kWh/m2.a (demonstration building)

Electrical energy demand: 590 [MWh/a] (monitoring first year); 46 kWh/m?2a)

Voltage level: 10kV [V]

Electric power supply technologies: Installation of PV is planned for the future

Annual electric energy yield: none

Backup power, critical demand: A diesel fed UPS unit (typically 2500 VA) was installed in
the refurbishment project for emergency ventilation and
lighting

6.3.3 Innovative Approach

The main innovative approach in this project was the integrated planning with an upper limit
for investment costs and theCCAand an early assessment of alternative solution sete.
planning was done by a team consisting of members of the (responplal@)ing company
(architecture, HVAC, Electric, Statics) and an engineering office for building physics. Two
additional (research) institutions supervised the therereergetical optimization, conducted
LCCalculations and checked the detailed planningoifferent teams conducted building
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energy simulations and cross checked their results. The owner (BIG) was responsible for the
project controlling.

The main technical innovation was to use a control syqfeigurel?7) for natural ventilation
by windows, and let the air move via custom build sound absorbing overflow windows/doors
into the common spaces. Inner rooms are served by the existing central ventilation system.

Heat from exhaust air is recoverediteoming air To allowfor ventilation, exterioritop-
hung projecting windowshave been custom designed and build to achieve optimal
performance(Figurel8).
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Figurel8. Overflow opening in the door/window (Source: PEIDI Harald Konrad/alzer).

83



6.3.4 Decision and Design P rocess

6.3.4.1 General/Organizational Issues

Why was this project initiated, to answer which need?

The project was initiated by the building user and the building owner, who saw a need for
modernization due to low comfort and worn out building components URnersity of
Innsbruck has a focus on sustainability and energy efficiency, and that waslitiored

reason for aiming at a high standard.

Which stakeholders were involved in the project?

The involved parties were users (University of Innsbruck), owner (BIG), planning office (ATP),
research institutes (passi®use institutes, e7 energy markeatalysis, Graz Energy Agency,
additional subplanneréseeFigurel9).

Which resources were available before the project? What are local energy potentials?

Local energy pgentials are local district heating, cool night air for cooling, high solar
irradiance. Availableesourcesnclude buildingrames of high quality and useful structure,
financial support for pilot project, planning team experienced in integral planning.

Who (what) were drivers and who (what) were opponents (barriermsid why?

The main driver for the process was the need of BIG to try if integrated planning enables a
renovation with limited budget, using innovative measures to reach high quality. Once
addtional subsidies from a programme supporting research were secured, it was clear that
the renovation would take place. The main barrier for the process was the limited budget
available to tackle the need for reliable highality solution.

What havebeen the main challenges regarding decision finding?

One important challenge was to respect the needs of both user (university) and owner (BIG),
to keep costs below the given threshold but still realize a solution that fit the needs of users.
Another chaktnge was to find a technical solution for ventilation within the given boundary
conditions (high demand, hot summer, dry air in winter, existing ventilation plant and
available space for central system).

What was finally the crucial parameter for go fgo decision?

The renovation would have been done anyway, aiming at a better than BAU energy target,
due to both BIG and tenant (University).

Additional measures were realizedhéy wereeconomically advantageous or could be
financed via support for innoviae action. The additional subsidies allowed for a better
design of the process, LCC calculation and a more innovative solution due to integral
planning. Moreover, an extended monitoring period allowed to optimize the complex energy
system. One importantgint for BIG was that results and experience from this project could
be exploited in the following projects.
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Figurel9. Stakeholder structure in Planning Process. Input necessary for whole system
resilience analysis is highligad in italic. Own presentation of data from BIGMODERN
project, translated and details added

6.3.4.2 Financing Issues

What have been the main challendesnstraints regarding financing?

1 The investment costs were limited since they have to be covered by the témanat the
University of Innsbruck). On the other hand, life cycle costs are usually neglected. In his
project one aim was to consider life cycle costs as well as investment costs.

Which business model applies to the project?

1 The renovation process is finegd by the building owner, and subsidized by public funds
for R&D. The tenant on the long term pays back the investment by paying a higher rent.
This is hopefully compensated by lower energy aradntenancecosts (also covered by
tenant).

6.3.4.3 Design Approach A pplied
Which design targets have been set and why?

Additional design targets for innovative actions:

9 Lifecycle cost calculations
1 Integral planning and analysis of alternatives
I Consideration ofmaintenanceetc.

Technical:

1 Air tightness (n50<1)
1 Thermalbridges (<#9.05W/mz2K)
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1 Heatingdemand < 25 kWh/mz2a; cooling demar.8 kWh/m2a (energy performance
certificate), primary energy demand < 150 kWh/m2a (additional calculagian,PHPP,
TQB factors)

Comfort:

9 Light: check possibility for light guiding systems

1 Light:homogeneousrtificial light density at work places(lighticgncept, simulation)

9 Light: Natural light and sight to outside (optimize by simulation)

1 Sun shading and glare protection (to be regulated by users, allow intervisibility

f Thermalcomfort in winterand summer (@i I £t £ Y pcBAYRR2 6 ANIF cYI ¢ p2

overheating (ONORM EN 15251)
Air: natural ventilation possible for >60% of area
Acoustics: reverberation time according to local standard ONORM B3115

= =

Which decision stegsvorkflow lead to the retained solution?

1. Decision for an integral planning process€grating also monitoring concept): integral

designg bid ¢ build

Definition of targets for planners (see above) + maximum costs

3. Definition of BAU planning process & possible additional measures to reach higher
standard

4. Energetical and economical checkloé butcome of the BAU and the effect of additional
measures, using various tools, optimization

5. Decision on which measure set was to be implemented in addition to BAU measures,

weighting summer comfort against investment and LC costs

Bid for construction wis:

7. Evaluatiorimonitoring to fix problems

N

»

6.3.4.4 Technical Issues
What have been major technical challenfmmnstraints regarding system design?

Compact buildings with deep rooms, need for daylight and ventilation solutions that still
maintain indoortemperatures on an acceptable level, even though thermal mass is limited.

What solutions have been considered for generation, storage and load management?

The focus was on energy efficiency for HYAC, and passive night ventilation for cooling. Heat is
provided by anearby (200 m) district heating production unit, electric energy by the grid.
Possibility of PV on roof was checked. Use of groundwater well for cooling was considered
and realized.

Which tools have been used during the design phaéiseltide name, originate (plus web
link), purpose of the tool, specific use of the tool within the case study, practical experiences
during application, cost/price (if commercial tool)

=

Energy performance certificate according to ONORM
PHPP (https://passide/de/04_phpp/04_phpp.htm)
Dynamical building simulation

Daylight simulation

Certification tool (PHphit)

Life cycle costs

Development of a tool for BIG :

Decisioamaking

Efficiencycriteria.

©CoNOO~WDN
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What have been the main challenges in the design phase?

Bringingas much daylight as possible into the building without increasing overheating risk, as
well as natural ventilation of 60% of areas. These two requirements led to the very innovative
solutions.

What have been the most crucial interfaces?

Planning team <> avner (controlling of finances) and teams that check sustainability targets.

What parameters are controlled via monitoring?

Heat and power consumption of each building, ground water well cold production, total
power for water pumps needed for heating, heahsumption in different heating circuits,
cold distribution, power for cold distribution, power/heat/cold for ventilation, power for
lighting and user per level, power for lift, laboratory, water, emergency power per building

6.3.5 Resilience

Resilience was tgeted by installation of an uninterruptible power supply u@ne
important issue is that in this case the district heataygtem and buildings are not owned by
the same entitya factor thatrepreseneda challenge to the project team.

Which threats wee considered and are to be considered? Are there redundancies in the
energy supply system?

Some situations are considered for each public building process, likeutlatgeneral
power supply system, blamltt of internal power supply due to fire. Thésean emergency
power supply to feed emergency lighting and emergency ventilation. Resilience to other
dangers was not an important topic in the renovation process, and is not reported in the
available reports on the project.

What is the degree of autarky?

Heat comes to 100% from local network fed by natural gas.

Which processes that require heat, cooling or power are there? Which ones are critical?
(Order by priority). What is the possible timeout without imposing damage?

1 Exhaust ventilation daboratories

1 Exhaust ventilation of access areas/staircases in case of fire
1 Data center or server roon{gero time out possible)

1 Emergency lighting

Are there backup systems? On which tismle can thebe accessed?

1 1 UPS units for power backup has been installed

9 For heat there is often the possibility to use another energy carrier in the boiler (like coal
instead of biomass etc.)

1 Onthe long term, thre is the possibility to connect to the public district heating

1 In addition to theheat distribution by water, it is possible to heat (and cool) by
ventilation. Electric heat pumps can bigedon medium timescale for heating as well as
for cooling.
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6.3.6 Lessons Learned

6.3.6.1 Major Success Factors

Both tenant and owner have knetwow on building, and were interested in achieving a high
level results.

Acquisition of appropriate financial subsidies allowed for developing and keeping track of
non-standard procedures (iegral planning, innovative measures, monitoring, LCC)

6.3.6.2 Major Bottlenecks

No construction company would deliver the innovative prefabricatedde as it was
planned, thus the design had to be adapted, including standard elements to achieve the
aspired resli.

Complex control system in one of the buildings requires the terfatitsntion and know
how.

6.3.6.3 Major Lessons Learned

9 Life cycle cost calculations show that leeeh solutions are have lower life cycle costs

T Permanent monitoring and temporatonitoring do lead to similar costs.

1 Highlevel criteria for energy efficiency and sustainability led to better than usual results,
because they were defined early (should be before commissioning to planner team) and
checked throughout the process. The saapplies to costs

1 Integral planning, with the responsibility lying with the main planner (here ATP) allowed
for good solutions

1 Optimization variantsg.g.,regarding HVAC) should be defined and assessed in the
preliminary phase

1 For innovative technoldgs one needs to define:

0 Technical requirements fdeasibility

0 Critical factors likeerretJNR y Sy Saa 2F O2y GNRf aeadSvya
0 Conditions for cosgffectiveness and cost drivers

0 Criteria for theRFP

1 Important issues for theenovation of educational and offices buildings built in 50s to
80s:

0 Reduce heat losses from ventilation by higfficiency ventilation with heat recovery
0 Makeoptimaluse of daylight, sun shading, energgving lighting

0 Providesummercomfort and sustaiable cooling

0 Useinnovativefacade systeme.g.,prefabrication for low impact on users

What should be transferred from this projétt

Use integral planning to enable innovative solutions

Define energy and cost limits in an early planning plfpsgliminary design)

Control life cycle costs and energy implications at decision points

Consider monitoring already in the planning phase

In case of complex technical installations involve the future operator from an early. phase

= =4 -4 —a -9
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6.4 WU Vienna , Austria

Case . i Special points
Countr Location Specific Type Photo )
No. y P yp of attention

edad

Campus
4 Austria Vienna . P .
University .
district
3 cooling/heating, hea|
pump, groundwater
thermal storage
Country: Austria
Name of city/municipality/public community: Vienna
Title of case study: University of Innsbruck i Technology Campus. Renovation of two
buildings and their auxiliary buildings
Author name(s): Anna M. Fulterer, Maximilian Pammer, Peter Kern, Gert Widu
Author email(s): a.m.fulterer@aee.at

Link(s) to further project related information / publications, etc.:
https://www.wu.ac.at/en/the-university/campus

Book: Boeckl, Matthias, ed. Der Campus der Wirtschaftsuniversitat Wien.
Vienna University of Economics and Business Campus: Stadt-
Architektur-Nutzer. City-Architecture-User. Birkh&user, 2014.
Energy Performance Certificates of the buildings

Further documentation of building services provided by BIG

6.4.1 Background and Framework

The new university campus of the university of economy WU Vienna was put into operation in
2013 and houses all departments of the WU, which were formerly scattered around Vienna
(Figure20and21). The building complex is located in Leopoldstadt, Vienna, Austia.
maindesign target was to create a set of pavilions that host the WU university in a green
garden agwalk along parf€ open to the surrounding public and as sustainable as possible
(OGNI standard). The new campus moreover was designed to allow for a more efficient and
slim administration, by grouping institutes to departments.
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Figure21l. Urban embedding of the WU Vienna, between a fair ground and the popular
and welkknown urban outdoor areadWurstelprater,€ with excellent public transport
(Source: Openstreetmap ©Contributors to Openstreetmap).

Users are the 2800 students and, 200 employees of the university of economy WU
Vienna.

The area is served by the Austrian power grid (medium voltage) and disteit Energy

LINAOS& FNB Fo2dzi mn e€eOG F2NIwm 12K RPN KSI
district heating (mainly nonrenewable now in Vienna) arfill for the Austrian power mix.
Abouttwo-thirds of the energy for heat and cooling are obtained from groundwater

seawvater orriver water, which flows with 140 I/sec through the area. To use this energy
a2dz2NOSsT GKS g1 GSNI NRIKGa ¢gSNB 20iGFAYSRI |yR
companyoperating the nearby hydroelectric power statidrigure22 and23 show graphs

of the energysupply and demand.

There are two heat distribution grids in use, one for high temperature heat, the other for low
temperature heat. Low temperature heat is provided from ground water plus heat pump and
from server cooling. Low temperature heat is usedrformal space heating, this is possible

due to low energy demand and core activation. High temperature heat is provided by district
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heating network, ands used for some convectors, hot wat@nd entrance veilsSee Tables

15and16for additional quantitative information on theaseof WU Campus.

6.4.2 Energy Objectives

1 Low energy consumption
1 Use of local sourcgbere the new ground water sea)
1 Economically and Environmentally sustainable energy provision
1 OGNI standard
1 Reliable service of data servers
1 Energy Performance Targets defined by the Austrian legislation
Tablel5. Quantitative Information on Case of WU Campus
£
© n () ()
(O] = ()]
bt [ () — o o e =)
S 5 o 3 = 1 = S0 [o 8
° = 5 = T2| ® 41 E £ g E >3
Q @ 5] c c g O . b 4 = 3 c % © &
3 8 = 2 S =5 S pPsie e |25 B%
7] = = @© T O X & = 0 4 < = ] - O A
= > £ B 89 | € ¢ S n 18SF > > c 8 2987
x| E8 | §T¥ | B2 | 25| 3% 584 5%| 33|85FEE?
SE P& I £ L€ |F3|] 28 5] 02| @08 |F B ERSE:S
After | 9ha | 165.000 | 132.000 | 26.500 | 2164 | Approx 3 | 80/50 | 14/19 | 5000 2/3
5% 55/35 plus
45/30 ground
30/28 water
sea
Energy Demand [MWh/a]
117
0
Thermal
550 Cooling
226.5

Power Ventilation
2340

m Network Losses

Figure22. Graphical representation of energy demand
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Energy Supply [MWh/a]
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Figure23. Graphical representation of energy supply

Tablel6. Additional information on WU Campus Case

Building mix in the area*: Large buildings, used for lecture halls, offices,
refectory

Consumer mix in the area**: Large

Energy plant owner (public or private): Private for heat, plus public district heat and power

supply. Local heat and power distribution after transfer
station is private

Thermal energy supply technologies***: district heat for high temperature heat

ground water and heat recovery from server cooling for low temperature heat used for radiators and core
activation.

Thermal energy production from solar: None

Geothermal collectors: Use of ground water sea

Thermal energy storage: Ground water sea, and an additional 5000L water
storage tank

Investment costs***; ~3700 U0 (AlIl perwin of wug

Cooling energy used: ground water source, high temperature, heat pumps

to cool server rooms and for room heating, cooling
demand peaks are covered by an additional
decentralized chiller

Available cooling power: 4.5 MW

Voltage level: 10 kV [V] ring starting from public substation

Electric power supply technologies: Supplied by ring duct, two UPS backup units

Annual electric energy yield: o}

Backup power, critical demand: Two uninterruptable power supply units (UPS) fed by

diesel and kinetic energy of 2500 kVA each to serve 2
server rooms, basic building technology, safety lighting

6.4.3 Innovative use of Ground Water

The main technical highlight is the use of ground water for heating and cooling. This was
enabled by tle construction of a nearby hydroelectric power station, which led to a constant
ground water level and ground water flux. The campus building company bought the water
rights to be able to use this special situation, which allows heat and cold supplywhtie
campus. Only peaks of demand and some high temperature areas are served by district
heating. Usually heating is provided by extracting heat from the ground water via plate heat
exchanger, and raising the temperature with heat pumps. For space gpobnl water from

the ground is directly use#Vhennecesary, heat pumpsre used tdurther lower the water
temperature. Additional cooling by chillers is available for server rooms. To better use the
ground water source, the buildings were designedise a relatively high temperature
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source for cooling and a relatively low temperature source for heating. To achieve the goal,
the planners opted for highly efficient building envelope and concrete core activitigare
24 shows theenergy system architecture of WU Vienna.

To summarize, the innovative technical aspects include:

1 Use of ground water to produce energy for heating and cooling
1 Use of ground water farrigation and toilets
1 Concrete core activation
1 Cooling of buildings with high temperatures
1 Heating of buildings with low temperatures
1 Optimization of instrumentation and control for building services
1 Optimization of lighting
Upstrearm Netwark District Level: District Level: Building Cluster Level
Level: Centralized Energy Energy Distribution Generatien and Storage
Useful Energy Generation and Storage
Electricity
IMadium Voltage Grid)
.
District Heat
a90/&0 -
Building Level:
ups. (giasal @ Storage and Consumption
vl B A EEEEE e ———————————— .
I 1 [ S
o | @
Other Energy ﬂ (R EE = (4)]
Resources: Heat/Cold Mission Critieal
Storage Cansumers
an'ed
Diesel [from Storage) ;H’- 55,15
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Lo Diesmarsd
Elactric
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Figure24. Energy system architecture of WU Vienna. The Campus is provided with heat
and cold from a campusvide district heating and cooling network. Both heat and cooling
are generated from ground source, with a heat pump raising tleenperature were
necessarySource AEE INTBC

6.4.4 Decisionand Design P rocess

6.4.4.1 General/ Organizational | ssues

Why was this project initiated, to answer which need?

Need of the WU University for more space, modern infrastructure, centralized structure in
neary buildings. Create new university campus for WU Vienna. Positive effect on the district,
improvedarchitecturalquality.

Which stakeholders were involved in the project?

Future user (WU, ministry responsible for education) and BIG, Vienna town planniadj, and
interested service institutions (energy, wateearbypower station)
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Which resources were available before the project? What are local energy potentials?

Available resources were 25 years of university building (BIG) and willingness to rethink the
structure of the WUo improveefficiency. Local energy potential is the ground water sea that
developed when hydropower station was built.

Who (what) were drivers and who (what) were opponents (barrieend why?

Main drivers were BIG for creatingnell-functioningand efficient Campus and the user WU,
for creating their own campus.

What have been the main challenges regarding decision finding?

The main challenges were to find the right organizational method, which turned out to be a
company created bBIG and WU (user), and to choose the right location.

What was finally the crucial parameter for go /0o decision?

The alternative to new construction was renovation, this was excluded when in 2006 part of
the previous main building was destroyed inre.fMoreover, it would have been difficult and
expensive to bring the former WU buildings to a good status. So the fire in 2006 led the way
to the decision to build a new campus and the creation of the new company owned by BIG
and WU that would develop, Bd and maintain the campus.

6.4.4.2 Financing Issues

What have been the main challendgesnstraints regarding financing?

There was a fixed limit of 490 Mio agreed upon byRimancing Ministrywhich was to be in

any case respected. Thus, throughout pneject, the costs were observed and calculated by
different parties (project leader and building supervision), with their results overlooked by one
more party, to be sure not to exceed the planned costs.

To reduce risks, works were split in portions tlatilld reduce risks (large enough to allow
for standardization and thus efficiency, small enough to allow for competition among
applying building companies).

Which business model applies to the project?

The project was developed by a company founded onggerpwhich belongs to BIG (51%)

and WU university (49%). This company organized financing, planning and building. The user
(WU university) will pay off investment costs over a fixed period. The local energy supply for
heat/cold and power is owned by themapany as well.

6.4.4.3 Technical Issues

What have been major technical challenf@mstraints regarding system design?

Use of ground water for heating and cooling, since it is not yet state of the art. Another main
challenge was to design the quarter in a whgt prevents strong winds from developing.
Vienna is welknown for being a windy town, and big buildings usually make this matter
worse.

To handle these problems, simulations of both wind and energy supply (ground water source)
were made to handle thegsesks. Simulations were commissioned to a Hpiagty company.

What solutions have been considered for generation, storage and load management?

Generation from ground water, storage in activated concrete construction. Load
management is being looked attime monitoring process.
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6.4.4.4 Design Approach Applied

Which design targets have been set and why?

Walkable garden with university pavilions, attractive to the public, ground floor areas always
publicly accessible. Centralized structure, with flexible and relemiganization, to allow

for cost reduction for universigdministrationand later adaptations.g.g, Offices are
standardized, and can be easily converted for changes in staff structure)

Certificate OGNI. Respect OIB. Building site management awgtsdRUMBA norms of
Vienna

Which decision stegsvorkflow lead to the retained solution?

9 Decision to create new campus (after fire in 2006)

1 Foundation of the company (by WU/BIG)

1 Design concept by WU/BI€hoosinghe plot, energy master plan, maximum costs
1 When the plot was chosen, the decision fell on ground water source

9 Architecture competition (2 steps)

Tools:

Standard: energy simulation (on the outcome the decision fell on use of ground water
source), building physics (ventilati@ic.), sunc shadow,CAD Software, Project Platform,
different tools for monitoring of costs (project leaders and building supervision both
monitored costs, and the results were compared).

Two-step architecture competition. Step 1: general planning (sun, shadow) and comcept f
buildingensemble. Step 2: single buildings were designed by winning teams of step 1

Special simulations: ground water use (TU Vienna), wirdther pari

What have been the main challenges in the design phase?

Wind, ground water use
What have been tb most crucial interfaces?
WU/BIG

What parameters are controlled via monitoring?

1 Temperatures, energy loads, use of ground water source, use of district heat, data center,
building technology

1 Energy monitoring energy reports

1 Periodic Inspectiofgevisiongcontrols of the building technology

6.4.5 Resilience

Which threats were considered and are to be considered?

There are action plans for the following threats:

Fre

Power down

Water pipe burst

Sewerburst/ flooding

Thunderstormé€.g.,Heavy rain with etering water)
Building collapsioreaking of building parts
Damage to person (incident, elevator damage)

= =4 -8 -4 -8 -2 19
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1 Threatby third party (break in, theft, robbery, vandalism, bomb threat, violent
demonstration, amok, hostageking)
1 ScenarioWorld Health Organization (WHSEp6 (plans for pandern).

Are there redundancies in the energy supply system?

There are redundanciés all energy systemse., heat, cold, power and data.

For heat, there are three sources, namely public district heat, heat recovered from server
rooms and heat from the ground water source.

For cold, there are three sources, namely ground water antdgweaps and chillers, both
depend on power

Both heat and cold supply is secured bgit@storage in activated concrete cores and a
buffer storage.

For power, an internal ring duct has been created, and the WU campus is served by two
different connectionfrom the public grid. Moreover, there are two UPS systems installed,
both of which with short term kinetic supply and diesel generators.

For information (internet), two different supply chains for information (internet) are fed by
two different backup powesupplies (fly wheels)

Which processes that require heat, cooling or power are there? Which ones are critical?
(Order by priority). What is the possible timeout without imposing damage?

9 Data center (power, cooling)
1 Safety illumination (power)
1 BasicThermaravimetric Analysis (TGfJower),e.g.,for ventilation

Are there backup systems? On which tismle can they be accessed?

For power backupgwo dynamic UPS systems with both 2500 kVA have been installed. These
serve the data centers and safety illuminationsg alsothe uninterruptible power supply for
building technology, in case of a power breakdown.

6.4.6 Lessons Learned

6.4.6.1 Major Success F actors
One important point was to find the right lot, which could also be used for local energy
generation and even more importantly guaranteed a haghessibilityoy public transport.

Another important factor was to find the right organizational structure towliWU and BIG
to develop this project togethegnd todefine common targets and fulfill all requirements.

6.4.6.2 Major Bottlenecks

Now that all thingdhave beenworked out there seem to be no bottlenecks. Obettleneck
must have been to check energy systerfeasible, the other to keep costs below threshold.
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6.4.6.3 Major Lessons L earned

Ground water can be a powerful source of energy. In such a big project, it is very important
to use different methods to check costs and to split work in feasible, competjistill
economi@l pieces.

What should be transferred from this project:

For this project, the lot and its surroundings were essential and strongly determined the
outcome.

6.5 Air Base Skrydstrup in Denmark

Case Specific Special poi  nts of
No. [Country [Location Type Photo attention
Military air
5 Denmark | Skrydstrup base i
bioges CHRlistrict heat,
thermal storage

Country: Denmark
Title of case study: Resilient and renewable energy system for air base
Location of case: 55A14Nj Nagast h 9A15
Author name(s): Anders N. Andersen
Author email(s): ana@emd.dk
Author name(s): Jens Peter Sandemand
Author email(s): FES-BES25@mil.dk

6.5.1 Background and Framework

Fighter Wing Skrydstrup (FWSKP) is located at Air Base Skrydstrup in Denmark, and
comprises Squadron 727 and Squadron 730, today having in total @4ghting Falcan
Current plans are to add anoth2R F35s after2023. A total of 850 persons are working at
the air base.

Today the electricity and heating demand at the camp are loyatatural gas CHP and
imported electricity.

6.5.1.1 Climate conditions at Skrydstrup

In an average year, the ambient temperature in Skrydstrup i@, With a maximum daily
average temperature of 22C and a minimum daily average temperature®fC, as shown
in Error! Reference source not found.
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Figure25. Daily average ambient temperature at Skrydstrup. Created with Energy system
analysisenergyPRO

In an average year, the global radiation at Skrydstrup amounts to 1000 k¥h#a hourly
global radiation in an average year showrktmor! Reference source not found.
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Figure26. Global radiation at Skrydstrup in an average year. Created with Energy system
analysisenergyPRO

6.5.1.2 Heating and Electricity Demand at S krydstrup Air Base

After 2023, wherthe base wilhawe acquired araddtional 22 F35s, the yearly heating
demand will amount to 11,300 MWheat, with a daily average maximum heat demand of
around 3.2 MWheat. The variation of the heat demand inside a #agveraged by an
existing thermal storageerror! Reference source not foungdhowsthe duration curve for
the heat demand. The yearly electricity demand will amourt@©000 MWhel, with a
maximum electricity demand of around 2.7 M&V/(Error! Reference source not found.
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Figure27. Duration curve for heat demand at Skrydstrup Air Base. Created with Energy
system analysignergyPRO
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Figure28. Duration curve for electricity demand at Skrydstrup Air Base. Created with
Energy system analysenergyPRO

6.5.2 Innovation: CHP using Local Biogas

A nearby biogas plant is being buiithich willmake it possible toconfigurea resilient and
renewable energy system of Air Base Skrydstrup, where the electricity and heating demands
of the future are base@ntirelyon abiogas CHP, assisted by an electrical battery.
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6.5.3 Resilience inthe Future Energy System at Skrydstrup Air Base

Thissection analyses the resilience in the future energy system at Skrydstrup AiaBase,
connectngthe base to thenearby biogas plant. The present four CHP’s will be adapted to
being able quickly to shiftom being naturabasfired, to being biogas fired. Each of these
CHPs has an electrical capacity of 1 dMdnd 1.2 MWheat, giving a total of 4 MV&l and

4.8 MWheat. Asshownin Figures Error! Reference source not foundndError! Reference
source not bund.,, this change wilhllow all hours of the year both the heat demand and the
electricity demand to be covered.

The existing thermals storage of 260 (12 MWhheat) will still be available in 2023
addition, a cooling tower and a 12 MWh electrical battery will be installed.

Theresilienceof Skrydstrup Air Bassasmodelkedin the energy gstem analysis tool
energyPRCFigure29 shows simulation results for a winter week, whgkrydstrup Air Base

is electrically operated in island mode, with no access to the public electrical grid. It is
assumed that only two out of the four CHP’s are available in this week, due to maintenance
of the two others. Monday 2 of January 2023 thed®o are not able to cover the electricity
demand in3 hours. The remaining demand for electricity in th&dsours is delivered from

the battery (as seen in the lower graph). Frid&yo6 January the thermal storage is emptied

in the middle of theday becausethe electricity demand is low, restricting the CHP

production. Here it is chosen to cover the rest of the heat demand by natural gas fired boiler
production. To enlarge the resilience, the natural gas fired boiler could have been adapted to
also beig operated on biogas.
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Figure29. Resilience in a winter situation at Skrydstrup Air Base operated electrically in
island mode Created with Energy system analygisergyPRO

Figure30shows simulation results for a summer week in 2023, where Skrydstrup Air Base is
electrically operated in island mode, with no access to the public electrical grid. In this
situation, the CHP’s get access to the cooling tower because the heat demamd Ehie

heat dumped in the cooling tower is shown in the upper graph with a red line.
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Figure30. Resilience in a summer situation at Skrydstrup Air Base operated electrically in
island mode Created with Energy system analygisergyPRO

The yearly amount of biogas used will amount to 4.Rioni Nm?3 (1 Nm2biogas = 6.2 kWh).

6.6 District Heating Based on CHP and Waste Heat in Taarnby, Denmark

Special
Case Specific points of
No. |Country [Location Type attention
I L
Energy U e | (D)
Supply —
System - p |
District ) .
6 Denmark | Taarnby | heatingin a a
town low carbon
including a : heat e.g.
large airport e B : wastedfueled
campus CHP, district
heating
Country: Denmark
Name of city/municipality/public community: Taarnby Municipality, Greater Copenhagen
Title of case study: District heating based on CHP and waste heat
Author name(s): Anders Dyrelund
Author email(s): ad@ramboll.com
Link(s) to further project related information/publications, etc.:
https://ec.europa.eu/jrc/en/publication/efficient -district-heatingand-coolingmarkets-eu-casestudiesanalysis
replicablekey-success

6.6.1 Background and Framework

TaarnbyMunicipality is the owner of Taarnby Forsyning public, which owns and operates
services fowastewaterand water in the municipality and district heating to most buildings
larger than 500m?, including Copenhagen Airport. Taarnby is part of the integrdistict
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heating system in Greater Copenhagen (see case 1 in the link above) and the municipality is
co-owner of the heat transmission company Q¥&eFigure31).
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Figure31. Map of Greater Copenhagelistrict heating and TaarnbySource:Taarnby
Forsyning and Rambll

Taarnby Public Utility formed in 1982 a new business unit for district heating system, which
has been further developed andtegrated with the Copenhagen Airport campus.

6.6.1.1 District Heating (DH) Project

Taarnby MunicipalityFigure32) was one of 20 local authorities, which in 1981 were ait

by the Minister of Energy to take part in the formation of the integrated district heating
system in Greater Copenhagen. The goal was to replace oil with heat from existing and new
large,CHPplants, as well as heat from waste incinerators combined witlew gas

infrastructure. Taarnby Public Utility was already a supplier of watemaasiewater and

the utility formed a new small business unit with the aim of planning and implementing
district heating.

TaarnbyMunicipalityjoined the municipal partneship heat transmission company CTR, who
got the obligation to establish a heat transmission system irfitreecentral municipalities in
Greater Copenhagen, to interconnect with the other two metropolitan transmission
companies VEKS and Vestforbraending, as well as all heat producers in the area to operate
the system in an optimal way and to transmit the cheap tarbon heat to alfive owner
municipalities including Taarnby.

Taarnby Municipality joined the new gas distribution company HNG, which had to develop a
gas infrastructure in owner municipalities and supply gas for heating in gas zones.

TaarnbyMunicipality took part in the regional energy planning inoperationwith the
Ministry, other municipalities and all local stakeholders.
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Copenhagen Municipality 100% OH

Tarnby Municipality 60% DH 40% gas

- —

Orager Municipality 100% gas

Figure32. Map Taarnby Municipality including zones of District heating and pipes. Green
districts. CH system established in 198Blue districts. Planning to shift from gas to DH in
2020-2030. District without color. Ondamily houses. An option to shift from gas boilers to
DH or to heat pumps in 203R050. (Source: Taarnby Forsyning and Ramboll.)

6.6.2 Energy Objectives
The objectives of the energy planning and project implementation were to:

1 Replace the dependency of oil with district heating and gas

1 Save energy

1 Develop the most costffective zoning of district heating and gas for the society
T Supplyconsumers with cheaper heat from district heating

The outcome of the municipal heat supply planning and the business planning of the utility
around 1982 was the development of the most eeffective district heating system to all
buildings larger thar500 m?, located north of the airport including the airport campus,ieth
had its own district heating (or campus heating) system. Accordingly, districts with smaller
buildings plus the district south of the high way were supplied with individual gas boilers.

The district heating system is supplied by a 60 MW heat exchandemsteom CTR in the
northern part and a baakp oil-fired boiler plant at the airport in the southern part.

In the first stage, the airport campus network was separated from the district heating system
of Taarnby with a heat exchanger at the old boilenplaf the airport.

At a later stage, the boiler plant was closed as the space was vital for parking, and a new
plant was established at a more convenient location sesdkt of the airport area. Later, the
heat exchanger between the two networks was remadyvtnereby integrating the city
network with the campus networto improve the efficiency of the operation and avoid
temperature drop.

The map irFigure32 shows the ebsting green district heating zones and the existing green
district heating pipe network of Taarnby District Heating. The green district heating areas
south of the eastvest going high way and train to Sweden is Copenhagen airport with its
own distributionnetwork. The blue districts are included in a business plan for the extension
of the district heating to large buildings and terrasse houses. The districts in Taarnby with no
colorare supplied with gas.

The map also shows parts of the two neighboring rogalities: Copenhagen with 100% DH
supply and 99% connection, and Draggr with 100% gas supply.
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In the zoning of the district heating, it is important only to develop the network in case it is
cost effective. The key parameter is the necessary investimesitin DKK per heat sale in
MWh. The data listed iTablel7llustrate this key figure

Tablel17. Quantitative Information on Taarnbyistrict Heating Investment key figures and heat
losses calculated.

Development of Tarnby DH Demand Network invest] Key figure [Heat loss|Alternative
Districts MWh 1000 DKK [ 1000DKK/MWh % individual
First network in 1985 115.909 253.079 2,2 6,8% |gas boiler
Campus in long-term development 54.953 74.175 1,3 5,6% |oil boiler
Total incl. Campus 170.862 327.254 1,9 6,3%

First extension 2020 30.838 42.594 1,4 5,0% |gas boiler
New urban development 5.635 17.826 3,2 " 10,4% |heat pump
Second extension 2025? 11.201 41.147 3,7 11,0% |gas boiler
Total without small houses 218.535 428.821 2,0 6,6%

Tablel7 liststhe heat sale to consumer and the investments in the existing networks both
with and without the airport network.

In case all the networks in the green district heating zokégufe32) supplying 171 GWh
should be replaced, including the airport metrk, it would cost 327 million DKK and the heat
loss would be5.3%

As all heat production and all heat consumption have been measured, it has been possible to
monitor the heat loss of the 3gearold network, and it has been confirmed that it is 7%.

Theblue zones, which most likely should be supplied within the next 10 years, are shown
above and have been split intbree zones. The most profitable extension of 31 GWh to
replace gas boilers, and the new urban development in which gas boilers are nptiam o

and district heating, is significantly more cost effective than individual heat pumps, in spite of
a heat loss of 10%. The 11 GWh least profitable part of the blue zones is twice as expensive
as the most profitable one per heat sale, and the heas Issalso twice as large.

Figure33shows the accumulated demand for the 132 connected heat consyinetgding
the airport Tablel8 listsadditional Information on Taarnby District Heating.
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Figure33. Accumulated demand for all 132 heat consumers

Tablel8. Additional Infformation on Taarnby District Heating

Building mix in the area: Office buildings and apartment buildings
Consumer mix in the area: Large consumers

Energy plant owner: Public

180 GWh Maximal design heat load in a normal year

3.000 max load hours measured and estimated based on actual consumption and weather data
60 MW maximal design capacity to the network

60 MW capacity of heat exchanger from CTR

60 MW capacity of oil-fired backup boiler at the air port

6.5 MW planned heat capacity from new heat pump for combined heating and cooling
132 consumers, incl. Copenhagen Airport campus

178 GWh annual heat production

170 GWh annual heat sale, of which 55 GWh are to the airport

9.5 GWh annual heat loss in the city network (excluding the campus), equal to 5.3%
12.7 GWh losses incl. airport network measured, equal to 7%

8.5 GWh annual heat loss for new pipes, calculated

11.7 GWh annual heat loss incl. the network of the airport for new pipes, calculated
28 km DH network, DN20-DN500 + 10 km airport

Normal supply temperature 75-95 °C

Normal return temperature 50 °C

Preinsulated pipes from 1985 with surveillance system

Remaining lifetime of the network? 50 years more?

Heat exchanger between DH and campus is removed

Heat exchangers between the integrated network and all radiator systems in buildings

=4 =4 -4 -4 _—a _—a _a _a _a _a _a _a _a _a -8 _a 9 a8 -8 9

6.6.3 Technical Highlight

Figure34 shows the construction of district heating and cooling to a large office building.
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Figure34. District heating pipes to a large customéBource TaarnbyForsyning and
Rambol).

Figures35and 36 are derivedfrom the hydraulic model SystemRornethich has been used

to analyzethe design of thalistrict heating system of Taarnby and the operation of the
interconnected network. The GIS data from the model is mixed with a photo of the area, and
the location of the production plants, including the cimg heat pump, is indicated.

-
.« 60 MW heat exchanger

4

\2: 2
\ ,,./-".- /-‘:,* 6,5 MW heat pump,
e DR 1 % +waste water
.

Figure35. Trench of the network from the hydraulic modeSource:Taarnby Forsyning and
Ramboll
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Figure36. Pressure diagram for supply of maximal heat from the heat tsamssion system
via the heat exchangef{Source:Taarnby Forsyning and Ramboll , Created with System
Rornef.

6.6.4 Decisionand Design P rocess

6.6.4.1 General / Organizational Issues

The project was initiated for several reasons:

1

)l

1

To implement the national energyolicy with the aim of reducing the dependency of oil
in a costeffective way by using heat from waste and CHP and in combination with
natural gas

To take part in the establishment of an integrated district heating system in Greater
Copenhagen that supphkeheat from existing and new CHP capacity and waste
incinerators to local district heating systems

To identify the optimal zoning between district heating and gas networks in the
Municipality of Taarnby and establish the system

To deliver reliable and cormetitive heat to all buildings in thdistrict heating zones

The major stakeholders were:

=A =4 -4 -8 a9

The Ministry of Energy

The Municipality of Taarnby

The public utility of Taarnby

The heat transmission company CTR

The airport as consumer and owner of a labgder plant
The gas company
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Stakeholdersnvolved in the projectvere:

1 The public utility of Taarnby was responsible for the business plan and the
implementation

1 Themunicipalityof Taarnby was authority responsible for preparing the heat plan and
submiting it to the Ministry

1 The municipality was on behalf of the heat consumers and citizen one of the founders of
CTR

1 The Ministry approved the heat plan

Resourcesvailable before the projecndlocal energy potentialgere:

1 There were a large surplus hezapacity from waste incinerator and CHP plant not far
from Taarnby, which could teansmittedto Taarnby by CTR

1 There was no local heat potential in the municipality, except that the-bat boiler of
the airport could serve as peak capacity andhet $ame time continue to be bagifor
the airport for resilience

Drivers(who, what) and opponentsbarriergwho, what) ¢ andunderlying reasons were:

I The main driver was that the government wanted to reduce the dependenojl.o

1 The gas company would prefer to supply all the large consumers, but this was prevented
by the heat planning, as the company was not allowed to establish pipes and supply
consumers in the district heating zones. Likewise, the district heating company wigre o
allowed to supply heat to the zondéisat had been approved for district heating

Themain challenges regarding decision findinere:
1 The main challenge was to agree where to establish the next new CHP plant.

Thecrucial parameter for go /ngo decisio was:

1 The crucial parameter was an agreement on where to establish the CHP plant (two new
instead of one large), which paved the way for agreement on the heat transmission and
thereby the obligation for Taarnby to establish the district heating network.

6.6.4.2 Financing Issues

The financing was not a problem, as the project was profitable compared to the base line
and that it therefore was possible to sap a business plan for plsckof the investment.
Finally, themunicipality could guarantee for the loans aoldtain very competitive credits to
finance 10000f all investments plus deficit.

Which business model applies to the project?

1 The company CTR takes care of all heat production including heat capacity to the
distribution grid, which for Taarnby includearismission of heat to the distribution
network, including the primg side of the heat exchanger and peak capacity from the
boiler plant of the airport.

1 The company CTR rents the existing large boiler plant of the airport and later, as it had to
be removed CTR establishes and owns the new peak load boiler plant.

9 Taarnby District Heating Company establishes the network and supply heat to all
buildings, and operates the secondary side of the heat exchanger station and the boiler
plant.

1 The consumers estalilisnd operate their own district heating substation, which
replaces the existing diloiler installation.
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1 The Heat Supply Act specifies that the heat price can only include the necessary costs and
not dividend to owners. Accordingly, the consumerstpayactual costs of heat and they
therefore benefit from the lonterm profitability of the project.

6.6.4.3 Technical Issues

Whatwere themajor technical challengésonstraints regarding system design?

There has been no major challenges, maybe except that thenreemperature from the

airport and some consumers turned out to be too lafgeereforethe company has

undertaken several initiatives to help the consumers reduce the return temperature and has
also introduced a tariff incentive for lower return tenmateire.

What solutions have been considered for generation, storagd load management?

The transmission system has from the first day of operation been managed in the most

optimal way, from the control centers vigsapervisory Control And Data Acqiosit(SCADA)
system with optic fiber cable connection to all substations and plants as well as remote

controlled stop valves and pumps.

In the operation of the distribution system, variakleeeddrive pumps have ensured optimal
operation.

6.6.4.4 Design Approach A  pplied
Which design targets have been set and why?

The targetavereto establish a system in accordance with the standard for district heating
pipe networkdo ensure long lifetime of the system.

Networkdimensionsvere optimized with respect to the lifgycle costs, including avoided
costs of booster pumps by using the maximal possible pump heat at peak load.

The heat exchanger substatisrasdesigned to meet the loagrm expected baseload
capacity demand, which corresponds to around 100% of the totahdére first years.

Which tools have been used during the design phase? Include name, originate (plus web
link), purpose of the tool, specific use of the tool within the case study, practical experiences
during application, cost/price (if commercial tool)

The hydraulic analysis of the district heating system has brecutedoy the hydraulic
system SYSTEMRORNET and the existing model for simulating the district heating system for
maximal base load and peak load.

ArcGIS has been used to extend the exisEii® model with information of the district heating
to plan the route and connections to buildings.

The business plan has been prepared by Ra@tmoisiness plan model for district heating
and longterm budget.

What have been the main challenges in thesid@ phase?

No particular challenge, except the integration of the city network and the network of the
airport, as it has to be decided to what extend the substations and pipes of the internal
airport network could meet the standard.

What have been the maosgrucial interfaces?

The integration of the city network and the network of the airport.
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What parameters are controlled via monitoring?

The heat exchanger station and the peak boiler are monitored and controlled by CTR.

The pressure difference in the netk is monitored and used to regulate the variabjeed
drive pumps.

The heat meters are monitored for billing by the district heating company.

6.6.5 Resilience

The heat supply from the 60 MW heat exchanger and the 60 MW boiler plant is optimized,
regulated, catrolled, and monitored by the control center of the transmission company CTR
with the help of a SCADA system. This system has in principle been in operation since it was
constructed in 1985 with optic cables fdata transferand local as well central cquuters,

and upgraded for adopting new computer technology. Taarnby District Heating Company is
responsible for the operation of the secondary part of the substatith regard to

optimization of supply temperature and control of the pressure at strategits of the

network.

The total distict heating system is very reliable, and the total capacity is designed to meet
the demand while the largest unit is out of operation. As oil boilers have lowest priority, the
oil-fired boiler plant will only be inperation for peak load on the very coldest days in case
other production plants fail.

The backp boiler can offer maximal baak capacity in case the heat transmission system
breaks down, and in particular is can offer bagko the airport and other buildings south of
the crossing of theailroadand highway.

The pipe network is monitored by a standauatveillancesystem, with tvo wires, which are
installed in the pipes. Thereby it is possible to detect a fault or a leak and prevent outside
corrosion.

The pressure maintenance system can add water in case the temperature is reduced and
eject water in case the temperature is incredsand the water volume expands. The net
water loss, which is close to zero, is monitotedietect any leak in pipes or in hot water
heat exchangers.

With regard tothe branches of the network, all pipes except for tirégical crossing can be
repaired wihin 24-hours and thus offer sufficient resilience for ordinary comfort heating.

6.6.6 Lessons Learned

The project is a good model for modern district heating and it has been in successful and
efficient operation for more than 30 years.

It has also proven that is a good idea for city district heating companies and campus
owners to coperateto find the best common solutions. The project has demonstrated that
municipatowned utilities operating vital infrastructure in their cities are able to identify the
costeffectiveenergy solutions and implement them to the benefit of consumers, in fact
acting like the whole municipality was one campliserefore the case is a good story for
campusowners.
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6.7 District Cooling in Symbiosis with District Heating and
Wastewater in Taarnby, Denmark

Special
Case points of
No. |Country [Location | Specific Type Photo attention

Energy Supply '

System ﬂ
7 Denmark | Taarnby | District cooling in

an urban ‘ - .

development area | [§ district cooling

Country: Denmark
Name of city/municipality/public community: Taarnby Municipality, Greater Copenhagen
Title of case study: District cooling in symbiosis with District heating and wastewater
Author name(s): Anders Dyrelund
Author email(s): ad@ramboll.com

Link(s) tofurther project related informationf publications, etc.:

https://ec.europa.eul/jrc/en/publication/efficientdistrictheatingand-coolingmarketseu-casestudiesanalysis
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6.7.1 Background and Framework

Taarnby Municipality is the owner of Taarnby Forsyning public, which owns and operates
services fowastewaterand water in the municipality and district heating to most buildings
larger than 500m?, including Copenhagen Airpdfigure37). Taarnby is part of the
integrated district heating system in Greater Copenhagea ¢ase in link above) and €o
owner of the heat transmission company CTR.
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Figure37. Map of Greater Copenhagebistrict heating and TaarnbySource: Rambol).

Taarnby Public Utility has in 2018 established a new business udistdct cooling and is in
2019 establishing district cooling to a new urban development area, Sca(figure38).
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Figure3s. | NJi A & éridgof tieX®igtict cooling(Source Taamby Forsyning and
Skanska ).

Taarnby Public Utility has, in the role of supplier of watexstewater,and district heating,
been in close contact with the urban development department and been able to screen the
potential for district cooling, and prepared a feasibility study for using the synergies within
the utility.

The study showed that it was profiike in the longterm establishing traditional district
cooling based on the same technolagwt would otherwisebe used in the individual
buildings, and that the profitability would be even better in case of installing a heat pump
and a chilledvater storage to use the symbiosis between heating and cooling. Moredver
turned out to be very profitable to use surplus capacity of the heat pump to increase the
heat production based on ambient heat in the treateedstewater located just north of the
new urban development area, thus includingastewaterin the symbiosis. Potential ground
source cooling might even improve the system.

The heat pump will be connected to the treatedstewaterto use available capacity to
generate heabnly tothe district heatinghetwork in an optimal wagonsideringelectricity
prices and heat production prices in the Greater Copenh&ligrict heating system.

Figure38shows a renderingf the first stage of the new urban development area to be
supplied with district cooling. In the upper lefbrner,we see thevastewatertreatment

plant and the planned district cooling plant with chille@ter storage (green roof). The
existing buildings,hHe aquariumdThe Blue Plangthad already installed a chiller with
connection to sea water, but it is expected that it will be included in the project soon due to
difficulties with the sea water Hake. The open area left of the new buildings is reserved for
the second stage of therbban development. The third stage is tiuer to the west.

The district cooling plant for combined heating and cooling will, as shown at the picture
above, be situated at thevastewatertreatment plant, at which there is just enough available
space. As theicture shows,a roof covering the water basin has been installed to prevent
poor environmental impact abffensive odordrom the untreatedwastewaterin the
neighborhood
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6.7.2 Energy Objectives

The objectives were in the first stage to explore the symbicsisden heating and cooling
and in the final stage alsmastewater That will provide the building owners in the district
with competitive andenvironmentallyfriendly cooling and at the same time to generate
more costeffective heat to the district heatingusiness unit to the benefit of all the heat
consumers.

The economic analysis showed that:

1 There is a significant economy of scale factor by establishing district cooling in the
densely fully developed urban development area

9 Itis cost effective to generate combined heating and cooling compared to cooling only,
even though the alternative production cost at CHP plants is low, and that it is cost
effective togenerateadditional heat by cooling the treatedastewater.

As the hat pumps are connected to both a chillaghter tank, ground source coolingnd
the district heating system, it is possible to optimize the production with respect to both
electricity prices and the alternative heat production cdsgures39 and40 showthe
production of heat and cold from the plant.

Figure39illustrates the efficient generation of cooling to the district cooling grid divided on
cooling in combined production with heat and the cooling, which is generated based on
chillers orwastewater in case of very low heat pricesiguredQillustrates the total heat
generation to the district heating system from the combined production of heat and cold and
from using the heat in thavastewater Tablel9 listsadditional Information on Taarnby

district cooling.

Generation of cooling in MWh
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9000 - MWh
8000 -
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Figure39. Production of cooling
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Figure40. Production of heat
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Table19. Additional Information on Taarnby district cooling

Additional information Stage 1| Stage 2
No of buildings no 3 11
Floor area in total m2 55.000 | 170.000
Energy

Cooling demand MWh 3.534 9.094
Cooling capacity demand MW 4,3 10,2
Expected capacity to network| MW 4,3 9,2
Heat pumps cold MW 4,3 4,6
Stoage tank capacity MW 1,2 2,5
Ground source cooling MW 0 2,0
Total installed cooling MW 5,5 9,2
Heat pumps heat MW 6,7 6,7
Heat from combined H&C MWh 4 11
Heat from waste water MWh 41 39
Total heat generation MWh 45 50
Investments

Building Mill.DKK 4 4
Ground source cooling Mill.DKK 0 9
Heat pump Mill.DKK| 38 41
Waste water heat exch. Mill.DKK 2 2
Chilled water tank Mill.DKK 4 4
District cooling grid Mill.DKK| 10 14
Consumer connections Mill.DKK 2 5
Connection to DH network Mill.DKK 3 3
Total investmetns Mill.DKKl 62 80
NPV benefit, including env. Costs

Society Mill.DKK|l 60 103
District cooling business Mill.DKK|l 17 52
Consumers Mill.DKK] 5 8
Internal rate of return % 13 41

Figuredl (derivedfrom the GIS modgkhows the location of grids and plants

Green building: DC plant with cold water storage tank

Red pipes: Existing DH pipes

Blue pipes: Planned district cooling pipes

Light blue pipes: Planned connection from the DC plant to the treasstewater

=a =4 -4 -9

FiguresA2 and 43 showmore details of the district cooling plant and the chilledter tank
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Figure4l. GIS illustration of the District heating and coolirf§ourceRambol).
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Figure42. Map of the district cooling plan{Source:Rambol).

L] AkbuTlsnrgtank
Frygring E
. won
[ - — — -
s e Fuaa ae RAMBOLL

Fomee 18000 CLINRE T
Fiembatng | Thmby EET Ty

Cpealt af Fremgicenival o Akl miskeringrisck a-A

Figure43. District cooling plant{Source:Rambol).

118



6.7.3 Decision and Design P rocess

6.7.3.1 General / Organizational Issues

The project was initiated for several reasons:

)l

Tointegrate fluctuating renewable energy, heat pumps are becoming profitable in the
district heating system and thereby in particular heat pumps, which deliver combined
heating and cooling

Taarnby Public Utility has the overall objective to identify anplément the most cost
effective solutions for energy and environment for the population and companies in the
owner-municipality

The building owners in the urban development areadwan interest inenvironmentally
friendly and coseffective and reliablsupply of coolingo meet new standards for

indoor climate

The major stakeholders were:

1
1
1

The building owners, which can be supplied with cooling

The public utility as a whole

The district heating business unit serving the interest of all heat consumeal},pasfit

from heat supply is to the benefit of the heat consumers

The heat transmission company CTR, which has an interest in optimal operation of the
heat pumps for generating heat and to see the heat pumps as one of the firsideadge
demonstrationprojects for heat pumps in the district heating system

The national power grid company has a natural interest in heat smart electricity
consumption, from large heat pumps, which can be optimized due to the storage and
thereby reduce critical load on theoprer system.

Which stakeholders were involved in the project?

The firstfour mentioned stakeholds were involved.

Which resources were available before the project? What are local energy potentials?

1
1

1

By a fortunate coincidence, theastewatertreatment plant was located just next to the
development area and owned by the utility

There is a potential for extending the system, as there is a potential for ground source
cooling in the coastal area and from a park just next to the plant

The low temprature district heating system can be supplied with aroun& ®hich is

a reasonable supply temperature for a tstep ammonia heat pump

Who (what) were drivers and who (what) were opponents (barrieed why?

The utility was the driver

An unforesee barrierthat created uncertainty was that it took a long time for the Energy
Agency to accept the project, due to some outdated legal protection of heat from CHP
plants

It was difficult to create an open dialog with the two largest cooling consumerthaird
consultant, which had little experience in district cootmgstablish comparable
alternatives

What have been the main challenges regarding decision finding?

As it was a completely gredield project, the main challenges were parallel processing o
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I Formation of a legal business unit, due an outdated constrain in the Heat Supply Act,
which prevents the district heating business to be responsible

1 Negotiating letter of intent and later final contract with the biggest consumer, which was

a precondition for guaranteeing the project

Financing of the initial investment, as there is no cash flow in the new cooling business unit.

Accept from the Energy Agency, as explained above

The design and agreement with CTR was not a challenge as the caasdptown

beforehand and that CTR had shown interest in using heat fronvdbtewateras a

demonstration project.

E R

What was finally the crucial parameter for go /0o decision?

The design was completed during the process, but the following two parandetessed the
call for tender and the expected operation, as the delivery of heat pumps is the critical path:

1 Acceptancdrom the Energy Agency
1 Final signed agreement

6.7.3.2 Financing Issues

The firancing has been difficult as it is a new business tatyever an agreement with the
consumers to pay upfront a connection fee, which is lower than the alternative investment
but large enough to provide a reasonable dglancing of the project, was important.

Which business model applies to the project?

Thenew district cooling business unit takes care of cooling business, whereas the district
heating business unit takes care of the heat pump.

Thus, the public utility is responsible for all aspects of the project, which has been important
for the planning andmplementation. This model opens for maximal competition and use of
market forces:

1 District cooling compesawith consumer€&ndividual solutions

1 Heat production competawith the alternative heat production in the greater
Copenhagen district heating sgm.

1 The production of heat and cold is optimized with respect to the power market.prices

1 There has been a tender for all services and components, as the public utility with
assistance from consultant is project manager for the whole project and hagosttfé
operation. There has been tender for: consultancy services, building for cooling plant,
cooling plant equipment, district cooling pipasddistrict cooling civil works

6.7.3.3 Technical Issues

What have been major technical challenfmmnstraints regating system design?

It has been a challenge to negotiate and agree on technical specifications for supply of
cooling to the consumers.

What solutions have been considered for generation, storage and load management?

As the concept had been optimized inypoeis generic studies, it was not a problem to come
closer to an optimal design of the platonsideringll aspects and the time constrad it

was decided to establish the entire plant with storage for the final demand and thus install
ground source aging capacity in stage two, as thisquiressome criticablecisionmaking

with regardsto environmental approval.
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6.7.3.4 Design Approach Applied

Which design targets have been set and why?

The overall target has been to establish the nunstteffective system, which can be
implemented and be cost effective as a stallodeproject, but at the same time be prepared
being the most costffective solution in the lorterm consideringhe potential Moreover,
accepting that the three first conmers wanted to have installed a production capacity from
heat pumps, which meets their total subscribed capacity demand. Normally one would have
reduced the heat pump capacity saving initial investment including:

1 A realisticsimultaneityfactor of e.g,0.9
1 The capacity value of the storage tank
1 The option of connecting a mobile peak load chiller, just in.case

However, as the heat pump capacity matched with the maximal capacity frometstewater,
it made good business to establish the total heatp capacity from the first year.

Regardhg the pipe technology, the district heating pipe technology with preinsulated steel
pipes and good water qualityithout oxygen was preferred as alternativeRolyethylene
High DensityREH pipes.

An important airget has been to be ready to supply cooling for testing the installations at the
first consumer. As this is impossible due to the long delivery time for heat pumps and the
delays, the plan is to establish the network, the tank and the building in duatichthen

install a smaltemporarymaobile chiller to load the storage tank, and from there deliver the
needed capacity for testing the building installations.

Moreover this installation for connection of a mobile chiller can remain and be an additional
option for improving the security of supply and make the installation more resilient.

It wasdiscussed with the consumers if n@necessary to establish emergency power
generation at the chiller planb be able to supply cooling in case of btagk butit was not
necessarilylue to the huge reliability of the national power grid.

Which tools have been used during the design phase? Include name, originate (plus web
link), purpose of the tool, specific use of the tool within the case study, practicatierpes
during application, cost/price (if commercial tool)

The hydraulic analysis of the district heating system has brecutedoy the hydraulic
system SYSTEMRORNET and the existing model for simulating the district heating system to
show that the heatan be fed into the system.

The hydraulic analysis of the district cooling system has &estutedoy the hydraulic
system SYSTEMRORNET in a new model.

ArcGIS has been used to extend the existing GIS model with information of the district cooling
to planthe route and connections to buildings.

ENERGYPro has been used to simulate the optimal opetatisideringhe load
fluctuations, the electricity price and the heat prices.

The data for flow and temperatures of the treatedstewaterduring a year habeen based
on the existing monitoring system of Taarnby Forsyning.

The business plan has been prepared by Ra@lmoisiness plan model for district cooling

What have been the main challenges in the design phase?

It has been a challenge to streamline teenperature performance of the buildings, which
should meet the standards of the building code, and to consider the design of thisemd
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installations. In a campughe campus owner would hardly invest in heathangerdetween
the district cooling andne building installations, but in this case it seemed to be necessary
due toinstitutionalreasons rather than technical.

What have been the most crucial interfaces?

The mostrucialinterfaces have been:

I The temperature levels to and from consumers ang tihe whole system

1 The estimate of supply temperature demand for heat consumers, which will receive water
from the heat pump at around 7%in winter

1 The actual costs in the future for the alternative cost of heat (close to zero part of the
summer andarger price in winter)

1 The cost of electricity including taxes, as Baliamenthad agreed on reducing the taxes
on electricity for generation of heat

1 The electricity tariff, which depeadn the grid connection level and which should be
reduced, as etdricity can be disrupted in max load hours due to the chillatér tank

What parameters are controlled via monitoring?

Once the system is in operation in early 2020, it will be very important to monitor the total
cooling demand hour by hour, which will be basis for analyzing capacity for connecting new
consumers and for planning additiorepacity

Also the impact on thdistrict heating will have to be monitored reduce the supply
temperature whenever possible.

6.7.4 Resilience

The district cooling system wifour heat pumps and a chillediater storage tank can offer a
more resilient supply than individual chiller plankdoreover,the district cooling system can
more conveniently be prepared for connecting a mobile chiller in case of thogak

The system will be monitored and controlled by a SCADA system operated by TRaslby
Utility .

Thepipes to the consumers are gifjcantly more reliable than the heat pumps and a leak in
a pipe section can be identified repaired within a few hours.

One of the reasons for selecting the district heating technology (steel pipes with surveillance
system) for the cooling pipes is thatan detect any leak and besides protect against
corrosion from outside.

In case of substantial water loss, the storage tank will automatically be disconnected to avoid
continuous water loss.

All pipesin this trenchare close to the surfaceyhich makesf possible to get access to pipes

with short notice.

6.7.5 Lessons Learned

So farthe project has been a succes®wever it is a frontrunner project in many ways and
it has managed to pass several bottlenecks.
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Therefore,it will be interesting to monitor angass lessons learned to other district heating
and cooling companies. With respect to this, Taarnby Forsyning is partner in a R&D project
for the Danish District Heating Association with the aim to transfer lessons learned from heat
pump projectsto the whole sector.

The project has also demonstrated that a municipahedutility operating vital

infrastructure in the municipalitganidentify the cost effective energy solutions in symbiosis
with relevant sectors and implement them to the benefit of all consumers for heating and
cooling, in fact acting like the whole municipality was one campherefore the case is a
good story for ampusowners.

In November 2020 the heat pump installation has been awarded by the European Heat
Pump Association in  in the DECARBINDUSTRY category efHR€Y2020:

6.8 District Energyin Greater Copenhagen , Denmark
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Author name(s): Anders Dyrelund
Author email(s): ad@ramboll.com
Link(s) to further project related information/publications, etc.:
https://ec.europa.eu/jrc/en/publication/efficientdistrictheatingand-coolingmarketseu-casestudiesanalsisreplicablekey
success

6.8.1 Background and Framework

In 1973, Bnmark was totally dependent on imported oil, and the supply of oil to Denmark

was restricted for political reasons. Therefore, the oil co$is973 initiated a strong national

*See:

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhpcy.ehpa.org%2F&data=04%7C01%7CAD%4

Oramboll.com%7C26Qa12c77c9470580ba08d884c0ad48%7Cc8823c91be814f89b0246¢3dd789¢106%7C0%7C

0%7C637405311400464078%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAWMDAILCJQIjoiV2IuMzIiLCIBTIl61k1h

aWwil CIXVCI6MNn0%3D%7C1000&sdata=vJajkgVilLLu%2Bakh6PhOcbmlaR02js3zDs7iDaGPSIixE%3D&rederved=
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energy policyith the aim to reduce dependency on oil based on several sources.tBece
first national energy strategy in 19,/he Parliament has formed a stable national energy
policy with the aim to develop a low carbon resilient energy in a-etisttive way fo the
society. The Electricity Act from 1976 and the Heat Supply and Gas Supply Acts from 1979
formed thebasisin this transition. In the heating sector, the legal framework regulated the
most costeffective investments combining a new natural gas infiacture with an

extension of the district heating systems based on surplus heat from power plants and waste
incinerators. The largest and most complex planning process for this integration of the two
natural monopoly energy infrastructures for natural gemsl district heating took place in
Greater Copenhageffrigure44). The system was in operation in 1990 and has been
extended to replace gas boilers and shift from steam to hot water in theceityer. In 2019
district cooling has gained a minor market ghar symbiosis with district heating, and the
system is almost independent of fossil fuels.
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Figure44. The Greater Copenhagen District Heating Syst{&uurce:Rambol).

6.8.2 Energy Objectives
The objective of the Heat Supply Act frd®79 was to replace oil in a cesffective way for
the society and increase energy efficiency and security of supply.

The overall national plan was to replace oil for heating by increasing the market share of
district heating based on heat from CHP paahd waste incinerators and introducing
natural gas for heating from a new national natural gas infrastructure.

Along with this national objectivéhe aim of the municipal and consumewned district
heating companies was to ensure reliable heat at thvedst cost for the consumers.

The municipalities had the obligation to plan for the most esfétctive heat supply for the
society of Denmark, acting as planning authorities in accordance with the Heat Supply Act.
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6.8.3 The Planning Process for District H eating

The Electricity supply Act (1976) gave the Minister the power to approve all new power
capacity TheHeatSupply Act (1979) gave the local governments the power and obligation to
plan for heating in coperationwith the energy utilitiesandinitiated busness plans and

urban plans for costffective low carbon heating, including 20 municipalities in Greater
Copenhagen.

Moreover, the municipalities established new municipalned district heating utilities to
supplement the existing municipal and the comsr-owned distribution utilities and they
formed two heat transmission companies to transmit heat from the existing and new power
plants and take care of the optimal heat load dispatch.

Along with that, the Minister approved the new power capacity to Gee&topenhagen with
heat and electricity, including a new power plant (Avedgre) at a new site close to the heat
market.

Parallel to this, the municipalities formed a municipalned company to distribute natural
gas in the municipalities from a new natugals infrastructure based on Danish natural gas.

The heat supply planningshichdivided the urban areas it district heating and gas zones,

was in the first decade an interactive process including the Energy Agency, the region and all
municipalities. The municipalities elaborated heat plans for district heating and for natural
gas to be approved by the Ministemnd the municipalities approved project proposals from

the district heating utilities and the gas utilities.

Since 1990the municipalitieshave been fully responsible for an ongoing heat supply fgan
improve the heat supply whenever possibk;cordirg to their role aproducer in the legal
framework:

1 The municipality is responsible for the heat planning and can recommend utilities to
prepare project proposals in accordance with the Heat Supply Act.

1 The municipality may elaborate a heat plan strateggp strategic energy plan in case it is
necessary to identify new project ideas and approve project proposals

1 The utilities elaborate business plans and identify project id@agh can reduce the
costs for the companies (which is to the benefit of tikmsumers)and which is cost
effective for the society

1 The utilities elaborate project proposas.g.,for extension of district heating to replace
gas boilers or for construction of a biomass boiler) as single projects or as projects in
accordance witttheir business plans and submit them for approval. The documents
prove that the project is cost effective for the society compared to a realistic baseline
and in accordance with price assumptions issued by the Energy Agency

1 All large heat consumers,g.,large buildings and campuses, whictvéa total installed
heat capacity larger than 250 k\&e considered as public utiiésand must prepare a
project proposal for approval in case the entity wants to establish a heat produti@dn
is not in accordace with the approved heat supply to the entity

1 The municipality serthe proposal for a public heating and direct heating to other

utilities, e.g.,the gas company

Stakeholders may complain

Themunicipalityaccesesthe project proposaand consides any complains

Themunicipalityapproves/rejectsthe proposalwhichcan be appealed to the Appeal Board.

The Appeal Board confirms or rejects the decision taken by the municipality

= =4 A A
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6.8.3.1 The Institutional Set -up of the District H  eating

The districtheating system has been organizédsed orFFigure44, as follows:

1 Thefive municipalities in the central Greater Copenhagen formed the heat transmission
company CTR fite color).

1 The 12 municipalities in the western suburbs formed the heat transmission company
VEKS (dark greplor).

1 The waste management company Vestforbraending, which was owned by 19
municipalities established its own heat transmission system andllision systems to
supplyfour more municipalities in the northern part of Greater Copenhagen (dark blue)

1 Fiveof the municipalities who had a large potential for replacing oil boilers but no district
heating established new municipalvned distribution companies, including Taarnby
Municipality in the central Copenhagen (see case on Taarnby).

1 The power companiesstablished two new codleled CHP plants, approved by the
Minister in Accordance with the Electricity Supply Act: an extension of Amagerveaerket
AMV3 and a new power plant Avedgreveerket at a new site close to the heat market in
the western suburbs.

1 CTR an®¥EKS established an integrated hot water heat transmission system (mé& 110
160 km, 25 Bar), to transmit all heat from existing and new power plants, waste
incinerators, including the Vestforbraending and any other competitive heat source to all
distribution networks in the most cosffective way. Moreover, CTR and VEKS took care
of providing all distribution systems with resilient heat production capacity from all
existing and new competitive plants.

1 The distribution company HOFOR, owned by Copenhagamdipality, operated an old
steam system in the central part of Copenhagen and is in the process for converting the
steam to hot water district heating, which will improve resilience and efficiency.

1 CTR, VEK&d HOFOR established a heat market unit gpe@sponsible for the optimal
planning and operation of the system inogerationwith the power utilities.

1 The almost 20 municipaand consumepowned distribution companies took care of the
most costeffective distribution to enelisers and for operatingxisting peak boiler
capacity, which was rented to the heat transmission companies.

1 Thus, the sales price for heat from transmission companies to distribution companies
includes all costs of pooled heat production and capacity.

The result of the legal fraework and the institutional setip is that the Greater Copenhagen
District heating is planned, implementednd operated as if it ere one big campus.

6.8.3.2 The Planning Methodology for District H eating

An outcome of the legal and institutionfahmework is that there is no single planning entity in
the system. There are more than 20 district heating companies, who plan investthantsn
improve their heat supphg.g.,extending the network to replace gas boilers, new transmission
lines or nev production capacity. Thsvo criteria for each investment projeetre:

9 It must be cost effective for the utility and thus reduce the heat tariff to consumers in
the long run, giving the current market prices to be approved by the board of the utility

1 It must be cost effective for the society in accordance with the guideline from the Energy
Agency to be approved by the local authority.

Thus, investment projects are only implementgben both criteria are fulfilled. Accordingly,
if the utility acceps a solutionthat represents its own best interediut the solutioncannot
be approvedthen they must accept the next best solutidimat benefits both parties, i.e.to
not sub-optimize at the levebdf the energy business of Denmark.
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The typical methodologfor supply of district heat to new districts used by the utilities and
their consultants, who are specialized in the planning is the following:

1 Mapping of geographical data and demand:

o

All relevant geographical information about the urban areas, daviterXegistry,

and other service lines are made available on electronic form for the supply area,
which can be divided on districts based on a logic priority and characteristics

All relevant information from the building register, including floor area, lngd
category and age is available

The annual heat demand can be estimated based orfigayes

The annual sale of gas or oil to clusters of buildiegs,for each road can also be
made available from the building register, as all suppliers must reyadetof energy
to a national energy database

1 Network design:

o
o

0]
0]

A realistic trench for the service pipes is estimated

Realistic supply temperature and return temperatures are defined based on the
longterm production and the energy performance of the birilgs

The available existing and new production capacities are identified

A hydraulic model is used to design the network considering the available pressure,
demand and temperatures.

1 Production of heat to new districts:

o

o

o

The annual heat losses of the netikare estimated based on verified key figures to
estimate the total production demand

The maximal capacity demand is estimated based on experience from similar groups
of consumers considering simultaneity

The load dispatch is estimatednsidering the annual load fluctuations, the available
production capacity, heat storage capacity and capacity constrains in the network (if

any).

1 Acostbenefit analyss (CBAjnodel includsthe following data, analysiand results:

o

o

(@)

O O0OO0oOo

Heat demand, cost dfeat substation and cost of bdgee supply for each consumer

(building or campus)

Heat losses of networks

A forecast for development of the network and for connection of consumers to the

network

Investment of all new networks and branch lines

Investmentin all new production facilities

Cost ofoperations and maintenance (O&M)

Cost of heat generation in two sets of prices, one including

*  Environmental emissions

*  Economic assessment at the level of the society of Denmark: calculation of NPV
benefit of the investment scenario compared with a realistic baseline scenario
for a period of 20 years and 4% discount rate based on energy price forecast
issued by the Energygency including environmental cost of emissions, cost of
CQ emissions (for the assessment by the planning authority)

*  Economic assessment at the level of the local community: The same calculation
including all costs for the local community includingstdkeholders in the local
community but based on actual commercial energy prices including taxes on
energy and based on a realistic discount rate,,real interest rate on loans plus
1-2% for financial security (for the local communéyg.,the city @uncil)

*  Division of the total benefit for the local community on all major stakeholders
based on a realistic competitive set of internal prieceg,,sale of heat from
distribution company to consumers (for the assessment by the management of

127



the companyand for negotiation with other stakeholders on internal prices, in
particular between district heating company and large consunegs,campus
owners, who may have local bagkcapacity or surplus heat sources available)

* A financial projection in priceof the year for the district heating company
including depreciation, financial sources and actual interest on loans (for the
final decision by the board of the company for negotiating the financial
conditions with banks)

6.8.3.3 The Planning Methodology for Dis trict C ooling

The market for active comfort and process cooling is growirigenmarkand

internationally). District cooling is a rather new business opportunity for the district heating
companies in the regiomistrict coolinghas been implemented onsmall scale compared to
the district heatingbut the market is growing due to the benefits of combiningteg and
cooling anddue tothe fact thatlarge heat pumps will play a major role in the future for
integrating the fluctuating wind energy. The supply of district cooling is not regulated but can
be delivered by the district heating companies to constsran commercial condition3his
opportunity will increase the profitability of district heating projects both for the society and
for the district heating companies. Thus, the planning of district cooling is like the business
planning of the district heiing, except that the dialog between district heating company and
the large consumerg.g.,campusesis even more important.

6.8.4 Project Technical Information

6.8.4.1 Heat Supply

There is no single source for all data to the system, as it is developing in timpaed s
Recently, the system been interconnected with two heat transmission systems north of the
main area(Figure44) via the transmission system of Vestforbraending.rébg surplus heat
capacity from the waste incinerators can be transmitted long distance to cover the base load.

The datdisted below isderived froman estimate for the systemyhich includes the
conversion of the steam system to hot watrpply in 2022including all heat supply from
CTR, VEKS, HOE@&®Rl Vestforbraending.

The total populatiorthat is supplied by the interconnected system is roughly lionill

people the total heated supply area of all connected buildings is around 7@mit?, and
98% of all buildings in the district heating zones are connected to network. The total heat
sale to buildings is close to 9,500 GWldad the total production of heat is 11,000 GWh.
Thus, the total network losses are around 18¥%which 1% is in the tramission system.

The total production is divideuhto the following main sources:

1 Waste incineration, mainly in CHP mode 30%
i Biomass CHP, partly with flue gas condensation 65%
1 Peak and spare capacity from boilers 5%

1 Heat pumps, mainly in combination witbaling <1%

The peak and spare boilers is a mix of electric boilers, wood pellet boilers and gas/oil boilers
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It is difficult to estimate the fualesourcedor generating the heat, as it depends on the
baseline.

9 For an overall heat and power sectare ndice that heat and electricitare generated
usingwaste and biomasasan alternative to gas boilers and cefaleled condensing
plants thiswaste and biomasstherwisebe landfilled omwould degradeo CQ with
huge thermal lossesvhich wouldnegativdy impactthe climate

1 For the heat sector alone, compared with biomass peasly plants we notice that the
11,000 GWh heat can be generated efficiently using roughly 4,000 GWh of additional
biomass and waste while at the same timgng 7,000 GWh wasted energyhichwould
otherwisebe lost in cooling towers or landfills. That would correspdo a total system
efficiency of 9,500/4,000 = 240% @ neutral heat and efficient use of biomass).

In the coming decades it is expected that the market share of heat pumps and electric boilers
will increase significantly. Around 2Q3Be oldest of the biomass CHP unitdl haveworn

out; it is more likely that a total capacity of at least 200 MW heat pumps and 500 MW

electric boilers plus more heat storage capadvitlf havebeen installed as an alternative to
reinvestment in the CHplant. Moreover, the assebf the CHFplant couldalsobe used for

large heat pumps and electric boilers.

6.8.4.2 District Heating Network C  onstruction

Many of the transmission lines are constructed with preinsulated bonded pipes with welded
muffs, but some offte trenches in the city center are constructed with insulated steel pipes
in concrete ducts and ste@i-steel (Figurest5and46). All pipes ardocatedunderground,
exceptfor a few metersvhere thetrenchmustcross highways, railroadsr heavly
traffickedroads.

Most heat exchanger stations and booster pump stations in the citjoaeted
underground.

Figure45. District heating pipe construction, with curved pipéeft) and straight pipes
(right) (SourceRambol).
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Figure46. Installation of preinsulated twin pipes bsupply of small buildinggSource:
Rambol).

Waste incineratorgéorm apriority base load for heatini-igure47). There arethree waste
incinerator plants, Vestforbraending, ARC and ARGO (KARA/NOVHERENaI capacity of
the three waste incinerator CHP plants is roughly:

160 ton/hour for treatment of municipal and industrial waste

1.3 millionton/year, which is not deposited on landfills

420 MW heat capacity in CHP mode with flue gas condensation
120 MW electric capacity in CHP mode

Average total efficiency around 100% based on lower calorific value
3,400 GWh heat production

= =4 -8 -4 -8 -9

The waste is collected from most of the region and only rougyirythirds of the waste is
from the municipalitieghat are supplied with the heat from the plants.

Figure47. The newest waste incinerator ARGourceRambol).

Figure48 showsthe performance and flexibility of ARC responding on high and low power
prices.
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Figure48. The operation flexibility and eftiency of ARCSource:Rambol).

6.8.4.3 CHP Plants as Base Load forH eating

Besides the wasttueled CHP plants, which Yepriority, there arethree base load CHP
plants: Amagerveerket, Avedgreveeket and KggesCWRich ardueled with a combination
of wood chig, straw,industrial waste wood and wood pelletgFigure49). Totalinstalled
capacity is

1 770 MW.in backpressure mode, some of the units can operate witthine bypass

1 1600 MW, in backpressure mode

Moreover, there are installed gdaeled power peak capacity, a 30 Mgasfueled CC plant
at the Technical University Campus and 140 MW gas turbine as part of Avedgre Power plant.
Total installeccapacity is

1 168 MW.in backpressure and condensing mode
T 100 MW in backpressure mode

131



Figure49. The Avedgre multfuel CHP plant with heat storage tankSource:Rambol).

Oncethe last coaffueled CHP plant unitas beenconvertedto wood pellets, all the base
load productionwill be based on renewable fuels, excdpt the gasfueled power peak
capacity.

In the first stage of conversion from coal to biomagsod pellets are most competitive
becausemuch of the installatins can be reuse@nd becausevood pellets can be handled
like coal and fed into the boiler as dust.

Thelast new biomas$ueled CHP plarimplemented &luidized bed technologthat allowed
use of wet wood chips from the forest industry combined witlefgas condensatigrvhich
togetherincreagd the total efficiency of the CHP plant to around 110% based on the lower
calorific value. The plant is designed with a steam turbirgabyg which allows the plant to
operate heat only in case of surplus of chedgctricity.

6.8.4.4 Hydraulic Design and Operation of the Transmission Netw ork

This transmission syste(Rigure50) is owned and operated by CTR and VEKI&Iudes

more than 50 heat exchanger stations to distribution netwoeks] heat exchanger
connections to Vestforbreending (dark blue on the map above). The network diagram from
the hydraulic model System Rornetlindes a(planned but not yet approvedextension to
some minor urban areas.
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Figure50. District heating 25 bar transmission network from hydraulic analysis in all
distribution systems(Source:Ramboll. Created with @temRorney).

Figure51 showsthe pressure for critical linesvhich illustrateshow production and booster
pumps are almost fullysed and how the pressure is symmetric. The hytlcapressure is in

the hydraulic model restricted by a maximal supply pressure difa2nd a minimum of
2 bar. Besides, the maximal velocity in the large pipes is restrictedbtm to reduce the
risk of water hammering and corrosion.
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Figure51. Hydraulic pressure diagram for a typical critical load case for maximal
transmission of all base loa{Source:Ramboll, created with gstemRornel).

6.8.4.5 Heat Storage T anks

The technical data for the heat storage tank#his following:

1 Threex 24,000m?3, two at Avedgre CHP plarfifure52), andone at Amager CHP plant

1 120°CMaximal design temperature (due to previous larger temperature demand)
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110°CMaximal operation due to hot water (lowost) classification

10 Bar pressure section between tank and network

2 x 330 MW load and unload capacity, equal capacity at the twagtsr

3 x 1,300 MWh storage volume return temperature of’&and 90% eff\Volume.

f
f
f
f

i b AT

Figure52. Heat storage tanks at Avedgre CHP plg8burce:Rambol).

There is only one tank at Amager CHP plantthebption existsto install one more to
increase the maximal load/unload capacity of 330 MW from 4 to 8 hours like the storage
tanks at Avedgre.

Figure53 shows how the tank is separateafn the pressure in the network by pressure
reduction and pumps. This connection eliminated the temperature dropraddcescosts
and it allows the storage plant to operate independently of the pressure head from the
pump at the production plant.

CHP Plant —

Heat
accumulator

Heat consumers
Expansion

vessel I I

. =t

7P

| e—

(F
O

Network
pumps

Figure53. Principle of operation of the heat storages tankSource:Rambol).

The network pumps control the differential pressure in the network and the pumps and
valves at the plant controls the load/unload capacitipte thatFigure53 does not shovthe
pumpsthat control the flow and supply temperature from the CHP plant to the storage.

6.8.5 Technical Highlights

Severatechnical highlights of the progtthat are recognized by visitoese:

1 The tunnel under thdaarbor30 m below sea level in lime stone, which was the first of its
kind in Denmark followed by several tunnels to more district heating and metro
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The installation of the transmission system in the city districts with heavy roads
Establishment of a transmiss system with practically no water losses and heat losses
in pct. of transmission and with an unknown tifee probably around 100 years for the
main system, whereas the SCADA system, heat exchangers and pumps and main valves
have been replaced within #hfirst 30 years of liime.

The distribution systerhas aong lifetimeandlow water and heat lossegypicallyfrom

5% to 15%exceptfor one singlefamily buildingghat recorded losses 0f25%.

The conversion from steam to hot water district heatinghe citycenter.

The ongoing transition towards lower temperatures in building heating installations and
in the district heating, including transformation from sugerated water to hot water
below 110°C

The supply of district heating directly to llihgs in a campus and to apartments in new
multi-user buildings

The SCADA system and energy management system, which ensures optimal operation,
automatization and use of all necessary data.

The advanced heat storage tanks with pressaetioning

The flue gas condensatipwhich increases the production efficiency to up to 110%
based on lower calorific value for the new biomass CHP .plant

The way the major technical installations are integrated in the city environment, located
at mainlytwo industrial sites

The way the newest waste incineratavhichset new energy and environmental
standardshas become @art of the city it includes akiing slop on the roof which has
been instrumental in promoting thacceptaince of severalew apartment buildingso be
built close to the incineratar

The integration of district heating and cooling

6.8.6 Decisionand design process

6.8.6.1 General/ Organizational | ssues

The project was initiated for several reaspns., toimplementthe national energy policy
objectivesin particular to replaceoil for heating with a combination of surplus heat from
CHPand waste and natural gas in a cestective way for the society.

Who werethe major stakeholder#n the whole planning proce8s

)l
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The Miistry of Energy/ The Energy Agency for implementation the policy and to approve
municipal plans for district heating zones and gas zones and for approving the CHP plants
and waste incinerators

The region for planning regional networks for district heatind gas, to secure way of

right for the main lines

The roughly 20 local governments in region, which could be included in the project as
planning authorizes preparing plans for district heating and gas zones

Some local governments for establishing newridisheating companies

The district heating companies, some owned by the municipalities and some owned by
the consumers, to execute the district heating projects as project owners

The power companies to establish the new CHP plants and heat storage tanks

The gas company to supply district heating boilers with gas and to establish a regional
gas grid and distribution grids to buildings in the natural gas zones

The waste management companies to establish new wiastmnergy CHP plants

The building andampus owners to invest in consumer installations for district heating

135



Which stakeholders were involved in the project?

To implement the district heating project including heat transmission and distribution
networks the following stakeholders were actlyenvolved:

= =4 -8 -8 -8 _a_°a_2

Board of the companies elected by the consumers /or appointed by the city councils
The management and staff of the district heating companies

Road authorities and other owners of infrastructure in the public area

Consultants to prepare heatgrls, design of networks, tender documents and supervision
Contractors to establish the networks and production plants

Service companies to support with special technical services

The banks and financial institutes to offer competitive financing oinyestments

Auditors to audit the financial accounting of the companies

Which resources were available before the project? What are local energy potentials?

1

)l

1

There was surplus heat capacity from existing CHP plaatsould be used in an

efficient way caresponding to an efficiency of 2@00%

There was surplus heat in the summer period from waste incinerators, which could be
used, and new waste incineration capaditat could be fully sed and thereby avoid
landfilling and cooling of surplus heat.

Newpower capacitynad to be establisheith Eastern Denmarkhis representeadn
opportunity to establish this capacity close to the heat market in Greater Copenhagen
instead of using other power plant sites with no heat market. Thereby the new coal
fueled plants could be designed in an optimal waydombined heat and powemnd thus

the efficient of using heat from this new plant would correspond to an efficiency of
roughly 300%. (extracting 100 MWh of heat would cost 33 MWh of more fuel input and
reduce thehermal losses from power plants in the system by 67 MWh)

The use of combined heat and power in this system and in local district heating systems
have reduce the power only generation with thermal losses to less than 20% of the total
thermal power generaon.

There is no deposit of wadiieat could be used for recycling energy

Who (what) were drivers and who (what) were opponents (barrieed why?

)l

1

The Energy Agency could see this solution as a major step towards meeting the energy
policyobjectives

The air quality would be significantly improved by replacing many oil boilers with heat
from large CHP plants with flue gas cleaning and replacing heavy oil with gas at district
heating peak boilers.

In the beginningtherewas a conflict betwen the municipalities about access to the
cheap heat capacity from the CHP plants and sharing investments in the heat
transmission systeniowever this wasresolved by an agreemetttat dividedthe
municipalities ito two groups, one for the central dengarea and one for the suburbs

and by dividing the new power capacity in two plants

The gas project was approved by the parliament as an important instrument to increase
the resiliency for the whole Danish energy sector although it was not cost effective.
Therefore, it was a challenge for the Ministry of Finance to find solutions for paying for
this investment. One of the solutions was to give the gas project a larger market share of
the heating, including the northern suburbs of Copenhagen and the Zosiwgen gas

and district heating was a political issue. Copenhagen municipality wdotegkample,
district heating to all buildings to serve the interest of the population whereas the
Ministry wanted to give the gas a market share in Copenhagen.
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1 Based a long experiencehe consumers and the municipalities have found it most
profitable for the local community, campusasd consumers to be project owners and
thereby tobenefit from the market forces by outsourcing services to commercial
companies suchsaconsultants for planning and design, suppliers to deliver equipment,
contractors to install, service companies to maintain special compagraerdgnot least
of all)banks to compete to offer the lowest interest rate for loans financing 100% of the
invegment.

1 Recently the financial sector and some private entities have showterest in being
owner of this natural monopoly infrastructure. Although this is prevented by the present
Heat Supplyct, a new regulatory system of maximal prices has beendntred to help
the regulator to regulate in case of private ownership.

What have been the main challenges regarding decision finding?

1 The first challenge was to agree on where to establish the new hot water CHP capacity
1 The second was to agree on the ngndf the transmission system. Some municipalities in
the northern part and southern part wer®r examplenot included in the first stage in

1985 but included 25 yesilater.

1 The third challenge was to agree on the detailed zoning between the digaithf and
gas in all the municipalities. Many industrial areas wéseexampleplanned for natural
gas in 1985, but 2G80 years laterconverted to district heating.

1 The rather large steam system in the central part of Copenhagen and Frederiksberg were
not included in the planningecauseahey werealready supplied from CHP plants based
on coal and gashowever the conversion to hot water district heating has been imiggo
since year 2000 and will be completed in 2022.

T It was also a challenge to speed up the connection of oil boilers to district heating and
gas, not only for this project, but for all projects in Denmark, as maximal connection to
the grids was an opportuty for increasing the profitability for the society of Denmark.
Therefore, the Parliament decided that all buildings or campuses with a capacity above
250 kW should connect to the planned heat supply grids witiigar. ThePrice
Commissiomlsodecidedhat the cost of district heating and gas in that case should not
exceed the cost of oil.

1 The local governments could also decide that all smaller buildings should connect within
8 years and that new buildings should connect.

What was finally the crucialgpameter for go /nego decision?

The crucial parameter was the political agreement between the Ministry and all
municipalities on approval of the new CHP capacity and at the same time agree on how to
share the surplus heat capacity from both the existind aew capacities.

6.8.6.2 Financing Issues

The Ministries being responsible for the financing and for the local governments ensured
that all the municipabwned companies for gas, heat transmissiand heat distribution
could be established by the municipaned companies operating completely
independently of the municipal budgetsecausehe consumers had to pay for all costs via
tariffs. The Heat Supply Act specified that the heat price candedhll necessary costs (and
not profit for investors or municipal budgets). Therefore, the municipalitigactown and
operate the energy infrastructure for district heating on behalf of the consumeétk the

aim of redudng coststo the consumers.
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Moreover, the legislation allows the municipality to guarantee for loans obtained by both
their own companies and by consumawned companies. Thus, all investmeats financed
100% and the financial institutes and banks compete to offer the lowest iriteasson the
world market.

Which business model applies to the project?

The basis business model is that all district heating companies has the objective to deliver
sufficientquality of heat at the lowest cost. This improvesprrationand exchange of
information, as if it vereone campus owner. Howewre basis business modsinot as
efficientas other models since it domet prevent building ownerfsom suboptimiing.

6.8.6.3 Technical Issues

What have been major technical challenfmmngraints regarding system design?

The major stakeholders established a technical commiltaeassumedesponsillity for the
overall design and for defining the design criteria. It was agreed that the new district heating
system should be very reliabledaresilient and designed for a long tifee (40 years or

more) for the main components.

There were several technical challenges for the design of the heat transmission system
meeting these criteria:

1 The integrated system should be operated by two new traasmission companies in
cooperationwith large producers

1 Several large capacities at various locations should be able operate on/off feeding large
capacities into the grid

1 Around 20 distribution networks owned by district heating companies and campuses
should be connected to the grid, and these networks had different design pressure and
not all had fully controlled the water quality

1 Many buildings had internal heating systems designed f6/C30ipply on the coldest
day.

The solution was to establish & Bar transmission system separated from the distribution
grids with heat exchanger sstationsand designed as a hot water system (today maximal
supply temperature 1100 and operated with symmetric supply and return pressure. Thus, in
case of pump faike, the pressure would stabilize at the average pressure of 13 Bar.

Several other steps were taken to prevent water hammesgngy,a small bypass on all stop
valves and automatic regulation of the varialspeeddrive pumps.

What solutions have been codgred for generation, storage and load management?

The overall solution has been to create this integrated sy#tabwill allow the companies
to operate it hour by hour tose all available cheap and efficient heat generation in an
optimal way. Ndoiler will for examplebe started before all the cheaper capacity sedi

To facilitate this the transmission companies established advanced SCADA system combined
with optic cables for communication in such a way that all units can be controlled and

operate locally in case of any failure of the central system. This system is staffed 24/7 by one
control center for each transmission company and for each large CHP plants.

The production and has been considered in several steps from 1985 to 2019 int@transi
towards more low carbon, resilient and flexible energy supply:

1 Stepl:Urgentuseof existing surplus capacity from CHP and waste incineraignphy
construction of a tunnel under the harbor.
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Step 2NewCHP plants based on coal, gaisd straw repacing coal fueled power only
capacity

Step 3:NewCHP units based on waste replacing old units and meeting the demand for
waste treatment and with steam turbine pgss

Step 4Conversiorfirom coal to wood pellets operating as extraction plants

Step 5NewCHP plant based on wood chip with turbinpdss

Step 6: Existing oil and gaseled boiler plants, which can offer 100% local backe

used as much as possible to save investments, and new peak capacity is established in a
way to improve the resdince and integrate more fluctuating winelg.,large electric
boilers combined with heat storages.

Step 7: Large heat pumps, mainly for combined with district cooling and use of surplus
heat from industries and datacenters as well as large electric balerbeing installed
step by step once there is an opportunity, and the total capacity of heat pumps will in
time replace reinvestments in wood pellet CHP capacity.

Severabenefits of establishing heat storagee, for example

1

1

)l

Established at théarge CHP extraction plantseat storagencreasasthe flexibility of the
plants unbundling heat and electricisy.g.,allowing the plant to stop heat generation in
power peak hours antb gain maximal power capacity, and increasing the production in
low load hours

Establishes at the CHP bamlessure plantdheat storageallows the plant to maximize
the revenues generating more electricity at high prices

Heat storage levelthe daily and weekly minor fluctuations of the heat supply,
compensation for th fact that some consumers use night-batk

Heat storage levelthe daily production on the coldest day and thereby sffierat peak
capacity

Heat storagdancreaseathe production from the cheapest heat sources

The following heat storage concepts hdnaen installed or are in the piliee;

1

1
1

Large heat storage tanks 3 x 24,008for 120°Cseparated from the transmission grid
with pressure section

Large pressuress heat storage tanks for 9&at the distribution grids

Large underground heatorage pit for 85 Cat the distribution grids separated by heat
exchanger

The following load management has been implemented:

1

The distribution systems operate with variallgeeddrive pumps to meet the demand of
all consumers by controlling the diffetél pressure, and the consumers are in general
encouraged to reduce their spbints for supply temperature and use their heating
systems efficient by reducing the return temperature and avoiding unnecessary on/off
regulation,e.g.,night setback. Mostutilities encouragethe redudion inthe return
temperatureby, for exampleintrodudng a tariff.

The transmission and distribution systems operate the supply temperature in an optimal
way, which can be lowest possible reduce the heat losses and pradogsts or it can

be at a larger level tose the transmission capacity for the cheapest heat.

The transmission companies and the largest distribution company HOFOR has established
a neat market unit, which plan and optimize the heat production in weeidydaily

basis based on forecast for demand and electricity prices and in dialog with the
producers.
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6.8.6.4 Design Approach Applied

The design has been in accordance with the Danish and international standards mginly,
allowing installation of the modern drgct heating preinsulated pipe technology including:

1 welded muffs

1 surveillance system

1 fixed system without expansion loops and compensators
9 curved pipes and twin pipes

Which design targets have been set and why?

The overall criteria have beenittentify the most coseffective solution, which at the same
time meets the criteria of security of supply.

The criteria for maximal capacity demand for heating is in prinel@éCand strong wind,

and the criteria for total installed capacity has bdmsed on actual measurements of the
actual consumption hour by hour in winter periods forming a realistic max load hour value to
characterize the total demand for all.

6.8.7 Resilience

The system design with local bagiplants and interconnection has establisha very
resilient system, which has proven to be very resilient with very few interruptions in the
more than 30 year of operation.

One hospital hador example a large boiler plant 4 times larger than their own demand and
the surplus capacity is sold the district heating company.

Another hospital has no boiler bagl but has related to two branch lines, which can be
supplied from each end of the network.

In case a pipe cannot be repaired witl2ivhours, e.g.,in case it is deep underrailroad,
there is a baadlkp boiler in the district, which can be interrupted or there is an installation for
a mobile boiler.

Totalinstalled peak capacitywolvesa typical resilience issubat is more political than
technical

1 The overall critedn isthat the installed capacity including contribution from heat
storage tanks shall be able to meet the maximal demand in case the largest production
unit is out of operation.

1 A second critedn thathas been consideredihat the installed capacitgnustbe able to
meet the demand on a normal winter day in case the two largest units are out of
operation.

6.8.8 Lessons Learned
The project demonstrates that district heating is a vital part of the urban energy infrastructure
in a city like Greater Copenhagen interagtin a coseffective way:

1 with the power system (use surplus heat and capacity)
1 with the gas system (optimal zoning of the heat market)
T with district cooling for combined heating and cooling
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with the waste sector for sing heat from all waste in the remi

with the wastewatersector sing heat from sludge incineration

with wastewaterfor use of heat via heat pump

with industries,e.g.,data centers for use of surplus heat

with the buildings/campuses, which can be supplied with -@fctive lowcarbon
resilient

=a =4 -4 -8 -9

Moreover, the project demonstrates that this can be executed to the benefit of the
consumers in case the consumers or municipalities takes the responsibility as project owners
and cooperate openly to the benefit of all local stakeholderd benefit from the market

forces for all activities for which there is a markeg.,fuels, electricity market, consultants,
equipment, contractors, service companies and financing institutions

6.9 District Energy from Waste for Vestforbreending , Denmark

Case
No.

Special points

Country | Location Specific Type Photo of attention

Energy Supply : B A i § 2 lﬂ 0
Vestfor- System RS Va L o ) s .

9 |Penmak ] pending | Distict heating in Rl | — :
five suburbs - e district heating,
| wastefueled CHP
Country: Denmark
Name of city/municipality/public community: Greater Copenhagen Metropol
Title of case study: District Energy from waste
Author name(s): Anders Dyrelund
Author email(s): ad@ramboll.com

Link(s) to further project related information/publications, etc.:
https://ec.europa.eul/jrc/en/publication/efficientdistrictheatingand-coolingmarketseu-casestudiesanaysisreplicable

keysuccess

6.9.1 Background and Framework

The oil crisis in 1973 initiated a strong national energy policy with the aim to reduce
dependency on oil based on several sources and Greater Copenhagen suffered from problem
with landfills. Municipaties in the northern suburbs of Copenhagen joined forces and

founded the waste management company Vestforbraending. The company established two
wastefueledboilers forsuperheatedwater and a district heating system to heat a new

hospital and large apartment buildings.

From 1980QVestforbraending took part in the heat supply planning &nther developed the
system to supply around 300 GWhitsown consumersit wasalsoconnecte to the
Greater Copenhageistrict heating system to ensure that all heat could Ised: Around
year 2000two new wastefueled CHP unites ere established and Vestforbreending started
to develop the district heating system to supply up to 900 GWh to cevisumers and
supply 300 GWh to Greater Copenhagen system. Moreteat is transmitted to local
district heating companie@-igure54).
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Figure54. The Greater Copenhagdbistrict heating system

Vestforbreendingwhich ispart of Greater Copenhagen District heatiogyns and operates

its own district heating system, which is supplied from two wdatded CHP units with flue
gas condensation, 180 MW heat and 40 MW electricity in CHP mode and 220 MW heat in
bypassmode.Vestforbraendingalsoowns a gas combined CHP plant 33 MW .&68dvW

heat and a 40 MW electric boiler at the Technical University of Dekrxastforbraending
generates in total around 1200 GWh heat from 500.000 tonnes of waste per year and 300
GWh of electricityTwo 5 MW heat pumps are in the pipee, one for combined heating and
cooling and one fromvastewaterand a minor combination witbooling.Afirst priority is to
supply around 900 GWh to consumers in own netwthrk remaining 300 GWh is delivered
to the two heat transmission companies CTR and VEKSuéed peak boilers deliver the
remaining capacity.

6.9.2 Highligt: Heat Supply Plannin g

From 1973 to 1980/estforbreending developed its own district heating system in
cooperationwith the municipalitieso supplysuperheatedwater to a new hospital and
mainly new urban developments. Thaperheatedwater (165°Q supplied heat to an
absarption chiller at the hospitalhowever there was still too much heat in the summer
period, which was wasted.

Only the transmission system to the hospital and some industries and apartment buildings
was supplied witlsuperheatedwater, which was deliveredia heat exchangers to hot water
district heating in districtdo ordinary hot water consumers.

Beginning irl98Q Vestforbraending joined the heat planning process in Greater
Copenhagen. As a restuhg first priority was to supply all surplus heat t&KS to replace
district heating oil boilers, whereas the districts north of Vestforbreending with no district
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heating was supplied with gas. It was based on a political decision, as it was urgent to replace
oil boilers and to give a market to the new gasgany.

In 1990 the production of heat had increased, and one more connection to CTR was
established. At the same time CTR and Vestforbreending shared a new 30 Mi/élgds
peak boiler, to deliver peak capacity to the expanding market supplied by CTRaaed sp
capacity to Vestforbraending to give first priority to the hospital, in casgedkdownof the
transmission line from Vestforbraending to the hospital.

Aroundthe year 2000the old wastefueled boilers were replaced by two CHP units, and the
hospitalhad replaced the absorption chiller with an electric chiller. Therefibve supply
temperature was reduced as much as possible

After 200Q the energy policy changed and the aim wasdsteffectivdy reduce the
dependency of fossil fuels.

Evenbefore this plan was implemented, Vestforbreending lawetta new business plan
OEnergy Plan 2025which identified a potential for increasing the market further from 600

to 900 GWhreplacing large individual gas boilers. Moreover, the plan included
interconnection with two heat transmission systems north of Greater Copenhagen. Thereby
it was possible to transmit surplus heat from waste to these systems in the summer period.

This business plan is almost implement€de business model for a very succelsskiension
of the network and for connecting more than 90% of the potential consumers from the first
year was:

9 To offer the district heating in districts with larger consumers for which district heating is
competitive and has positive profitability fordtsociety (a precondition for approval)

1 To offer the connection free of any connection fee and including the consumer
substation. Thereby the direct plgicktime for all consumers was zero years.

1 Compensation to the gas company for lost contribution to plagbackof network.

The major extension takes place in the Municipality of Lyfitdrbaek and includes supply
of heat to the Technical University of Denmark (see case), and acquisition of the privately
owned gas combined cycle CHP plant at the Techniigktsity campus.

The methodology and cost benefit analysis for extension of the network and for investing in
new capacities are described in the case for Greater Copenhagen District heating Jystem.
network map is shown on pade4 (seeFigured4).

The main elementwere:

Data from building register and gas company
Geographic information

Hydraulic analysis

EnergyPromoddelling of load dispatch
Economic CBA model
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6.9.3 Objectives: Energy Plan 2035

In 2020 Vestforbreending submitted a new business plan for activities up to 2035
demonstrating the role of Vestforbreending forphementing the national energy policy
objectivesof 100% reduction of fossil fuels.
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The main pillars in the energy plare:

1
1
1

= =

1
1

Continue efficiency measures for reducing costs in the long term

Time dependentariff and motivation tariff for lower return tempmture

Measures to reduce the return temperature at consumers, smnthke over ownership

and obligation to maintain all consumer substations

Develop district cooling and heat pumps with ATES in combination with other heat

sources

Further extension of th@etwork

A strategyfor security of supply and resilience, as criteria for logatapacity to:

0 Meet demand on the coldest day even in case of disruption of the largest production
plant (one of the incinerators)

0 Provie local bacup capacity to ensure noeks thar24-hours disruption of heat
supply to any consumer

A strategyfor extension of the network to supply remaining districts, mainly terrasse

houses and single family houses

A strategyfor supply of new low temperature buildings withp8e connectio etc.

In thelongrun (2030c 2035:

1

)l

Carbon capture andseCCU combined with use of around 40 MW surplus heat and
benefiting from access t€Q from waste continuously

P2X combining H2 from electrolysis Witk to form Renewable gas to the gas grid and
combined with se of around 100 MW surplus heat.

6.9.4 Project Technical Information

9 District heatingnvolvesnetwork constructionseeTable20).

1 The total heat loss in the network is 9% of heat supplied to own consumers.

1 The main DN500 transmission line from 1973 is insulated steel pipes in concrete duct and
designed for 25 bar and up to 166 It is still in good shape for a sextithat had to be
moved due to construction of a new light rail.

1 All new pipes from 198@re preinsulated with welded joints ansurveillancesystem.

1 Heat was previousliransferredto hot water (<110°Q 10 or 16 bar via heat exchangers.

1 Recently Vestfon@ending use instead shunt pumps and pressure reduction statibns
minimize use of heat exchangers

1 All enduser installations are however separated from the network with heat exchangers.

1 Vestforbraending also use curved pifdese pictureFigure45on pagel29) andtwin
pipes

Table20. Additional Information of the district heating network construction

Temperatures in transmission typically: 120/55, but being reduced year by year

Typical temperatures in distribution: 90/50

Heat production from waste: 1.200 GWh, of which 900 to own network and 300 to CTR and
VEKS

Heat losses in network: 80 GWh

Maximal peak capacity demand: 300 MW

Two waste-fueled CHP units: 180 MW heat/40 MW power or 120 MW heat/0 MW power

Gas-fueled DHP: 30 MW heat/33 MW power

Electric boiler: 40 MW

Heat pumps in the pipeline: 11 MW

Gas-fueled peak spare boilers: 250 MW
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Figuress5 and 56 showthe supply areas and the potential for district cooling clusters.
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Figure56. The potential for district cooling clusters
Figure57 and58 showthe current district heating network and one of the hydraulic load
case for long distance transmission of heat.

The graph ifFigure58 showsthat the capacity of the existing old network is increased
significantly byntroducingbooster pumps and negative differential pressure in certain
zones Moreover,local peak boilers increase the use of efficient base load to new consumers.
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Figure57. Current district heating network
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Figure58. One of the hydraulic load case for long distance transmission of H{&aturce:
Ramboll, created with System RORNET
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Some of thetechnical highlights of the projethat are recognized by visitors are:

1
1

Almostall waste is recycledhe first priority is toreuse materials anthe second priority

isto reuse heat

Extension of the network to triple the use of low carbon heat from wdiseded CHP

plants to replace gas boilers

Response on the electricity price as:

0 CHP turbines can be {passedwith 40 MW in case dbw prices.

0 The gadueledCHP plant at DTU, which now is owned by Vestforbreending, can shift
from 33 MW production to 40 MW consumption and optimize with 8,a86heat
storage tank.

The planned 5 MW heat pump using heat framastewatertreatment plant is planned to

be located in amndustrialarea with potential for district cooling and tlveastewaterwill

be supplied via 4.3 km pipe (similar to Taarnby district cooling)

The new low temperature section of a 50 year old hadpitith high return temperature

will be connected with $ipe connection to reduce the return temperature form old

high temperature system.

Pressure reduction and shunts instead of heat exchangers

6.9.5 Decisionand Design P rocess

6.9.5.1 General/organizational issues

The project of waste heat recovery was initiated for several reggdons

= =4 -4 —a -9

Reduce use of landfills to almost zero
Recycle energy from waste

For environmental reasons

For lowering cost of processing waste
For lowering the heatnices

The project for extension from 300 to 900 GWas undertaken to

1
1

Lowerheat price toexistingand new consumers in the ownserunicipalities
Meet the energy policy objectives of reducing dependency on fossil.fuels

6.9.5.2 Major stakeholders
Whichstakeholdes wereinvolvedin the whole planning process

= =4 =4 -4 8 _a 19

All the owner municipalities, who has appointed members to the board
The ownemunicipalities which could be supplied with heat

Local district heating companies

Large consumers like the Technidalversity of Denmark (DTU, see case)
The gas company, in opposition

Thewastewatertreatment plant

The two other heat transmission companies VEKS and CTR

Which stakeholders were involved in the project?

1
1
1

Board of directors representing the owner munidijesd
The management and staff of Vestforbraending
Road authorities and other owners of infrastructure in the public area
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Consultants to prepare heat plans, design of networks, tender documents and supervision
Contractors to establish the networks gmeduction plants

Service companies to support with special technical services

The banks and financial institutes to offer competitive financing of the investments
Auditors to audit the financial accounting of the company

=a =4 -4 -8 -9

Which resources were availablefbee the project? What are local energy potentials?

1 There was surplus heat from waste incinerators most of thetheamas sold to CTR
and VEKS at a low price to substitute cheap heat from the biomass CHP plants.

1 Capacity of the existing system couldiheeased by increasing velocity and reducing the
return temperature from consumers

Who (what) were drivers and who (what) were opponents (barrieed why?

The gas company has been in opposition, but had to accept projects, which were profitable
for the society and should be approved in accordance with the Heat Supply Act.

What have been the main challenges regarding decision finding?

To find a political agreement that the gas company should accept to close supply to large
consumers and get a compensaticovering lost fixed payment for infrastructure.

What was finally the crucial parameter for go /0o decision?

1 The crucial parameter was for all projects that Vestforbraending could prove that each of
the projects was profitable for the society.

6.9.5.3 Financin g Issues

1 The business plan demonstrated that each of the projects were profitable and
ctbankableg that the heat consumers would connect

1 Recordglemonstrated that the heat consumers could pay all the bills.

1 The owner municipalities could guarantee the loans

Which business model applies to the project?

1 The objective of the district heating business is to minimize the price for the consumers in
the owner municipalities

1 The offer to the new consumers is adjusteithtsease demandyhich increases the
positive response and therebphances theost effectiveness of the projects

1 Vestforbraending has better option for obtaining loans than many consumers and invest
in along-term perspective of 3@10 years, whaxas many commercial consumers only
plan 7 yars ahead

6.9.5.4 Technical issues

What have been major technical challenfmmstraints regarding system design?

1 To consider if iiverefeasibleto connecta high temperature consumer, which had €D
return temperature in a district in which there were capagitoblems in the network
(later the consumer found the fault and could reduce to less than 50)

1 To plan the construction work and coordinate with road authorities in a munigifadit
was notaccustomedo district heating
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What solutions have beetponsidered for generation, storage and load management?

1 The overall plan is to optiminensideringoad fluctuations of thevaste heatand heat
demand as well as electricity prices.

1 A small heat storage tank is in the plipe for regulating the load disgich.

1 A larger storage tank or pit storage is considered

1 The 8000m3tank at DTU will be fullysed for integrating heat from CHP only at large
electricity prices and the electric boiler at low electricity prices.

1 in EnergyPlan 2035 Vestforbreending magve 11 district cooling clusters, most of them
with chilledwater tanks and ATES and combined with surplus heatvrastewater,
datacenters and industry

1 By2035 Vestforbraendings consideing the possibility ohostinga CCU and P2X

6.9.5.5 Design Approach App lied

The design has been in accordance with the Danish and international standards mginly,
allowing installation of the modern district heating preinsulated pipe technology including:

1 welded muffs

9 surveillance system

T fixed system withouexpansion loops and compensators
9 curved pipes and twin pipes

Which design targets have been set and why?

The overall criteria have been to identify the most -@fctive solution, which at the same
time meets the criteria of security of supply.

The crieria for maximal capacity demand for heating is in principfE®’Cand strong wind,

and the criteria for total installed capacity has been based on actual measurements of the
actual consumption hour by hour in winter periods forming a realistic max lmadvalue to
characterize the total demand for all.

6.9.6 Resilience

The system design with local bagiplants and interconnection has established a very
resilient system, which has proven to be very resilient with very few interruptions in the
more than 30 yeaof operation.

One of the largest consumers is a hosgttalt has no boiler baakp boiler, but

Vestforbreending has connected the hospital with a bratfett can be supplied from each end

of the netwok, either the waste CHP or a peak boiler, which Véstéending sharewith the

CTR transmission company. The boiler is in normal operation supplying CTR with peak load, but
in case of interruption of the supply from the waste CHP, the hospital has first priority.

If a pipe cannot be repaired withi24-hours, e.g.,in case it is deep underrailroad there is
a backip boiler in the districthat can be interrupted or there is an installation for a mobile
boiler.

Therefore a 24 MW peak boiler was located on the other side of a dedmadcrossing
with a DNI00. A few years later actually a drilling damaged one of the pipes, and theack
boiler had to operate for several weeks.
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The main criteria is that there be enougéapacity ithe largest unitvere to shutdown. It
wasconsideredunlikelythat both units would be ot of operation at the same time.
However in one cold Decembera fire in come cables to the control centek both units
offline for sevenl weeks. Vestforbraending managed to keslconsumers warm, but it was
close to a deficit.

6.9.7 Lessons Learned

The Vestforbreendingrojectdemonstrates that district heating is a vital part of the urban
energy infrastructure in a city like Greater Copenhatiert costeffectivdy interacts:

with the power system (use surplus heat and capacity)

with the gas system (optimal zoning of the heat market)

with district cooling for combined heating and cooling

with the waste sector for sing heat from all waste in the region

with wastewaterfor use of heat via heat pump

with industries,e.g.,data centes for use of surplus heat

with the buildings/campuses, which can be supplied with -@ffctive low carbon
resilient
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Moreover, the project demonstrates that this can be executed to the benefit of the
consumers in case the consumers or municipalitieegdke responsibility as project owners
and cooperate openly to the benefit of all local stakeholders and benefit from the market
forces for all activities for which there is a markeq.,fuels, electricity market, consultants,
equipment, contractors,ervice companies and financing institutions

6.10 University Campus of Technical University of Denmark ( DTU),

Denmark
Type Special
Case specific points of
No. |Country | Location Type attention
i
Campus ﬂ
DTU District |
10 |[Denmark | Closeto heat?ng fand ﬂ
Kopenhagen coo!lng na o
University district
campus heating and
cooling
Country: Denmark
Name of city/municipality/public community: Technical University of Denmark, Lyngby-Taarbaek Municipality,
Greater Copenhagen
Title of case study: DTU, Campus Energy, DH&C and microgrid
Author name(s): Anders Dyrelund
Author email(s): ad@ramboll.com
Link(s) to further project related informatiofpublications, etc.:
https://ec.europa.eu/jrc/en/publication/efficientdistrict-heatingand-coolingmarketseu-casestudiesanalsisreplicable
keysuccess
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6.10.1 Background and Framework

The Technical University of Denmark moved to a new campus site in tliei§0se59) and
established an infrastriare. All buildings were connected by walkable tunnels, which included
vital parts of the infrastructure, including a heating netwarida power grid owned by the
university.

In the first stage, the heat was generated by 3 x 10 MW heavy fuel oil bailéralligpower

was supplied from the grid. Around 1986e power utility established a codustfueled

CHP plant, and shortly after the heavy oil was converted to natural gas. In 1998 the CHP plant
was upgraded to a 30 MW natural gaeledCC CHP plant thia heat storage tank, and

there was established a heat transmission system (the-BFltransmission system) to

supply DTU and Holte District heating north of DTU from the CHP plant. The heat demand
connected to theDTUHF heat transmission system is®Wh from DTU Campus and 100

GWh from Holte District Heating. All boilers at DTU and Holte District Heating remain as
backup capacity. Thus the total installed capacity of the CHP plant, the heat storage tank and
all the boilers is almost twice the maximt@mand of DTUHF on the coldest day. In 2000

DTU established a district cooling network in the tunnels to supply all coolingseErd from

the three largest chiller plants.
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Figure59. DTU CampuBOZO(Source ‘Strategic campugplan DTU Lynghy

6.10.2 Energy Objectives of the DTU Campus
The objectives of the campus energy solutions are:

1 To deliver coseffective, resilientandenvironmentallyfriendly energy for power,
heating and cooling to the campus buildings

I To be prepared for thiongterm development of the campus for more than doubling
the building storlwithin the coming 30 years

1 Toshow thethree university campuses owned by DTU and managed by the DTU Campus
serviceas a world class demonstration
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6.10.3 The Campus Projects at DTU inLyngby -Taarbsek Municipality

In the period 2014 to 2019, several projects have been implemented and planned to upgrade
the system and integrate it into the Greater Copenha@astrict heating system (see case 1

in link above), including large building®and DTU Campu#loreover,DTU has prepared a
longterm vision for further development of the campus energy up to 20%@&following

projects have been implemented or are going to be implemented from 2014 to 2020:

I The DTWHF heat transmission system Hzeen connected to a heat transmission system
north of the system (NORFORS), to transfer up to 12 MW efficient surplus heat from a
wastefueled CHP plant in the summer season and logdk case there is no bredlwn
in the NORFORS transmission system. Ehé $upplied from this system is primarily
heat, whichwould otherwisebe wasted or could be produced by feeding more waste
into the incinerator

1 DTU established an economizer to extract heat from the flue gas by reducing the
temperature of the flue gas fra around 120 Cto 60 °Candthereby increasing the
efficiency of the boiler plants from around 88 to 98% based on lower calorific value. The
economizer generates 3 MW at maximal boiler loBolavoid corrosion in the stack,
three stainless steel tubes weinstalled in the stack

1 The tariff for sale of electricity from the CHP plant to the public grid changed from a fixed
three-part feedin tariff to the Nordpool market price. Previously the CHP plant had
suboptimized the production and generated a lossjoltwas paid for by other
electricity consumers. But from that moment the plant generated only in an optimal way
and operated at the electricity market for generation and regulation. Due to low
electricity price, the combined production of heat was redufredn around 90% to 5%
of the annual demand. The rest was supplied from the efficient gas boilers at DTU and
from the surplus waste heat in the summer period

9 Figure60, derivedfrom the project of Vestforbraending for integrating the systems,
shows how the campus area is becoming an integrated part of the district heating system
around the campus
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Rambol).

The connection to Vestforbreending and thereby Greater CopenhBgtrict heating system

is via a DN350 green pipe going south. The-BFUWetwok is the blue DN250 pipe going

north.

1 The boilers at DTU, which previously were only connected to the Campus grid, were now
connected directly to the transmission grid of DHB and could feed heat into the
storage tank in parallel with the CHP plant. Ei®rit was more efficient for the CHP
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plant operator to optimize the production of heat from CHP and boterssideringhe

storage volume of the tanK.oincrease the resilience for DTU, the old connection to the

boilers remain, enabling DTU to reconn#w boilers to supply DTU only, in case the

DTUHF heat transmission system breaks down

The heat transmission system of Vestforbraending, which is part of the Greater

Copenhagemistrict system, had in the same periidom 2014 been extended to the

municipality of Lyngbyraarbaek and supplied densely populated area south of DTU. This

network has now been connected to DIHF transmission network via a heat exchanger
at the CHP plant. Interconnecting these two networks have the following benefits for

DTU and the other stakeholders:

0 Vestforbreending can supply efficient renewable heat from thea@eCopenhagen
District heating system as a base load to EHEI However, due to connection of
many consumers and limited transmission capacity, this capacity is $allyini the
coldest 56 months, and the gas boilers at DTU have to operate for peakrggon.

0 The surplus capacity in DFHF, including part of the capacity of the boiler plants of
DTU, can be transferred to Vestforbreending, which can therefore supply the urban
area south of DTU without investing in any new peak capacity

0 The total operatbn and production of heat from the CHP plant at DTU, the heat from
NORFORS and the heat from the Greater Copenh@igétict heating system can be
optimized

A 40 MW electric boiler is in 2019 at the CHP plartgithe available cable to the CHP

plant, which normally is used to transfer power to the grid

DTU canin the operation of the district cooling systeanalyzethe most likely need for

new cooling capacity and recognize that the maximal capacity demand is only around

47% of the total installed cagity of around 80 cooling devices at DTU, which is mainly

for process coolinghot for comfort cooling in the old buildingysHowever, due to

increasing building stock and need for comfort cooling to all new buildings, DTU needs to

install new cooling cageity. As an alternative to traditional chillers and to supplement

the existing chillers, DTU plans to install a heat pump with a capadtg¢ MW cooling

and3.4 MW heat. As there is available space in thge@rold boiler house, it is the plan

to establish the heat pump as two units in the boiler house right next to the heat

exchanger between DTU and DHB and the boilers of DTU. The heat pump will be

connected to the local network for normal operation, but also to the BRJ

transmission network, t@nsure that all the heat capacity can be used in the warmer

periods in which the heat load in the campus network is lower hdamMW. The heat

pump will be able to generate around 5 GWh cold @dGWh heat annually in

combined production with coolingoeresponding to 2.000 hours of max. load, thus only

25% of its production capability isad.

As the heat pump has available capacity and replaces gas boilers in half of the year the

plan is to deliver cooling to the flue gas via a flue gas condensatianTiis

condensation unit wilbe installed right after the economizer will be able to cool the flue

gas further from 60Cto 25 °Cand thus achieve maximabndensatiorof the wet flue

gas. It is expected that additional 3 MW can be extracted from the flue gas, and that the

Coefficient of Performance (Cofagtor for this will be abound S hus the total

efficiency of the gas boilers will be around 110% based on therloalorific value

The generation of heat from the DTU heat pump at the campus will indirectly increase

the performance of the heat supply to D-HF and Vestforbraending in the district

around the campusMoreover,Vestforbreending plans to install a simiteat pump to

generate combined heating and cooling to new buildings outside the campus area and to

use surplus heat from a sludge incinerator atastewatertreatment plant north of the
campus and also a heat pump to extract heat fromwestewater which will contribute

to a more efficient heat generation in the area around DTU. That will stimulate a further
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extension of the district heating based on efficient base load generation and available
surplus capacity

1 The production of the CHP plant, the bede@nd the heat storage tank is already today
optimized on a weekly, dailpnd hourly basis by the operator using the optimization
tool Mentor Planner, based on electricity price and weather forecast. In the futioie
optimization tool will be even maimportant as it has to integrate the interaction with
the electric boiler and the heat pumps as well as the price signals from the Greater
Copenhageistrict heating system

1 Boththe CHP plant and the electric boiler exchange power with the regional pbigh
voltage grid, and DTU has its own power distribution grid to the campus connected to
the same grid. In principJé¢he CHP plant and the electric boiler and the micro grid of
DTU could be disintegrated from the regional power grid and operate aslapendent
microgrid and even in island operation. That would however not be optimal from an
overallperspective and could never be justified with reference to resiliency, as the
regional power grid is very reliable and as the CHP plant serve aspdackoth the
regional grid and DT® own grid. Nevertheless, as DTU owns its own distribution grid,
DTU is able to operate heat pumps in an optimal waysideringhat the heat pumps
can interrupt heat generation in case of capacity problems in the grid

1 Figure61showsthe tunnel systemwith old heating pipesat the upper right and new
cooling pipest the lower right part of the picture.

Figure61. Heating and cooling intlte tunnel systemSource:Rambol).

Figure62 showsa map of DTU today with tunnel and DC installations marked.
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Figure62. DTU in 2019 withunnel and DC installationgSource:DTU.

Figure63 showsa diagram of the energy infrastructure in the tunnel system in the tengp
solution in the Campus Strategy Plamcludingthe heat pumps for combinetleating and

cooling as will be established at the boiler plant (T) and integrated in the some of the Parking
buildings (P), and one of them will host a chilledter tank.Table21 listsadditional

Information on DTU case.
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Figure63. Longterm development including new buildings and infrastructure in the tunnel
system The infrastructure electricity (green), district heating (redyistrict cooling (blue)
and water for fire protection (orangg (Source:Strategic campus plan DTU Lyngpy
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Table21. Additional Information on DTU case

Building mix in the area: 400,000 m2, planned to be 1,200,000 m2 in 2050 Office
buildings and laboratories

Consumer mix in the area: Large consumers

Energy plant owner (public or private): Public campus owner, but private owner of CHP

Heat supply network in tunnels

60 GWh Heat demand, planned to be 95 GWh in the long term due to efficient new buildings
DTU is part of the DH system DTU-HF which has a total demand of 160 GWh

2.500 max load hours measured and estimated based on actual consumption and weather data
25 MW maximal design capacity to the network at DTU

30 MW capacity from 3 gas fueled boilers to DTU-HF or to DTU local network

3 MW capacity from flue gas economizer to DTU-HF

38 MW electric capacity from gas CC CHP plant

33 MW heat capacity from gas CC CHP plant to DTU-HF

8,000 m? pressure less heat storage tank to DTU-HF

30 MW heat exchanger from DTU-HF transmission to DTU local network

12 MW from transmission from NORFORS to DTU-HF

30 MW heat exchanger for exchange +/- between DTU-HF and Vestforbraending

40 MW electric boiler under construction to DTU-HF transmission system

Normal supply temperature 70-80 °C

Normal return temperature 50-55 °C

district cooling network in tunnels

3 MW district cooling maximal capacity

6 GWh cooling for process, estimated to 60 GWh in the long-term incl. new comfort cooling
3 MW existing old chillers

2.4 MW cold / 3.4 MW heat pump in the planning stage connected to flue gas condensation
Power grid in tunnels

B R B I R R R I R R I R R R B B I |

Figure64. Profiles for outdoortemperature (green), heat load (red), cooling load (blue)

6.10.4 Technical Highlight

The 8,000m® pressureless heat storage tank next to the CHP pi&igure65) and the old
boiler plant (tall stack to the right) are important for the optimization of the heat and power
generation.
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