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Preface 

THE INTERNATIONAL ENERGY AGENCY  

The International Energy Agency (IEA) was established in 1974 within the framework of the 
Organization for Economic 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, development, and 
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 conservation into healthy, low-emission, 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 EBC Programme 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 energy-efficient 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 activities: 

¶ Integrated planning and building design 

¶ Building energy systems 

¶ Building envelope 

¶ Community scale methods 

¶ Real building energy use. 

THE EXECUTIVE COMMITTEE  

Overall control of the IEA EBC Programme is maintained by an Executive Committee, which not only 
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 Agreement. At 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 Systems (*) 
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 (*) 
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Annex 7: Local Government Energy Planning (*) 
Annex 8: Inhabitants Behaviour with Regard to Ventilation (*) 
Annex 9: Minimum Ventilation Rates (*) 
Annex 10: Building HVAC System Simulation (*) 
Annex 11: Energy Auditing (*) 
Annex 12: Windows and Fenestration (*) 
Annex 13: Energy Management in Hospitals (*) 
Annex 14: Condensation and Energy (*) 
Annex 15: Energy Efficiency in Schools (*) 
Annex 16: BEMS 1 ς User Interfaces and System Integration (*) 
Annex 17: BEMS 2 ς Evaluation and Emulation Techniques (*) 
Annex 18: Demand Controlled Ventilation Systems (*) 
Annex 19: Low Slope Roof Systems (*) 
Annex 20: Air Flow Patterns within Buildings (*) 
Annex 21: Thermal Modelling (*) 
Annex 22: Energy Efficient Communities (*) 
Annex 23: Multi-Zone Air Flow Modelling (COMIS) (*) 
Annex 24: Heat, Air and Moisture Transfer in Envelopes (*) 
Annex 25: Real time HVAC Simulation (*) 
Annex 26: Energy Efficient Ventilation of Large Enclosures (*) 
Annex 27: Evaluation and Demonstration of Domestic Ventilation Systems (*) 
Annex 28: Low Energy Cooling Systems (*) 
Annex 29: Daylight in Buildings (*) 
Annex 30: Bringing Simulation to Application (*) 
Annex 31: Energy-Related Environmental Impact of Buildings (*) 
Annex 32: Integral Building Envelope Performance Assessment (*) 
Annex 33: Advanced Local Energy Planning (*) 
Annex 34: Computer-Aided Evaluation of HVAC System Performance (*) 
Annex 35: Design of Energy Efficient Hybrid Ventilation (HYBVENT) (*) 
Annex 36: Retrofitting of Educational Buildings (*) 
Annex 37: Low Exergy Systems for Heating and Cooling of Buildings (LowEx) (*) 
Annex 38: Solar Sustainable Housing (*) 
Annex 39: High Performance Insulation Systems (*) 
Annex 40: Building Commissioning to Improve Energy Performance (*) 
Annex 41: Whole Building Heat, Air and Moisture Response (MOIST-ENG) (*) 
Annex 42: The Simulation of Building-Integrated Fuel Cell and Other Cogeneration Systems 

(FC+COGEN-SIM) (*) 
Annex 43: Testing and Validation of Building Energy Simulation Tools (*) 
Annex 44: Integrating Environmentally Responsive Elements in Buildings (*) 
Annex 45: Energy Efficient Electric Lighting for Buildings (*) 
Annex 46: Holistic Assessment Tool-kit on Energy Efficient Retrofit Measures for Government 

Buildings (EnERGo) (*) 
Annex 47: Cost-Effective Commissioning for Existing and Low Energy Buildings (*) 
Annex 48: Heat Pumping and Reversible Air-Conditioning (*) 
Annex 49: Low Exergy Systems for High Performance Buildings and Communities (*) 
Annex 50: Prefabricated Systems for Low Energy Renovation of Residential Buildings (*) 
Annex 51: Energy Efficient Communities (*) 
Annex 52: Towards Net Zero Energy Solar Buildings (*) 
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Annex 53: Total Energy Use in Buildings: Analysis and Evaluation Methods (*) 
Annex 54: Integration of Micro-Generation and Related Energy Technologies in Buildings (*) 
Annex 55: Reliability of Energy Efficient Building Retrofitting ς Probability Assessment of 

Performance and Cost (RAP-RETRO) (*) 
Annex 56: Cost-Effective Energy and CO2 Emissions Optimization in Building Renovation 
Annex 57: Evaluation of Embodied Energy and CO2 Equivalent Emissions for Building Construction (*) 
Annex 58: Reliable Building Energy Performance Characterization Based on Full Scale Dynamic 

Measurements (*) 
Annex 59: High Temperature Cooling and Low Temperature Heating in Buildings (*) 
Annex 60: New Generation Computational Tools for Building and Community Energy Systems 
Annex 61: Business and Technical Concepts for Deep Energy Retrofit of Public Buildings 
Annex 62: Ventilative Cooling 
Annex 63: Implementation of Energy Strategies in Communities 
Annex 64: LowEx Communities ς Optimized Performance of Energy Supply Systems with Exergy 

Principles 
Annex 65: Long-Term Performance of Super-Insulating Materials in Building Components and 

Systems 
Annex 66: Definition and Simulation of Occupant Behavior in Buildings 
Annex 67: Energy Flexible Buildings 
Annex 68: Indoor Air Quality Design and Control in Low Energy Residential Buildings 
Annex 69: Strategy and Practice of Adaptive Thermal Comfort in Low Energy Buildings 
Annex 70: Energy Epidemiology: Analysis of Real Building Energy Use at Scale 
Annex 71: Building Energy Performance Assessment Based on In-situ Measurements 
Annex 72: Assessing Life Cycle Related Environmental Impacts Caused by Buildings 
Annex 73: Towards Net Zero Energy Public Communities 
Annex 74: Energy Endeavour 
Annex 75: Cost-effective Building Renovation at District Level Combining Energy Efficiency and 

Renewables 
Working Group ς Energy Efficiency in Educational Buildings (*) 
Working Group ς Indicators of Energy Efficiency in Cold Climate Buildings (*) 
Working Group ς Annex 36 Extension: The Energy Concept Adviser (*) 
Working Group ς HVAC Energy Calculation Methodologies for Non-residential Buildings 
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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 have lived, 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 us. Throughout history, the challenge has always been to best adapt 

to local circumstances by handling challenges and using by potentials for constructive 

change, or to simply run away and look for a better place to live. 

In modern times, we have advanced technologies is at our disposal to help us cope with the 

environment. Also, the challenges we have to face have evolved; weather extremes currently 

threaten our complex and often vulnerable infrastructure. Moreover, in many countries of 

the world, infrastructure built since industrialization has not kept pace with needs for high 

efficiency or is even deteriorating, and must be modernized to improve efficiency, resiliency, 

and to incorporate the use of more renewable energy. 

So, what are the barriers to applying our knowledge to create a truly integrated, efficient, 

and resilient energy infrastructure? One big part is habits. We know that people are 

creatures of habit; we like to go on doing what we have always done. Moreover, we have 

created structures, both in the physical infrastructure and in governing legislation that allow 

for certain solutions and prevent others. Another barrier is cost; innovative or special 

solutions usually require a higher investment cost than do traditional technologies. If our 

actions are guided by the simple desire to maximize profits in the short term, then there will 

be little room for better solutions that over the life cycle might be more cost-effective. 

Another point is complexity; integrated systems require cooperation and communication. At 

the outset, it will take longer to involve all stakeholders in a complex, integrated solution 

even though it will create a better solution in the long term. In fact, better solutions often 

require more cooperation and communication, and higher first investment. Up to now, it 

seems this additional investment in resources and commitment is not being made in most 

cases. If we want to continuously adapt to the changing environment, we need to evolve our 

ways of planning and building. 

It would be instructive in this effort to look to those places where people have handled their 

local challenges and demands in an exemplary way. They have used experience and know-how 

gathered over a long time, learned from trial and error, and continued to invest the needed 

time, effort, and resources to build better, more efficient, more energy resilient communities. 

They considered possible threats and local potentials, and cooperated in large teams to 

achieve truly admirable results. We can learn from these cases by exploring the methods that 

were applied and by considering what might be done to further improve future systems.  

Part of the Annex 73 project ΨTowards Net Zero Energy Resilient Public CommunitiesΩ studied 

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 improved. In 

each participating country, cases of community master planning were chosen, studied, and 

analyzed. Case studies included military camps, universities, research institutes, hospitals, 

small communities, towns, and large cities. In most of these cases, buildings and systems 

(including critical infrastructure like data servers or life sustaining systems) are owned by 

public entities. Therefore, resilience and reliability play a strong role. 
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The impact of local climate conditions is a crucial influence on the choice of energy supply 

systems. The described case studies are located in different areas of the world, ranging from 

tropical regions in Australia to icy Greenland. The following report is structured as follows: 

¶ Chapter 2 gives an overview of all case studies. 

¶ Chapter 3 categorizes case studies according to different attributes like energy use, 
climate conditions, etc. 

¶ Chapter 4 summarizes lessons learned from the case studies. 

¶ Chapter 5 includes lessons learned regarding master planning processes, summarizes the 
current trends in energy master planning and projects the future of community energy 
master planning processes. 

¶ Chapter 6 offers an in-depth description of the case studies. 

¶ Chapter 7 summarizes the methodologies used in the Annex 73 case studies. 
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CHAPTER 2.  CASE STUDY OVERVIEW 

Several different kinds of cases were studied to better explore the complexity of the topic, 

and to enhance the transfer of knowledge and technologies. 

Type 1 include energy supply systems in large cities, towns, and villages. In such locations, 

buildings are seen as άconsumersέ that are connected to these supply systems. In energy 

planning, building-level energy production facilities are compared with the energy system 

energy production. Also, special spare and backup capacity can be installed to serve critical 

demand in some buildings. 

Type 2 represent campus-like structures like university campuses, military installations, and 

research centers, where groups of buildings can be analyzed together with their energy 

supply systems. 

Type 3 case studies focus on single components that may have been added to enhance an 

energy supply system. Most of these cases, which are from Finland, concern themselves with 

the introduction of heat recovery by heat pump or the introduction of heat storage systems 

into traditional energy supply systems. 

Case studies also differ by their state of development. In some cases, existing energy supply 

systems were investigated in hindsight by analyzing how it was possible to plan and 

implement these systems (some of the Danish cases), to draw conclusions on their long-term 

performance and operation. Other cases studies focus on measures that are only now 

coming to realization. In most such cases, only the planning process is in focus of the case 

study, although some cases may provide potentially limited feedback from the actual 

realization and operation. 

Table 1 lists the case studies, including information on the location (country, location) and 

the type of use (Type). The symbols in the last column represent the main characteristics of 

the case study. Figure 1 shows the legend for these symbols. 
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Figure 1.  Symbols for main characteristics to be used to highlight focus of case studies. 

Table 1.  List of case studies investigated in IEA EBC Annex 73. 

Case No. Country Location Type Main Characteristics 
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Case No. Country Location Type Main Characteristics 

6.1  Australia Townsville  
Campus 

University   
district cooling, cold 

storage 

6.2  Australia Cairns 
Campus 

University   
district cooling, cold 

storage 

6.3  Austria Innsbruck 
Campus 

University   
building efficiency, 

ambient cold 

6.4  Austria Vienna 
Campus 

University 

   

 
district cooling/heating, 
heat pump, groundwater 

thermal storage 

6.5  Denmark Skrydstrup Military Air Base    
biogas CHP, district heat, 

thermal storage 

6.6  Denmark Taarnby 
District heating in a 

town including a large 
airport campus 

  
low carbon heat e.g. 
wasted-fueled CHP, 

district heating 

6.7  Denmark Taarnby 
District cooling in an 
urban development 

area 
 

district cooling 

6.8  Denmark Greater Kopenhagen 

District heat in a large 
city including 20 
communities and 
many campuses 

 

district heating 

6.9  Denmark Vestfor-brænding 
District heating in five 

suburbs 

 

 
district heating, waste-

fueled CHP 



 

33  

Case No. Country Location Type Main Characteristics 

6.10  Denmark 
DTU 

Close to 
Kopenhagen 

District heating and 
cooling in a University 

campus  
district heating and 

cooling 

6.11  
Denmark, 
Greenland 

Quaanaap 
District heating in a 

small town  
district heating from CHP 

6.12  Denmark Danfoss Campus 
Campus 

Company Campus 

   

 
district heating, heat 
pump, solar energy, 

thermal storage 

6.13  Denmark Favrholm 
District heating and 

cooling in urban 
development 

   

 
district cooling/heating, 

heat pump, thermal 
storage 

6.14  Denmark Gram 
District heating in a 

small town   
thermal storage, district 

heating  

6.15  Denmark Nymindegab Military Camp    
Biogas CHP, district heating, 

storage (biogas, thermal) 

6.16  Finland 
Helsinki 

Kalasatama 

Singe Components 
sunZEB Building for 

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 Type Main Characteristics 

6.18  Finland 
Helsinki 

Esplanadi Park 

Single Component 
Heat pump for district 

heat 

  

 
heat pump for district 

heating/cooling 

6.19  Finland 
Helsinki 

Katri Vala 
Single Component 

Heat pump for district 

  

 
heat pump for district 

heating/cooling 

6.20  Finland 
Helsinki 

Mustik-kamaan 

Single Component 
Heat storage for 

district 
  

thermal storage, district 
heating 

6.21  Finland Helsinki Kruunuvuori 
Single Component 

Seasonal heat storage 
for district 

  
seasonal thermal storage 

for district heating 

6.22  Germany Stuttgart 
Campus 

University   
solar energy, building 

efficiency 

6.23  Germany Detmold 
Campus 

Education Campus 
  

solar energy, building 
efficiency 

 

6.24  Germany Karlsruhe Rintheim 
Energy Supply System 

District  
district energy system 

6.25  USA Guam 
Campus 

Military Town   
renewable sources, critical 

infrastructure 

6.26  USA Texas Fort Bliss 
Campus 

Military Town   
renewable sources, critical 

infrastructure 



 

35  

Case No. Country Location Type Main Characteristics 

6.27  USA 
Denver National 
Western Center 

Campus 
  

 
heat pump, district heating, 

renewable sources 

6.28  USA St. Paul 
Campus 

New District   
solar energy, thermal 

storage 

6.29  USA Austin 
Campus 

University   
district energy system, 
critical infrastructure 

6.30  USA Davis 
Campus 

Research Center 
  

district energy system, 
critical infrastructure, solar 

thermal 

6.31  Canada Vancouver 
Campus 

University   
district energy system, 
critical infrastructure 

6.32  USA Fort Bragg 
Campus 

Military Town 

  

 
critical infrastructure, heat 

pump, thermal storage 

6.33  Norway Trondheim 
Campus 

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 more efficient analysis, case studies were categorized according to 

different attributes. Categories include type of case, climate, energy sources, storage 

methods, redundancy, and other characteristics. Categorization was done by various teams 

and, depending on the focus of the study, led to different results, which are summarized in 

the tables in this chapter and also in Appendix E of the Annex 73 EMP Guidebook, which 

describes energy system architectures. This chapter also provides a short overview and 

introduction to the case studies using some information drawn from the aforementioned 

categorization. 

The ΨType of Case StudyΩ is distinguished by Campus and District systems. Case studies on 

universities, military installations, and other sites where buildings and their energy systems 

were studied in combination are considered ΨCampusΩ locations. A ΨDistrictΩ system refers to 

those case studies that involve district heat and/or cooling networks, and often even more 

specifically, single measures or components installed to enhance these networks. 

3.1  Energy System  and Climate  

Each case study investigated the use of local resources and energy storage. Table 2 lists the 

type of energy needed in the area of interest, as distinguished by cold, heat, and power; and 

by energy sources used, storage type, and climate. As the data in Table 2 indicate, thermal 

storage is common. Heat storage has been realized in almost all cases involving district 

heating and cooling systems. Especially when volatile resources are used, thermal energy 

storage becomes a requirement. Oftentimes, power storage takes the form of diesel power 

units. Although it is locally available in many cases, particularly to supplement needs of the 

critical infrastructure, the data in Table 2 do not consider diesel power backup. 

Table 2.  Case Studies have different energy needs, energy system architectures, depending on 
climate zone and locally available resources. 

Study Name  

Main 

Energy 

Needs  Energy Sources  Storage  

System 

Architec

ture  

Climate Zone 

(According to IECC 

/ ASHRAE)  

James Cook University, 

Townsville, Queensland 

power, 

cooling 

power grid thermal Type 1.3.2 Tropical savanna 

James Cook University, 

Cairns Queensland 

power, 

cooling 

power grid thermal Type 1.3.2 Tropical monsoon 

University of Innsbruck, 

Technology Campus 

power, 

heating, 

cooling 

power grid, heat from gas, 

ground water 

 

Type 1.3.4 humid continental 

Vienna University of 

Economics and 

Business, Campus 

power, 

heating, 

cooling 

power grid, ground water + 

heat pump 

ground 

water 

Type 1.3.4 humid continental 

Air Base Skrydstrup, 

Denmark 

power, 

heating,  

combined district heat and 

power (CHP), biogas 

thermal 

and power 

Type 1.2.1 temperate 

Taarnby district heating Heating waste heat, CHP, gas, 

heat pump 

thermal Type 3.1.1 temperate 

Taarnby district cooling Cooling ambient, waste, heat 

pump 

thermal Type 

2.3.4.1 

temperate 



 

37  

Study Name  

Main 

Energy 

Needs  Energy Sources  Storage  

System 

Architec

ture  

Climate Zone 

(According to IECC 

/ ASHRAE)  

Greater Copenhagen 

District heating 

Heating waste heat, CHP, gas, 

heat pump 

thermal Type 1.3.4 temperate 

Vestforbrænding District 

Heating 

Heating waste heat, CHP, gas, 

heat pump 

thermal - temperate 

Danish Technical 

University 

power, 

heating 

power grid, waste heat, 

CHP, gas, heat pump 

thermal Type 

2.3.4.3 

temperate 

Quaanaap district 

heating 

power, 

heating 

CHP 

 

Type 4.3.1 Arctic 

Favrholm Urban 

development district 

Heating waste heat, CHP, gas, 

heat pump 

thermal Type 3.3.4 temperate 

Denmark, Danfoss 

campus 

Power, 

heating, 

process 

heat 

waste heat, CHP, heat 

pumps, power grid 

Thermal Type 1.3.1 temperate 

Village of Gram Heating waste heat, CHP, gas, 

heat pump 

large-scale 

thermal 

Type 

2.3.1.1 

temperate 

SunZEB Kalasatama Heating, 

cooling 

Heat recovery, heat pump Large-

scale 

thermal 

Type 

2.3.4.1 

humid continental 

Horizon 2020 Lighthouse project MySMARTLife actions in 

Merihaka retrofitting area 

 

Type 3.1.2 humid continental 

Esplanadi Park heating, 

cooling 

waste heat, heat pump large-scale 

thermal 

Type 1.3.4 humid continental 

Katri Vala heating, 

cooling 

waste heat, heat pump large-scale 

thermal 

Type 1.3.4 humid continental 

Mustik-kamaan heating, 

power 

  

Type 1.3.4 humid continental 

Kruunuvuori  

   

Type 1.3.4 humid continental 

HFT Stuttgart power, 

heating, 

cooling, 

solar 

power grid, district heat 

 

Type 1.3.1 humid continental 

Detmold power, 

heating 

power grid, district heat 

 

Type 1.3.1 humid continental 

Karlsruhe Rintheim power, 

heating 

power grid, district heat 

 

Type 1.3.1 humid continental 

Guam power, 

cooling 

power grid 

 

Type 

1.1.3.1 

tropical rainforest 

Fort Bliss power, 

heating, 

cooling 

power grid 

 

Type 

1.1.3.1 

cold desert to hot desert 

National Western Center 

in Denver, CO 

power, 

heating, 

cooling 

Power grid, waste heat from sewage 

and heat pumps 

Type 1.2.3 semi-arid continental 

St. Paul Ford Site in St. 

Paul, MN 

power, heating, cooling thermal Type 1.3.4 Continental 

UT Austin power, 

heating, 

cooling 

power grid, emergency 

generators 

thermal Type 2.3.4 humid subtropical 
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Study Name  

Main 

Energy 

Needs  Energy Sources  Storage  

System 

Architec

ture  

Climate Zone 

(According to IECC 

/ ASHRAE)  

University of California 

(UC) Davis  

power, 

heating, 

cooling 

power grid, solar thermal thermal Type 1.2.4 Mediterranean 

University of British 

Columbia 

power, 

heating, 

cooling 

power grid, renewables thermal Type 1.3.1 Oceanic 

Fort Bragg power, heating, cooling 

 

Type 

1.1.3.1 

Humid 

NTNU Gløshaugen 

campus 

power, 

heating 

power grid, solar photovoltaic (PV), 

district heating, waste heat- heat pump, 

biogas CHP 

Type 1.3.1 Oceanic and humid 

continental 

To allow for a more efficient energy system design, the system architectures of energy 

systems were analyzed and categorized. The categories are identified by a combination of 

numbers, see 5th column of Table 2 (e.g., Type 1.1.3.1). The method behind this numbering 

is described in detail in Chapter 8 of the Annex 73 Guidebook. This methodology also allows 

for a standardized graphical representation of the energy system architecture. In some case 

studies, the energy system has been mapped following this methodology. The results are 

shown in Figures 2 to 5.  

In the graphical representation, components of the energy system like energy source, 

storage and consumer are assigned to different levels, ranging from upstream network level 

to the building cluster or building level. In this way, one can easily see how centralized the 

energy system is, and which levels energy sources, storage and conversion are assigned to. 

Figure 2 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 mission critical consumers.   
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Figure 2.  Energy system architecture for case study on Quanaaq, Greenland. 

 

Figure 3.  Energy system architecture for case study on district cooling in Taarnby, 
Denmark. 

In Figure 3, 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 backup heat. 

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.  

Figure 4 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 elements 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 generators for mission-critical consumers. 

The last example is that of the university Campus Technik in Innsbruck (Austria, see Figure 5) 

Electricity is provided by the upstream network, while heat is created locally from natural 

gas. There are emergency power supply units on the building cluster level, which serve 

mission-critical consumers. Cooling is provided on the building level by electric chillers, and is 

secured by cold storage in the ground water. 
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Figure 4.  Energy system architecture for case study on UC Davis, USA. 

 

Figure 5.  Energy system architecture of the University Campus Technik in Innsbruck (AUT). 
The system 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 
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the classification of energy system architectures. Figure 6 provides insight on the result of 

this work. The full table can be found in the Appendix E of the Annex 73 Guidebook. 

 

Figure 6.  Detail of classification table from technology database. 

3.2  Drivers  

The case studies were examined to identify the driving forces for change. Common drivers 

include campus growth, growing demand of supply, economic reasons (like the oil crisis of 

the early 70s), costs for supply, and taxes and targets that have been fixed by governments. 

Table 3 provides relevant case study details. 

Table 3.  Drivers for master planning processes, as documented in case studies, sorted by country. 

Country Drivers 

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 
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Country Drivers 

¶ initial drivers often vary and may arise from individual needs 

Germany ¶ aging systems 

¶ low comfort 

¶ high consumption and costs 

¶ new quarter 

USA ¶ aging systems 

¶ demonstration 

¶ campus growth 

¶ costs 

¶ GHG emissions 

¶ new district 

¶ regulation 

¶ regulation, installation growth 

Norway ¶ 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 

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 to its size, it cannot be included into the main report, and is found at 

Universal Resource Locator (URL): https://nx3557.your-storageshare.de/s/cbtk8Erjiawdd7r. 

3.3  Financing and Business Mod els  

The case studies illustrate a number of typical business models characterized by: 

¶ Identified solutions are typically lower in life cycle costs than existing solutions (base line) 
or alternatives. 

¶ Thus, investment can be paid off by the tenant over the life cycle. 

¶ Projects are often owned by public entities like energy providers or communities. These 
have access to market credits at low interest rates and often even provide a loan 
guarantee. In some cases, money from government bonds has been used instead of 
capital market loans. 

¶ In some cases, public funding was used to support part of the project like solar energy 
production or to support studies on life cycle costs. 

¶ When setting up new district energy systems for cooling, investments are at least partly 
covered by connection fees and fixed annual payments of future customers. 

¶ Banks and financing institutes are often involved in the planning phase to offer 
competitive financing 

The case studies also demonstrate different variants and sometimes innovative business 

models (Table 4) in the following contexts: 

¶ 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 transmission, and distribution. These companies operate completely independently 
from municipal budgets, all costs are covered by tariffs, and the municipality can 
guarantee loans. 

https://nx3557.your-storageshare.de/s/cbtk8Erjiawdd7r
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¶ Some cases from Denmark deal with distributed ownership, for example, 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. 

¶ District cooling is not bound by such regulations, but district cooling must compete with 
consumer individual solutions. Moreover, district cooling is bound to district heating 
since the system depends on the co-creation of heat and cold. 

¶ In case of the Danish Danfoss, a private company modernized 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 heating depends on contractors for the generation and 
storage of heat. 

¶ Another way of financing is sponsorship, as realized at the Vienna University of 
Economics and Business (German άWirtschaftsuniversität Wienέ or άWUέ) (Austria), 
where specific institutes of the university are sponsored by a private company (which 
provide funds in exchanges for access to research results and publicity). 

¶ WU Vienna (Austria) also provides an example of shared responsibility between a 
university and a public building company by creating a shared venture that plans, owns, 
and operates the campus. 

¶ The case study on Merihaka, Finland focuses on an existing district where energy 
efficiency measures needed to be established. Here, a lack of suitable financing methods 
for the private apartment owners was identified and addressed by local energy supplies. 

¶ The case study at Stuttgart University considers different options for financing like intracting, 
contracting, green bonds, and crown-financing before settling on public financing. 

¶ The military settlement in Guam had a need to increase resilience. Analysis of measures 
showed that demand reduction and energy efficiency measures could be used to finance 
resilience measures. Thus, measure bundles that were attractive for third-party 
investment (public utility investment and private energy performance service contracts) 
were created. (Contracting?) 

¶ The case study at the U.S. Army installation Fort Bliss shows that, depending on the goal 
or type of energy measures and the ownership of the energy system (privatized or 
public), the approach varies between using existing Utility Privatization Contracts, 
Operation and Maintenance budgets, military construction, third-party financing like 
Utility Energy-Saving Contracts. Most U.S. Army projects will supposedly be funded using 
Operation and Maintenance budgets. 

¶ At the Denver National Western Center, the city, as building owner, had no funds to 
invest and thus allowed a private company to make investments in the energy systems, 
to be repaid through utility bills. (private public partnership, contracting) 

¶ U.S. university campus refurbishment projects are often privately owned by the 
university itself, including the energy systems. Investments can be justified by future 
savings and are obtained at reasonable cost on the capital markets. 
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Table 4.  Categories of financing / business models in the best practice cases. 

Who?  Financing source?  How?  Technical measures?  

Where

? 

Public / 

municipality 
Financed on capital 

market, guaranteed by 

municipality 

Asked for by law, 

reliable grids 
Use of renewables, diverse generation 

plants, switching between energy 

sources according  

Most 

Danish 

cases 

Public / 

University 
Public funds By efficiency, demand 

reduction and storage 
Efficiency, avoided costs of installing 

higher capacity 
Australia 

Private Financed on capital 

market, proprietary capital 

and, 25% public funds 

Reliable grids, local 

generation 
Efficiency Denmark

, 

Danfoss 

Public Financed on capital 

market and by national 

bonds 

Uninterruptible Power 

Supply (UPS) in case 

of necessity, reliable 

grids, local generation 

Use of renewables, efficiency Austria 

Public Utility 

company 
Loans from financial 

institutions (capital 

market) and proprietary 

capital 

By redundant energy 

generation 
Use of previously wasted heat by 

storage and heat pump, cogeneration of 

cold, heat 

Finland 

Public, 

department of 

defence 

Financed by Operation 

and Maintenance 

Budgets 

Financed by bundling 

these measures to 

energy efficiency cost 

reducing ones 

Energy efficiency USA 

Public / 

municipality 
Energy system is created, owned and operated 

by a private company that sells the energy. 
Use of waste heat, energy efficiency, 

renewable power production 
USA 

Private, 

University 
Financed on capital 

market, partly supported 

by public funds for 

renewable energy 

Redundant supply, 

smart grid 
Efficiency, cost-effective generation of 

own power and heat, use alternative 

sources like of landfill gas 

USA 

Private, 

University 
Financed on capital 

market, partly supported 

by public funds for 

renewable energy 

Redundant supply, 

smart grid 
Efficiency, cost-effective generation of 

own power and heat, use alternative 

sources like of landfill gas 

USA 
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CHAPTER 4.  LESSONS LEARNED FROM CASE STUDIES 

Project owners in the case studies were asked to identify major success factors, bottlenecks, 

and lessons learned. This chapter summarizes the answers to these questions. 

4.1  Success factors  

What success factors were highlighted in the case studies? This chapter groups success 

factors by four main topics: goals, cooperation, integration, and analysis. 

It is critical to consider project goals during the planning stage. The experience of the Danish 

energy system planning institute Ramboll, which is responsible for most of the Danish case 

studies, shows that project goals differ according to stakeholder role: 

¶ For a campus owner, the goal will typically be to minimize the total life cycle cost of 
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 minimizes the total life cycle cost of 
providing a sufficiently 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 is cooperation. To find the best solution 

for a community, it is important that all major stakeholders cooperate and give access to all 

necessary information to the planning authority, and that they later become part of the 

solution according to their role. Before implementation, it is important to agree on how to 

share the benefit of the best solution and how to implement it. 

The studied cases indicated that the integration of local potentials and possible reactions to 

rare events is of great importance. In Denmark, planning teams draw on the rich experience 

of at least 4 decades of planning and implementing integrated energy systems. When 

systems are to change, experts consider planning one or two levels above the project itself, 

and improving projects by identifying smart sector integration: 

¶ To plan installations in a building, it is necessary to consider planning at the campus and 
city level. 

¶ To plan installations in a campus, it is necessary to consider planning at the city level 

¶ To plan at the city level, it is necessary to consider planning at the national level 

Calculation and analysis have also been reported as important methods to help stakeholder 

achieve good results with the limited resources. 

Chart 1 shows the major success factors. Some of them have appeared in many case studies, 

or are general conclusions from the case studies. Others refer to one specific case study, 

which is then mentioned for cross-reference. 
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Chart 1.  Major success factors that have been pointed out in the case studies. 
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4.2  Bottlenecks  

Bottlenecks slow a project down and in the worst case may 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 resilient low energy 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 or denied in this process phase. 

On the other hand, motivation helps to overcome bottlenecks. When one encounters 

challenging situations, it is of uttermost importance that there be a strong driver or need for 

the proposed solution. A clear layout of drivers and need for the chosen concept or idea can 

help to push the solution to successful completion. Chart 2 shows bottlenecks (BN) and 

means to overcome (ME) them that were reported in the case studies. 

 

Chart 2.  Bottlenecks (BN) and means to overcome (ME) that were reported in the case 
studies. 

ωBN 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.

ωBN Stakeholder Involvement: Preferably, 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.

ωBN lack of knowledge on planning renovations and energy efficiency measures (case 
of Merihaka, Finland)

Early Stage Availability

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

ωME Schedule: Actions have to be scheduled, and the schedule needs to be respected

ωME Methods: Have methods, and adjust them to fit needs throughout the project

ωME Coordination: Communication and transparency throughout the process (case of 
WU Vienna)

Organizational Means

ωME Finding champions (especially among the potential investors) that support your 
idea

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

ωME Securing investments for long-term efforts

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

ωBN lack of financial motivation: financial benefits are low with one smart heating 
control solution only without apartment/user based billing (case study on Merihaka, 
Finland)

Investment
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4.3  Lessons learned  

Chart 3 lists the major lessons learned reported by those who studied best practices or who 

led these projects. 

 

Chart 3.  Major lessons that have been learned by those who studied best practice cases. 

 

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

ωCombine different infrastructures and disciplines in your approach.

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

ω1+1>2

Synergies

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

ωLook for innovation in concepts, technologies and people.

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

Innovation

ωCooperation and open dialogue with peers are vital.

ωFailure is a great way to learn something, yet it does not hurt to talk to others 
beforehand.

ωKnowledge transfer, dissemination and good documentation is key.

ωInclude, do not exclude.

ω9ǎǘŀōƭƛǎƘ ŀ άŎƻƳƳǳƴƛŎŀǘƛƻƴ Ƙǳōέ ǘƻ ŎǊŜŀǘŜ ŀ ǎƘŀǊŜŘ ǾƛǎƛƻƴΦ

ωIn the case of SunZEB (Finland), the buildings act as energy sources. Close 
collaboration between energy concept developers and architectural and technical 
planners of the building is necessary for successful results.

ω/ƻƻǇŜǊŀǘƛƻƴ ƻŦ ƴŜƛƎƘōƻǳǊƛƴƎ ōǳƛƭŘƛƴƎǎΩ ŀƴŘ ŘƛǎǘǊƛŎǘ ƭŜǾŜƭ ŎƻƭƭŀōƻǊŀǘƛƻƴ Ŏŀƴ ōŜ 
considerably improved to reach shared targets more easily, to reduce risks and to 
lower the bar for the need of individual investments (Merihaka, Finland).

Cooperation

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

ωEarly involvement of investors! (if needed!)

ωThe project owner, e.g., a campus owner, a public utility or a consumer-co-
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).

Financial Resources and Business Models

ω²ƘƛƭŜ ōŜƛƴƎ ŀƴ ά9ŀǊƭȅ ŀŘƻǇǘŜǊέ ƻǊ άCǊƻƴǘǊǳƴƴŜǊέ ƳŜŀƴǎ ŀŘŘƛǘƛƻƴŀƭ ŎƻƳǇƭŜȄƛǘȅ 
and courage, later benefits may outweigh this point.

ωIntegrate 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.

ωDo 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.

Consider Side Effects and Resilience
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CHAPTER 5.  LESSONS LEARNED ON ENERGY MASTER 

PLANNING  

This chapter summarizes issues drawn from the studied cases that involve the design of 

energy master planning process. Information and statements below are drawn from major 

success factors, bottlenecks, and lessons learned reported in the case studies. The answers 

to these questions have been grouped to according to the previously summarized categories. 

5.1  Resiliency Analysis and Gap Evaluation  

The case studies show that resilience was addressed by asking stakeholders to identify 

known risks, critical functions, and strategies to adopt to maintain supply system availability 

in challenging situations. 

Answers to those questions indicate that often regulation and standards required by law are the 

strongest drivers for resilience. In many cases, emergency power units (usually diesel fed engines 

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

other cases, resilience was increased by combining the thermal energy supply system of two 

close-lying areas and thus creating a n+1 redundancy for generation and distribution, like in cases 

on Danish district heating systems. Here, resilience is a by-product of cost efficiency; redundancy 

allows users to always choose the most cost-effective 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 ventilation and lighting as well as 

server systems and life sustaining measures in hospitals. To date, microgrids are being 

realized in the United States and supplied from gas-fueled CHP plants at the site to increase 

resilience where the power systems are degenerating. 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 University, to avoid distribution tariffs, as the costs of operating their own low 

voltage grid are lower than the 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. 

The Guam, U.S. Army case study highlights the role of district systems for providing 

resilience. Here, demand reduction was shown to cost-effectively improve resilience. 

Another measure taken that has a side-effect on resilience is to actively manage responses 

from the electric utility to reduce load under an interruptible tariff notice. For example, see 

the Fort Bliss, U.S. Army installation case study. Another lesson learned from the case study 

at Fort Bliss was that many solutions implemented to reduce risk are operations-based and 

low cost. When planning for these U.S. Army sites, the procedure developed in context of 

Annex 73 has been applied, as described in Urban et al. (2020). 

In the Australian case studies, it was found that existing energy or water supply cannot cover 

demand peaks. Here, thermal energy storage was the method of choice. Resilience is 

increased via demand shifting. 

In summary, one can say that rare events are only considered if required by local/national 

legislation, unless resilience is a by-product of cost efficiency or is specifically required by 

critical functions or sensible function owners, as in the cases of U.S. university campuses: 
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¶ Resiliency is key for the Medical District and the microgrid at the University of Texas 
Austin, which has 100% onsite generation capacity, including N+1 redundancy for prime 
movers under 99% 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 grid to provide 2N+2 system redundancy for nearly 
all system load conditions. 

¶ 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 
administration to action. 

¶ 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 event (e.g., Figure 7). Insurance 
premiums may be significantly lowered, too (case study on UT Austin, USA). 

 

Figure 7.  Tractor providing power to a mountain resort during 3-hour blackout. This is a 
typical mobile backup method used in agricultural and sparsely populated areas (February 
2020, Sommeralm in Austria. Source: AEE INTEC). 

Available resources include occasions for local energy production and storage, as well as 

supply from existing energy infrastructure like power lines, gas tubes, and district heating. 

Other significant resources reported in case studies include know-how, experience, and 

sympathetic regulation, just 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 of the case studies (especially hot climate regions, e.g., Australia), 

the reduced electrical consumption and demand benefited both the building owners 

(university) and the energy operating company. 
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Another important local resource is mobility. One case emphasized the importance of finding the 

right lot for the campus. The chosen area can be used for local energy 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 of the research team and the included network in 

similar projects are important resources (case study on HFT Stuttgart, Germany). 

Another success factor reported is the cooperation with an institution holding experience in 

similar projects, like offered in an open dialog with American universities (study on University 

of British Columbia (UBC), Vancouver, on IDEA cooperation in case). 

General information on how available resources can be included into energy master planning 

is found in chapter 4 of the guidebook, where local circumstances and resources define 

constraints for the master planning process. 

5.2  Organizational Matters  

Organizational matters range from team building and internal communication, to 

involvement of third parties. This section summarizes lessons 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 necks: 

¶ Communication: 
o In one case, communication with administration of university and other stakeholders 

outside the campus was reported to be a major bottleneck (case study on HFT 
Stuttgart, Germany). 

o In another case, the operational planning effort was led by staff in the Department 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 Ford Site, St. Paul, USA). 

¶ Team / Structure: 
o A well-rounded project team that encompasses major stakeholders has been 

reported to be an important success factor (case study on UC Davis, USA). 
o If owner and user are not the same, it is important to find the right organizational 

structure to allow owner and user/tenant to develop the project together, define 
common targets, and fulfill all requirements (case study on WU Vienna, Austria). 

o In the Danish case studies, it was also shown that it is a good idea for city district 
heating companies and campus owners to cooperate to find the best common 
solutions. 

o The choice of the best planning form for the project is important: άintegral planning, 
with the responsibility lying with the main planner allowed for good solutionέ (case 
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 cost-effective heating and cooling in 

cooperation with local stakeholders, first of all with the energy utilities, e.g., the public utility 
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who owns the infrastructure. This framework contributes to create a modern and resilient 

energy supply infrastructure. 

The case studies show that it is important that all stakeholders provide all relevant information, 

which allows the planning authority to find the least cost solution and to prepare a stakeholder 

analysis that will indicae how the benefit can be shared among the parties. 

Commissioning is not an integral part of planning, but can be considered in the planning 

process. The Austrian case studies show how cost effectiveness can be improved by splitting 

construction work into feasible, competitive, yet still economic pieces for commissioning 

(WU Vienna, Austrian case study). 

5.3  Financing/ Economics  

This section summarizes remarks collected in the case studies regarding financing and 

economics. Generally, the evaluation of case studies shows that most often a άbusiness-as-

usualέ business model is in use that 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 models such as energy supply contract or even energy performance contracts are 

not known or not considered at all. Also, utilities and Energy Service Companies (ESCOs) do 

not provide specific services for net zero energy (NZE) communities. 

In the Danish case studies, ESCO-companies are not necessary because the public utilities 

and consumer cooperatives can manage projects alone or with help of consultants, and 

because they can obtain loans to finance all necessary costs. Experience drawn from the case 

studies shows the importance of devising an accurate business case, and of considering 

public funding and avoided costs. 

¶ It is important to create an accurate financial business case around forecast electrical 
power prices. Knowledge on future carbon pricing and the carbon tax can help increase 
the accuracy of the business case and thus facilitate financial planning (case study on JCU 
Townsville, Australia). 

¶ In the calculations, one should consider the additional savings achieved at the other side 
of the meter, due to cold mechanical rooms. In one case study, this amounted to an 
unexpected 10% savings (case study on UBC, Canada). 

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

¶ Acquisition of appropriate financial subsidies allows for the development and tracking of 
non-standard procedures (integral planning, innovative measures, monitoring, life cycle 
cost analysis (LCCA) (case study from Innsbruck, Austria). 

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

¶ In one case, a foundation grant was used to fund a series of planning studies conducted, 
including energy studies. This enabled an energy consultant team to evaluate onsite 
energy system options for the site, including technical and financial feasibility (UC Davis, 
USA). 

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

¶ Life cycle cost (LCC) calculations show that low-tech solutions have lower life cycle costs 
(case study from Innsbruck, Austria). 
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¶ Another important issue is to check and evaluate use of local and sustainable materials 
as well as carbon embedded in materials. 

¶ In a big project, 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 project-partner άStuttgart Financialέ and other experts. Among them 
were intracting, contracting, green bonds, or crowd-investing. In the end, the 
Department of Treasury Baden-Württemberg agreed to finance the project such that the 
other options were not needed anymore. However, the ideas can be applied to future 
projects (case study on HFT Stuttgart, Germany). 

¶ In the Merihaka case study in Finland, large buildings with privately-owned apartments 
needed to be upgraded. To resolve issues around financing when supporting government 
funding is missing, the local energy company, Helen Ltd., is active with a business case 
and will be creating new business model studies as part of project actions, and will thus 
contribute to achieving a large impact. 

¶ First studies on the business cases for Merihaka have included the Political, Economic, 
Social, Technological, Environmental, and Legal (PESTEL) and Strengths, Weaknesses, 
Opportunities, and Threats (SWOT) analyses as well as TALC methodology that identifies 
customer profiles to see how society is prepared to accept it. Quick summaries of market 
size and a porter diagram was prepared for the project partners, the energy company, 
and subject matter experts (SMEs), which considered the power needs and capabilities of 
consumers and suppliers, the threat of rivalry, energy substitutes, and new entrants into 
the marketplace. 

¶ In the NTNU Gløshaugen campus case study, four energy efficiency packages were 
introduced for energy use reduction to help meet the target of a Zero Energy/Emission 
Neighborhood by 2050. Most buildings were built between 1951 and 1970 and were 
expected to undergo demolition; meanwhile, a plan to expand the campus through 2025 
with new buildings built to the passive-house standard. It is most likely to achieve self-
sufficiency for heating, but will remain largely dependent on electricity import from the 
grid until 2050. 

In conclusion, the following deductions can be synthesized from best practice examples: 

¶ In most best practice cases, investments will pay back in the long term by reduced 
operation and maintenance costs, and can thus be financed by loans drawn on the 
capital market on good terms. 

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

¶ Most public entities (nations, municipalities, etc.) can get financing even for very long-
term investments (>20 years). Private companies instead look for a return of investment 
on a shorter time period, around 4 years. The Danfoss, Denmark case study showed that 
it is possible to reduce energy consumption with established technologies and reach a 
very short payback time (here 3.1 years). 

¶ Many countries offer financial support for renewable energy generation, innovative 
technologies, or outstanding procedures. Such subsidies can help to reduce payback time. 

¶ Resilience can be obtained in many ways, ranging from UPS units for each critical 
function to redundant production and delivery systems. Danish case studies show that 
redundant production and supply systems can also be used to exploit price variations in 
the energy supply, and thus reduce operation costs. 
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5.4  Framework  

The term άframeworkέ denotes the external factors that affect community master planning, 

like nation-wide regulation on energy use or planning procedures, and project specific goals. 

The framework often defines what measures to apply and which solutions to prioritize. The 

general guideline for community master planning, i.e., that you άhold it in your hands,έ can 

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

Here, lessons learned drawn from the case studies on different types of frameworks are: 

¶ Framework for assessment of options: 
o It is important to have a framework with which to assess alternative options. 
o However, it is important to consider the overall framework at least one level above 

the level of the project, e.g., a project for assessment of investments in buildings has 
to be assessed at the campus or city level and be compared with alternative 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 from Danish case 
studies). 

o In one case, high-level 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 same applies to costs 
(case study from Innsbruck, Austria). 

o 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 would provide sufficient reliability and 
redundancy. (case study on UC Davis, USA). 

¶ About framework for implementation: 
o In one case, although a new vision had been created for the site, a new developer 

who would purchase and develop the site may not find it feasible to implement all 
the ideas and concepts laid out during the City-led 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 financial and 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 Saint Paul, 
Minnesota, Ford Site, USA). 

o The city is also considering how the lessons learned from large district projects can be 
translated to smaller, parcel-scale projects. One important conclusion from some case 
studies is on the possibility to draw from pilot studies to modify the 
legislation/regulation framework (case study on Saint Paul, Minnesota, Ford Site, USA). 

o 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 the city 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 Site, USA). 

For information on framework in form of goals and constraints consult Table 5, chapter 4, 

and Annex A of the guidebook. 
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Table 5.  Framework conditions to be considered regarding later planning and later phases. 

Phase  Details  Examples  

Operation Availability of personnel Denmark/Greenland 

Acquisition Low-tech costs less  

Monitoring Optimization 

Evaluation before bringing methods to other districts 

Austria/Innsbruck, Finland/Merihaka 

Planning Privatized infrastructure 

Campus growth 

USA /Fort Bliss 

Norway/Gløshaugen, Trondheim 

5.5  Technology  

This section presents lessons learned from case studies on use of technology. Changing 

climate and disruptive events can challenge supply energy supply. Innovations and new 

technologies can help to create and maintain efficient, resilient, low-carbon energy systems. 

In the following discussion summarizes lessons learned on technology. Outcomes range from 

general remarks to very specific suggestions. 

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

¶ Use of innovative technologies holds difficulties. One needs to define: 
o Technical requirements for feasibility 
o Critical factors like error-proneness of control systems, space requirements, etc. 
o Conditions for cost effectiveness and cost drivers 
o Criteria for the request for proposal (RFP) (case study from Innsbruck, Austria). 

¶ In the Merihaka, Finland case study, the building envelope turned out to offer sufficient 
insulation. Thus the key intervention in the retrofitting process to lower energy 
consumption was the installation of smart controls for management of apartmentsΩ heat 
and electricity demand: άsmart heating control is applied with added focus of testing 
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 savings.έ 

¶ άThe company has been first mover with regard to new 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 the benefit of the next generation of storages, e.g., 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 constructionέ (case study on Gram, Denmark). 

¶ Consider the huge benefits of reduced power consumption, costs, and carbon 
equivalents, which can be raised from a centralized plant (case studies on central cooling, 
Townsville and Cairns, Australia). 

¶ Include plans on future thermal load growth and allow for system expandability to meet 
these future loads (case study on UBC, Vancouver, Canada). 

¶ Substitution of technology offers opportunities: άThe steam to hot water conversion 
ǇǊƻƧŜŎǘ Χ ŜƭƛƳƛƴŀǘŜŘ Ϸмфл Ƴƛƭƭƛƻƴ ƛƴ ŘŜŦŜǊǊŜŘ ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΣ ǊŜŘǳŎŜŘ ƻǇŜǊŀǘƛƴƎ 
costs, improved safety and resiliency, and dramatically reduced energy and water 
consumptionέ (case study on UBC, Vancouver, Canada). 

¶ Consider the transition period, i.e., what to do with new buildings that cannot connect to 
new technology (e.g., hot water) yet should connect to steam (old technology being 
eliminated) (case study on UBC, Vancouver, Canada). 
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¶ Operation mode of chillers: άEnsure that the centralized centrifugal chillers are run highly 
loaded, for as long continuous periods as possible and do not surgeέ (case studies on 
Townsville and Cairns, Australia). 

¶ Consider the structural 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 process requirements were not captured 
under original scoping; after change from steam to hot water heating, they were out of 
steam. (case study on UBC, Vancouver, Canada) 

¶ Provide cost-effective alternatives to generators (e.g., storage, photovoltaics, demand 
response (case study on Fort Bliss, USA). 

¶ Whether a specific innovative solution is possible can depend on the specific situation, 
e.g., as reported in SunZEB case study from Finland, άdistrict cooling with access to a 
heat pump that can reuse the energy is needed.έ 

¶ Moreover, a campus can provide feedback on its surrounding energy system, making 
adaptations of the system necessary: άIf a large number of SunZEB buildings are 
developed, adapting the district energy system for the loads is neededέ (SunZEB case 
study from Finland). 

¶ There is constant waste heat with capacity of 1MW from IT center in the campus, which 
is already used for heating and will contribute to in heat supply. Heat pumps are 
expected to supply around half of the total heating use. The contribution to electricity 
from solar PV is less than 10% in new buildings and less than 5% in existing buildings. The 
contribution from a biogas-based CHP to both electricity and heating is negligible (case 
study of NTNU Gløshaugen campus, Norway). 

The case studies showed that various methods are used for storing energy (Table 6). Here 

there is certainly space for innovation. In fact, storage is one of the big research topics, 

ranging from chemical storage (batteries), to fuels (hydrogen, biogas), to heat (latent and 

sensible). Storage solutions are anticipated to grow rapidly in the next years. 

Table 6.  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 

Generation, on the other hand, has been the subject of much research over the past 

decades, and is increasingly integrated in solutions, as the case studies illustrate. Table 7 lists 

some examples. Generic information on technologies is presented in Appendix F of the EMP 

Guideboo. 

Table 7.  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 Oil, 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/ Gløshaugen 

 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 Gløshaugen campus, Norway 

biogas CHP 

5.6  District Energy Systems  

District energy systems play an important role in the Annex 73 ΨTowards Net-Zero Energy 

Resilient Public CommunitiesΩ case studies. This section summarizes lessons learned about 

district energy systems, from steam to hot water, from heating or cooling to a combination 

of both, and the integration of power. Moreover, the discussion refers to the specific case 

studies to consult for additional information. 

5.6.1  Advantages of district heating and cooling  

With district heating and cooling, it is possible to 

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

¶ include energy from different sources including renewables 

¶ include storage that 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 

¶ react to power costs by choosing heat source accordingly (e.g., gas turbine or heat 
pump). 

See case studies from Denmark for more details. 

For district cooling, especially: 

¶ 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 cooling systems include 

¶ Waste heat 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 energy storage, short: ATES) 

¶ Cooling with small devices on building level has some disadvantages: 
o In cold regions this heat is lost, while it is needed elsewhere. 
o In hot regions, this heat further warms up the environment, aggravating the 

situation, while domestic hot water is usually still provided with fossil fuels. 
o Problems with noise, visual impact and space. 
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¶ In regions where heat and cold is needed concurrently, use one heat pump for combined 
cooling and heating. 

¶ In regions where heat and cold is needed in different seasons, consider seasonal thermal 
energy storage e.g., ATES. 

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

Advantages of CHP include 

¶ One can react to supply costs by choosing appropriate generation plants e.g., CHP vs. 
heat only. 

¶ 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. 

¶ Combined with thermal storage tanks, the back-pressure CHP plant and gas engines can 
generate combined heat and power in the most optimal way, e.g., at maximal load in 
ower peak hours. 

See case studies from the United States and Denmark for more detail, especially university 

campuses, towns, and cities. 

Generally, case studies show that district infrastructure including generation and storage 

enhance local community value creation. 

Table 7-1 in chapter 7 of the guidebook contains a full list of disadvantages and advantages 

of district thermal energy systems. 

5.7  Planning  

This section presents all lessons learned regarding planning. For easier review, we distinguish 

between different categories, including method, goals, simulation, costs, monitoring, and 

involvement of user/operator. 

Planning method. 

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

¶ Ensure that the planner has access to the necessary vital data from all stakeholders and 
facilitate an open cooperation. 

¶ 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, helping 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 of the perceived risks of the private developers. Beyond institutional builders, 
community and private developers should be part of the equations of sustainable 
development metrics. 

¶ To reduce barriers and promote use of digital methods, the public authority can offer 
information to planners: In case study on Merihaka, the City of Helsinki has collected 
extensive data on buildingsΩ energy information for open source use in the Energy and 
Climate Atlas as an integral part of the 3D City Model, https://kartta.hel.fi/3d/atlas/#/ . 

¶ Moreover, in the same project, VTT Technical Research Centre of Finland has performed 
a comprehensive technical and cost efficiency study on suggested renovation measures 

https://kartta.hel.fi/3d/atlas/#/
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for particular type of apartment buildingsς information table embedded as pop-up 
clickable feature onto the model Merihaka apartment buildings). 

¶ Use simulation tools, e.g., EnergyPro for simulating the most optimal operation and 
network analysis systems for design of the energy carriers (Danish case studies, e.g., 
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 scenarios and combinations of energy conservation measures. In Merihaka case, 
energy, emissions and life cycle costs have been compared for a period of 25 years. 

¶ Use life cycle cost analysis including actual costs in a net present value (NPV) analysis 
based on a reasonable lifetime and discount rate, including residual value for 
infrastructure for which the lifetime exceeds the project period (Danish case studies). 

¶ Note: life cycle should start at the acquisition of the land if demolishing and soil 
remediation is required. 

¶ For non-standard energy supply and building components and rarely used technologies, 
invite manufacturers to cooperate in the planning phase: 
o άNo construction company would deliver the innovative prefabricated facade as it 

was planned, thus the design had to be adapted, including standard elements to 
achieve the aspired resultέ (case study in Innsbruck, Austria). 

¶ In U.S. case studies on Army campuses, planning for resilience and sustainability 
procedure described in Jeffers et al. (2020) is applied. 

¶ In the case study of NTNU Gløshaugen campus, energy efficiency measures were 
considered under scenarios of standard and ambitious renovation activity and 
demolition. 

Goals, Framework. 

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

¶ Coordination of some tasks need more adjustment to prevent duplication of efforts (e.g., 
refurbishment scenarios should be final before simulation, etc.) (case study on HFT 
Stuttgart, Germany). 

¶ Optimization variants (e.g., regarding Heating, Ventilating, and Air-Conditioning [HVAC]) 
should be defined and assessed in the preliminary phase. 

¶ Determine whether the university campus is able to achieve the goal of Zero Energy/ 
Emission Neighborhood 2050 and define the most important factors influencing energy 
demand and GHG emissions reduction (case study of Gløshaugen campus, Norway). 

Simulation. 

¶ Simulation tools (Table 8) can provide resilient results but need reliable input 
information (case study on HFT Stuttgart, Germany). 

¶ Detailed simulations are not necessary in some situations (case study on HFT Stuttgart, 
Germany). 

Table 8.  Software and tools reported in case studies. 

Type of Software, 

Application  Application Used In Case Studies  

Geographic information 

system 

ArcGIS 
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Type of Software, 

Application  Application Used In Case Studies  

Simulation of energy 

systems 

SYSTEMRORNET (hydraulic analysis in Danish cases) 

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 Gløshaugen campus, Norway) 

INSEL and PVsol for PV (case study on HFT Stuttgart, Germany 

PVsyst for PV (NTNU Gløshaugen 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 

Simulation 

IDA-Ice for Dynamical building simulation of indoor comfort (Austrian Case studies, 

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 ÖNORM (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 

Solutions 

Multi Objective Building Performance Optimization MOBO (Merihaka, Finland) 

Monitoring. 

¶ Consider monitoring already in the planning phase (case study from Innsbruck, Austria). 

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

Involvement of Users/Operators. 

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

¶ In case of complex technical installations involve the future operator from an early phase 
(case study from Innsbruck, Austria). 

¶ 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 high-level 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 existing district energy 
infrastructure (IDEA, USA). 

¶ The motivation of campus users and owner is a success factor: άBoth tenant and owner 
have know-how on building, and were interested in achieving a high-level results.έ (case 
study from Innsbruck, Austria). 

¶ Engagement of management team (case study on HFT Stuttgart, Germany) is 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, Vancouver, Canada). 

¶ Certification and prices: άIn November 2017, the 14-acre Dell Medical District at The 
University of Texas Austin became the first project to hold SITES, LEED, and PEER* 
certifications, making it one of the most holistically sustainable and resilient facilities in 
the world.έ (case study on UT Austin, USA). 

¶ The engagement of stakeholders increases acceptance and may in this way reduce future 
costs for adaptations: άThe non-technical planning success was the dedication of time 
and effort the City of Saint Paul planning department put into extensive community 
stakeholder engagement from 2007 through 2017. This stakeholder engagement effort 
was visible and reached the community through: 
o Over 80 presentations to business, civic and non-profit groups 
o 45 public meetings with over 1300 people attending those meetings 
o Over 100 articles in print, radio and television media 
o Thousands of ideas and comments were received through this engagement 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 Plan. The new 
vision for the site, rather than the existing industrial use, was available to developers 
as they made bids on the site.έ (case study on St. Paul, Ford Site, US). 

¶ 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 further co-creative discussions. Another 
activity was performing a study on renewable energy and discussion of results with the 
local building owners to acquire more feedback on their interests. 

¶ The retrofitting work of the privately-owned apartment buildings was first introduced 
through pre-pilot experiences. This helped in creating a level of acceptance for the 
project actions (case study on Merihaka, Finland). 

¶ άDiscussions with the local housing association chairpersons aim to motivate them and 
encourage exchange of knowledge to raise more awareness on the energy matters. 
Some events are open to public and some are specifically for the building owners in the 

 

*  Performance Excellence in Electricity Renewal (PEER) 
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form of living lab co-creation 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 exchange of ideas 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 provider are continuing to have more 
detailed discussions. The program on the city level is supported by the administration 
and conducted in conjunction with the City Strategyέ (Merihaka, Finland). 

¶ Successful projects serve as role models: άThe CNPRC will be used to demonstrate the 
feasibility, cost, effectiveness, and challenges faced in implementing energy efficiency 
and environmentally friendlyέ (case study on UC Davis, US). 

¶ One of the pilot projects of the Zero Emission Neighborhoods in Smart Cities (ZEN) 
Centre is άKnowledge Axis Trondheim,έ which is a north-south bound route in Trondheim 
with high concentration of knowledge institutions. NTNU Gløshaugen campus is situated 
along the Knowledge Axis and the university is one of the primary actors in the project. 

5.9  Cur rent trends and future solutions  

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

In many cases, 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 comfort and overheating, rising costs for cooling, 

and sometimes even capacity overload.  

Measures applied include 

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

¶ Shading 

¶ Use of renewable cold, e.g., ventilation (day and night), ground water etc. 

¶ Centralized cooling systems with TES to shave demand peaks and move consumption 
from day to night. 

 
Experience from case studies shows that generally there is often large potential using 
standard/well-tried technologies. These include efficiency measures like insulation of 
envelope, upgrade of building technology, and use of heat pumps, renewable generation, 
and heat storage. 

Where district heating is well-established, thermal supply networks are being expanded or 

combined with each other to replace fossil fuels with renewable energy and surplus heat and 

to increase the overall energy efficiency. Moreover, thermal storage capacity is being 

increased to use more thermal and electrical energy from volatile regenerative sources. 

In Denmark, integrated energy systems that act as so-called virtual 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, the heat pump can deliver cooling to district cooling in combination with an 

aquifer thermal energy storage. In many cases, both for district cooling and district heating 

networks, thermal storage is being installed to avoid stress by consumption peaks and to 

optimize the production and operation, and 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 the replacement of steam systems by hot water systems. In Greater 

Copenhagen, one of many subprojects in the city center is to replace the old steam system 

with hot water district heating and thereby reduce the costs and increase the efficiency, and 

increase the use of renewable energy and the level of resilience. This experience is valuable 

for U.S. campuses, as 95% of all campus heating systems are steam based. 

In single ownership areas such as university campus, EEMs can be undertaken to reduce 

demand peaks, e.g., building shell renovation and replacement of energy-consuming devices 

by more efficient ones, as the campus owner is able to optimize the whole chain from 

thermal comfort in buildings to use of resource and fuels. Thereby the campus owner can 

also find the right timing for modernizing building installations and optimizing the insulation 

and HVAC system with respect to the 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 

aims to minimize the cost for all consumers in total. In fact, this leads to optimal solutions as 

in single owner campus situations. Cost-based tariffs are important to stimulate efficient use 

of energy. 

For backup power supply, the most common solution is still kinetic plus diesel fed units, 

which serve only very limited purposes such as emergency ventilation and lighting as well as 

server systems and life sustaining measures in hospitals. To date, microgrids are being 

realized in the United States and supplied from gas-fueled CHP plants at the site to increase 

resilience where the power systems are degenerating. 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 University, to avoid distribution tariffs, as the costs of operating their own low 

voltage grid are lower than the 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, the planning process is complex, and 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 reliability. 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 Annex тоΣ άTowards Net-Zero Energy Resilient Public Communities,έ 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 long-term implementation plans that lead to highly sustainable, cost-

efficient, and resilient supply systems. 

Requirement of energy security is growing due to the increased complexity of the built 

environment. First of all, it is a challenge to develop a low carbon energy system and 

integrate volatile energy sources. This is further caused by the use of electrical devices in 

many aspects of our lives, which ultimately challenges outdoor conditions and high standards 

of indoor climate. To provide for a resilient supply system, adaptations of 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 Annex 73 άTowards Net-Zero Energy Resilient 



 

64  

Public Communitiesέ helps to create resilient communities and 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  

Case No.  Country  Location  Specific Type  Photo  

Special Points of 

Attention  

1 Australia Townsville 
Campus 

University 

 

  
district cooling, cold 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-sustainability-in-action/sustainable-campuses/energy/campus-district-

cooling-cdc-system-averting-an-energy-crisis  

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, JCUΩs Townsville Campus in Queensland, Australia was facing 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 Substation ς and we would not be able to implement 

our plans to expand our teaching and research facilities (physical footprint) without major 

infrastructure upgrades to the electricity supply - or a major rethink of our energy efficiency. 

As we are in a tropical environment, air-conditioning our facilities was the most significant 

electrical power consumer, using almost 60% of the total energy for the campus ς with little 

or no requirement for heating. Each building had been built with separate, standalone air-

conditioning plants, and many of these were inefficient, outdated (several had been in use 

for 35 years) and in need of replacement. All our facilities use electrical power off the grid 

and there are no liquefied petroleum gas (LPG) or natural gas supplies. 

Our Cairns campus had a small scale, centralized chiller facility (Figure 8) 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 business case 

for approval. 

mailto:brismanchi@unimelb.edu.au
mailto:caroline.frauenstein@jcu.edu.au
https://www.jcu.edu.au/tropeco-sustainability-in-action/sustainable-campuses/energy/campus-district-cooling-cdc-system-averting-an-energy-crisis
https://www.jcu.edu.au/tropeco-sustainability-in-action/sustainable-campuses/energy/campus-district-cooling-cdc-system-averting-an-energy-crisis
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
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Figure 8.  Townsville chilled-water reticulation. 

Interesting 2007 Statistics and Plans: 

¶ 255 hectares containing 28 distributed teaching and research facilities or 69,000 m2 of 
air-conditioned space. 

¶ Campus electrical maximum demand of 7.3MW. 

¶ Power costs of $2.7 million per annum. 

¶ Development plans to add 25,200 m2 of air-conditioned space by 2010 and another 
25,000 m2 by 2015, equating to 9.9MW in 2010 and 13MW by 2015 ς both in excess of 
installed electrical network capacity 

6.1.2  Innovative Solution  

Our solution, installed in 2008 and commissioned in 2009, is the largest centralized Campus 

District Cooling System in the Southern Hemisphere, where we installed a centralized chiller 

and thermal energy storage tank facility with an underground chilled-water piping 

reticulation to cool 69,000 m2 of research and teaching facilities located in 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 load ς in the night 

when the lighting and power loads are low ς to charge the Thermal Energy Storage Tank 

(TEST). The TEST provides the cooling during the high demand lighting and power campus 

loads, typically between 08:00 and 17:00. 

Interesting Project Statistics and Information: 

¶ 12 Megaliter, modular, galvanized steel plate, TEST stands 16.5 m high and has an 
outside diameter of 32 m. Maintaining a thermocline and distinct stratification is critical. 
Insulation is provided by 2 x 50 mm layers of polystyrene grade insulation and the water 
seal by a 1.5 mm welded butyl rubber liner. Nominal capacity is 120,000 MWh(t). 

¶ The system contains a total of 13 Megaliters of chilled water (CHW) in the TEST, and the 
11.2 kilometers of 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 at 60 °C and returned to the 
TEST higher than 120 °C. 

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

¶ A Condensed Water system uses five induced draft counter flow evaporative coolers to 
each cool 200 liters/second of water from 370 °C to 310 °C with an air entering wet bulb 
temperature of 270 °C. 

Energy Objectives 

¶ Reduce Maximum Demand from 9.9MW to 5.4MW in 2010 with 94,000 m2 of air-
conditioned space. 

¶ Reduce Maximum Demand from 13MW to 6.1MW in 2015 with 120,000 m2 of air-
conditioned space. 

¶ Reduce electrical operating costs by 30%. 

Current Status: 

10 years after implementation, all objectives have been achieved or exceeded, given that the 

University Masterplan has changed and the anticipated growth has not materialized. 

Interesting Statistics and Plans (see Table 9 and 10): 

¶ Achieved 2017 campus electrical maximum demand of 7.0MW 

¶ Achieved campus electrical maximum demand of 5.7MW in 2010 and 6.4MW in 2015 

¶ 2017 power consumption costs reduced by 33% against Business as Usual (BAU) 

¶ 85,000 m2 of air-conditioned space attached to the Campus District Cooling System in 
2017 

¶ Maximum 2017, 24-hr consumption of 191MW(t) (Figure 9) 

¶ GHG emissions reductions of over 10,600 tons per year. 
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Table 9.  General quantitative information on University Campus in Townsville 
(all measured data). 
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Figure 9.  Energy Consumption per month in 2017. 

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

3,500,000

4,000,000

4,500,000

5,000,000

JCU Townsville Chilled Water

Consumption (kWh(t))



 

69  

Table 10.  Additional information on University Campus in Townsville. 

 

6.1.2.1  In novation in the Solution  

Our solution is innovative in: 

¶ Moving away from separate, standalone, chiller plants per each building 

¶ Moving away from another high voltage 3MW capacity feeder ς or additional power 
capacity, consumption, and demand 

¶ Moving to a centralized system that includes the largest TEST in the southern 
hemisphere at 12 Mliter capacity 

¶ Leading edge technology in the size of the installed chilling equipment for an off-demand 
installation. 

6.1.3  Decision and Design P rocess  

6.1.3.1  General / Organizational Issues  

¶ Why was this project initiated, to answer which need? 

¶ The project avoided installing an additional electrical feeder, replacing several 
standalone chiller 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, McClintock Engineering 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 (barriers) ς and why? 

¶ Drivers were operating and replacement 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? 

¶ Decision-making? 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 /no-go decision? 

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 MWh(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) 
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¶ Financial business case accuracy around forecast electrical power prices. 

6.1.3.2  Financing Issues  

¶ What have been the main challenges/constraints regarding financing? 

¶ None, as the project financing was mostly internal and involved the State Treasury as the 
external body. 

6.1.3.3  Technical Issues  

¶ What have been major technical challenges/constraints regarding system design? 

¶ 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? 

¶ On-demand, a second similar sized Child Development Center (CDC) with Thermal Energy 
Storage and a larger CDC with Thermal Energy Storage were considered. 

6.1.3.4  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 within the case study, practical 
experiences during application, cost/price (if commercial tool) 

¶ 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 the design phase? 

¶ Matching the chillers, systems and TEST capacities. 

¶ What have been the most crucial interfaces? 

¶ Interfacing the existing building chilled-water systems with the new central system 
chilled water and ensuring cross-contamination 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. 

6.1.4  Resilience  

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

energy supply system? 

¶ There are electrical power redundancies in that there are three high voltage feeders 
supplying the campus, but all feeders originate from the same Zone substation. 

¶ 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 and while there is capacity in the TEST, the chillers are not run to 
generate additional coolth. Post event, there are teams of recovery specialists who will 
give the all-clear and allow start-up of the electrical and thermal power systems. 

What is the degree of autarky? 

¶ 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 demand that 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 the centralized centrifugal 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 this projects? 

The huge benefits of reduced power consumptions, costs, and carbon equivalents that can be 
raised from a centralized plant. 

6.2  James Cook University Cairns Campus District Cooling System 

with Thermal Energy Storage , Australia  

Case 

No.  Country  Location  

Specific 

Type  Photo  

Special points of 

attention  

2 Australia Cairns 
Campus 

University 

 

  
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.au / caroline.frauenstein@jcu.edu.au  

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

https://www.jcu.edu.au/tropical-sustainable-design-case-studies/by-building-type/all/case-study-campus-
district-cooling-system-with-large-scale-thermal-energy-water-storage-james-cook-university,-cairns-campus 

mailto:brismanchi@unimelb.edu.au
mailto:caroline.frauenstein@jcu.edu.au
https://www.jcu.edu.au/tropical-sustainable-design-case-studies/by-building-type/all/case-study-campus-district-cooling-system-with-large-scale-thermal-energy-water-storage-james-cook-university,-cairns-campus
https://www.jcu.edu.au/tropical-sustainable-design-case-studies/by-building-type/all/case-study-campus-district-cooling-system-with-large-scale-thermal-energy-water-storage-james-cook-university,-cairns-campus
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Figure 10.  University Campus in Cairns; Chilled-water reticulation. 

6.2.1  Background  and Framework  

When JCUΩs Cairns Campus in tropical Far North Queensland, Australia, was constructed in 

1994, the initial buildingΩs air-conditioning was serviced from a central plantroom containing 

three, chillers and supplemented with a 3 Megaliter Thermal Energy Storage System (TESS) in 

2005 to increase campus cooling capacity. 

By 2010, we had reached a point where our electrical and air-conditioning demand for 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 successfully commissioned, 

we started actively scoping the new Cairns Campus District Cooling System (Figure 10) with 

Thermal Energy Storage and commissioned this project in 2012. 

Interesting 2010 Statistics and Plans: 

¶ 60 hectares containing nine distributed teaching and research facilities or 25,000 m2 of 
air-conditioned space. 

¶ Campus electrical maximum demand of 1.2MW. 

¶ Power costs of $0.7 million per annum. 

¶ Development plans to add 29,000 m2 of air-conditioned space by 2018 equating to 
3.4MW electrical demand in a BAU scenario. 

Solution: 

We replaced the existing centralized chiller and TEST facility with a new facility, capable of 

servicing the projected campus growth for the next 15 years, increased the amount of in-
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ground chilled-water piping providing off-takes for future developments and planned a 

second electrical feeder from a different Zone substation for the campus. 

Our business case compared this larger scale sustainable, energy reduction opportunity with 

the alternative of installing either standalone chillers for each new building ς or constructing 

a second, similar sized central chiller and TESS facility. 

The system continued to run the chillers during periods of low campus load - in the night 

when the lighting and power loads are lower ς to charge the TESS, which then provided the 

cooling during the high demand lighting and power campus loads, typically between 08:00 

and 17:00. 

Interesting Project Statistics and Information: 

¶ 9 Megaliter, modular, baseplate and galvanized steel plate, TESS stands 16.5 m high and 
has an outside diameter of 28 m. Maintaining a thermocline and distinct stratification is 
critical. Insulation is provided by 150 mm layer of polyurethane insulation and the water 
seal by a 1.5 mm welded butyl rubber liner. Nominal capacity is 90,000 MWh(t). 

¶ The system has 5.8 kilometers of reticulated piping (DN450 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 at 6 °C and 
returned to the TESS higher than 12 °C. 

¶ Two, 4.2MW(t) rated Trane CVHG Chillers and a single 3MW(t) Trane CVHG Chiller 
provide the system chilling capacity in the central energy plant. Primary CHW Pumps 
service the chillers while Secondary CHW Pumps provide the pressure to reticulate the 
CHW around the campus with Tertiary CHW Pumps located in each building. 

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

6.2.2  Energy Objectives  

¶ Reduce Maximum Demand from 3.4MW to 2.5MW in 2020 with 54,000 m2 air-
conditioned space. 

¶ Reduce electrical operating costs by 25%. 

Current Status: 

Five and a half years after implementation, all objectives are on track to be achieved or 

exceeded, especially as the built programme has been accelerated and 54,000 m2 is currently 

air-conditioned, with a further 4,000 m2 to be added in 2019. 

Interesting Statistics (see Table 11 and 12): 

¶ Achieved 2017 campus electrical maximum demand of 1.7MW with 54,000 m2 air-
conditioned space  

¶ 2017 power costs reduced by 29% against BAU 

¶ Maximum 2017, 24-hour consumption of 58MW(t) (Figure 11). 
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Table 11.  Quantitative Information on University Campus in Cairns case. 
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Table 12.  Additional Information on case University Campus in Cairns, Australia. 

 

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****: [All per mĮ of usable area ómuaô.] 

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]: 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 [-] 

Electric power supply technologies: Nil 

Backup power, critical demand : 0 [MW] (what for) 
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Figure 11.  Cairns thermal energy for chilled-water consumption. 

6.2.3  Decisi on and Design P rocess  

6.2.3.1  General/ Organizational Issue s 

Describe a technical or organizational highlight: 

¶ Our solution is not 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 planned campus 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 22kV potential. 

¶ Who (what) were drivers and who (what) were opponents (barriers) ς and why? 

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

¶ What have been the main challenges regarding decision finding? 

¶ Decision-making? 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 /no-go decision? 

¶ Financial business case accuracy around forecast electrical power prices. 

6.2.3.2  Financing Issues  

What have been the main challenges/constraints regarding financing? 

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

What have been major technical challenges/constraints 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 generation, storage, and load management? 

On-demand 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 within the case study, practical experiences 

during application, cost/price (if commercial tool). 

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 the design phase? 

Matching the chillers, systems and TEST capacities. 

What have been the most crucial interfaces? 

Interfacing the existing building air-conditioning mechanical and control systems with the 
new central system software platforms. 

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. 

6.2.4  Resilience  

Which threats were considered and are to be considered? Are there 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 and while there is capacity in the TESS, the chillers are not run to generate 
additional coolth. Post event, there are teams of recovery specialists who will give the all-
clear and allow start-up of the electrical and thermal power systems. 

What is the degree 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 demand, which benefited JCU and Ergon Energy. 

6.2.5.2  Major Bottlenecks  

None. 

6.2.5.3  Major Lessons Learned  

Design of manholes on the modular tank. 

What should be transferred from this project? 

The huge benefits of reduced power consumptions, costs and carbon equivalents that can be 
raised from a centralized plant. 

6.3  University of Innsbruck ð Technology Campus. Renovation of 

Two Buildings and Thei r Auxiliary Buildings , Austria  

Case 
No. 

Country Location Specific Type Photo 
Special points of 

attention 

3 Austria Innsbruck 
Campus 

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 ï Technology Campus. Renovation of two 

buildings and their auxiliary buildings (Architecture, technical 

sciences) 

Author name(s):  Anna M. Fulterer AEE INTEC, Dirk Jäger 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-fuer-technische-wissenschaften/ 

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://www.monitoringstelle.at/index.php?id=752&tx_ttnews%5Btt_news%5D=1019&cHash=ad1ba45454f3f9
5f0c09690fc56e9e9c 

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/resources/hdz_pdf/events/20091009_hdz_workshop_big_jaeger.pdf?m=1469
660299 

https://www.atp.ag/integrale-planung/service/news/archiv/news-archiv/campus-technik/ 

http://www.westwind.or.at/fileadmin/pdf/WW_2016_A3_Online.pdf 

Sources: 

BIGMODERN Leitprojekt: Nachhaltige Sanierungsstandards für Bundesgebäude der Bauperiode der 50er bis 80er 

Jahre 

BIGMODERN Subprojekt 3: Demonstrationsgebäude Universität Innsbruck - Hauptgebäude der Fakultät für technische 

Wissenschaften. Planungsprozess. ; D. Jäger, G. Hofer, K. Leutgöb, M. Grim, C. Kuh, G. Bucar. Berichte 

aus Energie- und Umweltforschung 15/2013 

BIGMODERN Subprojekt 9: Demonstrationsgebäude Universität Innsbruck ï Umsetzung. Schriftenreihe 30/2015 D. 

Jäger, K. Leutgöb, G. Bucar, Herausgeber: BMVIT 

And the project descriptions to be found following the links above. 

http://www.big.at/projekte/fakultaet-fuer-architektur/
http://www.big.at/projekte/fakultaet-fuer-technische-wissenschaften/
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/
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6.3.1  Background and Framework  

The objective of the case study was to undertake the renovation process (01/2013-04/2016) 

of two buildings that are part of an ensemble that forms the technology campus of the 

University of Innsbruck (Figures 12 and 13). 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 administration, and now holds 7.2 Mio. m². BIG 

has know-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 surroundings: The two 4- and 8-story-buildings and their auxiliary buildings are 

located on the technology campus of the University of Innsbruck. They hold mostly offices, 

seminar rooms, and laboratory rooms. Both buildings were constructed late in the 1960s in a 

modular way. At that time, the campus was located on the edge of the town. Since then, the 

town closed in around the campus; there is however a master plan for the campus to expand 

to the west, where there are still areas available. InnsbruckΩs moderate climate with partly 

alpine character poses the challenge of cold and dry winter and hot summer. See Tables 13 

and 14 for additional quantittive information. 

Energy supply: The 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, but it serves additional buildings outside of the 

university, like a school. Energy generation costs for district heat are typically 0.06 ϵ ƛƴ 

Austria for heat and the large clients tariff ranges from 0.08 to 0.12 ϵ ǇŜǊ ƪ²ƘΦ [ƻŎŀƭ ǇǊƛƳŀǊȅ 

energy factors are 1.3 for the district heating and 1.91 for the Austrian power mix 

(Österreichisches Institut für Bautechnik [Austrian Institute for Structural Engineering] [OIB] 

Guidelines 2015). Heat is provided at high temperature (typically 80/50), 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 is not owned by BIG 

but by the university (tenant of buildings) itself. 

Local energy resources: Use 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 since overheating was one of the most urgent problems before renovation. As a 

result, a ground 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 8-story building was planned in the subsidized R&D project 

άBIGMODERN.έ The following sections mostly refer to this demonstration building process. 

Project objectives and challenges: The project objective was to bring the buildings to an up-

to-date standard regarding energy consumption, building services, comfort, and safety. 

Moreover, an important objective in the R&D project was 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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Figure 12.  View on the campus of the University of Technology Innsbruck. The marked 
buildings have been renovated in the described process (Source: basemap.at 2020). 

 

Figure 13.  Map of the campus area. Source: Tiris - Tiroler Rauminformationssystem © DKM.  

BEV-Wien ©TIRIS, with additional Information on renovated buildings and location of heat 

generation (2018) 

Innovative ideas: The main organizational innovation is integrative planning. Using this 

approach, the following technical innovations could be realized: 

Integration of balconies, which formerly comprised heat bridges, into the building envelope. 

Natural ventilation through exterior windows and άoverflow-doors/windows.έ Heat from 

ventilation is recovered. 

 

http://www.basemap.at/
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Windows, sun shading, and 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 building. A new facade system has been especially 

designed for the project. 

6.3.2  Energy Objectives  

¶ Reduce the energy consumption for heating and HVAC to a value at or below the 
threshold for nearly zero energy buildings in Austria (Figures 14-16). 

¶ Use locally available natural resources. 

¶ Ensure a redundant supply of critical data server infrastructure. 

¶ Planners were confronted by BIG with the statement: άBIG sets highest value on energy 
efficiency.έ 

Table 13.  Quantitative Information on case of University campus in Innsbruck. 
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Before ~18.000 11.800 

 

 80 kWh/m²a 

10.000 MWh 

unknown 1 75/60 °C   76 

(2.6 

GWh/a) 

BAU  11.800  28 Local reduction 1 75/60 °C 0   

After ~18.000 12.800 700+ 13,85 Local reduction 2 Locally reduced 290 MWh 360 MWh 30 

(0.9 GWh/a) 

 

Figure 14.  Energy Consumption before modernization. 

Energy Consumption Before 
total: 2.6 GWh/a

Power

Heating
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Figure 15.  Energy Consumption after modernization. 

 

Figure 16.  Energy consumption per use type after modernization. 

Table 14.  Additional Information on case of University Campus Technik in Innsbruck, Austria. 

 

6.3.3  Innovative Approach  

The main innovative approach in this project was the integrated planning with an upper limit 

for investment costs and the LCCA, and an early assessment of alternative solution sets. The 

planning was done by a team consisting of members of the (responsible) planning company 

(architecture, HVAC, Electric, Statics) and an engineering office for building physics. Two 

additional (research) institutions supervised the thermo-energetical optimization, conducted 

LCC calculations and checked the detailed planning. Two different teams conducted building 

Energy Consumption After 
total: 0.93 GWh/a

Grid Power for
buildings
Thermal from
DH
Grid power for
users

45.41

77.03

25.2

10.9

5.8

131.98

2.78

6.82
Power  Consumption After 

[MWh/a]
Lighting

Ventilation

Cooling

Domestic Hot Water

Heating

User

Elevators

other building technology

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: ð 

Geothermal collectors: ~8*36,200 MWh/a cooling energy from ground water 

well at 14/18 °C 

Investment costs****: [All per mĮ of ómuaô.] Total cost:37 Mio 

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

Electrical energy demand: 590 [MWh/a] (monitoring first year); 46 kWh/m²a) 

Voltage level: 10 kV [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 
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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 system (Figure 17) 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 recovered to incoming air. To allow for ventilation, exterior άtop-

hung projecting windowsέ have been custom designed and build to achieve optimal 

performance (Figure 18). 

 

Figure 17.  Energy system of Campus Technik in Innsbruck (Source: AEE INTEC). 

 

Figure 18.  Overflow opening in the door/window (Source: PHI ς DI Harald Konrad Malzer). 
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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. The University of 
Innsbruck has a focus on sustainability and energy efficiency, and that was an additional 
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 (passive-house institutes, e7 energy market analysis, Graz Energy Agency, 
additional subplanners (see Figure 19). 

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

Local energy potentials are local district heating, cool night air for cooling, high solar 
irradiance. Available resources include building frames 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 (barriers) ς and 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 
additional 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 high-quality solution. 

What have been 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 challenge 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 /no-go 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 realized if they were economically advantageous or could be 
financed via support for innovative 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 important point for BIG was that results and experience from this project could 
be exploited in the following projects. 
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Figure 19.  Stakeholder structure in Planning Process. Input necessary for whole system 
resilience analysis is highlighted in italic. Own presentation of data from BIGMODERN 
project, translated and details added. 

6.3.4.2  Financing Issues  

What have been the main challenges/constraints regarding financing? 

¶ The investment costs were limited since they have to be covered by the tenant (here 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? 

¶ The renovation process is financed 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 and maintenance costs (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: 

¶ Life cycle cost calculations 

¶ Integral planning and analysis of alternatives 

¶ Consideration of maintenance etc. 

Technical: 

¶ Air tightness (n50<1) 

¶ Thermal bridges (<= 0.05 W/m²K) 



 

86  

¶ Heating demand < 25 kWh/m²a; cooling demand <0.8 kWh/m²a (energy performance 
certificate), primary energy demand < 150 kWh/m²a (additional calculation, e.g., PHPP, 
TQB factors) 

Comfort: 

¶ Light: check possibility for light guiding systems 

¶ Light: homogeneous artificial light density at work places(lighting concept, simulation) 

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

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

¶ Thermal comfort in winter and summer (air-ǿŀƭƭΥ ɲ¢ғпYΣ ŀƛǊ ς ǿƛƴŘƻǿ ɲ¢ғсYΣ ғ р҈ Ƙ 
overheating (ÖNORM EN 15251) 

¶ Air: natural ventilation possible for >60% of area 

¶ Acoustics: reverberation time according to local standard ÖNORM B 8115-3 

Which decision steps/workflow lead to the retained solution? 

1. Decision for an integral planning process (integrating also monitoring concept): integral 
design ς bid ς build 

2. 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 check of the outcome 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 
6. Bid for construction works: 
7. Evaluation/monitoring to fix problems 

6.3.4.4  Technical Issues  

What have been major technical challenges/constraints regarding system design? 

Compact buildings with deep rooms, need for daylight and ventilation solutions that still 
maintain indoor temperatures 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 HVAC, and passive night ventilation for cooling. Heat is 
provided by a nearby (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 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). 

1. Energy performance certificate according to ÖNORM 
2. PHPP (https://passiv.de/de/04_phpp/04_phpp.htm) 
3. Dynamical building simulation 
4. Daylight simulation 
5. Certification tool (PHphit) 
6. Life cycle costs 
7. Development of a tool for BIG : 
8. Decision-making 
9. Efficiency criteria. 
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What have been the main challenges in the design phase? 

Bringing as 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 <-> owner (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, heat consumption 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 targeted by installation of an uninterruptible power supply unit. One 

important issue is that in this case the district heating system and buildings are not owned by 

the same entity, a factor that represented a challenge to the project team. 

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

energy supply system? 

Some situations are considered for each public building process, like blackout of general 
power supply system, blackout of internal power supply due to fire. There is an 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? 

¶ Exhaust ventilation of laboratories 

¶ Exhaust ventilation of access areas/staircases in case of fire 

¶ Data center or server rooms  (zero time out possible) 

¶ Emergency lighting. 

Are there backup systems? On which time-scale can they be accessed? 

¶ 1 UPS units for power backup has been installed 

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

¶ On the long term, there is the possibility to connect to the public district heating 

¶ In addition to the heat distribution by water, it is possible to heat (and cool) by 
ventilation. Electric heat pumps can be used on medium time-scale for heating as well as 
for cooling. 
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6.3.6  Lesso ns Learned  

6.3.6.1  Major Success Factors  

Both tenant and owner have know-how 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 (integral planning, innovative measures, monitoring, LCC). 

6.3.6.2  Major Bottlenecks  

No construction company would deliver the innovative prefabricated facade as it was 

planned, thus the design had to be adapted, including standard elements to achieve the 

aspired result. 

Complex control system in one of the buildings requires the tenantsΩ attention and know-

how. 

6.3.6.3  Major Lessons Learned  

¶ Life cycle cost calculations show that low-tech solutions are have lower life cycle costs. 

¶ Permanent monitoring and temporal monitoring do lead to similar costs. 

¶ High-level 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 same applies to costs. 

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

¶ Optimization variants (e.g., regarding HVAC) should be defined and assessed in the 
preliminary phase. 

¶ For innovative technologies one needs to define: 
o Technical requirements for feasibility 
o Critical factors like error-ǇǊƻƴŜƴŜǎǎ ƻŦ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎΣ ǎǇŀŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ Χ 
o Conditions for cost effectiveness and cost drivers 
o Criteria for the RFP. 

¶ Important issues for the renovation of educational and offices buildings built in 50s to 
80s: 
o Reduce heat losses from ventilation by high-efficiency ventilation with heat recovery. 
o Make optimal use of daylight, sun shading, energy-saving lighting. 
o Provide summer comfort and sustainable cooling. 
o Use innovative facade systems e.g., prefabrication for low impact on users. 

What should be transferred from this project? 

¶ Use integral planning to enable innovative solutions. 

¶ Define energy and cost limits in an early planning phase (preliminary 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. 



 

89  

6.4  WU Vienna , Austria  

Cas e 

No.  
Country  Location  Specific Type  Photo  

Special points 

of attention  

4 Austria Vienna 
Campus 

University 

 

  

  
district 

cooling/heating, heat 
pump, groundwater 

thermal storage 

Country: Austria 

Name of city/municipality/public community:  Vienna 

Title of case study:  University of Innsbruck ï 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 Wirtschaftsuniversität Wien. 

Vienna University of Economics and Business Campus: Stadt-

Architektur-Nutzer. City-Architecture-User. Birkhäuser, 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 

(Figures 20 and 21). The building complex is located in Leopoldstadt, Vienna, Austria. The 

main design target was to create a set of pavilions that host the WU university in a green 

garden as άwalk along park,έ open to the surrounding public and as sustainable as possible 

(ÖGNI standard). The new campus moreover was designed to allow for a more efficient and 

slim administration, by grouping institutes to departments. 

https://www.wu.ac.at/en/the-university/campus
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Figure 20.  Overview of the University Campus of the Vienna University of Economics and 
Business (Source: basemap 2019) 

 

Figure 21.  Urban embedding of the WU Vienna, between a fair ground and the popular 
and well-known urban outdoor area άWurstelprater,έ with excellent public transport 
(Source: Openstreetmap ©Contributors to Openstreetmap). 

Users are the 23,000 students and 2,300 employees of the university of economy WU 

Vienna. 

The area is served by the Austrian power grid (medium voltage) and district heat. Energy 

ǇǊƛŎŜǎ ŀǊŜ ŀōƻǳǘ мл ϵŎǘ ŦƻǊ м ƪ²Ƙ ŦƻǊ ƘŜŀǘ ŀƴŘ ǇƻǿŜǊΦ tǊƛƳŀǊȅ ŜƴŜǊƎȅ ŦŀŎǘƻǊǎ ŀǊŜ м.52 for 

district heating (mainly nonrenewable now in Vienna) and 1.91 for the Austrian power mix. 

About two-thirds of the energy for heat and cooling are obtained from groundwater 

seawater or river water, which flows with 140 l/sec through the area. To use this energy 

ǎƻǳǊŎŜΣ ǘƘŜ ǿŀǘŜǊ ǊƛƎƘǘǎ ǿŜǊŜ ƻōǘŀƛƴŜŘΣ ŀƴŘ ŀ ǎƳŀƭƭ ŦŜŜ ƻŦ ŀǊƻǳƴŘ нлллϵ ƛǎ ǇŀƛŘ ȅŜŀǊƭȅ ǘƻ ǘƘŜ 

company operating the nearby hydroelectric power station. Figures 22 and 23 show graphs 

of the energy supply 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 used for normal 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, and is used for some convectors, hot water, and entrance veils. See Tables 

15 and 16 for additional quantitative information on the case of WU Campus. 

6.4.2  Energy Objectives  

¶ Low energy consumption 

¶ Use of local sources (here the new ground water sea) 

¶ Economically and Environmentally sustainable energy provision 

¶ ÖGNI standard 

¶ Reliable service of data servers 

¶ Energy Performance Targets defined by the Austrian legislation. 

Table 15.  Quantitative Information on Case of WU Campus. 
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Figure 22.  Graphical representation of energy demand. 
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Figure 23.  Graphical representation of energy supply. 

Table 16.  Additional information on WU Campus Case. 

 

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 the 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 supply of the whole 

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 cooling, cool water from 

the ground is directly used. When necessary, heat pumps are used to further lower the water 

temperature. Additional cooling by chillers is available for server rooms. To better use the 

ground water source, the buildings were designed to use a relatively high temperature 

0

672

1789

223

550

Energy Supply [MWh/a]

Grid Power for HP and
chillers

Geothermal source

District Heat

Grid power for Ventilation

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 ú (All per mĮ of usable area ómuaô) 

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: ð 

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 
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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 activation. Figure 

24 shows the energy system architecture of WU Vienna. 

To summarize, the innovative technical aspects include: 

¶ Use of ground water to produce energy for heating and cooling 

¶ Use of ground water for irrigation and toilets 

¶ Concrete core activation 

¶ Cooling of buildings with high temperatures 

¶ Heating of buildings with low temperatures 

¶ Optimization of instrumentation and control for building services 

¶ Optimization of lighting. 

 

Figure 24.  Energy system architecture of WU Vienna. The Campus is provided with heat 
and cold from a campus-wide district heating and cooling network. Both heat and cooling 
are generated from ground source, with a heat pump raising the temperature were 
necessary (Source: AEE INTEC). 

6.4.4  Decision and Design P rocess  

6.4.4.1  General/ Organizational I ssues  

Why was this project initiated, to answer which need? 

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

Which stakeholders were involved in the project? 

Future user (WU, ministry responsible for education) and BIG, Vienna town planning, and all 
interested service institutions (energy, water, nearby power 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 WU to improve efficiency. Local energy potential is the ground water sea that 
developed when a hydro power station was built. 

Who (what) were drivers and who (what) were opponents (barriers) ς and why? 

Main drivers were BIG for creating a well-functioning and 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 by BIG and WU (user), and to choose the right location. 

What was finally the crucial parameter for go /no-go decision? 

The alternative to new construction was renovation, this was excluded when in 2006 part of 
the previous main building was destroyed in a fire. Moreover, 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, build and maintain the campus. 

6.4.4.2  Financing Issues  

What have been the main challenges/constraints regarding financing? 

There was a fixed limit of 490 Mio agreed upon by the Financing Ministry, which was to be in 
any case respected. Thus, throughout the project, 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 that would 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 on purpose, which 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 the company as well. 

6.4.4.3  Technical Issues  

What have been major technical challenges/constraints 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 way that prevents strong winds from developing. 
Vienna is well-known 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 these risks. Simulations were commissioned to a third-party 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 at in the 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 reversible organization, to allow 
for cost reduction for university administration and later adaptations. (e.g., Offices are 
standardized, and can be easily converted for changes in staff structure). 

Certificate ÖGNI. Respect OIB. Building site management according to RUMBA norms of 
Vienna 

Which decision steps/workflow lead to the retained solution? 

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

¶ Foundation of the company (by WU/BIG) 

¶ Design concept by WU/BIG, choosing the plot, energy master plan, maximum costs 

¶ When the plot was chosen, the decision fell on ground water source 

¶ Architecture competition (2 steps). 

Tools: 

Standard: energy simulation (on the outcome the decision fell on use of ground water 
source), building physics (ventilation, etc.), sun ς 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 concept for 
building ensemble. Step 2: single buildings were designed by winning teams of step 1. 

Special simulations: ground water use (TU Vienna), wind (weather park) 

What have been the main challenges in the design phase? 

Wind, ground water use 

What have been the most crucial interfaces? 

WU/BIG 

What parameters are controlled via monitoring? 

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

¶ Energy monitoring/energy reports 

¶ Periodic Inspections/revisions/controls 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: 

¶ Fire 

¶ Power down 

¶ Water pipe burst 

¶ Sewer burst/ flooding 

¶ Thunderstorm (e.g., Heavy rain with entering water) 

¶ Building collapse/breaking of building parts 

¶ Damage to person (incident, elevator damage) 
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¶ Threat by third party (break in, theft, robbery, vandalism, bomb threat, violent 
demonstration, amok, hostage-taking) 

¶ Scenario World Health Organization (WHO) Step 6 (plans for pandemic). 

Are there redundancies in the energy supply system? 

There are redundancies in all energy systems, i.e., 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 and heat pumps and chillers, both 
depend on power 

Both heat and cold supply is secured by onsite 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 connections from 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 power supplies (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? 

¶ Data center (power, cooling) 

¶ Safety illumination (power) 

¶ Basic Thermogravimetric Analysis (TGA) (power), e.g., for ventilation. 

Are there backup systems? On which time-scale can they be accessed? 

For power backup, two dynamic UPS systems with both 2500 kVA have been installed. These 
serve the data centers and safety illuminations, and also the 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 high accessibility by public transport. 

Another important factor was to find the right organizational structure to allow WU and BIG 

to develop this project together, and to define common targets and fulfill all requirements. 

6.4.6.2  Major Bottlenecks  

Now that all things have been worked out, there seem to be no bottlenecks. One bottleneck 

must have been to check energy system is feasible, 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, competitive, yet still 

economical 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 

No.  Country  Location  

Specific 

Type  Photo  

Special poi nts of 

attention  

5 Denmark Skrydstrup 
Military air 

base 

 

 

  

 
biogas CHP, district heat, 

thermal storage 

Country: Denmark 

Title of case study: Resilient and renewable energy system for air base 

Location of case: 55Á14ǋ North 9Á15ô East 

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 44 F-16 Fighting Falcons. 

Current plans are to add another 22 F-35s after 2023. A total of 850 persons are working at 

the air base. 

Today the electricity and heating demand at the camp are met by natural gas CHP and 

imported electricity. 

6.5.1.1  Climate conditions at Skrydstrup  

In an average year, the ambient temperature in Skrydstrup is 8.1 °C, with a maximum daily 

average temperature of 22 °C and a minimum daily average temperature of -9 °C, as shown 

in Error! Reference source not found.. 
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Figure 25.  Daily average ambient temperature at Skrydstrup. Created with Energy system 
analysis energyPRO. 

In an average year, the global radiation at Skrydstrup amounts to 1000 kWh/m2. The hourly 

global radiation in an average year shown in Error! Reference source not found.. 

https://www.emd.dk/
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Figure 26.  Global radiation at Skrydstrup in an average year. Created with Energy system 
analysis energyPRO. 

6.5.1.2  Heating and Electricity Demand at S krydstrup Air Base  

After 2023, when the base will have acquired an additional 22 F-35s, the yearly heating 

demand will amount to 11,300 MWh-heat, with a daily average maximum heat demand of 

around 3.2 MW-heat. The variation of the heat demand inside a day is averaged by an 

existing thermal storage. Error! Reference source not found. shows the duration curve for 

the heat demand. The yearly electricity demand will amount to 10,000 MWh-el, with a 

maximum electricity demand of around 2.7 MW-el (Error! Reference source not found.). 

https://www.emd.dk/
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Figure 27.  Duration curve for heat demand at Skrydstrup Air Base. Created with Energy 
system analysis energyPRO. 

 

Figure 28.  Duration curve for electricity demand at Skrydstrup Air Base. Created with 
Energy system analysis energyPRO. 

 

6.5.2  Innovation: CHP using Local Biogas  

A nearby biogas plant is being built, which will make it possible to configure a resilient and 

renewable energy system of Air Base Skrydstrup, where the electricity and heating demands 

of the future are based entirely on a biogas CHP, assisted by an electrical battery. 

https://www.emd.dk/
https://www.emd.dk/
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6.5.3  Resilience in the Future  Energy System at Skrydstrup Air Base  

This section analyses the resilience in the future energy system at Skrydstrup Air Base, after 

connecting the base to the nearby biogas plant. The present four CHP´s will be adapted to 

being able quickly to shift from being natural gas fired, to being biogas fired. Each of these 

CHPs has an electrical capacity of 1 MW-el and 1.2 MW-heat, giving a total of 4 MW-el and 

4.8 MW-heat. As shown in Figures Error! Reference source not found. and Error! Reference 

source not found., this change will allow all hours of the year both the heat demand and the 

electricity demand to be covered. 

The existing thermals storage of 250 m3 (12 MWh-heat) will still be available in 2023; in 

addition, a cooling tower and a 12 MWh electrical battery will be installed. 

The resilience of Skrydstrup Air Base was modeled in the energy system analysis tool 

energyPRO. Figure 29 shows simulation results for a winter week, when Skrydstrup 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 2nd of January 2023 these two are not able to cover the electricity 

demand in 3 hours. The remaining demand for electricity in these 3 hours is delivered from 

the battery (as seen in the lower graph). Friday 6th of January the thermal storage is emptied 

in the middle of the day because the 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 being operated on biogas. 

 

Figure 29.  Resilience in a winter situation at Skrydstrup Air Base operated electrically in 
island mode. Created with Energy system analysis energyPRO. 

Figure 30 shows 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 demand is low. The 

heat dumped in the cooling tower is shown in the upper graph with a red line. 

https://www.emd.dk/
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Figure 30.  Resilience in a summer situation at Skrydstrup Air Base operated electrically in 
island mode. Created with Energy system analysis energyPRO. 

The yearly amount of biogas used will amount to 4.2 million Nm3 (1 Nm3 biogas = 6.2 kWh). 

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

Case 

No.  Country  Location  

Specific 

Type  Photo  

Special 

points of 

attention  

6 Denmark Taarnby 

Energy 

Supply 

System 

District 

heating in a 

town 

including a 

large airport 

campus 

 

 

 
low carbon 
heat e.g. 

wasted-fueled 
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-heating-and-cooling-markets-eu-case-studies-analysis-

replicable-key-success 

6.6.1  Background and Framework  

Taarnby Municipality is the owner of Taarnby Forsyning public, which owns and operates 

services for wastewater and water in the municipality and district heating to most buildings 

larger than 500 m2, including Copenhagen Airport. Taarnby is part of the integrated district 

https://www.emd.dk/
https://ec.europa.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-replicable-key-success
https://ec.europa.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-replicable-key-success
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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 CTR (see Figure 31). 

 

Figure 31.  Map of Greater Copenhagen District heating and Taarnby (Source: Taarnby 
Forsyning and Ramboll). 

Taarnby Public Utility formed in 1982 a new business unit for district heating system, which 

has been further developed and integrated with the Copenhagen Airport campus. 

6.6.1.1  District Heating (DH)  Project  

Taarnby Municipality (Figure 32) was one of 20 local authorities, which in 1981 were invited 

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, CHP plants, as well as heat from waste incinerators combined with a new gas 

infrastructure. Taarnby Public Utility was already a supplier of water and wastewater, and 

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

district heating. 

Taarnby Municipality joined the municipal partnership heat transmission company CTR, who 

got the obligation to establish a heat transmission system in the five central municipalities in 

Greater Copenhagen, to interconnect with the other two metropolitan transmission 

companies VEKS and Vestforbrænding, as well as all heat producers in the area to operate 

the system in an optimal way and to transmit the cheap low carbon heat to all five 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. 

Taarnby Municipality took part in the regional energy planning in cooperation with the 

Ministry, other municipalities and all local stakeholders. 
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Figure 32.  Map Taarnby Municipality including zones of District heating and pipes. Green 
districts. DH system established in 1985. Blue districts. Planning to shift from gas to DH in 
2020-2030. District without color. One-family houses. An option to shift from gas boilers to 
DH or to heat pumps in 2030-2050. (Source: Taarnby Forsyning and Ramboll.) 

6.6.2  Energy  Objectives  

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

¶ Replace the dependency of oil with district heating and gas 

¶ Save energy 

¶ Develop the most cost-effective zoning of district heating and gas for the society 

¶ Supply consumers 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 cost-effective district heating system to all 

buildings larger than ~500 m2, located north of the airport including the airport campus, which 

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 exchanger station from CTR in the 

northern part and a backup 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 boiler plant of 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 south-east of the airport area. Later, the 

heat exchanger between the two networks was removed, thereby integrating the city 

network with the campus network to improve the efficiency of the operation and avoid 

temperature drop. 

The map in Figure 32 shows the existing green district heating zones and the existing green 

district heating pipe network of Taarnby District Heating. The green district heating areas 

south of the east-west going high way and train to Sweden is Copenhagen airport with its 

own distribution network. 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 

color are supplied with gas. 

The map also shows parts of the two neighboring municipalities: Copenhagen with 100% DH 

supply and 99% connection, and Dragør 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 investment cost in DKK per heat sale in 

MWh. The data listed in Table 17 illustrate this key figure. 

Table 17.  Quantitative Information on Taarnby District Heating; Investment key figures and heat 
losses calculated. 

 

Table 17 lists the 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 zones (Figure 32) supplying 171 GWh 

should be replaced, including the airport network, it would cost 327 million DKK and the heat 

loss would be 6.3%. 

As all heat production and all heat consumption have been measured, it has been possible to 

monitor the heat loss of the 35-year-old network, and it has been confirmed that it is 7%. 

The blue zones, which most likely should be supplied within the next 10 years, are shown 

above and have been split into three zones. The most profitable extension of 31 GWh to 

replace gas boilers, and the new urban development in which gas boilers are not an option 

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 heat loss is also twice as large. 

Figure 33 shows the accumulated demand for the 132 connected heat consumers, including 

the airport. Table 18 lists additional Information on Taarnby District Heating. 

Development of Tårnby 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%
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Figure 33.  Accumulated demand for all 132 heat consumers. 

Table 18.  Additional Information 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 

6.6.3  Technical Highlight  

Figure 34 shows the construction of district heating and cooling to a large office building. 
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Figure 34.  District heating pipes to a large customer (Source: Taarnby Forsyning and 
Ramboll). 

Figures 35 and 36 are derived from the hydraulic model SystemRornet, which has been used 

to analyze the design of the district 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 coming heat pump, is indicated. 

 

Figure 35.  Trench of the network from the hydraulic model. Source: Taarnby Forsyning and 
Ramboll. 
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Figure 36.  Pressure diagram for supply of maximal heat from the heat transmission system 
via the heat exchanger (Source: Taarnby Forsyning and Ramboll , created with System 
Rornet). 

6.6.4  Decision and Design P rocess  

6.6.4.1  General / Organizational Issues  

The project was initiated for several reasons: 

¶ To implement the national energy policy with the aim of reducing the dependency of oil 
in a cost-effective 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 supplies heat 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 competitive heat to all buildings in the district heating zones. 

The major stakeholders were: 

¶ 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 large boiler plant 

¶ The gas company. 
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Stakeholders involved in the project were: 

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

¶ The municipality of Taarnby was authority responsible for preparing the heat plan and 
submitting it to the Ministry 

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

¶ The Ministry approved the heat plan. 

Resources available before the project and local energy potentials were: 

¶ There were a large surplus heat capacity from waste incinerator and CHP plant not far 
from Taarnby, which could be transmitted to Taarnby by CTR. 

¶ There was no local heat potential in the municipality, except that the heat-only boiler of 
the airport could serve as peak capacity and at the same time continue to be backup for 
the airport for resilience. 

Drivers (who, what) and opponents/barriers(who, what) ς and underlying reasons were: 

¶ The main driver was that the government wanted to reduce the dependency on oil. 

¶ 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 were only 
allowed to supply heat to the zones that had been approved for district heating. 

The main challenges regarding decision finding were: 

¶ The main challenge was to agree where to establish the next new CHP plant. 

The crucial parameter for go /no-go decision was: 

¶ 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 set-up a business plan for payback of the investment. 

Finally, the municipality could guarantee for the loans and obtain very competitive credits to 

finance 100% of all investments plus deficit. 

Which business model applies to the project? 

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

¶ 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. 

¶ 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. 

¶ The consumers establish and operate their own district heating substation, which 
replaces the existing oil-boiler installation. 
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¶ The Heat Supply Act specifies that the heat price can only include the necessary costs and 
not dividend to owners. Accordingly, the consumers pay the actual costs of heat and they 
therefore benefit from the long-term profitability of the project. 

6.6.4.3  Technical Issues  

What were the major technical challenges/constraints regarding system design? 

There has been no major challenges, maybe except that the return temperature from the 
airport and some consumers turned out to be too large. Therefore, the company has 
undertaken several initiatives to help the consumers reduce the return temperature and has 
also introduced a tariff incentive for lower return temperature. 

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

The transmission system has from the first day of operation been managed in the most 
optimal way, from the control centers via a Supervisory Control And Data Acquisition (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, variable-speed-drive pumps have ensured optimal 
operation. 

6.6.4.4  Design Approach A pplied  

Which design targets have been set and why? 

The targets were to establish a system in accordance with the standard for district heating 
pipe networks to ensure long lifetime of the system. 

Network dimensions were optimized with respect to the life cycle costs, including avoided 
costs of booster pumps by using the maximal possible pump heat at peak load. 

The heat exchanger substation was designed to meet the long-term expected baseload 
capacity demand, which corresponds to around 100% of the total demand the 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 been executed by 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 existing GIS model with information of the district heating 
to plan the route and connections to buildings. 

The business plan has been prepared by RambollΩs business plan model for district heating 
and long-term budget. 

What have been the main challenges in the design 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 most crucial 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 network is monitored and used to regulate the variable-speed-
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, controlled, 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 for data transfer and local as well central computers, 

and upgraded for adopting new computer technology. Taarnby District Heating Company is 

responsible for the operation of the secondary part of the substation with regard to 

optimization of supply temperature and control of the pressure at strategic ends of the 

network. 

The total district 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 in operation for peak load on the very coldest days in case 

other production plants fail. 

The backup boiler can offer maximal backup capacity in case the heat transmission system 

breaks down, and in particular is can offer backup to the airport and other buildings south of 

the crossing of the railroad and highway. 

The pipe network is monitored by a standard surveillance system, with two 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 increased and the water volume expands. The net 

water loss, which is close to zero, is monitored to detect any leak in pipes or in hot water 

heat exchangers. 

With regard to the branches of the network, all pipes except for the critical crossing can be 

repaired within 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 it is a good idea for city district heating companies and campus 

owners to cooperate to find the best common solutions. The project has demonstrated that 

municipal-owned utilities operating vital infrastructure in their cities are able to identify the 

cost-effective energy solutions and implement them to the benefit of consumers, in fact 

acting like the whole municipality was one campus. Therefore, the case is a good story for 

campus owners. 
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6.7  District Cooling in Symbiosis with District Heating and 

Wastewater  in Taarnby, Denmark  

Case 

No.  Country  Location  Specific Type  Photo  

Special 

points of 

attention  

7 Denmark Taarnby 

Energy Supply 

System 

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

https://ec.europa.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-
replicable-key-success 

6.7.1  Background and Framework  

Taarnby Municipality is the owner of Taarnby Forsyning public, which owns and operates 

services for wastewater and water in the municipality and district heating to most buildings 

larger than 500 m2, including Copenhagen Airport (Figure 37). Taarnby is part of the 

integrated district heating system in Greater Copenhagen (see case in link above) and co-

owner of the heat transmission company CTR. 

 

Figure 37.  Map of Greater Copenhagen District heating and Taarnby (Source: Ramboll). 

Taarnby Public Utility has in 2018 established a new business unit for district cooling and is in 

2019 establishing district cooling to a new urban development area, Scanport (Figure 38). 

https://ec.europa.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-replicable-key-success
https://ec.europa.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-replicable-key-success
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Figure 38.  !ǊǘƛǎǘΩǎ ǊŜƴŘering of the District cooling (Source: Taarnby Forsyning and 

Skanska ) . 

Taarnby Public Utility has, in the role of supplier of water, wastewater, 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 profitable in the long-term establishing traditional district 

cooling based on the same technology that would otherwise be used in the individual 

buildings, and that the profitability would be even better in case of installing a heat pump 

and a chilled-water storage to use the symbiosis between heating and cooling. Moreover, it 

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 treated wastewater, located just north of the 

new urban development area, thus including wastewater in the symbiosis. Potential ground 

source cooling might even improve the system. 

The heat pump will be connected to the treated wastewater to use available capacity to 

generate heat only to the district heating network in an optimal way considering electricity 

prices and heat production prices in the Greater Copenhagen District heating system. 

Figure 38 shows a rendering of the first stage of the new urban development area to be 

supplied with district cooling. In the upper left corner, we see the wastewater treatment 

plant and the planned district cooling plant with chilled-water storage (green roof). The 

existing buildings, the aquarium άThe Blue Planet,έ had 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 in-take. The open area left of the new buildings is reserved for 

the second stage of the urban development. The third stage is further to the west. 

The district cooling plant for combined heating and cooling will, as shown at the picture 

above, be situated at the wastewater treatment plant, at which there is just enough available 

space. As the picture shows, a roof covering the water basin has been installed to prevent 

poor environmental impact of offensive odors from the untreated wastewater in the 

neighborhood. 
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6.7.2  Energy Objectives  

The objectives were in the first stage to explore the symbiosis between heating and cooling 

and in the final stage also wastewater. That will provide the building owners in the district 

with competitive and environmentally friendly cooling and at the same time to generate 

more cost-effective heat to the district heating business unit to the benefit of all the heat 

consumers. 

The economic analysis showed that: 

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

¶ It is 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 to generate additional heat by cooling the treated wastewater. 

As the heat pumps are connected to both a chilled-water tank, ground source cooling, and 

the district heating system, it is possible to optimize the production with respect to both 

electricity prices and the alternative heat production cost. Figures 39 and 40 show the 

production of heat and cold from the plant. 

Figure 39 illustrates 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 or wastewater in case of very low heat prices. Figure 40 illustrates the total heat 

generation to the district heating system from the combined production of heat and cold and 

from using the heat in the wastewater. Table 19 lists additional Information on Taarnby 

district cooling. 

 

Figure 39.  Production of cooling. 
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Figure 40.  Production of heat. 
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Table 19.  Additional Information on Taarnby district cooling. 

 

Figure 41 (derived from the GIS model) shows 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 treated wastewater 

Figures 42 and 43 show more details of the district cooling plant and the chilled-water tank. 

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.DKK 62 80

NPV benefit, including env. Costs

Society Mill.DKK 60 103

District cooling business Mill.DKK 17 52

Consumers Mill.DKK 5 8

Internal rate of return % 13 41
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Figure 41.  GIS illustration of the District heating and cooling (Source: Ramboll). 
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Figure 42.  Map of the district cooling plant (Source: Ramboll). 

 

Figure 43.  District cooling plant (Source: Ramboll). 
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6.7.3  Decision and Design P rocess  

6.7.3.1  General / Organizational Issues  

The project was initiated for several reasons: 

¶ To integrate 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 and implement 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 area have an interest in environmentally 
friendly and cost-effective and reliable supply of cooling to meet new standards for 
indoor climate. 

The major stakeholders were: 

¶ 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 consumers, as all profit 
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 first large-scale 
demonstration projects 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 the power system. 

Which stakeholders were involved in the project? 

The first four mentioned stakeholders were involved. 

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

¶ By a fortunate coincidence, the wastewater treatment 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 temperature district heating system can be supplied with around 75 °C, which is 
a reasonable supply temperature for a two-step ammonia heat pump 

Who (what) were drivers and who (what) were opponents (barriers) ς and why? 

¶ The utility was the driver 

¶ An unforeseen barrier that 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 consumers and their 
consultant, which had little experience in district cooling to establish comparable 
alternatives 

What have been the main challenges regarding decision finding? 

As it was a completely green-field project, the main challenges were parallel processing of: 
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¶ Formation of a legal business unit, due an outdated constrain in the Heat Supply Act, 
which prevents the district heating business to be responsible 

¶ 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 concept was known 
beforehand and that CTR had shown interest in using heat from the wastewater as a 
demonstration project. 

What was finally the crucial parameter for go /no-go decision? 

The design was completed during the process, but the following two parameters delayed the 
call for tender and the expected operation, as the delivery of heat pumps is the critical path: 

¶ Acceptance from the Energy Agency 

¶ Final signed agreement. 

6.7.3.2  Financing Issues  

The financing has been difficult as it is a new business unit, however 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 self-financing of the project, was important. 

Which business model applies to the project? 

The new 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 and implementation. This model opens for maximal competition and use of 
market forces: 

¶ District cooling competes with consumersΩ individual solutions. 

¶ Heat production competes with the alternative heat production in the greater 
Copenhagen district heating system. 

¶ The production of heat and cold is optimized with respect to the power market prices. 

¶ 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 has staff for the 
operation. There has been tender for: consultancy services, building for cooling plant, 
cooling plant equipment, district cooling pipes, and district cooling civil works. 

6.7.3.3  Technical Issues  

What have been major technical challenges/constraints regarding 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 in previous generic studies, it was not a problem to come 
closer to an optimal design of the plant. Considering all aspects and the time constraints, it 
was decided to establish the entire plant with storage for the final demand and thus install 
ground source cooling capacity in stage two, as this requires some critical decision-making 
with regards to 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 most cost-effective system, which can be 
implemented and be cost effective as a standalone project, but at the same time be prepared 
being the most cost-effective solution in the long-term considering the potential. Moreover, 
accepting that the three first consumers 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: 

¶ A realistic simultaneity factor of e.g., 0.9 

¶ The capacity value of the storage tank 

¶ The option of connecting a mobile peak load chiller, just in case. 

However, as the heat pump capacity matched with the maximal capacity from the wastewater, 
it made good business to establish the total heat pump capacity from the first year. 

Regarding the pipe technology, the district heating pipe technology with preinsulated steel 
pipes and good water quality without oxygen was preferred as alternative to Polyethylene 
High Density (PEH) pipes. 

An important target 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 due time and then 
install a small temporary mobile 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 was discussed with the consumers if it were necessary to establish emergency power 
generation at the chiller plant to be able to supply cooling in case of blackout, but it was not 
necessarily due 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, practical experiences 

during application, cost/price (if commercial tool) 

The hydraulic analysis of the district heating system has been executed by the hydraulic 
system SYSTEMRORNET and the existing model for simulating the district heating system to 
show that the heat can be fed into the system. 

The hydraulic analysis of the district cooling system has been executed by 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 plan the route and connections to buildings. 

ENERGYPro has been used to simulate the optimal operation considering the load 
fluctuations, the electricity price and the heat prices. 

The data for flow and temperatures of the treated wastewater during a year has been based 
on the existing monitoring system of Taarnby Forsyning. 

The business plan has been prepared by RambollΩs business plan model for district cooling 

What have been the main challenges in the design phase? 

It has been a challenge to streamline the temperature performance of the buildings, which 
should meet the standards of the building code, and to consider the design of the end-user 
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installations. In a campus, the campus owner would hardly invest in heat exchangers between 
the district cooling and the building installations, but in this case it seemed to be necessary 
due to institutional reasons rather than technical. 

What have been the most crucial interfaces? 

The most crucial interfaces have been: 

¶ The temperature levels to and from consumers and thus the whole system 

¶ The estimate of supply temperature demand for heat consumers, which will receive water 
from the heat pump at around 75 °C in winter 

¶ The actual costs in the future for the alternative cost of heat (close to zero part of the 
summer and larger price in winter) 

¶ The cost of electricity including taxes, as the Parliament had agreed on reducing the taxes 
on electricity for generation of heat 

¶ The electricity tariff, which depends on the grid connection level and which should be 
reduced, as electricity can be disrupted in max load hours due to the chilled-water 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 additional capacity. 

Also the impact on the district heating will have to be monitored to reduce the supply 
temperature whenever possible. 

6.7.4  Resilience  

The district cooling system with four heat pumps and a chilled-water storage tank can offer a 

more resilient supply than individual chiller plants. Moreover, the district cooling system can 

more conveniently be prepared for connecting a mobile chiller in case of breakdown. 

The system will be monitored and controlled by a SCADA system operated by Taarnby Public 

Utility. 

The pipes to the consumers are significantly 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 that it can 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 pipes In this trench are close to the surface, which makes if possible to get access to pipes 

with short notice. 

6.7.5  Lessons Learned  

So far, the project has been a success: however 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 and pass 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 projects to the whole sector. 

The project has also demonstrated that a municipal-owned utility operating vital 

infrastructure in the municipality can identify 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 campus. Therefore, the case is a 

good story for campus owners. 

In November 2020 the heat pump installation has been awarded by the European Heat 

Pump Association in in the DECARBINDUSTRY category of the #HPCY2020.*  

6.8  District Energy in Greater Copenhagen , Denmark  

Case 

No.  Country  Location  Specific Type  Ph oto  

Special 

points of 

attention  

8 Denmark 
Greater 

Kopenhagen 

Energy Supply 

System 

 

District heat in a 

large city including 

20 communities and 

many campuses 

 

 

district 
heating 

Country: Denmark 

Name of city/municipality/public community: Greater Copenhagen Metropol 

Title of case study:  District Energy in Greater Copenhagen 

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-heating-and-cooling-markets-eu-case-studies-analysis-replicable-key-
success 

6.8.1  Background and Framework  

In 1973, Denmark was totally dependent on imported oil, and the supply of oil to Denmark 

was restricted for political reasons. Therefore, the oil crisis of 1973 initiated a strong national 

 

* See: 

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhpcy.ehpa.org%2F&data=04%7C01%7CAD%4

0ramboll.com%7C26e2a12c77c9470580ba08d884c0ad48%7Cc8823c91be814f89b0246c3dd789c106%7C0%7C

0%7C637405311400464078%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1h

aWwiLCJXVCI6Mn0%3D%7C1000&sdata=vJajkgVtLLu%2Bakh6Ph0cbmIaRO2js3zDs7iDqGPSixE%3D&reserved=0  

mailto:ad@ramboll.com
https://ec.europa.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-replicable-key-success
https://ec.europa.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-replicable-key-success
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhpcy.ehpa.org%2F&data=04%7C01%7CAD%40ramboll.com%7C26e2a12c77c9470580ba08d884c0ad48%7Cc8823c91be814f89b0246c3dd789c106%7C0%7C0%7C637405311400464078%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=vJajkgVtLLu%2Bakh6Ph0cbmIaRO2js3zDs7iDqGPSixE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhpcy.ehpa.org%2F&data=04%7C01%7CAD%40ramboll.com%7C26e2a12c77c9470580ba08d884c0ad48%7Cc8823c91be814f89b0246c3dd789c106%7C0%7C0%7C637405311400464078%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=vJajkgVtLLu%2Bakh6Ph0cbmIaRO2js3zDs7iDqGPSixE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhpcy.ehpa.org%2F&data=04%7C01%7CAD%40ramboll.com%7C26e2a12c77c9470580ba08d884c0ad48%7Cc8823c91be814f89b0246c3dd789c106%7C0%7C0%7C637405311400464078%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=vJajkgVtLLu%2Bakh6Ph0cbmIaRO2js3zDs7iDqGPSixE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhpcy.ehpa.org%2F&data=04%7C01%7CAD%40ramboll.com%7C26e2a12c77c9470580ba08d884c0ad48%7Cc8823c91be814f89b0246c3dd789c106%7C0%7C0%7C637405311400464078%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=vJajkgVtLLu%2Bakh6Ph0cbmIaRO2js3zDs7iDqGPSixE%3D&reserved=0
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energy policy with the aim to reduce dependency on oil based on several sources. Since the 

first national energy strategy in 1976, the Parliament has formed a stable national energy 

policy with the aim to develop a low carbon resilient energy in a cost-effective way for the 

society. The Electricity Act from 1976 and the Heat Supply and Gas Supply Acts from 1979 

formed the basis in this transition. In the heating sector, the legal framework regulated the 

most cost-effective investments combining a new natural gas infrastructure 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 gas and district heating took place in 

Greater Copenhagen (Figure 44). The system was in operation in 1990 and has been 

extended to replace gas boilers and shift from steam to hot water in the city center. In 2019 

district cooling has gained a minor market share in symbiosis with district heating, and the 

system is almost independent of fossil fuels. 

 

Figure 44.  The Greater Copenhagen District Heating System (Source: Ramboll). 

6.8.2  Energy Objectives  

The objective of the Heat Supply Act from 1979 was to replace oil in a cost-effective 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 plants and waste incinerators and introducing 

natural gas for heating from a new national natural gas infrastructure. 

Along with this national objective, the aim of the municipal and consumer-owned district 

heating companies was to ensure reliable heat at the lowest cost for the consumers. 

The municipalities had the obligation to plan for the most cost-effective 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. The Heat Supply Act (1979) gave the local governments the power and obligation to 

plan for heating in cooperation with the energy utilities, and initiated business plans and 

urban plans for cost-effective low carbon heating, including 20 municipalities in Greater 

Copenhagen. 

Moreover, the municipalities established new municipal-owned district heating utilities to 

supplement the existing municipal and the consumer-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 Greater Copenhagen with 

heat and electricity, including a new power plant (Avedøre) at a new site close to the heat 

market. 

Parallel to this, the municipalities formed a municipal-owned company to distribute natural 

gas in the municipalities from a new natural gas infrastructure based on Danish natural gas. 

The heat supply planning, which divided the urban areas into 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 Minister, and the municipalities approved project proposals from 

the district heating utilities and the gas utilities. 

Since 1990, the municipalities have been fully responsible for an ongoing heat supply plan to 

improve the heat supply whenever possible, according to their role as producer in the legal 

framework: 

¶ The municipality is responsible for the heat planning and can recommend utilities to 
prepare project proposals in accordance with the Heat Supply Act. 

¶ The municipality may elaborate a heat plan strategy or a strategic energy plan in case it is 
necessary to identify new project ideas and approve project proposals. 

¶ The utilities elaborate business plans and identify project ideas, which can reduce the 
costs for the companies (which is to the benefit of the consumers), and which is cost 
effective for the society. 

¶ The utilities elaborate project proposals (e.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 with their 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. 

¶ All large heat consumers, e.g., large buildings and campuses, which have a total installed 
heat capacity larger than 250 kW, are considered as public utilities and must prepare a 
project proposal for approval in case the entity wants to establish a heat production that 
is not in accordance with the approved heat supply to the entity. 

¶ The municipality sent the proposal for a public heating and direct heating to other 
utilities, e.g., the gas company. 

¶ Stakeholders may complain. 

¶ The municipality accesses the project proposal and considers any complains. 

¶ The municipality approves/rejects the proposal, which can be appealed to the Appeal Board. 

¶ The Appeal Board confirms or rejects the decision taken by the municipality. 
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6.8.3.1  The Institutional Set -up of the District H eating  

The district heating system has been organized, based on Figure 44, as follows: 

¶ The five municipalities in the central Greater Copenhagen formed the heat transmission 
company CTR (white color). 

¶ The 12 municipalities in the western suburbs formed the heat transmission company 
VEKS (dark grey color). 

¶ The waste management company Vestforbrænding, which was owned by 19 
municipalities established its own heat transmission system and distribution systems to 
supply four more municipalities in the northern part of Greater Copenhagen (dark blue). 

¶ Five of the municipalities who had a large potential for replacing oil boilers but no district 
heating established new municipal-owned distribution companies, including Taarnby 
Municipality in the central Copenhagen (see case on Taarnby). 

¶ The power companies established two new coal-fueled CHP plants, approved by the 
Minister in Accordance with the Electricity Supply Act: an extension of Amagerværket 
AMV3 and a new power plant Avedøreværket at a new site close to the heat market in 
the western suburbs. 

¶ CTR and VEKS established an integrated hot water heat transmission system (max 110 °C, 
160 km, 25 Bar), to transmit all heat from existing and new power plants, waste 
incinerators, including the Vestforbrænding and any other competitive heat source to all 
distribution networks in the most cost-effective way. Moreover, CTR and VEKS took care 
of providing all distribution systems with resilient heat production capacity from all 
existing and new competitive plants. 

¶ The distribution company HOFOR, owned by Copenhagen Municipality, 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. 

¶ CTR, VEKS, and HOFOR established a heat market unit being responsible for the optimal 
planning and operation of the system in cooperation with the power utilities. 

¶ The almost 20 municipal- and consumer-owned distribution companies took care of the 
most cost-effective distribution to end-users and for operating existing peak boiler 
capacity, which was rented to the heat transmission companies. 

¶ 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 framework and the institutional set-up is that the Greater Copenhagen 

District heating is planned, implemented, and operated as if it were one big campus. 

6.8.3.2  The Planning Methodology for District H eating  

An outcome of the legal and institutional framework is that there is no single planning entity in 

the system. There are more than 20 district heating companies, who plan investments that can 

improve their heat supply, e.g., extending the network to replace gas boilers, new transmission 

lines or new production capacity. The two criteria for each investment project are: 

¶ 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. 

¶ 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 implemented when both criteria are fulfilled. Accordingly, 

if the utility accepts a solution that represents its own best interest, but the solution cannot 

be approved, then they must accept the next best solution that benefits both parties, i.e., to 

not sub-optimize at the level of the energy business of Denmark. 
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The typical methodology for supply of district heat to new districts used by the utilities and 

their consultants, who are specialized in the planning is the following: 

¶ Mapping of geographical data and demand: 
o All relevant geographical information about the urban areas, landownersΩ registry, 

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. 

o All relevant information from the building register, including floor area, building 
category and age is available. 

o The annual heat demand can be estimated based on key figures. 
o The annual sale of gas or oil to clusters of buildings, e.g., for each road can also be 

made available from the building register, as all suppliers must report sale of energy 
to a national energy database. 

¶ Network design: 
o A realistic trench for the service pipes is estimated. 
o Realistic supply temperature and return temperatures are defined based on the 

long-term production and the energy performance of the buildings. 
o The available existing and new production capacities are identified. 
o A hydraulic model is used to design the network considering the available pressure, 

demand and temperatures. 

¶ Production of heat to new districts: 
o The annual heat losses of the network are estimated based on verified key figures to 

estimate the total production demand. 
o The maximal capacity demand is estimated based on experience from similar groups 

of consumers considering simultaneity. 
o The load dispatch is estimated considering the annual load fluctuations, the available 

production capacity, heat storage capacity and capacity constrains in the network (if 
any). 

¶ A cost-benefit analysis (CBA) model includes the following data, analysis, and results: 
o Heat demand, cost of heat substation and cost of baseline supply for each consumer 

(building or campus) 
o Heat losses of networks 
o A forecast for development of the network and for connection of consumers to the 

network 
o Investment of all new networks and branch lines 
o Investment in all new production facilities 
o Cost of operations and maintenance (O&M) 
o 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 Energy Agency including environmental cost of emissions, cost of 
CO2 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 including all stakeholders in the local 
community but based on actual commercial energy prices including taxes on 
energy and based on a realistic discount rate, e.g., real interest rate on loans plus 
1-2% for financial security (for the local community, e.g., the city council). 

*  Division of the total benefit for the local community on all major stakeholders 
based on a realistic competitive set of internal prices, e.g., sale of heat from 
distribution company to consumers (for the assessment by the management of 
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the company and for negotiation with other stakeholders on internal prices, in 
particular between district heating company and large consumers, e.g., campus 
owners, who may have local backup capacity or surplus heat sources available). 

*  A financial projection in prices of 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 growing in Denmark (and 

internationally). District cooling is a rather new business opportunity for the district heating 

companies in the region. District cooling has been implemented on a small scale compared to 

the district heating, but the market is growing due to the benefits of combining heating and 

cooling, and due to the fact that large 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 consumers on commercial conditions. This 

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 heating, except that the dialog between district heating company and 

the large consumers, e.g., campuses, is 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 time and space. 

Recently, the system been interconnected with two heat transmission systems north of the 

main area (Figure 44) via the transmission system of Vestforbrænding. Thereby surplus heat 

capacity from the waste incinerators can be transmitted long distance to cover the base load. 

The data listed below is derived from an estimate for the system, which includes the 

conversion of the steam system to hot water supply in 2022, including all heat supply from 

CTR, VEKS, HOFOR, and Vestforbrænding. 

The total population that is supplied by the interconnected system is roughly 1 million 

people; the total heated supply area of all connected buildings is around 70 million m2, 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 GWh/a, and the total production of heat is 11,000 GWh. 

Thus, the total network losses are around 15%, of which 1% is in the transmission system. 

The total production is divided into the following main sources: 

¶ Waste incineration, mainly in CHP mode 30% 

¶ Biomass CHP, partly with flue gas condensation 65% 

¶ Peak and spare capacity from boilers 5% 

¶ Heat pumps, mainly in combination with cooling <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 fuel resources for generating the heat, as it depends on the 

baseline. 

¶ For an overall heat and power sector, we notice that heat and electricity are generated 
using waste and biomass as an alternative to gas boilers and coal-fueled condensing 
plants; this waste and biomass otherwise be landfilled or would degrade to CO2 with 
huge thermal losses, which would negatively impact the climate. 

¶ For the heat sector alone, compared with biomass power-only 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 time using 7,000 GWh wasted energy, which would 
otherwise be lost in cooling towers or landfills. That would correspond to a total system 
efficiency of 9,500/4,000 = 240% (CO2 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 2030, the oldest of the biomass CHP units will have worn 

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 capacity will have been installed as an alternative to 

reinvestment in the CHP plant. Moreover, the assets of the CHP plant could also be 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 of the trenches in the city center are constructed with insulated steel pipes 

in concrete ducts and steel-in-steel (Figures 45 and 46). All pipes are located underground, 

except for a few meters where the trench must cross highways, railroads, or heavily 

trafficked roads. 

Most heat exchanger stations and booster pump stations in the city are located 

underground. 

  

Figure 45.  District heating pipe construction, with curved pipes(left) and straight pipes 
(right) (Source: Ramboll). 
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Figure 46.  Installation of preinsulated twin pipes of supply of small buildings (Source: 
Ramboll). 

Waste incinerators form a priority base load for heating (Figure 47). There are three waste 

incinerator plants, Vestforbrænding, ARC and ARGO (KARA/NOVEREN). The total capacity of 

the three waste incinerator CHP plants is roughly: 

¶ 160 ton/hour for treatment of municipal and industrial waste 

¶ 1.3 million ton/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. 

The waste is collected from most of the region and only roughly two-thirds of the waste is 

from the municipalities that are supplied with the heat from the plants. 

 

Figure 47.  The newest waste incinerator ARC (Source: Ramboll). 

Figure 48 shows the performance and flexibility of ARC responding on high and low power 

prices. 
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Figure 48.  The operation flexibility and efficiency of ARC (Source: Ramboll). 

6.8.4.3  CHP Plants as Base Load for H eating  

Besides the waste-fueled CHP plants, which have priority, there are three base load CHP 

plants: Amagerværket, Avedørevæket and Køge CHPs, which are fueled with a combination 

of wood chips, straw, industrial waste wood, and wood pellets (Figure 49). Total installed 

capacity is: 

¶ 770 MWe in back-pressure mode, some of the units can operate with turbine bypass 

¶ 1600 MWth in back-pressure mode. 

Moreover, there are installed gas-fueled power peak capacity, a 30 MWe gas-fueled CC plant 

at the Technical University Campus and 140 MW gas turbine as part of Avedøre Power plant. 

Total installed capacity is: 

¶ 168 MWe in back-pressure and condensing mode 

¶ 100 MWth in back-pressure mode. 
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Figure 49.  The Avedøre multi-fuel CHP plant with heat storage tanks (Source: Ramboll). 

Once the last coal-fueled CHP plant unit has been converted to wood pellets, all the base 

load production will be based on renewable fuels, except for the gas-fueled power peak 

capacity. 

In the first stage of conversion from coal to biomass, wood pellets are most competitive 

because much of the installations can be reused, and because wood pellets can be handled 

like coal and fed into the boiler as dust. 

The last new biomass-fueled CHP plant implemented a fluidized bed technology that allowed 

use of wet wood chips from the forest industry combined with flue gas condensation, which 

together increased the total efficiency of the CHP plant to around 110% based on the lower 

calorific value. The plant is designed with a steam turbine bypass, which allows the plant to 

operate heat only in case of surplus of cheap electricity. 

6.8.4.4  Hydraulic Design and Operation of the Transmission Netw ork  

This transmission system (Figure 50) is owned and operated by CTR and VEKS. It includes 

more than 50 heat exchanger stations to distribution networks, and heat exchanger 

connections to Vestforbrænding (dark blue on the map above). The network diagram from 

the hydraulic model System Rornet includes a (planned but not yet approved) extension to 

some minor urban areas. 
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Figure 50.  District heating 25 bar transmission network from hydraulic analysis in all 
distribution systems (Source: Ramboll. Created with System Rornet). 

Figure 51 shows the pressure for critical lines, which illustrates how production and booster 

pumps are almost fully used and how the pressure is symmetric. The hydraulic pressure is in 

the hydraulic model restricted by a maximal supply pressure of 25 bar and a minimum of 

2 bar. Besides, the maximal velocity in the large pipes is restricted to 3.5 m/s to reduce the 

risk of water hammering and corrosion. 

 

Figure 51.  Hydraulic pressure diagram for a typical critical load case for maximal 
transmission of all base load (Source: Ramboll, created with System Rornet). 

6.8.4.5  Heat Storage T anks  

The technical data for the heat storage tanks is the following: 

¶ Three x 24,000 m3, two at Avedøre CHP plant (Figure 52), and one at Amager CHP plant 

¶ 120 °C Maximal design temperature (due to previous larger temperature demand) 
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¶ 110 °C Maximal operation due to hot water (low-cost) classification 

¶ 10 Bar pressure section between tank and network 

¶ 2 x 330 MW load and unload capacity, equal capacity at the two storages 

¶ 3 x 1,300 MWh storage volume return temperature of 55 °C and 90% eff. Volume. 

 

Figure 52.  Heat storage tanks at Avedøre CHP plant (Source: Ramboll). 

There is only one tank at Amager CHP plant, but the option exists to install one more to 

increase the maximal load/unload capacity of 330 MW from 4 to 8 hours like the storage 

tanks at Avedøre. 

Figure 53 shows how the tank is separated from the pressure in the network by pressure 

reduction and pumps. This connection eliminated the temperature drop and reduces costs 

and it allows the storage plant to operate independently of the pressure head from the 

pump at the production plant. 

 

Figure 53.  Principle of operation of the heat storages tanks (Source: Ramboll). 

The network pumps control the differential pressure in the network and the pumps and 

valves at the plant controls the load/unload capacity. Note that Figure 53 does not show the 

pumps that control the flow and supply temperature from the CHP plant to the storage. 

6.8.5  Technical Highlights  

Several technical highlights of the project that are recognized by visitors are: 

¶ The tunnel under the harbor 30 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 transmission system with practically no water losses and heat losses 
in pct. of transmission and with an unknown lifetime probably around 100 years for the 
main system, whereas the SCADA system, heat exchangers and pumps and main valves 
have been replaced within the first 30 years of lifetime. 

¶ The distribution system has a long lifetime and low water and heat losses, typically from 
5% to 15%, except for one single-family buildings that recorded losses of ~25%.. 

¶ The conversion from steam to hot water district heating in the city center. 

¶ The ongoing transition towards lower temperatures in building heating installations and 
in the district heating, including transformation from super-heated water to hot water 
below 110 °C. 

¶ The supply of district heating directly to buildings 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 pressure sectioning. 

¶ The flue gas condensation, which 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 mainly two industrial sites. 

¶ The way the newest waste incinerator, which set new energy and environmental 
standards, has become a part of the city; it includes a skiing slope on the roof, which has 
been instrumental in promoting the acceptance of several new apartment buildings to be 
built close to the incinerator. 

¶ The integration of district heating and cooling. 

6.8.6  Decision and design process  

6.8.6.1  General/ Organizational I ssues  

The project was initiated for several reasons, i.e., to implement the national energy policy 

objectives, in particular, to replace oil for heating with a combination of surplus heat from 

CHP and waste and natural gas in a cost-effective way for the society. 

Who were the major stakeholders in the whole planning process? 

¶ The Ministry 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 heating and 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 new district heating 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 waste-to-energy CHP plants 

¶ The building and campus owners to invest in consumer installations for district heating. 
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Which stakeholders were involved in the project? 

To implement the district heating project including heat transmission and distribution 
networks, the following stakeholders were actively involved: 

¶ 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 heat plans, 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 of the investments 

¶ Auditors to audit the financial accounting of the companies. 

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

¶ There was surplus heat capacity from existing CHP plants that could be used in an 
efficient way corresponding to an efficiency of 200-300%. 

¶ There was surplus heat in the summer period from waste incinerators, which could be 
used, and new waste incineration capacity that could be fully used and thereby avoid 
landfilling and cooling of surplus heat. 

¶ New power capacity had to be established in Eastern Denmark; this represented an 
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 way for combined heat and power and 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 the thermal 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 generation. 

¶ There is no deposit of waste that could be used for recycling energy. 

Who (what) were drivers and who (what) were opponents (barriers) ς and why? 

¶ The Energy Agency could see this solution as a major step towards meeting the energy 
policy objectives. 

¶ 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 beginning, there was a conflict between the municipalities about access to the 
cheap heat capacity from the CHP plants and sharing investments in the heat 
transmission system; however, this was resolved by an agreement that divided the 
municipalities into two groups, one for the central densely area 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 zoning between gas 
and district heating was a political issue. Copenhagen municipality wanted, for example, 
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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¶ Based on long experience, the consumers and the municipalities have found it most 
profitable for the local community, campuses, and consumers to be project owners and 
thereby to benefit from the market forces by outsourcing services to commercial 
companies such as consultants for planning and design, suppliers to deliver equipment, 
contractors to install, service companies to maintain special components, and (not least 
of all) banks to compete to offer the lowest interest rate for loans financing 100% of the 
investment. 

¶ Recently the financial sector and some private entities have shown an interest in being 
owner of this natural monopoly infrastructure. Although this is prevented by the present 
Heat Supply Act, a new regulatory system of maximal prices has been introduced to help 
the regulator to regulate in case of private ownership. 

What have been the main challenges regarding decision finding? 

¶ The first challenge was to agree on where to establish the new hot water CHP capacity. 

¶ The second was to agree on the zoning of the transmission system. Some municipalities in 
the northern part and southern part were, for example, not included in the first stage in 
1985 but included 25 years later. 

¶ The third challenge was to agree on the detailed zoning between the district heating and 
gas in all the municipalities. Many industrial areas were, for example, planned for natural 
gas in 1985, but 20-30 years later, converted to district heating. 

¶ The rather large steam system in the central part of Copenhagen and Frederiksberg were 
not included in the planning because they were already supplied from CHP plants based 
on coal and gas; however the conversion to hot water district heating has been ongoing 
since year 2000 and will be completed in 2022. 

¶ 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 opportunity 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 within 1 year. The Price 
Commission also decided that the cost of district heating and gas in that case should not 
exceed the cost of oil. 

¶ 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 crucial parameter for go /no-go 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 existing and new capacities. 

6.8.6.2  Financing Issues  

The Ministries being responsible for the financing and for the local governments ensured 

that all the municipal-owned companies for gas, heat transmission, and heat distribution 

could be established by the municipal-owned companies operating completely 

independently of the municipal budgets, because the consumers had to pay for all costs via 

tariffs. The Heat Supply Act specified that the heat price can include all necessary costs (and 

not profit for investors or municipal budgets). Therefore, the municipalities in fact own and 

operate the energy infrastructure for district heating on behalf of the consumers, with the 

aim of reducing costs to the consumers. 
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Moreover, the legislation allows the municipality to guarantee for loans obtained by both 

their own companies and by consumer-owned companies. Thus, all investments are financed 

100% and the financial institutes and banks compete to offer the lowest interest rate on 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 
sufficient quality of heat at the lowest cost. This improves cooperation and exchange of 
information, as if it were one campus owner. However the basis business model is not as 
efficient as other models since it does not prevent building owners from suboptimizing. 

6.8.6.3  Technical Issues  

What have been major technical challenges/constraints regarding system design? 

The major stakeholders established a technical committee that assumed responsibility for the 
overall design and for defining the design criteria. It was agreed that the new district heating 
system should be very reliable and resilient and designed for a long lifetime (40 years or 
more) for the main components. 

There were several technical challenges for the design of the heat transmission system 
meeting these criteria: 

¶ The integrated system should be operated by two new heat transmission companies in 
cooperation with large producers 

¶ Several large capacities at various locations should be able operate on/off feeding large 
capacities into the grid 

¶ 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 

¶ Many buildings had internal heating systems designed for 90 °C supply on the coldest 
day. 

The solution was to establish a 25 Bar transmission system separated from the distribution 
grids with heat exchanger substations and designed as a hot water system (today maximal 
supply temperature 110 °C) and operated with symmetric supply and return pressure. Thus, in 
case of pump failure, the pressure would stabilize at the average pressure of 13 Bar. 

Several other steps were taken to prevent water hammering, e.g., a small bypass on all stop 
valves and automatic regulation of the variable-speed-drive pumps. 

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

The overall solution has been to create this integrated system that will allow the companies 
to operate it hour by hour to use all available cheap and efficient heat generation in an 
optimal way. No boiler will, for example, be started before all the cheaper capacity is used. 

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 in a transition 
towards more low carbon, resilient and flexible energy supply: 

¶ Step1: Urgent use of existing surplus capacity from CHP and waste incineration, e.g., by 
construction of a tunnel under the harbor. 
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¶ Step 2: New CHP plants based on coal, gas, and straw replacing coal fueled power only 
capacity. 

¶ Step 3: New CHP units based on waste replacing old units and meeting the demand for 
waste treatment and with steam turbine bypass. 

¶ Step 4: Conversion from coal to wood pellets operating as extraction plants. 

¶ Step 5: New CHP plant based on wood chip with turbine bypass. 

¶ Step 6: Existing oil and gas-fueled boiler plants, which can offer 100% local backup are 
used as much as possible to save investments, and new peak capacity is established in a 
way to improve the resilience and integrate more fluctuating wind, e.g., 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 boilers are being installed 
step by step once there is an opportunity, and the total capacity of heat pumps will in 
time replace re- investments in wood pellet CHP capacity. 

Several benefits of establishing heat storage are, for example 

¶ Established at the large CHP extraction plants, heat storage increases the flexibility of the 
plants unbundling heat and electricity, e.g., allowing the plant to stop heat generation in 
power peak hours and to gain maximal power capacity, and increasing the production in 
low load hours. 

¶ Establishes at the CHP back-pressure plants, heat storage allows the plant to maximize 
the revenues generating more electricity at high prices. 

¶ Heat storage levels the daily and weekly minor fluctuations of the heat supply, 
compensation for the fact that some consumers use night set-back. 

¶ Heat storage levels the daily production on the coldest day and thereby offers heat peak 
capacity. 

¶ Heat storage increases the production from the cheapest heat sources. 

The following heat storage concepts have been installed or are in the pipeline: 

¶ Large heat storage tanks 3 x 24,000 m3 for 120 °C separated from the transmission grid 
with pressure section 

¶ Large pressure-less heat storage tanks for 95 °C at the distribution grids 

¶ Large underground heat storage pit for 85 °C at the distribution grids separated by heat 
exchanger. 

The following load management has been implemented: 

¶ The distribution systems operate with variable-speed-drive pumps to meet the demand of 
all consumers by controlling the differential pressure, and the consumers are in general 
encouraged to reduce their set-points for supply temperature and use their heating 
systems efficient by reducing the return temperature and avoiding unnecessary on/off 
regulation, e.g., night set-back. Most utilities encourage the reduction in the return 
temperature by, for example, introducing 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 production costs or it can 
be at a larger level to use 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 weekly and daily 
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 mainly, e.g., 

allowing installation of the modern district heating preinsulated pipe technology including: 

¶ welded muffs 

¶ surveillance system 

¶ fixed system without expansion loops and compensators 

¶ curved pipes and twin pipes. 

Which design targets have been set and why? 

The overall criteria have been to identify the most cost-effective solution, which at the same 
time meets the criteria of security of supply. 

The criteria for maximal capacity demand for heating is in principle -12 °C and 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 load hour value to 
characterize the total demand for all. 

6.8.7  Resilience  

The system design with local backup plants and interconnection has established a very 

resilient system, which has proven to be very resilient with very few interruptions in the 

more than 30 year of operation. 

One hospital has, for example, a large boiler plant 4 times larger than their own demand and 

the surplus capacity is sold to the district heating company. 

Another hospital has no boiler backup, but has related to two branch lines, which can be 

supplied from each end of the network. 

In case a pipe cannot be repaired within 24-hours, e.g., in case it is deep under a railroad, 

there is a backup boiler in the district, which can be interrupted or there is an installation for 

a mobile boiler. 

Total installed peak capacity involves a typical resilience issue that is more political than 

technical: 

¶ The overall criterion is that 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. 

¶ A second criterion that has been considered is that the installed capacity must be 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 interacting in a cost-effective way: 

¶ 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 
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¶ with the waste sector for using heat from all waste in the region 

¶ with the wastewater sector using heat from sludge incineration 

¶ with wastewater for 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 cost-effective low carbon 
resilient. 

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 stakeholders and benefit from the market 

forces for all activities for which there is a market, e.g., fuels, electricity market, consultants, 

equipment, contractors, service companies and financing institutions 

6.9  District Energy from Waste for Vestforbrænding , Denmark  

Ca se 

No.  Country  Location  Specific Type  Photo  

Special points 

of attention  

9 Denmark 
Vestfor-

brænding 

Energy Supply 

System 

District heating in 

five suburbs 

 

  

district heating, 
waste-fueled 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.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-replicable-
key-success 

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. Municipalities in the northern suburbs of Copenhagen joined forces and 

founded the waste management company Vestforbrænding. The company established two 

waste-fueled boilers for super-heated water and a district heating system to heat a new 

hospital and large apartment buildings. 

From 1980, Vestforbrænding took part in the heat supply planning and further developed the 

system to supply around 300 GWh to its own consumers; it was also connected to the 

Greater Copenhagen District heating system to ensure that all heat could be used. Around 

year 2000, two new waste-fueled CHP unites were established and Vestforbrænding started 

to develop the district heating system to supply up to 900 GWh to own consumers and 

supply 300 GWh to Greater Copenhagen system. Moreover, heat is transmitted to local 

district heating companies (Figure 54).  

mailto:ad@ramboll.com
https://ec.europa.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-replicable-key-success
https://ec.europa.eu/jrc/en/publication/efficient-district-heating-and-cooling-markets-eu-case-studies-analysis-replicable-key-success
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Figure 54.  The Greater Copenhagen District heating system. 

Vestforbrænding, which is part of Greater Copenhagen District heating, owns and operates 

its own district heating system, which is supplied from two waste-fueled CHP units with flue 

gas condensation, 180 MW heat and 40 MW electricity in CHP mode and 220 MW heat in 

bypass mode. Vestforbrænding also owns a gas combined CHP plant 33 MW elec./30 MW 

heat and a 40 MW electric boiler at the Technical University of Denmark. Vestforbrænding 

generates in total around 1200 GWh heat from 500.000 tonnes of waste per year and 300 

GWh of electricity. Two 5 MW heat pumps are in the pipeline, one for combined heating and 

cooling and one from wastewater and a minor combination with cooling. A first priority is to 

supply around 900 GWh to consumers in own network; the remaining 300 GWh is delivered 

to the two heat transmission companies CTR and VEKS. Gas-fueled peak boilers deliver the 

remaining capacity. 

6.9.2  Highligt: Heat Supply Plannin g 

From 1973 to 1980, Vestforbrænding developed its own district heating system in 

cooperation with the municipalities to supply super-heated water to a new hospital and 

mainly new urban developments. The super-heated water (165 °C) supplied heat to an 

absorption chiller at the hospital; however 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 with super-heated water, which was delivered via heat exchangers to hot water 

district heating in districts, to ordinary hot water consumers. 

Beginning in 1980, Vestforbrænding joined the heat planning process in Greater 

Copenhagen. As a result, the first priority was to supply all surplus heat to VEKS to replace 

district heating oil boilers, whereas the districts north of Vestforbrænding 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 gas company. 

In 1990 the production of heat had increased, and one more connection to CTR was 

established. At the same time CTR and Vestforbrænding shared a new 30 MW gas-fueled 

peak boiler, to deliver peak capacity to the expanding market supplied by CTR and spare 

capacity to Vestforbrænding to give first priority to the hospital, in case of breakdown of the 

transmission line from Vestforbrænding to the hospital. 

Around the year 2000, the old waste-fueled boilers were replaced by two CHP units, and the 

hospital had replaced the absorption chiller with an electric chiller. Therefore, the supply 

temperature was reduced as much as possible 

After 2000, the energy policy changed and the aim was to cost-effectively reduce the 

dependency of fossil fuels. 

Even before this plan was implemented, Vestforbrænding launched a new business plan, 

άEnergy Plan 2015Σέ which identified a potential for increasing the market further from 600 

to 900 GWh, replacing 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 implemented. The business model for a very successful extension 

of the network and for connecting more than 90% of the potential consumers from the first 

year was: 

¶ To offer the district heating in districts with larger consumers for which district heating is 
competitive and has positive profitability for the society (a precondition for approval) 

¶ To offer the connection free of any connection fee and including the consumer 
substation. Thereby the direct payback time for all consumers was zero years. 

¶ Compensation to the gas company for lost contribution to the payback of network. 

The major extension takes place in the Municipality of Lyngby-Taarbæk 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 Technical University 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 system. The 

network map is shown on page 124 (see Figure 44). 

The main elements were: 

¶ Data from building register and gas company 

¶ Geographic information 

¶ Hydraulic analysis 

¶ EnergyPromoddelling of load dispatch 

¶ Economic CBA model. 

6.9.3  Objectives: Energy Plan 2035  

In 2020 Vestforbrænding submitted a new business plan for activities up to 2035 

demonstrating the role of Vestforbrænding for implementing the national energy policy 

objectives of 100% reduction of fossil fuels. 
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The main pillars in the energy plan are: 

¶ Continue efficiency measures for reducing costs in the long term 

¶ Time dependent tariff and motivation tariff for lower return temperature 

¶ Measures to reduce the return temperature at consumers, and to take 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 the network 

¶ A strategy for security of supply and resilience, as criteria for backup capacity, to: 
o Meet demand on the coldest day even in case of disruption of the largest production 

plant (one of the incinerators) 
o Provide local backup capacity to ensure not less than 24-hours disruption of heat 

supply to any consumer. 

¶ A strategy for extension of the network to supply remaining districts, mainly terrasse 
houses and single family houses 

¶ A strategy for supply of new low temperature buildings with 3-pipe connection etc. 

In the long run (2030τ2035): 

¶ Carbon capture and use CCU combined with use of around 40 MW surplus heat and 
benefiting from access to CO2 from waste continuously. 

¶ P2X combining H2 from electrolysis with CO2 to form Renewable gas to the gas grid and 
combined with se of around 100 MW surplus heat. 

6.9.4  Project Technical Information  

¶ District heating involves network construction (see Table 20). 

¶ The total heat loss in the network is 9% of heat supplied to own consumers. 

¶ The main DN500 transmission line from 1973 is insulated steel pipes in concrete duct and 
designed for 25 bar and up to 165 °C. It is still in good shape for a section that had to be 
moved due to construction of a new light rail. 

¶ All new pipes from 1980 are preinsulated with welded joints and surveillance system. 

¶ Heat was previously transferred to hot water (<110 °C) 10 or 16 bar via heat exchangers. 

¶ Recently Vestforbrænding use instead shunt pumps and pressure reduction stations to 
minimize use of heat exchangers 

¶ All end-user installations are however separated from the network with heat exchangers. 

¶ Vestforbrænding also use curved pipes (see picture Figure 45 on page 129) and twin 
pipes. 

Table 20.  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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Figures 55 and 56 show the supply areas and the potential for district cooling clusters. 

 

Figure 55.  Supply areas for district cooling clusters. 

 

Figure 56.  The potential for district cooling clusters. 

Figure 57 and 58 show the current district heating network and one of the hydraulic load 

case for long distance transmission of heat. 

The graph in Figure 58 shows that the capacity of the existing old network is increased 

significantly by introducing booster 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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Figure 57.  Current district heating network. 

 

Figure 58.  One of the hydraulic load case for long distance transmission of heat (Source: 
Ramboll, created with System RORNET). 



 

147  

Some of the technical highlights of the project that are recognized by visitors are: 

¶ Almost all waste is recycled; the first priority is to reuse materials and the second priority 
is to reuse heat. 

¶ Extension of the network to triple the use of low carbon heat from waste-fueled CHP 
plants to replace gas boilers. 

¶ Response on the electricity price as: 
o CHP turbines can be by-passed with 40 MW in case of low prices. 
o The gas-fueled CHP plant at DTU, which now is owned by Vestforbrænding, can shift 

from 33 MW production to 40 MW consumption and optimize with 8,000 m3 heat 
storage tank. 

¶ The planned 5 MW heat pump using heat from wastewater treatment plant is planned to 
be located in an industrial area with potential for district cooling and the wastewater will 
be supplied via a 1.3 km pipe (similar to Taarnby district cooling). 

¶ The new low temperature section of a 50 year old hospital with high return temperature 
will be connected with 3-pipe connection to reduce the return temperature form old 
high temperature system. 

¶ Pressure reduction and shunts instead of heat exchangers. 

6.9.5  Decision and Design P rocess  

6.9.5.1  General/organizational issues  

The project of waste heat recovery was initiated for several reasons, to: 

¶ Reduce use of landfills to almost zero 

¶ Recycle energy from waste 

¶ For environmental reasons 

¶ For lowering cost of processing waste 

¶ For lowering the heat prices. 

The project for extension from 300 to 900 GWh was undertaken to 

¶ Lower heat price to existing and new consumers in the owner municipalities 

¶ Meet the energy policy objectives of reducing dependency on fossil fuels. 

6.9.5.2  Major stakeholders  

Which stakeholders were involved in the whole planning process? 

¶ All the owner municipalities, who has appointed members to the board 

¶ The owner municipalities, which could be supplied with heat 

¶ Local district heating companies 

¶ Large consumers like the Technical University of Denmark (DTU, see case) 

¶ The gas company, in opposition 

¶ The wastewater treatment plant 

¶ The two other heat transmission companies VEKS and CTR. 

Which stakeholders were involved in the project? 

¶ Board of directors representing the owner municipalities 

¶ The management and staff of Vestforbrænding 

¶ 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 and production 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. 

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

¶ There was surplus heat from waste incinerators most of the year that was sold to CTR 
and VEKS at a low price to substitute cheap heat from the biomass CHP plants. 

¶ Capacity of the existing system could be increased by increasing velocity and reducing the 
return temperature from consumers 

Who (what) were drivers and who (what) were opponents (barriers) ς and 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 compensation covering lost fixed payment for infrastructure. 

What was finally the crucial parameter for go /no-go decision? 

¶ The crucial parameter was for all projects that Vestforbrænding could prove that each of 
the projects was profitable for the society. 

6.9.5.3  Financin g Issues  

¶ The business plan demonstrated that each of the projects were profitable and 
άbankable,έ that the heat consumers would connect 

¶ Records demonstrated that the heat consumers could pay all the bills. 

¶ The owner municipalities could guarantee for the loans. 

Which business model applies to the project? 

¶ The objective of the district heating business is to minimize the price for the consumers in 
the owner municipalities 

¶ The offer to the new consumers is adjusted to increase demand, which increases the 
positive response and thereby enhances the cost effectiveness of the projects. 

¶ Vestforbrænding has better option for obtaining loans than many consumers and invest 
in a long-term perspective of 30 -40 years, whereas many commercial consumers only 
plan 7 years ahead. 

6.9.5.4  Technical issues  

What have been major technical challenges/constraints regarding system design? 

¶ To consider if it were feasible to connect a high temperature consumer, which had 60 °C 
return temperature in a district in which there were capacity problems in the network 
(later the consumer found the fault and could reduce to less than 50) 

¶ To plan the construction work and coordinate with road authorities in a municipality that 
was not accustomed to district heating. 
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What solutions have been considered for generation, storage and load management? 

¶ The overall plan is to optimize considering load fluctuations of the waste heat and heat 
demand as well as electricity prices. 

¶ A small heat storage tank is in the pipeline for regulating the load dispatch. 

¶ A larger storage tank or pit storage is considered. 

¶ The 8000 m3 tank at DTU will be fully used for integrating heat from CHP only at large 
electricity prices and the electric boiler at low electricity prices. 

¶ in Energy Plan 2035 Vestforbrænding may have 11 district cooling clusters, most of them 
with chilled-water tanks and ATES and combined with surplus heat from wastewater, 
datacenters and industry. 

¶ By 2035, Vestforbrænding is considering the possibility of hosting a CCU and P2X. 

6.9.5.5  Design Approach App lied  

The design has been in accordance with the Danish and international standards mainly, e.g., 

allowing installation of the modern district heating preinsulated pipe technology including: 

¶ welded muffs 

¶ surveillance system 

¶ fixed system without expansion loops and compensators 

¶ curved pipes and twin pipes. 

Which design targets have been set and why? 

The overall criteria have been to identify the most cost-effective solution, which at the same 
time meets the criteria of security of supply. 

The criteria for maximal capacity demand for heating is in principle -12 °C and 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 load hour value to 
characterize the total demand for all. 

6.9.6  Resilience  

The system design with local backup plants and interconnection has established a very 

resilient system, which has proven to be very resilient with very few interruptions in the 

more than 30 year of operation. 

One of the largest consumers is a hospital that has no boiler backup boiler, but 

Vestforbrænding has connected the hospital with a branch that can be supplied from each end 

of the network, either the waste CHP or a peak boiler, which Vestforbrænding shares with 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 within 24-hours, e.g., in case it is deep under a railroad, there is 

a backup boiler in the district that 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 deep railroad crossing 

with a DN400. A few years later actually a drilling damaged one of the pipes, and the backup 

boiler had to operate for several weeks. 
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The main criteria is that there be enough capacity if the largest unit were to shut down. It 

was considered unlikely that both units would be out of operation at the same time. 

However, in one cold December, a fire in come cables to the control center took both units 

offline for several weeks. Vestforbrænding managed to keep all consumers warm, but it was 

close to a deficit. 

6.9.7  Lessons Learned  

The Vestforbrænding project demonstrates that district heating is a vital part of the urban 

energy infrastructure in a city like Greater Copenhagen that cost-effectively 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 using heat from all waste in the region 

¶ with wastewater for 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 cost-effective low carbon 
resilient. 

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 stakeholders and benefit from the market 

forces for all activities for which there is a market, e.g., fuels, electricity market, consultants, 

equipment, contractors, service companies and financing institutions 

6.10  University Campus of Technical University of Denmark ( DTU ), 

Denmark  
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151  

6.10.1  Background and Framework  

The Technical University of Denmark moved to a new campus site in the 60s (Figure 59) and 

established an infrastructure. All buildings were connected by walkable tunnels, which included 

vital parts of the infrastructure, including a heating network and a power grid owned by the 

university. 

In the first stage, the heat was generated by 3 x 10 MW heavy fuel oil boilers and all power 

was supplied from the grid. Around 1985, the power utility established a coal-dust-fueled 

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 gas fueled CC CHP plant with a heat storage tank, and 

there was established a heat transmission system (the DTU-HF transmission system) to 

supply DTU and Holte District heating north of DTU from the CHP plant. The heat demand 

connected to the DTU-HF heat transmission system is 60 GWh 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 maximal demand of DTU-HF on the coldest day. In 2000, 

DTU established a district cooling network in the tunnels to supply all cooling end-users from 

the three largest chiller plants. 



 

152  

 

Figure 59.  DTU Campus 2020 (Source: Strategic campus plan DTU Lyngby). 

6.10.2  Energy Objectives of the DTU Campus  

The objectives of the campus energy solutions are: 

¶ To deliver cost-effective, resilient, and environmentally friendly energy for power, 
heating and cooling to the campus buildings 

¶ To be prepared for the long-term development of the campus for more than doubling 
the building stork within the coming 30 years 

¶ To show the three university campuses owned by DTU and managed by the DTU Campus 
service as a world class demonstration. 
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6.10.3  The Campus Projects at DTU in Lyngby -Taarbæk Municipality  

In the period 2014 to 2019, several projects have been implemented and planned to upgrade 

the system and integrate it into the Greater Copenhagen District heating system (see case 1 

in link above), including large buildings around DTU Campus. Moreover, DTU has prepared a 

long-term vision for further development of the campus energy up to 2050. The following 

projects have been implemented or are going to be implemented from 2014 to 2020: 

¶ The DTU-HF heat transmission system has been connected to a heat transmission system 
north of the system (NORFORS), to transfer up to 12 MW efficient surplus heat from a 
waste-fueled CHP plant in the summer season and backup in case there is no breakdown 
in the NORFORS transmission system. The heat supplied from this system is primarily 
heat, which would otherwise be wasted or could be produced by feeding more waste 
into the incinerator 

¶ DTU established an economizer to extract heat from the flue gas by reducing the 
temperature of the flue gas from around 120 °C to 60 °C and thereby 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 load. To avoid corrosion in the stack, 
three stainless steel tubes were installed in the stack 

¶ The tariff for sale of electricity from the CHP plant to the public grid changed from a fixed 
three-part feed-in tariff to the Nordpool market price. Previously the CHP plant had 
suboptimized the production and generated a loss, which was 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 reduced from 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 

¶ Figure 60, derived from the project of Vestforbrænding 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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Figure 60.  Map of the district heating system around the DTU campus (Source: DTU and 
Ramboll). 

The connection to Vestforbrænding and thereby Greater Copenhagen District heating system 

is via a DN350 green pipe going south. The DTU-HF network is the blue DN250 pipe going 

north. 

¶ The boilers at DTU, which previously were only connected to the Campus grid, were now 
connected directly to the transmission grid of DTU-HF and could feed heat into the 
storage tank in parallel with the CHP plant. Thereby it was more efficient for the CHP 
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plant operator to optimize the production of heat from CHP and boilers considering the 
storage volume of the tank. To increase the resilience for DTU, the old connection to the 
boilers remain, enabling DTU to reconnect the boilers to supply DTU only, in case the 
DTU-HF heat transmission system breaks down. 

¶ The heat transmission system of Vestforbrænding, which is part of the Greater 
Copenhagen District system, had in the same period (from 2014) been extended to the 
municipality of Lyngby-Taarbæk and supplied densely populated area south of DTU. This 
network has now been connected to DTU-HF transmission network via a heat exchanger 
at the CHP plant. Interconnecting these two networks have the following benefits for 
DTU and the other stakeholders: 
o Vestforbrænding can supply efficient renewable heat from the Greater Copenhagen 

District heating system as a base load to DTU-HF. However, due to connection of 
many consumers and limited transmission capacity, this capacity is fully used in the 
coldest 5-6 months, and the gas boilers at DTU have to operate for peak generation. 

o The surplus capacity in DTU-HF, including part of the capacity of the boiler plants of 
DTU, can be transferred to Vestforbrænding, which can therefore supply the urban 
area south of DTU without investing in any new peak capacity. 

o The total operation and production of heat from the CHP plant at DTU, the heat from 
NORFORS and the heat from the Greater Copenhagen District heating system can be 
optimized. 

¶ A 40 MW electric boiler is in 2019 at the CHP plant using the available cable to the CHP 
plant, which normally is used to transfer power to the grid. 

¶ DTU can, in the operation of the district cooling system, analyze the most likely need for 
new cooling capacity and recognize that the maximal capacity demand is only around 
47% of the total installed capacity of around 80 cooling devices at DTU, which is mainly 
for process cooling (not for comfort cooling in the old buildings). However, due to 
increasing building stock and need for comfort cooling to all new buildings, DTU needs to 
install new cooling capacity. As an alternative to traditional chillers and to supplement 
the existing chillers, DTU plans to install a heat pump with a capacity of 2.4 MW cooling 
and 3.4 MW heat. As there is available space in the 6-year-old 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 DTU-HF and the boilers of DTU. The heat pump will be 
connected to the local network for normal operation, but also to the DTU-HF 
transmission network, to ensure that all the heat capacity can be used in the warmer 
periods in which the heat load in the campus network is lower than 3.4 MW. The heat 
pump will be able to generate around 5 GWh cold and 7.5 GWh heat annually in 
combined production with cooling, corresponding to 2.000 hours of max. load, thus only 
25% of its production capability is used. 

¶ 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 condensation unit. This 
condensation unit will be installed right after the economizer will be able to cool the flue 
gas further from 60 °C to 25 °C and thus achieve maximal condensation of the wet flue 
gas. It is expected that additional 3 MW can be extracted from the flue gas, and that the 
Coefficient of Performance (CoP) factor for this will be abound 5. Thus, the total 
efficiency of the gas boilers will be around 110% based on the lower calorific value 

¶ The generation of heat from the DTU heat pump at the campus will indirectly increase 
the performance of the heat supply to DTU-HF and Vestforbrænding in the district 
around the campus. Moreover, Vestforbrænding plans to install a similar heat pump to 
generate combined heating and cooling to new buildings outside the campus area and to 
use surplus heat from a sludge incinerator at a wastewater treatment plant north of the 
campus and also a heat pump to extract heat from the wastewater, 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 

¶ The production of the CHP plant, the boilers and the heat storage tank is already today 
optimized on a weekly, daily, and hourly basis by the operator using the optimization 
tool Mentor Planner, based on electricity price and weather forecast. In the future, this 
optimization tool will be even more important as it has to integrate the interaction with 
the electric boiler and the heat pumps as well as the price signals from the Greater 
Copenhagen District heating system 

¶ Both the CHP plant and the electric boiler exchange power with the regional power high 
voltage grid, and DTU has its own power distribution grid to the campus connected to 
the same grid. In principle, the CHP plant and the electric boiler and the micro grid of 
DTU could be disintegrated from the regional power grid and operate as an independent 
microgrid and even in island operation. That would however not be optimal from an 
overall perspective and could never be justified with reference to resiliency, as the 
regional power grid is very reliable and as the CHP plant serve as backup for both the 
regional grid and DTUΩs own grid. Nevertheless, as DTU owns its own distribution grid, 
DTU is able to operate heat pumps in an optimal way considering that the heat pumps 
can interrupt heat generation in case of capacity problems in the grid 

¶ Figure 61 shows the tunnel system, with old heating pipes at the upper right and new 
cooling pipes at the lower right part of the picture. 

 

Figure 61.  Heating and cooling in the tunnel system (Source: Ramboll). 

Figure 62 shows a map of DTU today with tunnel and DC installations marked. 
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Figure 62.  DTU in 2019 with tunnel and DC installations (Source: DTU). 

Figure 63 shows a diagram of the energy infrastructure in the tunnel system in the long-term 

solution in the Campus Strategy Plan, including the heat pumps for combined heating 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 chilled-water tank. Table 21 lists additional 

Information on DTU case. 
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Figure 63.  Long-term development including new buildings and infrastructure in the tunnel 
system. The infrastructure.  electricity (green), district heating (red), district cooling (blue) 
and water for fire protection (orange). (Source: Strategic campus plan DTU Lyngby.) 
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Table 21.  Additional Information on DTU case. 

 

 

Figure 64.  Profiles for outdoor temperature (green), heat load (red), cooling load (blue). 

6.10.4  Technical Highlight  

The 8,000 m3 pressure-less heat storage tank next to the CHP plant (Figure 65) and the old 

boiler plant (tall stack to the right) are important for the optimization of the heat and power 

generation. 

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 m3 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 Vestforbrænding 

¶ 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 
































































































































































































































































































































































































