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1. Purpose of the handbook  

This handbook draws on competencies built on Denmark’s experience with low carbon district energy (heating 

and cooling) projects and processes. Low carbon district energy (referred to district energy or in short DE) 

means hot water district heating with temperature equal to and below 194˚ F or 90˚C, and chilled water systems 

with temperature equal to or above approx. 35˚ F or 0˚C. This document will highlight the main advantages, 

challenges, and learnings to consider when developing or expanding a DE system. Please refer to the Glossary 

in reference to acronyms. 

 

 

 

 

 

 

 

 

 

 

 

For more information on Danish district energy systems and 

implementation in North America please contact the Danish District 

Energy Agency  

Jeppe Frendslund – Toronto, Canada  
Jepfre@um.dk  
 
Shirin Karoubi – Toronto, Canada 
Shikar@um.dk 
  
Niels Vilstrup – Washington, US  
Nivils@um.dk 
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2.1 What is District Energy?  

DE systems can provide heating, cooling and 

potentially power from a central plant or multiple 

sources to buildings through a network of 

underground pre-insulated pipes. DE systems are 

used to efficiently heat and cool buildings using less 

fuel than if the individual buildings were to each 

have their own boilers and chillers. 

A network of underground pipes distributes the 

thermal energy (heating or cooling as water or 

steam. The system consists of two pipes in each 

direction, one with hot water or steam and a return 

with colder water or condensate to be returned to 

the DE production unit to be reheated and then 

recirculated. In a cooling DE system, one pipe will 

have cold water and a return with warmer water to 

be returned to the DE production unit to be reheated 

and then circulated.   

In North America DE is used to describe district 

heating, district cooling, and combined heat and 

power, however, these three systems are different.   

DE supplies heating and cooling collectively instead 

of individually. District heat refers to supplying heat 

and district cooling refers to supplying cooling. DE 

systems are not by nature sustainable, but are 

efficient energy distribution systems that result in 

little to no leaking of heat or cooling thus requiring 

less fuel to heat or cool the water prior to being 

distributed. DE systems are able use any fuel 

source to heat or cool the water including renewable 

and low carbon fuel sources, making a more 

sustainable system.  

 

2.2 What is combined heat and 

power (CHP)? 

CHP is a system where electricity is produced 

typically by a combustion engine or a turbine 

generator and the waste heat from the electricity 

production is used for district heating (and cooling 

with the addition of an absorption heat pump). The 

electricity is distributed through the existing 

electrical grid. The energy efficiency from producing 

electricity is typically below 45% as the waste heat 

from the production is not utilized. By combining 

electricity and district heating production energy 

efficiency of up to 90% can be reached1. Similarly 

to DE, there are many different fuels that can 

produce electricity. CHP systems has the option of 

using renewable or low carbon fuel sources, making 

a more sustainable system. It is important to note 

that when converting an electrical power plant to a 

CHP plant, electricity production will need to 

decrease slightly to ensure high a temperature for 

the heat coming from the power plant to produce 

district heating. 

2.3 What is district heating (DH)? 

DH is a system in which water is heated up to a max 

194˚ F or 90˚ C in one or several energy production 

units, then delivered via pre-insulated pipes to the 

building or structure. The heat from the water is 

extracted in a water-based heat exchanger.  

The widespread use of DH and CHP is the main 

reason Danish cities are able to increase energy 

efficiency, drastically reduce carbon emissions and 

increase air quality over several decades. 

 

2.4 What is district cooling (DC)? 

DC is a system in which water is chilled to 35˚ F or 

1.6˚C in one or several energy production units from 

electric driven chillers or heat driven chillers 

(absorption chillers). However, many DC systems 

use already chilled water from large bodies of water 

(lakes and oceans). Once chilled, the water is 

delivered via pipes to the building or structure. The 

cooling from the water is extracted in a water-based 

heat exchanger. DC increases energy efficiency (30 

% or more as it replaces inefficient building cooling 

units) and reduces carbon emissions2.

 

                                                      
1 Natural Resources Canada, 2020: 4 New Energy 
Efficient Technologies That Are Applicable To 
Manufacturing Processes 

2 Danfoss: District Energy, District Cooling  
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3.1 History 

The first real push for Denmark to start developing 

and upgrade these steam DH systems was when 

the oil crisis hit Europe in the beginning of the 

1970’s. At that time Denmark was heavily 

dependent on imported fossil fuels. The oil crisis 

became a wake-up call for Denmark that fossil fuel 

dependency was a significant concern to national 

security and critical to the future economic 

development of the country. In response, the 

government, together with the Danish Consultancy 

company Ramboll, developed a national heat map 

and heat plan that became the foundation for the 

next 20-30 years of long-term planning, investment 

and implementation of DH systems in Denmark. 

Based on the heat map, other detailed reports and 

financial analysis, the government made new DH 

laws, taxation measures and regulations to 

mandate utilization of waste heat from industrial 

coal and oil-fired power plants for DH networks in 

the main cities in Denmark. Simultaneously to the 

new regulations, it became mandatory for 

households close to a DH system to connect to it. 

The long-term results for Denmark include 

conversion of power plants from fossil fuels to 

sources such as biomass, municipal waste 

incineration or renewable natural gas (RNG).  

Waste heat from power plants by law had to be 

used for DH purposes. At the same time, the Danish 

government and municipalities around the nation 

provided public loan options with favorable low 

interest rates. This focus and energy transition were 

the main initiators of this technology in Denmark. 

Now approximately 60+ % of all households in 

Denmark are connected to a DE system3. In cities 

like Copenhagen and Aarhus, there are still a few 

steam DH systems left, however, municipalities 

have worked intensively to convert to hot water 

systems over the past decade (please refer to sec. 

3.2 for the benefits of hot water systems). Low 

carbon DE systems are a critical part of Danish 

energy infrastructure, Danish cities’ carbon 

neutrality goals, and Denmark’s national goal to 

reduce carbon emissions by 70 % by 2030 from 

1990 levels.  

The next page shows a detailed overview of the history of 

Denmark’s transition to DE and renewable fuel sources.

                                                      
3 State of Green, 2020: District Energy. Green Heating 
And Cooling For Urban Areas, p. 13 
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Detailed overview of the history of Denmark’s transition to DE and renewable fuel sources.  
Graphic: State of Green, 2020: District Energy: Green Heating And Cooling For Urban Areas. State of Green White 
Papers for A Green Transition, P- 12-13 
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3.2 Generations of DH  

The first generation of DH systems utilized steam 

with supply temperatures of 300 ˚F / 148 ˚C or 

higher. In steam systems, there are safety concerns 

involving leaking high temperature with high-

pressure steam and the possibility of explosions in 

poorly maintained pipes resulting in damage to 

roads, houses and injuries to anyone near the 

explosion. Steam systems use an excess of fuel 

resulting in a decrease of energy efficiency and 

increase in carbon emissions depending on the fuel 

source. Steam systems do not require pump for the 

heating portion of the system as the high-pressure 

steam flows on its own. Pumps are however 

necessary for condensation of the 1st generation 

system. 

The second generation of DH system utilized hot 

water with supply temperatures of 194 – 300 ˚F / 90 

-150 ˚C. In systems where the hot water supply 

temperature is needed to be higher than the boiling 

temperature (212˚F / 100 ˚C), the DH hot water 

system will have to be pressurized to avoid a steam 

production. Due to the lower temperature of the 

supply, hot water systems require less fuel to 

operate thus decreasing carbon emission by at 

least 30% and increase efficiency up to 50 % when 

compared to steam systems4. Hot water systems 

are safer to operate when compared to steam 

systems. Hot water systems are less expensive to 

install as they can be placed at shallow ground 

levels since there are no safety risks of leaking or 

explosions. Additionally, the operation of a water-

based DH system is similar to portable water 

systems and require limited labor when starting and 

closing the system for the heating season. Wear 

and replacement of the equipment in a water-based 

DH system is less frequent when compared to 

steam systems. 

The third and fourth generation of DH systems 

are similar to the second generation as they also 

use water-based supply and return distribution 

systems. The main difference and advantages of 3rd 

and 4th generation DH systems are the water supply 

and return temperatures in the systems. The lower 

the temperatures: 

 The higher energy efficiency as less energy 

is needed to create lower temperatures5  

 The lower fuel consumption and, as a 

result,  decreased GHG emissions 

 Less heat loss as the distribution 

temperature is closer the surrounding 

environment  

 More renewable energy sources can be 

used for DE production incl. low grade 

waste heat 

The main DE supply temperatures are listed below 

for each generations of DH systems:  

Third generation DE system (Please see graphic 

on appendix):  

 Supply temperatures 140 – 194 ˚F / below 

100 ˚C 

Fourth generation DE system  

 Supply temperatures 104 – 140 ˚F / 50 - 60 

˚C 

 

 

 

                                                      
4 State of Green, 2020: DISTRICT ENERGY: Green 
Heating And Cooling For Urban Areas. State of Green 
White Papers for a Green Transition), p. 30 

5 Schmidt et. al, 2017:  Low Temperature District 
Heating for Future Energy System, p. 27 
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3.3 The DE production and distribution system development  

In the 1980’s the founder of the Danish pipe 

manufacturer, Logstor (Løgstør Rør), invented 

the pre-insulated thin walled steel pipe (better 

known as the EN253 pipe system). This 

technological development significantly 

reduced the equipment, installation and 

operation and maintenance cost for DE 

projects. These reductions are due to easier 

mass production and easier installation. 

Additionally, the installation process of pre-

insulated pipes improved thus making the 

operation and maintenance of the DE systems 

more cost effective over the long term.    

 

DE developments included lowering the hot 

water supply temperature down from 

pressurized (≈ 200 psi) hot water of 250F to a 

regular pressure (≈ 73 psi) hot water of 130 F. 

This development has taken place within the 

last 15 years and is still ongoing to lower supply 

temperature further. A general rule for DE 

systems is that the lower supply and return 

temperatures are, the more energy efficient and 

less fuel-consuming the DE system. This 

efficiency and reduction in fuel is due to a 

reduction of heat loss through lower water 

temperatures. 

 

Lower supply and return water temperatures 

also allow for more flexibility in fuel types, such 

as renewable energy, reducing the dependency 

on fossil fuels. Renewable energy like solar 

thermal, heat pumps, geothermal energy and 

waste heat are only capable of producing water 

for DH at a low temperature of max 160 F / 70 

C and cannot produce steam temperatures. 

 

Integration of DE ready buildings in building 

codes and standards allowed for faster 

implementation of DE systems and long term 

energy infrastructure planning.
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4.1 Advantages of district energy  

 

Green Growth 

 Investment opportunities with stable and 

long-term return of investment for local and 

international investors.  

 Long-term job creation locally and 

internationally, including raising security of 

job markets by being part of developing and 

implementing a green energy infrastructure 

 Development of a domestic energy 

economy through localized production and 

distribution of sustainable fuels. 

 

Flexibility in fuel types 

 DE systems allows for a variety of fuel types 

providing scale and flexibility based on 

available resources, regulations, and cost.  

 Less dependency on limited fossil fuels and 

potential reduction in greenhouse gas 

(GHG) emission.  

 DE systems can use a range of renewable 
energy options for heating and cooling and 
CHP, including: geothermal, waste-to-
energy, biomass, waste heat recovered 
from sewage plants, solar thermal, wind or 
wave electricity powering heat pumps, 
industrial surplus heat and cooling water 
from oceans and lakes. Table 2 
summarizes different energy sources that 
can be used. 

 

Health and Air Quality improvement  

 A DE system reduces carbon emissions 

and other GHGs thus improving air quality 

significantly. 

 Health and safety level in dense urban 

areas is significantly increased by 

implementing a generation 4 DE system 

when compared to a steam system. 

 

Cost efficiency  

 Large scale integration of renewable 

energy sources has lower investment 

costs than individual energy production 

units (A/C units or building boilers). 

 Reliable prices over the year for the 

consumer without sudden increases based 

on operation and maintenance. 

 DE systems provides the opportunity to 

take advantage of market forces driving 

price changes on different types of fuels. 

Energy efficiency improvements 

 Reuse of excess heat from electricity 

production or industrial processes.  

 Increase in energy efficiency by at least 30 

% or more by eliminating individual energy 

production units (A/C units or building 

boilers)6. 

 DE systems typically reduce fuel 

consumption for heating and cooling 

through a reduction of energy loss, co-

producing heat and electricity, and utilizing 

thermal storage, assisting with peak load 

demand by using energy more efficiently.  

 

Climate change Resiliency  

 Fuel flexibility in a DE system increases 
both the security of supply and production 
efficiency, should one unit break down, 
there are alternatives.  

 Fuel flexibility allows for adaptability 
necessary for climate change resiliency.  

 

 

 

 

  

                                                      
6 United Nations Environment Programme, 2015: District 
Energy in Cities: Unlocking the Potential of Energy 
Efficiency and Renewable Energy, P. 12 
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4.2 Elements of a successful District Energy system 

 

Developing a DE System 

Planning  

Successful DE systems are developed with effective 

initial planning. Planning for DE systems include demand 

mapping (heat, cooling energy), investment and financial 

system scaling, and implementation plans are critical to 

developing DE systems. So is developing a long-term 

renovation plan. Transparent pricing, regulated rate 

structure and all customers paying equally should be 

reflected in the project business case and long-term 

planning. 

Experienced consultants and stakeholders 

DE systems need experienced skilled consultants, 

investors, contractors, site supervisors, equipment 

suppliers and master planners that have worked on 

multiple successful DE projects. 

Training  

As DE expertise varies in North America, it is important 

that the stakeholders involved in the implementation and 

development of the project are properly trained and 

educated. When looking specifically at implementation, 

proper installation and quality control is key in the long-

term success of a DE system. 

 

Established DE system  

Overall performance 

If designed, implemented and operated correctly, the 

most energy efficient and fuel flexible DE system is a hot 

water-based DH system and a cold water-based DC 

system. These systems last 30-50 years with minimum of 

maintenance throughout its lifetime.  

Management of the system 

To ensure successful long-term performance and 

efficiency for a DE system throughout its lifetime, 

professional management with experiences from 

operating similar systems is necessary as decisions 

based on lifecycle assessments is crucial for the long-

term financial and operational success. 

 

Quality control 

Site supervision 

Frequent site supervision from an experienced and 

properly trained supervisor is crucial to a successful DE 

system. Many operational and financial failures in DE 

projects are due to the lack of site supervision and 

inexperienced site supervisions during implementation.  

Documentation 

Quality control documentation and consistent revision 

and updating of the system plans is crucial to successful 

and effective site supervision and future maintenance of 

the systems. The entire DE system needs to be 

implemented based on most recent revisions and 

updates, especially in the leak detection system. If pipe 

routing/trench changes occur during implementation (to 

avoid unforeseen obstacles in the ground), the new local 

pipe design and stress calculations needs to be updated, 

verified and updated in documents and drawings. 

 

Operation & Maintenance (O&M) 

DE system operation 

To make sure an implemented DE system performs 

successfully, energy metering and consistent data 

collection from the production, distribution and end 

consumers is necessary. This data collection and 

metering will also monitor the energy consumption of the 

connected buildings. 

DE system maintenance 

A functional and well-maintained leak detection system is 

crucial for the long-term performance of a DE system. In 

the EN253 pre-insulated pipe systems, the pipes are 

delivered with leak detection wires integrated in the pipes. 

These leak detection wires only need to be 

interconnected when welding together the pipe lengths. 

Maintenance of the supply and return water quality is 

necessary throughout the lifetime of a DE system. If the 

specified water quality parameters are constantly 

maintained, the lifetime of thin walled EN253 steel pipes 

in Denmark has shown to be over 30 years7. 

  

                                                      
7 State of Green, 2020: District Energy: Green 
Heating and cooling for urban areas, P. 8 
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4.3 Different energy sources that can be used in a DE system 
 

 

Technology 

 

Source 

 

Advantage 

Heating 

output per 

production 

unit/plant 

DE System 

generations 

Bioenergy  Wood pellet and chips 

 Straw  

 Garden waste 

 Agricultural waste 

 Municipal waste 

 Heating and CHP 

 Utilizes local 

resources and waste 

products that would 

otherwise be sent to 

landfills or release 

methane gasses from 

degradation. Can 

replace carbon 

releasing energy 

production sources 

used for heating and 

cooling 

150 kw – 25 mw 1st, 2nd,3rd 4th  

Industrial 

waste heat 

 Factories 

 Steel production 

plants 

 Heavy energy intense 

production facilities 

 Cement plants  

 Food processing 

plants 

 Manufacturing plants, 

 Combustion engines 

 Cooling towers 

 Heating, cooling and 

electricity production 

 Utilizes waste heat 

from industrial 

processes providing a 

cheap or free fuel for 

heating and cooling 

purposes. Can 

replace carbon 

releasing energy 

production sources 

used for heating and 

cooling 

50mw – 350 Mw 3rd, 4th 5th  

Solar panels 

(PV or 

thermal) 

 

Solar power 

plants  

 

 Solar energy 

 

 

 Heating and electricity 

production 

 Utilizing the heat from 

the sun and providing 

a variety of scale: 

panels on a single-

family house roof to 

large scale solar 

farms. Can replace 

carbon releasing 

energy production 

500kw – 50 MW 1st, 2nd, 3rd, 4th, 

5th 
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sources used for 

heating and cooling 

Geothermal  Ground source heat 

and cooling 

 Heating, cooling, 

electricity production 

 Provides long term 

energy infrastructure 

with a small footprint. 

Can replace carbon 

releasing energy 

production sources 

used for heating and 

cooling 

1Mw – 80 Mw 1st, 2nd, 3rd, 4th, 

5th 

Water  Wastewater 

treatment plants 

(sewage and plant) 

 Lakes/ oceans/ seas 

 

 

 Heating and cooling 

 Utilizing existing hot 

and cold 

temperatures in 

nearby large bodies 

of water and 

wastewater treatment 

plants. Providing 

cheap or free fuel for 

heating and cooling 

purposes. Can 

replace carbon 

releasing energy 

production sources 

used for heating and 

cooling 

1 Mw – 20 Mw 3rd, 4th, 5th  

Electrification 

of DH and DC 

systems 

through wind 

 Wind 

 

 

 

 

 CHP 

 DE systems can be 

used to store wind 

energy when there is 

surplus of wind 

energy. The wind 

energy can power 

electric heat pumps 

that can produce both 

district heating and 

district cooling. 

500Kw – 30Mw 2nd, 3rd, 4th, 5th  

Combustion   Oil, gas, coal  Available in almost all 

parts of US and 

Canada from big 

cities to rural areas 

2Mw – 500MW 1st, 2nd 
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4.4 map of DE systems in North America 

 

 

 

 

 

 

For more details on specific DE system in North America visit the International District Energy 

Association interactive map for DE systems in North America.  

districtenergy.org/resources/resources/system-maps  
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5. Challenges in delivering successful district 

energy systems in NA 
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5.1 Upfront costs  

DE systems have high upfront capital costs due to 

the infrastructure that needs to be built. This 

includes distribution and connection pipes, thermal 

plants and storage, and possible connection to 

existing electricity network in case of CHP plants. 

Usually, the first building to connect on the grid is 

the furthest away from the distribution centre. 

Connecting additional buildings will depend on the 

progression on the market and site, this creates the 

“first pipe conundrum” where the first building 

connection takes all the payback risk of the DE 

system as future building connections will bring the 

price down through economies of scale.  

Cost inflation due to inexperience with DE systems 

and its associated risks (the following is based on 

case studies the DDEA has been involved in): 

 Price example (inflated cost): Dimension 

ø250/10’ approx. $800-2,500USD per feet 

trench with two pipes. 

 

 Price example (Denmark cost): Dimension 

ø250/10’ approx. $250-400USD per feet 

trench with two pipes             

 

5.2 Complex project process  

Developing DE systems involve the coordination of 

many stakeholders including owners of future 

building connections, residents, public and private 

bodies, utilities, and hired consultants.  

 

5.3 Regulatory barriers  

In North America, local governments generally 

possess less regulative authority than in Europe, 

restricting the ability to mandate heat network 

connections. Additionally, local governments do not 

always have a stake in utilities whose role is 

essential in developing DE systems  

Political priorities often shift making long term 

infrastructure projects more difficult to develop. 

5.4 Market barriers  

The price of natural gas North America is very low, 

making it difficult to compete with other renewable 

sources. However, DE systems can utilize natural 

gas until the cost of renewable fuels are 

competitive. 

Fluctuations on the real estate market influences 

future DE development. 

5.5 Limited capacity and public 

awareness  

Limited overall understanding and awareness of the 

long-term benefits of DE systems can slow down or 

stop planning of DE systems. 

North American development stakeholders are 

often more comfortable with conventional solutions 

and are averse to trying more innovative solutions 

regardless of the long-term benefits and proven 

case studies. 

Local governments often do not have the capacity 
to develop feasibility analyses to assess the 
potential of a DE system.  

 

5.6 Lack of integration with 

building policies 

Many existing building policies and rating systems 

focus on individual building operation efficiencies 

rather than considering system efficiency that occur 

in a connected network.  

Many building efficiencies and retrofit programs and 

certifications do not take decentralized thermal 

energy production into consideration. 

 

5.7 Payback period  

The payback period for the investment of a DE 

system is often above 8-10 years which does not 

meet the payback standard of North American 

development projects.  

The payback period is not compared to the overall 

benefits of the whole life cycle of the DE system. 
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6.1 Odense Waste heat DE – Facebook data centre 

 Area covered: 11,000 mostly residential units. 

 Type of system: DH, DC Pre-insulated DN253 twin and single pipes (integrated leak detection). 

 DE process: The waste heat from cooling the Facebook data centre is processed through the DE 

system which is then sent to the residential units. The cooling produced in the DE system is returned 

to Facebook as district cooling to cool the data centre.  

 Type of fuel: Electric (local grid) driven large-scale industrial heat pumps (in total approx. 45 MW 

installed heating capacity). 

 Buildings serviced: Single family housing and residential apartments. 

 Ownership model: Local public owned heating not for profit utility.  

 Regulatory support: Reduced taxation on energy produced from waste heat.         

 

6.2 Aarhus City DE system 

 Area covered: City of Aarhus and surrounding municipalities, approx. 300,000 people, 60,000 

customers, 2,250 km / 1,400 miles distribution pipes. 

 Type of system: DH, CHP, Pre-insulated DN253 twin and single pipes (integrated leak detection).  

 DE process: Electricity and heating is co-produced from the incineration of municipal non-recyclable 

waste and biomass and sent to a large storage before distribution to the serviced area. Additionally, 

heat is produced from seawater going through heat pumps and a minor quantity is delivered from waste 

heat from industries within Aarhus. 

 Type of fuel: Biomass (excess straw from agriculture) and non-recyclable waste, industrial waste heat 

and seawater. 

 Emissions: On track in meeting goal of carbon neutrality by 2030. 

 Buildings serviced: commercial, multifamily and single family homes. 

 Ownership model: Owned entirely by the municipality of Aarhus - not for profit DE system. 

 Regulatory support since 1970’s: mandatory connection to DH system. 

o As of January 2019, Aarhus DE is able to compete with alternative solutions on both price and 

comfort and the mandatory connection is no longer needed. 

 

Sheridan College steam to hot water conversion 

 Area covered (Brampton campus): 700,050 sqf: Institutional buildings with capabilities of future 

expansion to neighbouring communities. 3.5 km of distributed pipe  

 Area covered (Oakville campus): 810,000 sqf: Institutional buildings with capabilities of future expansion 

to neighbouring communities. 3.5 km of distributed pipe 

 Type of system: DH, DC, CPH. Pre-insulated DN253 twin and single pipes (integrated leak detection)  

 DE process (Brampton campus and intended design for Oakville campus): Electricity and heating is co-

produced from combined heat and power engines. Additionally, heating used by absorption chillers to 

produce cooling in the summer months. 

 Type of generation: Generation 4.   

 Type of fuel: Natural gas.  

 Buildings serviced: Currently 7 buildings with long term plan of 17 across both campuses.  

 Ownership model: Owned and maintained by Sheridan College.  

 Operating efficiency: 20% reduction in natural gas.  

 Additional notes (Brampton & Oakville Campus): Use of prefabricated energy transfer stations reduce 

installation time and increase energy efficiency through custom production for the specific building. 

 Emissions targets: Converting from steam to hot water has contributed to Sheridan achieving its 50% 

carbon reduction target.  
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7. Glossary 

 (CHP) Combined Heat and power - CHP is an energy efficient technology that generates electricity and 

captures the heat that would otherwise be wasted to provide useful thermal energy—such as steam or 

hot water—that can be used for space heating, cooling, domestic hot water and industrial processes 

 

 (DE) District Energy 

 

 (DH) District Heating 

 

 (DC) District Cooling 

 

 (RES) Renewable Energy Sources – meaning  electricity generation from renewable energy sources  

 

 (RNG) Renewable Natural Gas 

 

 (GHG) Greenhouse gas  

 

 (O&M) Operation & Maintenance 

 

 (PSI) Pounds per square inch 

  

https://www.sciencedirect.com/topics/engineering/renewable-energy-source
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8. Appendix A - examples of DE business 

cases in NA 

 

City of Pittsburgh 

1. Introduction 

Representatives from the Danish District Energy Advisory (DDEA) of the Danish Ministry of Foreign Affairs and 

the City of Pittsburgh have prepared a comparative business case for energy options for DE consumers (heat 

only) in Pittsburgh together with a business case on energy production from Pittsburgh Allegheny County 

Thermal (PACT), one of the City’s District Energy steam suppliers. Pittsburgh is shifting its focusing towards 

climate change and investing in sustainable green energy infrastructure. The City of Pittsburgh is invested in 

involving key stakeholders in this transition as well as educating residents on a wide variety of energy options. 

Pittsburgh’s ultimate goal is “to ensure economically viable and low-greenhouse gas-emitting heating and 

cooling to the City of Pittsburgh.” 

2. Residential Business Case 

State-wide, Pennsylvania households consume natural gas at a rate that is 8% higher than the national average. 

This is likely due to cold winters that require an excess amount of heating. Old homes in the state, and in 

Pittsburgh, present additional heating and cooling challenges; they lack efficiency resulting in high heating costs. 

Residential consumers are facing a choice between installing natural gas boilers (NGB), electric heat pumps 

(EHP), or connection to a DE system (DES). These three scenarios have been compared in order to determine 

the most economically viable solution.   

The City of Pittsburgh and DDEA used the City Council building in the comparison to determine the best option 

for efficient heating. This gives a realistic result as the building today is a customer on the PACT system 

(downtown Pittsburgh heating utility) and represent most of the system’s customers.  

This analysis and conclusion can be applied to any building with a similar load of approximately 18,000 

MMBtu/year.  

2.1 Data and Assumptions 

When the comparison was made between the three choices, different assumptions were made as shown below. 

A standard financing investment cost of a 5% interest rate paid over a ten-year period was applied.  
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Rate Unit   

DES     

Variable price $/mmbtu 21.13 

Fixed price   None 

Natural gas, residential     

Variable price $/mmbtu 15.41 

Fixed price   None 

Electricity, residential     

Variable price $/kWh 0.14 

 

Price Assumptions $ 

DES household unit 
 

Price 30,000 

Efficiency 98% 

Salary employees (#1) 50,000 

O&M, household 1,000 

Pipe infrastructure (paid by customer) 200,000 

Natural gas boiler 
 

Price 400,000 

Efficiency 86% 

Salary employees (#3) 100,000 

O&M, household 55,000 

Pipe infrastructure (paid by customer) 20,000 

Electricity heat pump 
 

Price 350,000 

Efficiency 250% 

Salary employees (#2) 100,000 

O&M, household 55,000 

Pipe infrastructure (paid by customer) 0 
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2.2 Results 

Calculating the heating cost yearly, the following result is presented. 

Yearly heating cost, total $/yr. 

District Heating 438,947 

Natural gas, individual  471,213 

Electric heating pump, individual  445,364 

 

 

 
The comparison show that the cheapest solution is to connect to the DE system to heat a large-scale building. 

When compared to the natural gas boiler a saving of $56,000 can be made and when compared to the electric 

heating pump a saving of $21,000 can be made on a yearly basis. 

The return of investment is around 7 years based on these savings for connecting to the DE system and 

approximately 13.5 years for the electric heating pump. 

Additionally, the environmental benefits of a district heating system far outweigh the benefits of the other two 

options in Pittsburgh, where the electricity is produced based on coal, resulting in a host of pollutants and other 

negative environmental effects. District heating systems are far more resilient and dependable, gives better 

indoor climate and require less maintenance for the building owners. 

 

3. PACT Business Case 

The City of Pittsburgh and the DDEA created this business case to advise PACT on how to best proceed with 

their energy investments. PACT is facing a decision on whether to completely reinvest in their current energy 

infrastructure that needs major upgrades, or whether to convert the steam system into a DE system based on 

hot water. Current energy losses in the PACT steam system are estimated to be up to 15,000 MMBtu/hour, and 

system leak repairs cost approximately $40,000/year.  

For customers to continue to use the system, PACT must keep energy rates anywhere from $17-$20/MMbtu to 

be compatible to other solutions like the natural gas boiler or the electric heat pump.  

In addition, the PACT system is losing their biggest customer the County, which takes away 30 % of the total 

customer-based load.  

 

Difference, Annual         $/yr. DES NGB EHP 

In total, annual heating costs and loan 468,733 525,605 490,691 

Savings choosing District Heating 

 

56,872 21,958 

Return of Investment compare to NGB DES EHP 

Years 7.1 13.5 



 
        Danish District Energy Agency North America  

26 
 

 

 

3.1 Data and Assumptions 

As with the residential, several assumptions have been made. However, PACT Operations Manager, Timothy 

O’Brien, has seen and verified the numbers. Data has also been collected from the PACT Masterplan by NRG, 

Burns McDonnell and Ever-Green Energy, September 2016.  

 

3.2 Results 

The first scenario of business as usual is set up without the consumer load of the County (30%). When investing 

in steam, the second scenario, the reduced heat loss during distribution in the pipes further reduce the total 

heat load. The loss here is assumed to be 20% of the customer load. The third scenario includes converting the 

whole system to hot water thus giving a reduced distribution loss of only 10 %. The numbers are shown without 

tax and the investment is financed with a 3% interest rate paid over a twenty-year period. 

  

Data & Assumptions Unit   

Efficiencies     

Steam production today % 87 

Steam production re-investment % 90 

Hot water production % 98 

Rate prices     

District Energy (Steam or hot water) $/mmBt

u 22.5 

Water and sewage cost $/mg 4.08 

Electricity cost $/kWh 0.065 

O&M + Admin     

Steam production today $/yr.                                     3,000,000  

Steam production re-investment $/yr.                                     2,700,000  

Hot water production $/yr.                                     1,500,000  

Annual loan rate %                                                     3  

Years of loan Yr.                                                   20  
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Scenario 

Yearly, US$ excl. Tax 

Business as 

usual 

Investment in 

steam 

Conversion to 

hot water 

Heat load, without County incl. Loss, 

mmBtu 

345,046 277,255 254,150 

Income 5,198,524 5,198,524 5,198,524 

Expenses 5,419,569 4,242,668 2,730,657 

Revenue -221,045 955,856 2,467,867 

Investment 
 

14,000,000 36,500,000 

Annual loan payments (3%, 20 years) 
 

941,020 2,453,373 

Result of year -221,045 14,836 14,493 

 

With the County leaving PACT, the business as usual will create a negative revenue of $220,000. The business-

as-usual course of action is therefore not the future for the PACT system. 

However, the investment in the steam system gives a yearly revenue a little less of $1 million. This yearly 

revenue can carry an investment of $14 million.  

Conversion to hot water leaves even more room for investment that could be as high as $36.5 million. The 

conversion also produces yearly savings in fuel due to less pipe loss and better production efficiency, and it 

reduces maintenance costs of operating and managing the new pipe system. Environmentally, this is also the 

best solution where the natural gas fuel is most efficiently utilized. 

4. Conclusion 

As residents make the move to more sustainable and efficient energy solutions, so too must PACT. Through 

these business case scenarios, the DDEA and City of Pittsburgh were able to lay out the different energy options 

for large consumers in the city. As shown in the results, the most profitable and reliable option long-term is to 

invest in DE based on hot water. Although the other options share some benefits, their environmental cost far 

outweighs these. The DE system is the future of thermal energy and investing in this system will lead not only 

to monetary benefits, but also environmental ones.  

To help the City of Pittsburgh reach its carbon and emissions goals and ensure a future that is energy efficient, 

the DE system should make a shift to not only hot water, but to renewable fuel sources. The benefit of warm 

water systems is that they can be combined with a long range of renewable solutions such as geothermal and 

solar heat, industrial waste heat and be more easily stored when having a surplus. 
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9. Appendix B – historical development of 

district heating 

 

 

Lund et. al, 2018: The Status of 4th generation district heating: Research and results  
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