
Section 1:

EXPLORING THE TRANSITION TO  
MODERN DISTRICT ENERGY SYSTEMS

In Dubai, air conditioning 

represents 70% of electricity  

consumption. This led the city to develop 

the world’s largest district cooling network, 

which by 2030 will expand to meet 

40% of the city’s cooling demand.  

District cooling is halving Dubai’s electricity  

use  for cooling and also reducing its  

consumption of fresh water through 

use of treated sewage effluent.
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KEY FINDINGS

n DISTRICT ENERGY is being developed in the 45 champion cities because of its ability to dramatically reduce the carbon intensity of  
heating and cooling, lower energy costs, improve air quality, increase the share of renewables in the energy mix, reduce reliance on fossil 
fuels and energy imports, and increase the resilience of cities.  

n RENEWABLE ENERGY can provide high levels of affordable heat and cooling when incorporated into district energy systems through 
economies of scale and diversity of supply. This is enabling 11 of the 45 champion cities to have 100 per cent renewable energy or  
carbon-neutral targets for all city sectors. 

n DISTRICT HEATING is undergoing a resurgence as cities identify its ability to efficiently transform the municipal heating supply to  
be more cost-effective, cleaner and lower carbon, as well as more local, renewable and resilient. District heating can enable higher  
penetrations of variable renewable energy sources, such as wind and solar, in the electricity system, using large-scale heat pumps,  
combined heat and power (CHP), boilers and thermal storage. Such balancing is a cornerstone of energy policies in Denmark and Germany, 
and several provinces in China are examining the synergy between district heating and high levels of wind generation. 

n RETROFITTING AND MODERNIZING historic district heating systems can lead to huge energy savings through capturing waste heat 
from sources such as CHP plants and industry, and by upgrading networks to reduce losses and inefficiencies. Anshan is investing in a 
heat transmission network that will connect 1 GW of previously wasted heat from a local steel plant. 

n DISTRICT COOLING has huge potential to reduce soaring electricity demand from air conditioning and chillers, which can present  
problems at times of peak load and require expensive transmission system upgrades, electricity capacity additions and decentralized 
backup generators to deal with prolonged blackouts. In Dubai, 70 per cent of electricity demand is from air conditioners and the city has 
developed the world’s largest district cooling network to reduce this demand. By 2030, the city will meet 40 per cent of its cooling needs 
through district cooling, using 50 per cent less electricity than standard air conditioning. And Cyberjaya is using district cooling to reduce 
and shift electricity demand by using highly efficient chillers with ice and cold water storage. 

n USING ENERGY SOURCES such as fossil fuels or nuclear-powered electricity to provide space heating, hot water or cooling is inefficient 
and a waste of resources. District energy is the only way to utilize low-exergy, low-grade waste heat or free cooling sources for these 
end-uses in buildings. Port Louis will pump water from 1,000 metres below sea level to provide cold water for a new district cooling system 
to replace decentralized air conditioning powered by fossil fuel-based electricity. 

n LOWER PRICES for heat and cooling are possible through district energy, which can cost half as much as equivalent alternative techno- 
logies given certain market conditions and an appropriate density of demand.

n COOLING DEMAND in a city is difficult to quantify, as the data are often hidden within a building’s total electricity bill and the cooling  
energy delivered is not measured. Similarly, quantifying heating demand can be difficult if a fuel is utilized that has other uses such as 
electricity (appliances) or gas (cooking).

n LOCAL GOVERNMENTS AND STAKEHOLDERS may identify district energy as a key solution for heating and cooling, but wait for the 
opportune time to act, such as when a clear champion has emerged and/or external events catalyze the urgency to act.
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Contributions of district energy are signi-
ficant and growing worldwide. District 
heating meets 12 per cent of heat demand 
in Europe* (Connolly et al., 2012) and 
30 per cent in China (ADB, 2014), with 
China doubling its network length between 
2005 and 2011 (IEA, 2014a). In Russia, 
district heating supplies 50 per cent of 
the heat demand in buildings. In several 
European cities, nearly all of the required 
heating and cooling is supplied via 
district networks. The largest district 
cooling capacity is in the United States, 
at 16 gigawatts-thermal (GWth), followed 
by the UAE (10 GWth) and Japan (4 GWth) 
(Euroheat & Power, 2014). In South Korea, 
district cooling more than tripled between 
2009 and 2011 (Euroheat & Power, 2014). 

Yet the full potential of modern district 
energy systems remains largely untapped. 
Significant opportunities exist for growth, 
refurbishment and new development. For 
example, 60 per cent of the networks in 
Russia need repair or replacement (IEA, 
2009); China’s largely coal-fired boilers 
are undergoing modernization; and, in 
the Gulf countries, district cooling could 
provide 30 per cent of forecasted cooling 
needs by 2030, avoiding 20 GW of new 
power capacity and 200,000 barrels of 
oil equivalent per day in fuel (Booz & 
Company, 2012). In the European Union 
(EU), less than half of the calorific value 
of waste incinerated in 414 waste-to-energy 
plants is currently recovered as electricity 
or heat, and almost 100 million tons of 
non-recycled waste is deposited in landfills 
(Connolly et al., 2012). 

In India, cooling demand from air 
conditioners in major cities is putting 
strain on the power system, particularly 
at times of peak demand, and in some 
cities cooling is responsible for periodic 
blackouts. Such strain requires significant 
investment in additional power capacity 
to meet peak demand. With nearly 
400 million people expected to move to 
India’s urban centres by 2050 (UN, 2014) 
and a projected 15 per cent reduction in 
the population without access to electricity 
by 2030, the strain on the country’s power 
system will only increase (IEA, 2013). In 
Mumbai, where an estimated 40 per cent 
of the city’s electricity demand is for 
cooling, only 16 per cent of commercial 
and residential buildings currently use air 
conditioning (Tembhekar, 2009).

District energy is a proven energy solution that has been deployed for many years in a growing number 
of cities worldwide. It represents a diversity of technologies that seek to develop synergies between the 
production and supply of heat, cooling, domestic hot water and electricity. Cities are adopting district 
energy systems to achieve important benefits including: affordable energy provision; reduced reliance 
on energy imports and fossil fuels; community economic development and community control of energy 
supply; local air quality improvements; CO2 emission reductions; and an increased share of renewables in 
the energy mix. (See table 1.1 for an overview of district heating and cooling technology options and their 
associated benefits.)

FIGURE 1.2 World final energy use for cooling in the IEA’s 2°C scenario, selected regions 
 of Asia and Latin America, 2010–2050

Source: IEA, 2014b

* District heating accounts for  
approximately 12 per cent of the total  

residential and services heat demand in 
2009 (Connolly et al., 2012).
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To address these gaps, several countries 
and regions have recently set targets and 
directives to tap the potential of modern 
district energy, including the EU, the 
United States, China and Japan (IEA, 
2014b). District energy is experiencing a 
modernization that is helping to realize the 
full potential of this energy solution – not 
only economically and environmentally, 
but also in terms of its ability to integrate 
with numerous systems such as electricity, 
sanitation, sewage treatment, transport 
and waste. 

  1.1.1  DISTRICT COOLING
District cooling systems supply cold water 
through pipes in combination with cold 
storage. Cold water can be produced from 
waste heat (such as from power generation 
or industry) through the use of steam 
turbine-driven or absorption chillers; from 
free cooling sources such as lakes, rivers 
or seas; and via electric chillers. District 
cooling can be more than twice as efficient 
as traditional decentralized chillers such 
as air-conditioning units and can reduce 
electricity use significantly during peak 
demand periods through reduced power 
consumption and the use of thermal 
storage. District cooling has important 
applications in many types of cities, from 
Helsinki to Port Louis. Cities in developing 
countries can benefit greatly from district 
cooling due to the high air-conditioning 
demand on often-strained power systems. 

District cooling is becoming increasingly 
relevant as cooling demand surges world-
wide. Energy consumption for space coo- 
ling increased 60 per cent globally from 
2000 to 2010 (IEA, 2014b). Under the 
International Energy Agency’s (IEA) 2°C  
scenario, cooling is set to expand 
625 per cent by 2050 in selected regions 
of Asia and Latin America (see figure 1.2) 
(IEA, 2014b). Cooling demand is growing 
as spending on energy services increases – 
particularly in developing countries – and 
as more of the population moves to cities. 

District cooling reduces consumption of en- 
vironmentally damaging refrigerants such 
as hydrochlorofluorocarbons (HCFCs) and 
hydrofluorocarbons (HFCs). HCFCs de-
plete the ozone layer, while their replace-
ment with HFCs means that HFC emissions 
are growing at a rate of 8 per cent per year  
and are projected to rise to be the equi-
valent of 7 to 19 per cent of global CO2 
emissions by 2050 (UNEP, 2014).

Some of the technologies used in district 
cooling are described in table 1.1. A com- 

prehensive table of technologies is avai-
lable online to accompany this report. 

  1.1.2  DISTRICT HEATING
District heating has been in use since 
the 1880s and has advanced significantly 
since then. Many district heating systems 
around the world require modernization 
(i.e., retrofitting) to bring them to a 
reliable standard. District heating enables 
the use of a variety of heat sources that 
are often wasted, as well as of renewable 
heat. Figure 1.3 shows the historical 
development of district heating systems, 
including their increased efficiency and 
diversification of heat sources. The future 
standard of district heating is referred to  
as “fourth-generation systems” and is the 
natural progression from a developed 
third-generation network. 

Fourth-generation systems operate at lower 
temperatures, resulting in reduced heat 
loss compared to previous generations, and 
they make it feasible to connect to areas with 
low energy density (e.g., areas with many  

low-energy buildings). The system can use 
diverse sources of heat, including low-grade  
waste heat, and can allow consumers to 
supply heat as well. Through heat storage, 
smart systems and flexible supply, these 
systems are an inexpensive solution for 
creating the flexibility required to integrate 
high levels of variable renewable energy 
into the electricity grid. Fourth-generation 
systems are located closer to load centres 
and generators than are traditional central- 
station generating plants, and the distri-
butive nature and scale of these systems 
allows for a more nodal and web-like 
framework, enhancing accessibility to the 
grid through multiple points. 

Some of the technologies used in district 
heating are described in table 1.1. A 
comprehensive table of technologies is 
available online to accompany this report, 
and the European Commission’s Background 
Report on EU-27 District Heating and Cooling 
Potentials, Barriers, Best Practice and Measures of 
Promotion provides excellent technology and 
policy information (Andrews et al., 2012).
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Laying a section of St. Paul’s district heating network in 1982. The network heats 80 per cent of downtown build-
ings, including the Minnesota State Capitol, seen in the background.
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FIGURE 1.3 Historical development of district energy networks, to the modern day and into the future 
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Installing a two-metre-diameter steam pipe  
for district heating in New York in the early 20th 

century (left). 
Welding a modern, pre-insulated district heating pipe 

in Vancouver (right).
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TABLE 1.1 Selected district heating and cooling technology options

TECHNOLOGY  
NAME

FUEL SOURCE  
AND CONVERSION  
TECHNOLOGIES

APPLICABILITY  
CONDITIONS/ 
CONSIDERATIONS

BENEFITS EX AMPLES

GEOTHERMAL Fuel source:  
Heat from brine  
(saline water)  
from under- 
ground reservoir

Conversion:  
Heat exchangers

n  Favourable to supply 
baseload heat  
demand.

n  Location, depth  
and proximity  
of recharge wells  
in well field.

n  Potential uncertainty 
of resource available 
until wells drilled.

n  Cheap running costs and  
“fuel” for free.

n  Renewable energy source  
and environmentally friendly  
technology with low CO2 
emissions.

n  High operation stability  
and long lifetime.

n  Provides baseload, renewable 
heat.

PARIS is served by 36 geothermal  
district heating networks. 

IZMIR uses geothermal to provide heat 
that is over 35 per cent cheaper than 
residential gas consumption.

WASTE-TO 
ENERGY  

DISTRICT 
HEATING 

PLANT

Fuel source: 
Municipal solid 
waste (MSW)  
and other  
combustible  
wastes

Conversion:  
Incineration

n  May need to be 
located far from the 
city due to potential 
local air pollution 
(although modern 
incinerators do not 
require large  
distances). 

n  Some waste incin-
erators produce 
electricity as well as 
providing heat to 
a district heating 
network.

n  Utilizes the energy content  
in non-recyclable, combustible 
waste.

n  The remaining waste  
(bottom ash/slag) may  
be utilized in construction 
works, and it will no  
longer generate methane. 

n  Waste incinerators produce 
very low-cost heat and  
often initiate development  
of a city’s district heating 
network.

 

In COPENHAGEN, recycling waste heat 
results in 655,000 tons of CO2 emissions 
reductions and displaces 1.4 million 
barrels of oil annually (Thornton, 
2009). The new Amager waste inciner-
ation plant just outside the city centre 
reflects improved emissions. 

LÓDŹ plans to build a waste incinerator 
to connect into the district heat  
network. 

The waste incinerator near ROTTERDAM 
delivers heat to part of the city and will 
result in 175,000 tons of CO2 emission 
reductions by 2035.

DISTRICT  
HEATING 

BOILER 

Fuel source:  
Sources include  
natural gas,  
oil products,  
electricity,  
biogas, coal,  
wood pellets, 
wood chips

Conversion:  
Boiler

n  Depending on the 
fuel, can be used for 
peaking (gas, coal, 
electricity) or as base-
load (wood chips, 
pellets, etc.).

n  Reduces overall system costs  
by providing peaking load  
(gas, oil, coal) that is  
unsuitable for waste heat  
sources such as from CHP, 
waste incinerators or  
industrial waste.

n  For biomass or biogas fuels, 
boilers can provide renewable 
and CO2-free energy if the 
biomass is sustainably sourced 
or uses a local resource such  
as landfill gas.

District heating systems in all  
45 champion cities use boilers as  
backup when baseload heat sources 
cannot meet peak demand. 

ANSHAN is upgrading its segregated 
district energy networks, which 
currently use only coal boilers, to  
include industrial waste heat capture, 
CHP and geothermal.

WASTE HEAT  
RECOVERY

Fuel source:  
Waste heat from 
an industrial  
process or low-
grade heat from 
sewage

Conversion:  
Heat exchangers

n  Needs consideration 
of how to price waste 
heat (see section 
2.4.1 on waste tariff 
regulation).

n  Waste heat may not 
be able to guarantee 
supply and may 
require redundant 
backup boilers.

n  Recycling waste energy  
increases the energy  
efficiency of a city (as part  
of a circular economy). 

n  For many cities, district  
heating is the only technology 
that enables the utilization of 
low-exergy waste heat in a city.

VANCOUVER’S South East False Creek 
Neighbourhood Energy Utility  
Demonstration Project (see case study 
3.1) provides district heating for some 
7,000 residential units, with 70 per cent 
of the heating energy obtained from  
raw wastewater. 

LONDON is exploring the capture of 
waste heat from the metro system and 
from electricity substations.

COMBINED 
HEAT AND 

POWER (CHP)

Fuel source:  
Sources include 
gas, biomass,  
coal, biogas, etc.
Conversion:  
Second- or  
third-stage heat 
capture after 
steam turbine  
(or gas turbine  
for use of gas)

n  Power purchase 
agreements may  
not reflect local  
production benefits  
(see section 4.2).

n  Ideally used for 
baseload generation 
and can operate to 
follow heat demand 
or electricity prices. 
Best used in combi-
nation with boilers 
and storage.

n  A driving force behind  
district heating because it  
can produce high-exergy  
(see section 1.3.1) electricity 
at a local level in combination 
with waste heat. This greatly 
increases the primary energy 
efficiency of heating and elec-
tricity systems (see figure 1.4). 

n  CHP plants provide district 
networks with large, centralized 
heat production that can allow 
for cost-effective fuel switching 
in the future if needed. 

VELENJE’S 779 MW Šoštanj Thermal 
Power Plant provides heat to the 
city and electricity for one third of 
Slovenia.

VÄ XJÖ is a significant user of locally 
sourced biomass in CHP, which creates 
local jobs and provides clean,  
renewable heat.

In YEREVAN, opting for gas-fired CHP 
development instead of gas boilers 
enabled the district heating network to 
provide heat below the price of residen-
tial gas boilers (see case study 4.4).

DISTRICT HEATING

 1 .1  Introduction to district energy  |  T R A N S I T I O N
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TABLE 1.1 Selected district heating and cooling technology options

TECHNOLOGY  
NAME

FUEL SOURCE  
AND CONVERSION  
TECHNOLOGIES

APPLICABILITY  
CONDITIONS/ 
CONSIDERATIONS

BENEFITS EX AMPLES

HEAT PUMPS  Fuel source:  
A heat source (e.g., 
ambient air, water 
or ground, or 
waste heat from an 
industrial process) 
and energy to drive 
the process (elec-
tricity and heat)

Conversion:  
Heat pump

n  May be used as baseload 
generation or as peaking 
generation, depending 
on capital expenditure 
relative to electricity 
price.

n  Heat pumps can utilize 
heat from: underground 
(steady temperatures are 
due to insulation from 
seasonal temperature 
variation rather than 
geothermal activity); 
sewage and wastewater; 
and even from return 
water in district cooling.

n  Can convert electricity 
to heat at high efficien-
cies in times of surplus 
electricity generation.

n  The coefficient of  
performance (COP)  
(the ratio of useful  
thermal energy  
produced to electric-
ity consumed) can be 
greater than four.

n  Utilizes energy at low 
temperature level  
(resource optimization).

OSLO airport uses a heat pump to cover 
both heating and cooling baseload 
needs throughout the year, using a 
groundwater reservoir. 

MILAN has three CHP plants; the  
electricity from two of these  
(“Canavese” and “Famagosta”) is  
used to power heat pumps connected  
to an aquifer under the city.

HELSINKI’S Katri Vala heat pump  
captures 165,000 GWh of heat from the 
city’s wastewater, making it the largest 
heat pump station in the world.

BREST is exploring the connection of 
seawater heat pumps that will utilize 
steady ocean temperatures in winter 
to provide 5 MW of heat to its district 
heating network.

SOLAR 
THERMAL 

Fuel source: 
Sun

Conversion:  
Solar collectors

n  Ground-mounted 
collectors can require 
significant land.

n  Backup/peak load 
source is required (e.g., 
boiler).

n  Renewable and CO2-
free energy source.

n  District heating  
enables larger solar 
thermal systems to be 
developed, as buildings 
do not need to store 
heat or consume all 
heat produced. 

 

ST. PAUL developed 2,140 m2 of solar  
collectors with a thermal peak capacity 
of 1.2 MWth to incorporate into the 
district heat networks. 

MALMÖ’S pioneering building-level  
solar thermal is net metered into a 
district heating network, creating the 
concept of “prosumers” – consumers  
of heat that can also provide heat into 
the system.

DISTRICT HEATING

Helsinki’s Katri Vala heat pump captures heat from the city’s waste water. A large solar thermal plant with heat storage connects to a  
district heating network in Brædstrup, Denmark.
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TECHNOLOGY  
NAME

FUEL SOURCE  
AND CONVERSION  
TECHNOLOGIES

APPLICABILITY  
CONDITIONS/ 
CONSIDERATIONS

BENEFITS EX AMPLES

ELECTRIC 
CHILLERS

Fuel source:  
Electricity

Conversion:  
Electric chillers

n  Still requires  
electricity for 
cooling, although a 
lot less.

n  Any subsidies in 
commercial/resi-
dential electricity 
consumption must 
be accounted for  
to ensure that 
electric chillers are 
competitive.

n  Electric chillers typically 
have much higher COPs than 
residential and commercial 
air-conditioning units (see 
figure 1.4), with many greater 
than seven, compared with 
modern residential and  
commercial air conditioners 
with COPs typically between 
two and four.

n  Electric chillers use 
refrigerants with a lower  
global warming potential 
(GWP) as compared to de- 
centralized air conditioning.

In DOHA, the Integrated District 
Cooling Plant at The Pearl, powered 
by various chillers, is the largest of its 
type, with a capacity of 130,000 tons of 
refrigeration (456 MW). 

The district cooling network in  
PARIS uses electric chillers to produce 
much of the cooling. This has led to  
90 per cent less refrigerant emissions; 
65 per cent less water used; 50 per cent 
less CO2 emissions; 35 per cent less 
electricity used; and a 50 per cent 
improvement in primary energy 
efficiency.

FREE  
COOLING

Fuel source:  
Cold water from 
oceans, lakes, 
rivers or aquifers; 
waste cool of sourc-
es such as liquefied 
natural gas (LNG) 
terminals; pump-
ing likely using 
electricity

Conversion:  
Heat exchangers

n  If load demand 
is high, may need 
backup sources.

n  Plant is close to the 
buildings where the 
water is carried.

n  Requires suitable 
cooling source.

n  Environmental  
permitting cost.

n  Provision of cooling 
can be seasonal.

n  Use of renewables results in 
lower carbon emissions.

n  Highly efficient electricity use 
reduces power consump-
tion of the cooling system, 
particularly at peak, which 
can reduce the need for power 
infrastructure upgrades.

n  Free cooling does not use 
“environmentally damaging” 
refrigerants for cooling 
unless supply water is not cold 
enough. 

TORONTO’S district cooling system 
uses the new city water pipeline to  
extract cooling from deep in Lake  
Ontario, using pumps and heat  
exchangers and reducing the cost  
of cooling by 87 per cent (see case 
study 3.5). 

PORT LOUIS is developing a deep  
seawater cooling system that will take 
water from 1,000 metres below sea 
level to cool commercial buildings  
(see case study 3.12).

ABSORPTION 
CHILLER 

DRIVEN 
FROM 

SURPLUS 
HEAT OR 

RENEWABLE 
SOURCE

Fuel source:  
Surplus heat from 
waste incinera-
tion, industrial 
processes, power 
production

Conversion:  
Integrating absorp-
tion chiller with 
heat source

n  Absorption process 
often utilizes waste 
heat, enabling high 
levels of primary 
energy efficiency.

n  Can be combined 
with CHP to pro-
duce cooling as well 
as heat (tri-genera-
tion) in a combined 
cooling, heating  
and power (CCHP) 
plant.

n  Because heat demand is 
seasonal and low during 
summer, cooling production 
through an absorption chiller 
enables additional revenue 
for a CCHP.

n  Particularly relevant for hot 
countries where combination 
with a power station allows 
for cool production exactly 
when power is most required. 

n  Absorption chillers do not 
use “environmentally  
damaging” refrigerants. 

LONDON’S new Olympic Park  
development utilizes a 4 MW absorp-
tion chiller in the tri-generation plant 
to produce cooling during summer 
when heat demand is lower (see case 
study 3.8). 

VELENJE’S pilot project utilizing  
absorption chiller technology from 
waste heat has achieved significant 
electricity savings relative to normal 
cooling technologies, at a production 
cost that is 70 per cent that of normal 
cooling technologies.

COLD OR 
HEAT  

STORAGE

Fuel source:  
Cool or heat from 
district energy 
network or directly 
from district  
energy plant

Conversion:  
Storage of hot 
water, cold water 
or ice

n  Must consider  
storage capacity,  
discharge and 
charge rates, effi-
ciency of storage, 
and the storage  
period (IEA-ETSAP 
and IRENA, 2013).

n  Storage periods can 
range from a few 
hours and days to 
seasonal storage.

n  As heating and cooling 
demand is typically seasonal, 
seasonal storage enables heat 
or cooling production to  
continue throughout the 
year, lowering the use of 
peaking capacity in a system.

n  Cold storage on a network 
with electric chillers helps to 
further reduce peak electric-
ity demand for cooling in a 
city by shifting production to 
other periods of the day. 

LONDON’S Bunhill district heating 
network utilizes 115 m3 of hot water 
storage in combination with CHP to 
reduce the use of backup boilers to 
meet peak demand (see case study 3.2).

CYBERJAYA utilizes both cold water 
storage (35,500 refrigeration-ton 
hours (RTh); 125 MWh) and ice  
storage (39,000 RTh; 137 MWh) 
(see case study 3.9).

DISTRICT COOLING

THERMAL STORAGE

 1 .1  Introduction to district energy  |  T R A N S I T I O N
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GREENHOUSE GAS EMISSIONS REDUCTIONS: Rapid, deep and cost-effective 
emissions reductions, due to fuel switching and to decreases in primary energy 
consumption of 30–50 per cent (e.g., the district cooling network in Paris uses  
50 per cent less primary energy). 

AIR QUALITY IMPROVEMENTS: Reduced indoor and outdoor air pollution and 
their associated health impacts, through reduced fossil fuel consumption. 

ENERGY EFFICIENCY IMPROVEMENTS: Operational efficiency gains of up to 
90 per cent through use of district energy infrastructure to link the heat and 
electricity sectors (e.g., Helsinki’s CHP plants often operate at 93 per cent primary 
energy efficiency). 

USE OF LOCAL AND RENEWABLE RESOURCES: Harnessing of local energy 
sources, including from waste streams, reject heat, natural water bodies and 
renewable energy. Piloting of new technologies, such as thermal storage, to 
integrate variable renewables. 

RESILIENCE AND ENERGY ACCESS: Reduced import dependency and fossil fuel 
price volatility. Management of electricity demand and reduced risk of brownouts. 

GREEN ECONOMY: Cost savings from avoided or deferred investment in 
generation infrastructure and peak power capacity. Wealth creation through 
reduced fossil fuel bills and generation of local tax revenue. Employment from 
jobs created in system design, construction, equipment manufacturing, operation 
and maintenance. 

These multiple benefits and the ability to 
integrate renewable energy and energy 
efficiency have led commentators ranging 
from the Wall Street Journal to the IEA to  
tout district energy systems as the fun-
damental solution and “backbone” of the 
sustainable energy transition (IEA, 2011b; 
Totty, 2011). Countries that are leaders in 
renewable energy or energy efficiency, or 
that have strong carbon targets – including 
China, the U.K., France, South Korea, New 
Zealand, the United States, Germany, Den-
mark, Sweden and the EU as a whole (see 
section 4) – are encouraging their cities 
to embrace district energy (Euroheat & 
Power, 2013; IEA, 2014b).

The benefits of district energy are realized 
most significantly at the city level (see table 
1.2) and can be directed specifically to the 
end-user to encourage connection (see 
table 1.3). The benefits are also felt at the 
national level (see table 1.4), and national 
policy can enable district energy to capture 
these benefits (see section 4). Benefits 
of district energy can be accounted for 
through local policy design (see section 
2) and through the business model used 
(see section 3). Tables 1.2 to 1.4 showcase 
some of these benefits and provide several 
examples from the 45 champion cities 
(for additional detail, see the case studies 
highlighted throughout this report).

Through development of district energy infrastructure, the 45 champion cities were achieving or 
pursuing the following benefits:

1.2  WHY DISTRICT ENERGY?

Air pollution in Shanghai, China (top).  
Commuters walking home during the 2003 New York 
blackout (bottom). The blackout prompted New York 
State to be a strong proponent of  
CHP at critical infrastructure facilities, after  
58 hospitals lost power, whereas hospitals with CHP 
were able to operate as normal  
(Hampson et al., 2013; Hedman, 2006).
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TABLE 1.2 Benefits of district energy systems to cities

RESILIENCE-RELATED ECONOMIC ENVIRONMENTAL

n  Increased energy security and  
reduced dependence on fuel  
imports due to more-efficient use of 
primary energy and local resources

n  Can be used in emergency situations 
where centralized generation fails 
or is not available, so that heat can 
still be provided during storms, and 
hospitals can remain operating

n  ”Future-proofed” network allows  
for systems to be retrofitted easily 
with new and emerging techno- 
logies, without the need to install 
equipment in each building 

n  Job creation through installation 
and operation and the increased 
reliance on local energy sources 
(local forest residues, landfill gas, 
renewables)

n  Additional income opportunities 
as interconnected systems allow for 
excess capacity and sharing with 
neighbouring systems

n  Local wealth retention from greater 
use of local resources, reduced fossil 
fuel imports and more-efficient 
primary energy consumption

n  Improvements in air quality that 
could reduce spending on health 
costs or environmental penalties

n  Possible relocation of businesses 
to the city due to increased energy 
security

n  Reduced consumption of fresh water 
in district cooling compared with 
conventional cooling systems

n  Significant dividends to the local 
government via the city ownership 
model of district energy

n  Monetary savings from reduced 
landfill use

n  Attraction of compact urban 
planning that can lead to reduced 
spending on energy, utilities, etc.

n  Substantial contribution to meeting 
city-wide greenhouse gas reduction 
targets

n  Huge potential to improve city-wide 
air quality through reduced burning 
of fossil fuels that produce sulphur  
dioxide (SO2), nitrogen oxides (NOx) 
and particulates

n  Decreased heat loss into the  
atmosphere, minimizing the  
heat-island effect in cities

n  Alternative income stream from 
waste, which may create a business 
case to deal with waste appropriate-
ly, improving the local environment 
(e.g., development of improved 
waste collection to fuel landfill 
biogas system)

n  Delivery of district heat alongside 
energy efficiency programmes 
through transition to fourth- 
generation systems, which in turn  
allow more waste heat and renew-
ables in the energy system and 
enable the balancing of variable 
renewables such as solar and wind

ANSHAN: avoidance of 1.2 million tons 
of coal per year (see case study 3.7)

TOKYO: increased resilience against 
earthquakes through more local  
generation of electricity

TORONTO: increased resilience against 
extreme weather events through local 
heat production

GÜSSING: insulation against oil price 
shocks from 1990 to today

ANSHAN: rapid (three-year) project 
payback time through capture of  
waste heat in the city 

MILAN: avoided consumption of  
20,000 toe of fossil fuels

PARIS: dividend for the city of 
€ 2 million (US$2.6 million) annually

OSLO: employment benefits estimated 
at 1,375 full-time jobs

GÜSSING: urban rejuvenation,  
creation of more than 1,000 indirect 
jobs and entry of 50 new businesses

ST. PAUL: US$12 million in energy 
expenses kept circulating in the  
local economy

ANSHAN: expected dramatic  
improvement in local air quality from 
reduced coal consumption as phases 
are built out

MILAN: savings of 2.5 tons of particu- 
late matter, 70,000 tons of CO2,  
50 tons of NOx and 25 tons of SO2 in 
2011

OSLO: avoidance of 500,000 tons of 
waste going to landfill annually and 
pollution reduction equivalent to 
150,000 cars driving 15,000 km a  
year in the city
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TABLE 1.3 Benefits of district energy systems to end-users

TABLE 1.4 Benefits of district energy systems at the national level

RESILIENCE-RELATED ECONOMIC ENVIRONMENTAL

n  More-reliable energy source that 
can provide power and heat/cooling 
at times of disruption such as ex-
treme weather or blackouts

n  Insulation from energy price spikes 
and greater long-term certainty on 
heating and cooling bills because 
price is less reliant on fossil fuel 
prices

n  Transparent reduction of heating 
and cooling bills in the long term 
compared to alternative techno- 
logies

n  Ability for local authorities to target 
end-users experiencing fuel poverty

n  Space savings from not having  
individual thermal energy  
production (e.g., freeing up of  
office space)

n  Ability to certify buildings to a high 
energy efficiency standard due to 
low primary energy factors, allowing 
users to benefit during leasing/sale 
of property 

n  Additional income from building- 
level renewable hot water  
production through net metering

n  Reduction of pollution produced 
in the home through heating and 
hot water production as a result of 
switching from coal and other fuels

n  Health benefits from improved air 
quality

n  Health benefits from greater 
utilization of the heating system by 
fuel-poor populations, due to more 
affordable provision of heat 

n  Improved safety as boilers, gas  
supply, etc. are kept out of the 
building

BOTOSANI: reduction in breakdown  
of network of 45 per cent from 2010 
(base) to 2013; expected to reach  
94 per cent when modernization  
project is completed

BOTOSANI: following modernization, 
reconnection of 21 large-scale district 
heating consumers that previously had 
disconnected from the system but have 
now reconnected due to more afford-
able heat

BOTOSANI: annual abatement of a 
projected 684,100 tons of CO2- 
equivalent of greenhouse gases 

RESILIENCE-RELATED ECONOMIC ENVIRONMENTAL

n  Increased energy security and 
reduced dependence on fossil fuel 
imports

n  Reduced stress on national or  
regional power grids through  
energy sharing and thermal storage 
(if alternative technology is  
electricity based)

n  Reduced electricity demand during 
peak periods, thus increasing 
reliability of power (if alternative 
technology is electricity based)

n  Potential reduced energy imports 
due to lower primary energy  
consumption, improving balance  
of payments of the country

n  Ability to use variable power 
generated from renewable energy, 
reducing the need for curtailing and 
backup power plants

n  Deferred or reduced cost of  
upgrades in gas and electricity  
distribution networks as users switch 
to district energy

n  Reduced transmission losses as  
electricity is generated closer to 
where it is being used

n  Reduced greenhouse gas emissions 
from the carbon-intensive buildings 
sector

n  Allowance of higher levels of  
variable renewable electricity on  
national or regional power grids, 
decreasing the carbon intensity of 
power production

n  Allows country to meet national/ 
international targets for carbon 
emissions, renewables, energy 
efficiency, energy intensity and air 
quality 

n  Reduces consumption of environ-
mentally damaging refrigerants in 
the cooling sector

DENMARK AND SWEDEN:  
development of district heat policy in 
response to 1970s oil crisis 

JAPAN: use of energy efficiency from 
cogeneration reduces high imports of 
natural gas relative to business as usual

DENMARK: 20 per cent reduction in 
national CO2 emissions since 1990  
due to district heating 
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The use of energy sources such as nuclear-
powered electricity or fossil fuels to pro- 
vide space heating, hot water or cooling 
services can be compared to “using a chain-
saw to cut butter” – it is inefficient and an 
extreme waste of resources (Lovins, 1976). 
This is because these energy sources are 
both high temperature and high “exergy,” 
meaning that they have high potential for 
useful mechanical work. Burning high-
exergy fuels such as coal or natural gas is 
not necessary to provide services, such as 
heating and cooling, that can be provided 
more efficiently using low-temperature, 
low-exergy energy sources. The high-
exergy energy could then be saved for 
processes that do not have an alternative 
(Gudmundsson and Thorsen, 2013). 

Air conditioning is a clear example of using 
high-exergy energy to obtain low-grade 
thermal energy. In some cities, such as 
Dubai, air conditioning can represent over 
70 per cent of electricity consumption. For 
many developing countries, particularly in 
hot climates, this represents a huge drain 
on already-strained electricity networks 
and is inspiring action on developing 
district energy alternatives (see case studies 
3.12 on Port Louis and 3.9 on Cyberjaya). 

District energy infrastructure is the only 
way to utilize low-exergy, low-grade waste 
heat or free cooling sources for end-uses 
such as space heating, cooling and hot 
water services in buildings (see table 1.1). 
To the extent that it is technically and 
economically possible, cities should avoid 
the direct use of electricity and fossil 
fuels to generate low-exergy heating and 
cooling, and should turn instead to district 
energy. Cities should be taking advantage 
of free cooling sources such as rivers, lakes 
or seas; as well as waste heat sources such as 
metal smelting plants and other industrial 
processes, waste incineration, wastewater 

treatment plants, data centres and CHP 
plants. 

Cogeneration in modern CHP plants is 
typically 80–90 per cent efficient, mea-
ning that almost all of the primary energy 
burned is converted to useful final energy. 
The significant amount of heat captured 
in this process is frequently used in 
district heating. In contrast, conventional 
thermal power plants typically are only 
30–50 per cent efficient and release 
huge amounts of waste heat to the local 
environment (IEA, 2014a). Figure 1.4 
shows these relative differences in useful 
energy production and illustrates how, 
without district energy and CHP, fossil 
fuel consumption and CO2 emissions are 
higher using conventional energy systems.

  1.3.2  USING NETWORKS TO 
 MAXIMIZE EFFICIENCY
District energy networks can maximize 
efficiency in a variety of ways. Through 
the use of thermal storage, heat or cooling 
demand can be shifted by hours, days or 
even months, smoothing the demand 
profile and enabling heat to be supplied in 
the most cost-effective way. Excess energy 
production is stored and used later during 
peak thermal demand periods. CHP 
plants, for example, can store excess heat, 
enabling them to operate only when it is 
most beneficial for the national or regional 
electricity markets and to avoid having to 
operate in response to small fluctuations 
in heat demand. This also can allow for the 
integration of variable renewable energy 
into the power system. Thermal storage in 
combination with district energy is often 
more cost effective than power storage.

Additionally, flexible infrastructure means 
that the network is able to grow over time 
and utilize different energy sources, as well 

as benefit from interconnection with other 
networks. Interconnecting of networks en-
ables any excess energy that is produced 
to be shared with neighbouring district 
energy systems, reducing volatility in the 
overall network.

In refurbishment cities, significant energy 
efficiency gains can be achieved by up-
grading networks (see case study 2.5 on 
Botosani), interconnecting networks (see 
case study 3.7 on Anshan) and adopting 
modern approaches to billing (see case 
study 4.4 on Yerevan). The World Bank’s 
China Heat Reform and Building Energy 
Efficiency (HRBEE) Global Environment 
Facility (GEF) Project, completed in 
October 2013, has demonstrated how 
consumption-based billing could result in 
energy savings of 10–15 per cent in China. 
As of December 2012, in the country’s 
north, such billing was used for only some 
805 million square metres (m2) of heating 
area, out of a total heated building stock of 
8 billion m2. The World Bank has sought to 
boost implementation through replicable 
pilot studies, but municipal-level district 
heating companies remain resistant to 
billing reform due to the potential loss 
in revenues. Air pollution in cities is 
expected to be the key driver in ensuring 
broader implementation of consumption-
based billing across China, in addition to 
efforts to enhance the role of provincial-
level entitites in district heating sector 
reform and to incentivize district heating 
companies to implement heat reforms 
more proactively (Py, 2014). 

  1.3.1  TAKING ADVANTAGE OF LOW-EXERGY ENERGY SOURCES

”Wastewater flows combined with chillers and district cooling could meet  
approximately 30–35 per cent of the cooling demand of commercial buildings  
in many cities within temperate zones.”  Nick Meeten, HUBER SE, 2014

1.3  ENERGY EFFICIENCY
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  1.3.3 ENERGY EFFICIENCY  
  IN BUILDINGS
In an effort to meet city, regional or 
national energy efficiency targets, local  
authorities are advancing district energy  
solutions to improve the thermal perfor-
mance (operational efficiency) of their 
existing building stock and to utilize 
local energy sources – such as waste heat 
– that are not technically or economically 
viable at the scale of the single building. 
By harnessing economies of scale, district 
energy systems can improve the efficiency 
of homes and buildings in a cost-effective 
manner, complementing efforts to achieve 
energy efficiency standards or certifica-
tions in buildings. 

If buildings are very inefficient, they 
require basic efficiency measures at the 
building level, such as insulation, energy-
efficient lighting and other retrofits. As a 
building’s efficiency improves, however, 
district energy can provide greater 
efficiency savings than full retrofits, as 
Frankfurt discovered when evaluating 
the city’s 12,000 buildings that have 
historical façades. Similarly, in Rotterdam, 
as buildings become more efficient, it 
becomes more cost effective to pursue 
district energy, as figure 1.5 illustrates. 

When progressing from the “G” level 
of certification for a building’s energy 
performance to the “E” level, building-level 
efficiency measures are more cost effective 
than district energy. But district energy 
becomes more cost effective when moving 
from the “E” level to the more-efficient “D” 
level, and from the “C” to the top-rated “A” 
level (although here, the cost of district 
energy may increase due to switching out 
of fossil fuels, such as converting natural 
gas CHP to biomass CHP).

Seattle’s privately owned district heat 
utility, Seattle Steam, has partnered with 
an energy service company (ESCO) to 
offer an energy saving programme directly 
to its own customers, helping them reduce 
energy consumption by 29 per cent. The 
programme assesses a building’s energy 
saving potential and provides access 
to grants and low-interest loans, which 
customers can pay back through their 
monthly utility bills. From a business 
development perspective, this lowers 
customers’ utility bills (typically after a 
payback of five to seven years), allowing 
Seattle Steam to retain customers. 
Furthermore, the efficiency improvements 
free up existing heat generation capacity 
to service new customers, allowing Seattle 

Steam to build its customer base without 
additional capital costs associated with 
increasing generation capacity.

District energy has proven beneficial in 
buildings that already are highly efficient. 
To qualify as low-emissions buildings, so-
called passive houses often have to meet a 
very low energy-consumption standard of 
25 kilowatt-hours (kWh)/m2/year or less, 
depending on the definition. In Helsinki, 
where even highly efficient houses can get 
too hot in summer, near-passive buildings 
still benefit from hot water and cooling 
services. 

Achieving efficiency standards or certi-
fication through district energy is not al-
ways possible, however, and many existing 
energy standards or certification schemes 
currently do not reflect all of the efficiency 
benefits of district energy (see section 4.1). 

FIGURE 1.4 Sankey diagram of business-as-usual heat/electricity/cooling system against modern district    energy system
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(World Coal Association, 2014).
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  1.3.4  ENERGY ACCESS
District energy has the potential to 
provide energy services that are resilient, 
affordable and accessible. Because of 
its efficiencies and economies of scale, 
it offers a tool for providing vulnerable 
sectors of society, such as populations 
in fuel poverty, with lower energy tariffs 
than for competitive technologies. District 
energy makes it possible to connect a city’s 
population to modern energy services 
(see case study 1.2 on Hohhot in China’s 

Inner Mongolia Autonomous Region), ty-
pically at lower prices (see case study 4.4 
on Yerevan).

District energy also can provide affordable 
access to thermal energy by enabling 
communities to avoid many of the upstream 
investment costs associated with the power 
sector. In countries and cities with high 
demand for cooling, in particular, district 
cooling can reduce the high electricity 
demand for air conditioning and reduce 
peak demand. This in turn can reduce 

unnecessary excess capacity, freeing up 
infrastructure funds to better target 
energy efficiency in other sectors and/or 
to address the needs of rural populations.

FIGURE 1.4 Sankey diagram of business-as-usual heat/electricity/cooling system against modern district    energy system
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FIGURE 1.5 Return on investment in Rotterdam from building-level efficiency  
 improvements versus a district energy approach

Source: Jolman, 2014
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District energy allows for the use of re-
newably generated heat and cooling, local 
waste heat, and energy-from-waste tech- 
nologies, as described in table 1.1. In 
addition, the presence of district energy 
makes it possible to integrate greater 
amounts of variable electricity generation 
into an electricity grid system, which is key 
to decarbonizing the power sector (see 
figure 1.7).

  1.4.1 USING ECONOMIES OF  
  SCALE TO TAP INTO   
  RENEWABLE AND LOCAL 
  ENERGY SOURCES
By using district energy systems, it is  
possible to aggregate the heat needs of 
multiple and diverse consumers to a scale 
that optimizes the use of renewable energy 
sources that may not be economically 
viable at the household or building level 
(Chittum and Østergaard, 2014). This 
neighbourhood-scale approach enables 
the use of owner cooperation, aggregation 
of demand, and service models that 
otherwise would not be feasible. Currently, 
at least 20 per cent of EU-wide district 
heat is generated from renewable energy 
sources (REN21, 2014). In developing 
countries, readily available renewable 
sources, such as landfill gas, could be 
tapped for district energy purposes. 
Renewable heat or cooling can be directed 
into a district energy network using tech-
nologies described in table 1.1 and shown 
in figure 1.7. 

  1.4.2 FLEXIBILITY  
  IN FUEL SUPPLY
As renewable technologies become more 
cost competitive, district energy schemes 
are ideally placed to phase in renewable 
energy through renewable fuels, untapped 
sources of waste heat, or technologies 
such as geothermal and solar thermal. 
Because district energy systems generally 
do not commit a city to a single fuel source, 
implementing such schemes can help 
protect local economies from the volatility 
of fossil fuel prices on the global market  
(see case study 1.1 on Gothenburg’s ex-
perience with fuel flexibility historically).

  1.4.3  WIND-TO-HEAT
Several countries have begun using district 
heat systems to harness excess renewable 
electricity (particularly from wind and solar) 
during periods of oversupply. An example is 
the use of surplus wind power to heat water, 
either with heat pumps or directly using 
resistance heaters. In Denmark, combining 
variable renewable electricity with CHP 
and district heating is now a cornerstone of 
the country’s energy policy (REN21, 2014). 
When renewable power output is low, CHP 
plants can provide electricity even without 
enough heat demand, as the heat produced 
can be directed to thermal storage. China’s 
Inner Mongolia region is experimenting 
with wind-to-heat to reduce curtailment of 
wind power (see case study 1.2).

”District energy schemes are one of the most effective means for integrating renewable 
energy sources into heating and cooling sectors. Solar thermal, geothermal, bioenergy, 
waste heat and natural, free, cooling systems can benefit from the economies of scale that 
district energy provides.”
Professor Ralph Sims, Massey University, New Zealand and member of the Scientific and Technical Advisory Panel of the GEF

1.4  RENEWABLE ENERGY

Middelgrunden offshore wind farm, 3.5 km  
from Copenhagen, Denmark. When built in 2000, it 
was the largest offshore wind farm in  
the world, at 40 MW. Wind generation will  
provide 50 per cent of Denmark’s electricity by 2020. 
Such high shares of wind generation  
will be made possible, in part, by the country’s exten-
sive district heat networks.
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CASE STUDY 1.1 GOTHENBURG: FLEXIBILITY IN 
FUEL SUPPLY IN DISTRICT HEATING

Gothenburg’s district heating system, initiated in 1953 with 
a CHP system and later supplemented in 1972 with a waste 
incinerator, illustrates the flexibility in fuel supply that 
district energy offers. In response to the oil crisis of the 
1970s and the city’s bad air quality, Gothenburg expanded 
the system significantly in the 1970s and 1980s. Today, 
the 1,300 km system supplies heat to some 60 per cent of 
the city’s residents, and 70 per cent of it comes from non-
fossil fuel sources or is waste heat from waste incineration, 
industry or sewage water. Göteborg Energi, the municipally 
owned utility, is a champion of renewable energy in district 
heating and is considering converting the 261 MWel Rya CHP 
plant to run on biogas. 

Figure 1.6 shows how district heating production in 
Gothenburg doubled from 1973 to 2002, while emissions 
of CO2, SO2 and NOx simultaneously decreased. The 
heat profile shows the huge variety in renewable sources 
used throughout the year. Such flexibility has successfully 
insulated Gothenburg from international fossil fuel prices. 
Across Sweden, as the share of oil used in district heating 
networks has dropped from 90 per cent in 1980 to less than 
10 per cent today, the country’s carbon intensity has similarly 
declined, from some 300 kg of CO2 per MWh in 1980 to 
some 95 kg of CO2 per MWh today.

Gothenburg also has developed district cooling, using free 
cooling from the Göta River supplemented by absorption 
cooling.

19
73

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

5,000

4,500

4,000

3,500

3,000

2,500

2,000

1,500

1,000

500

0

1,200

1,000

800

600

400

200

0

District heating, MW

19
82

19
86

19
90

19
94

19
98

20
02

20
05

20
06

20
07

20
08

20
09

20
10

20
11

SO2 (ton)

NOx (ton)

CO2 (kton)

Heat production (GWh)

Oil
Natural Gas
Heat Pumps
Biofuels
Natural Gas (CHP)
Rya CHP Plant
Refinery Waste Heat
Waste Incineration

19
73

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

5,000

4,500

4,000

3,500

3,000

2,500

2,000

1,500

1,000

500

0

1,200

1,000

800

600

400

200

0

District heating, MW

19
82

19
86

19
90

19
94

19
98

20
02

20
05

20
06

20
07

20
08

20
09

20
10

20
11

SO2 (ton)

NOx (ton)

CO2 (kton)

Heat production (GWh)

Oil
Natural Gas
Heat Pumps
Biofuels
Natural Gas (CHP)
Rya CHP Plant
Refinery Waste Heat
Waste Incineration

FIGURE 1.6 Gothenburg’s district heating production, 1973–2011, and the heating system’s fuel mix and profile
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FIGURE 1.7 Whole district energy system showing various end-users and the feeding in of heat and cooling souces (including renewables)

Excess variable electricity production, such as 
wind generation, can be utilized and stored 
using district energy, providing valuable demand 
response for the power system. This electricity 
can power large-scale heat pumps, which capture 
low-grade heat (such as from underground) to 
produce hot water to be stored as heat or fed 
directly into a district heating network. Similarly, 
high-efficiency electric chillers could provide 
demand response and store surplus cold water  
as cold to be used in district cooling. Through 
such means, district energy can enable  
higher shares of renewable energy in  
power systems.

The high density of heat and cooling demand 
from commercial consumers makes them ideal to 
connect to district energy. 

The high density of heat and cooling demand from industrial 
consumers makes them ideal to connect to district energy. 

Several cities capture the heat from wastewater and sewage. A heat 
exchanger in the pipes ensures no direct contact and removes the 
heat before the sewage is processed. An electric heat pump then uses 
the low-temperature waste 
heat to supply hot 
water for the district 
heating system.

Solar thermal can be connected to district heating systems at 
a large scale (such as large ground-mounted 
installations) or at the building level. For 
building-mounted solar thermal, systems can 
be designed that allow building owners to 
provide heat to the district heating network in 
times of surplus, removing the need to store 
excess heat in the building. 
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HEAT PRODUCTION

Instead of sending non-recyclable 
municipal solid waste to landfills, cities 
can incinerate it. The waste heats water 
into steam, and this heat is transferred 
into the district heating system. Some 
larger waste incinerators also have a 
steam turbine to produce electricity 
and heat. The exhaust fumes of the 
incinerator must be controlled so as not 
to contribute to local air pollution.

Many cities have renewable sources 
of low-temperature water that can 
be used to provide district cooling. 
The cooling is extracted from sea, 
river, lake or aquifer water using a 
heat exchanger. District cooling 
networks can meet the demands 
of data centres, which normally 
require huge amounts of elec-
tricity to stay cold.

Waste heat from industry can be converted to cooling using an absorption 
chiller. These differ from the more prevalent electric chillers in that the 
cooling effect is driven by heat energy, rather than 
by mechanical energy. The coefficient of perfor-
mance of the chiller depends on the number of 
absorption cycles but is typically 0.65 to 1.2.

CHP plants generally have a steam turbine, and gas CHP 
plants have a gas turbine as well. The turbines produce 
electricity, and the excess heat can be provided to a 
district heating network.  
Combined cooling,  
heat and power (CCHP)  
plants have an absorption 
chiller that can use heat 
to produce cooling for 
district cooling systems.

Buildings typically will be connected individually to the 
district energy network, with a heat exchanger separating 
the building’s central heating or cooling system from 
the network.  
District heating can be 
used to provide heating 
as well as hot water, and 
in some cities buildings 
are connected to both 
district cooling and 
district heating 
systems. 
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  1.4.4    BALANCING
Producing electricity from CHP is an 
important aspect of the district energy 
model. Electricity is more valuable than 
heat because of its higher exergy (see 
section 1.3.1), meaning that a 90 per 
cent efficient gas-fired CHP plant is more 
valuable to an energy system than a 90 per 
cent efficient gas boiler. CHP plants that 
provide heat to a district energy network 
typically rely on the heat demand profile of 
the network to determine when to produce 
electricity. Two unprofitable situations 
can arise for such plants (these examples 
apply to markets where there are not fixed, 
regulated electricity prices):

n LOW (OR NEGATIVE) ELECTRICITY PRICE, 
WITH HIGH HEAT DEMAND. This could occur 
on a very windy, cold day. High amounts 
of wind generation can bring down 
the market price for electricity (even 
making it negative, which can lead to 
wind curtailment). In this situation, the 
CHP plant will have to run to meet heat 
demand even though it would not receive 
sufficient electricity revenues and would 
be unprofitable.

n HIGH ELECTRICITY PRICE, WITH LOW HEAT 
DEMAND. This could occur during a sum-
mer evening in a temperate climate. 
Expensive thermal power stations may 
be the marginal price in the electricity 
market, and thus the electricity price will 
be high. When heat demand is low, the 
CHP plant cannot run, as there is no off-
take for its heat, and CHP plants generally 
do not have cooling towers. If the CHP 
plant could run, however, it would be very 
profitable due to the high electricity price. 
The CHP plant needs a demand for its heat 
(technically and to receive heat revenues) 
so that it can produce electricity (achieving 
high revenues).

Thermal storage and fossil fuel-based 
boilers (or electric boilers) could help 
in both of these situations. In the first 
situation, any heat in storage could be 
released instead of running the CHP plant, 
and if this were insufficient, gas boilers 
could run as well to produce hot water for 
the network. This running of fossil boilers 
would be beneficial and would avoid 
any wind curtailment that would occur 
if the CHP plant were forced to run (as 
has occurred in China’s IMAR; see case 

study 1.2), and electric boilers could also 
achieve this. In the second situation, the 
CHP plant could run if it could provide 
its heat to thermal storage, allowing the 
heat to be used in the district heating 
network at another time (perhaps seasonal 
storage could shift this heat to a higher 
demand period in autumn/winter). Other 
solutions, such as open networks with 
multiple demand users and heat sources, 
can also help to address the CHP situation. 
Germany’s Energiewende policy encourages 
the use of CHP because of its balancing 
synergies with solar (see case study 1.3).

Furthermore, the demand-side response 
options available from the large-scale 
uptake of cold storage based on district 
cooling systems can also be used to help 
balance a power grid system that has high 
shares of variable renewable generation.

CASE STUDY 1.2 
WIND-TO-HEAT IN 
CHINA’S INNER MONGOLIA 
AUTONOMOUS REGION (IMAR)

HOHHOT

Inner Mongolia has the largest installed wind power 
capacity of any region in China – 18 GW, or one quarter of 
the country’s total – and the regional government plans to 
increase this capacity to 50 GW by 2020. However, IMAR 
prioritizes the use of CHP, rather than electricity-only wind 
farms, to meet the region’s rising demand for electricity 
and heat. As a result, many wind farms are being forced to 
disconnect from the grid, particularly during winter nights 
when both CHP and wind generation are high but power 
demand is low. For this and other reasons, up to 45 per cent 
of wind power is curtailed in IMAR. The government is keen 
to pilot the use of curtailed wind power for district heating, 
including to help meet the rising heat demand in urban 
areas. 

In Hohhot, the capital of IMAR, winter temperatures can 
drop to as low as –40°C, and sub-zero temperatures typically 
last for six months of the year. Thus, adequate heating 
is a basic human need and essential for socio-economic 
activities. Because Hohhot already has a high concentration 
of inhalable particulate matter during winter, coal-based 
heating can no longer be a solution to meet increasing 

heating demand. Through a decree issued in 2013, the 
Hohhot municipal government promoted the use of natural 
gas to meet the growing energy demand and address 
associated environmental and health concerns. 

The Hohhot Chengfa Heating Company, a subsidiary of a 
municipally owned enterprise, plans to establish low-carbon, 
low-emission and highly energy-efficient district heating 
systems in eastern Hohhot. It will install 50 MW of electric 
boilers to be powered by excess wind energy; 1,560 MW of 
natural gas boilers using low NOx boilers; 74 km of district 
heating pipeline; and heat exchangers covering nearly 30 
million m2 of space heating. Upon completion, the project 
will avoid the use of some 848,500 tons of coal equivalent 
annually as well as emissions of 1.3 million tons of CO2, 
26,000 tons of particulate matter, 7,500 tons of NOx and 
9,000 tons of SO2 (ADB, 2014).
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GERMANY

FIGURE 1.8 Solar PV and CHP production profiles for electricity compared to electricity demand in Germany

The high level of solar photovoltaic (PV) penetration in 
Germany’s electricity market has caused difficulties for 
conventional thermal electricity production. However, this 
penetration highlights a synergy between CHP and PV 
production in the country. PV production can dominate 
electricity production during the daytime and in summer, 
but during the evening and in winter (when power demand is 
higher), it does not provide the power needed for the energy 
system. Due to their heat demand (which they must meet), 
it is in these periods that CHP plants are most required to 
run. As such, CHP generation can provide electricity when 
PV is less able to, as illustrated in figure 1.8. A key reason 
that Germany’s Energiewende (“Energy Transition”) policy 
promotes CHP is because it allows for the integration of 
higher levels of solar PV into the system.
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Other benefits outside the business case 
also may not be priced in, such as reductions 
in primary energy consumption, lower 
greenhouse gas emissions and improved 
air quality (see section 4.2). This is why 
cities and national governments are so 
important in the delivery of district energy, 
as they can help provide the business 
case with a more long-term vision and 
can account for socio-economic benefits 
in energy decision making. Figure 1.9 
provides some reference levelized costs for 
district heating and cooling compared to 
decentralized production.

The components of the costs of heating/
cooling from district energy to the end-
consumer will depend on the revenues of 
the district energy system, as well as on the 
CAPEX and OPEX of the technologies, as 
described in the following sections.

District heating and cooling have been developed for many years without subsidies. District energy is 
cost-competitive in many climates and economies and is frequently a very cheap provider of heating and 
cooling. The ability to utilize waste heat/cold is an important driver in delivering low-cost thermal energy. 
However, there is no denying that, as with renewable electricity production, district energy typically has a 
high capital expenditure (CAPEX) and a relatively low operating expenditure (OPEX). This means that 
having only a short-term vision of the business case for district energy can be detrimental – and that the 
avoided high CAPEX of decentralized solutions (such as single-building air-conditioning units or gas 
boilers), which collectively can be very high, needs to be captured in cost comparisons.

1.5  COSTS
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FIGURE 1.9 Levelized costs of district heating and cooling compared to decentralized   
 production

Note:  
Prices will vary significantly by location 

and project, as described in sections 
1.5.1–1.5.3. Network costs often constitute 

approximately half of the cost of district 
energy. In the examples provided, the 

district network cost is for a network with 
a linear heat/cool density of 15 GJ/metre/

year, with 30 per cent of demand from 
individual houses and 70 per cent from 

apartments. Waste cost: –US$26/ton  
(negative). Gas price for district heating: 

US$38/MWh. Electricity price for district 
heating: US$102/MWh. Electricity price 

for district cooling: US$127/MWh. Steam 
price for district cooling: US$19/MWh. 
Electricity price for domestic: US$203/
MWh. Gas price for domestic: US$76/

MWh. Discount rate: 10%. Waste inciner-
ator load factor: 80%. CHP load factor: 

40%. District heat boiler load factor: 10%. 
Free cooling load factor: 62%. Electric 

chiller load factor: 30%. Absorption chiller 
load factor: 30%. Discount rate 10%.
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  1.5.1 DISTRICT ENERGY 
  CAPEX
n DEVELOPMENT COSTS: These include  
the costs associated with prefeasibility  
studies, permitting applications, feasibility 
studies and planning applications.

n PIPES AND NETWORK: A key issue is  
the density of buildings, as this will affect 
the length and diameter of pipes necessary 
to connect them. Designing pipe routes 
to ensure the most effective network will 
reduce costs. Consideration needs to be 
given to “future proofing” the network 
by allowing sufficient pipe size to connect 
more buildings in the future, along with 
the timing and sequence of construction. 
It may be necessary to pay the municipality 
for use of the street, or landowners to route 
the network across their land (although 
these fees may be reduced or waived if the 
landowner will benefit from the project). 
Integration with other utilities/systems 
(e.g., sewage, transport) can reduce 
installation costs by installing at same time 
as other development. 

Figure 1.10 describes potential costs of 
district energy networks and connections 
for various linear heat/cool densities. 
Linear heat/cool density is a measure used 
in district energy to distinguish the annual 
demand expected per metre of network 
installed. The linear heat/cool density is 

reduced if the network is in an area with low 
heat density, such as the outskirts of a city. 
A reduced linear heat/cool density means 
a higher levelized cost of the network. 
Furthermore, houses and apartments must 
connect to the network, which represents a 
significant proportion of costs. Individual 
houses are far more expensive to connect 
than many apartments in a larger building. 

n THERMAL PLANT AND THERMAL 
STORAGE: The optimal location for the 
generating plant and any thermal storage 
is often influenced by the availability 
and value of land, potentially provided 
by the local authority. The CAPEX also 
includes construction of the energy centre 
(which contains the generation plant 
and control centre and needs to be sized 
to meet the load demand), as well as the 
cost of obtaining planning, construction 
and emission permits (particularly if a 
flue is necessary). Peaking and backup 
boilers and/or thermal storage must be 
designed to accommodate the shape of 
the load profile, and ancillary equipment 
(pumps, valves, fuel storage, water treat- 
ment, pressurization vessels and heat ex-
changers) is also necessary for operation 
of the system. An additional cost is con-
necting CHP plants to the local, regional 
or national electricity networks. 

Source: UNEP analysis based on Swedish 
District Heating Association, 2007; Pöyry and 
AECOM, 2009; Swedblom et al., 2014; Danfoss, 
2014; Danish Energy Agency and Energinet.
dk, 2012; Gudmundsson and Thorsen, 2013; 
Zabala, 2009; Persson and Werner, 2010;  
Euroheat & Power, 2008.
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A glass accumulator tower at Pimlico District Heating 
Undertaking in London stores excess heat from the 
network.
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 1.5.2  DISTRICT ENERGY  
  OPEX AND FUEL COSTS
n FUEL: The principal operating cost is 
for fuel. In the near term, projects may 
rely on fossil fuels until the connections 
and network are established. Low- or zero-
cost heat sources can then be connected 
that could reduce the operating costs, 
including: locally available renewables  
such as biomass waste from sawmills, 
furniture factories or arboreal manage-
ment; solar or geothermal heat; and waste 
heat from industrial processes or other 
buildings such as data centres. 

n OTHER: Other operating costs include 
labour for operation; maintenance; local 
and state taxes; electricity; insurance; 
water; chemicals; service contracts for 
primary equipment. and management of 
projects.

  1.5.3 DISTRICT ENERGY   
  REVENUES
n HEATING/COOLING SALES : The 
absolute demand and load profiles 
of buildings connected to the project 
ultimately determine the revenues that can 
be obtained. A diverse mix of consumers 
and thermal storage will mean a smoother 
aggregated load profile, allowing for 
cheaper and more efficient heat/cooling 
production. Prices received for heating 
and cooling may be regulated or be part of 
a more liberalized market. District energy 
providers often utilize a two-part rate 
design, with a capacity charge related to 
the peak demand of the customer building 
and a consumption charge reflecting the 
metered monthly volume of heating or 
cooling energy used in the building.

n POWER: The majority of projects 
also derive revenues from power sales 
through CHP production. This power is 
usually delivered to a regional or national 
electricity grid, local distribution networks 
or specific local demand, depending 
on the CHP capacity and other factors. 
The power price (and its variability) 
will depend on the regional or national 
market and typically follows these prices, 
discounted based on the terms of a power 
purchase agreement (PPA). If connected 
to a local distribution grid, the CHP plant 
may achieve retail prices for electricity, 
which, especially if based on time-of-
day rates or congestion pricing, are of 
higher value and bring greater revenue. 
In Tokyo, CHP developers are approved 
as Specified Electricity Utilities and supply 

FIGURE 1.10 Network costs for district energy

Note: Linear heat/cool density is the energy consumed per year for each metre of network.  
A linear heat/cool density of 5 corresponds to networks running through parks, 10 refers to 

outer city areas and 15 or greater refers to inner-city areas. District cooling and heating  
network costs can vary significantly by country. Factors include (but are not limited to):  

local installation costs (which can account for 60 per cent of costs); availability of pipe and 
insulation in country; pipe width and pressure; linear heat or cool density; maximum system 
demand; number and size of connections; and costs of pumping. Discount rate: 10 per cent. 

Source: UNEP analysis based on: Swedish District Heating Association, 2007; Pöyry and  
AECOM, 2009;  Swedblom et al., 2014; Danfoss, 2014; Persson and Werner, 2010.
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power to specified district energy zones 
at retail electricity prices. Revenues from 
electricity generation (as well as free heat 
sources) allow district energy systems to 
provide heat at prices below competitive 
technologies (such as gas boilers).

n ANCILLARY SERVICES AND CAPACITY 
PAYMENTS : A capacity premium may be 
provided if the system is embedded in 
an area with a stressed power grid, and/
or if it provides balancing services to the 
regional or national electricity grid. Such 
ancillary services and capacity payments 
become more available to CHP plants 
if they are combined with boilers and 
thermal storage, as they then do not have 
to generate only according to the heat 
profile. 

n CONNECTION CHARGES: Users typically 
must pay for their connection to a district 
energy network. This can be either a 
one-off payment or a fixed tariff applied 
per year or month (explicitly covering 
maintenance and other works that are 
consumption independent). In some  
settings, a large building consumer that 
is near to the network and that is willing 
to sign a long-term service agreement may 
avoid connection charges if the forecasted 
revenue provides a suitable return on 
investment for the plant, mains and service 
pipes.  

n OTHER: Other revenue sources may 
include subsidies for renewable/CHP heat, 
carbon trading and avoided penalties for 
local carbon compliance policies.

Note: Centralized plant costs are estimates 
based on available data and will vary signifi-
cantly by country. Such variance is caused by 
(but is not limited to): load factor; local fuel 
prices currently and in the future; fuel prices 
at point of consumption (i.e., electricity con-
sumed may have higher price than average an-
nual electricity price); installation and labour 
costs; capacity of installation; land prices; cost 
of finance; development costs; any subsidies 
and tax incentives. UNEP has calculated CHP 
and waste-to-energy heat prices based on the 
lowest heat price possible based on fuel prices 
and electricity price received (prices detailed 
below) as well as on CAPEX and OPEX pay-
ments. Waste cost: – US$26/ton (negative). 
Wood chips: US$169/ton. Gas: US$38/MWh. 
Electricity price received for CHP/Inciner-
ators: US$102/MWh. Electricity price for 
cooling: US$127–US$165/MWh. Steam price 
for absorption chillers: US$19–US$38/MWh. 
Discount rate: 10 per cent. Waste incinerator 
load factor: 80 per cent. All CHP plants load 
factor: 40 per cent. District heat gas/electric 
boiler load factor: 10 per cent. District heat 
wood chip boiler load factor: 40 per cent.  
Geothermal load factor: 80 per cent Free  
cooling load factor: 62 per cent. Electric 
chiller load factor: 30 per cent. Absorption 
chiller load factor: 30 per cent. 
Source: UNEP analysis based on: Pöyry and 
AECOM, 2009; Swedblom et al., 2014;  
Danish Energy Agency and Energinet.dk, 
2012; Danfoss, 2014; Gudmundsson and 
Thorsen, 2013; Zabala, 2009; Euroheat & 
Power, 2008. 
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FIGURE 1.11 Centralized plant costs and operational costs for district energy
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S E C T I O N  1  

Cities have seen many 
different catalysts 
that have resulted in 
district energy systems. 
Unique business 
models or specific local 
conditions, such as the 
build-out or renewal of 
infrastructure, often 
have provided the 
impetus for district 
energy projects.

In DUBAI, the rapid pace 
of urban development as 
well as rising energy costs 
have encouraged building 
developers to incorporate 
district energy systems into 
new infrastructure projects 
as a means to provide a new 
service (cooling) to customers 
and to generate an additional 
income stream.

In VANCOUVER and LONDON,  
the Olympic Games of 2010 
and 2012, respectively, 
were a key driver for new 
infrastructure development, 
and district energy provided 
a solution to meet a variety 
of goals, including reducing 
emissions and taking 
advantage of local fuel 
sources. 

In Japan, the 2011 Fukushima 
nuclear accident was a major 
catalyst for focusing on energy 
efficiency and district energy. 
The event prompted TOKYO to  
develop a cogeneration facility 
with an independent trans-
mission network, making it 
possible to supply power to 
affected areas in times of 
natural disasters or other 
emergencies.

In CHRISTCHURCH, as part 
of the major rebuilding 
process under way following 
the 2011 earthquake, district 
energy has been included in 
city construction planning 
and development, helping 
to minimize costs and local 
impacts. 

In ROTTERDAM, district 
energy was introduced 
into city planning during 
World War II. When the war 
ended, the Minister of Public 
Works and Reconstruction, 
Johan Ringers, oversaw the 
rebuilding of the city and the 
simultaneous placement of 
a district heating pipeline. 
In 1949, Hotel Pax became 
the first building to be fully 
heated by the new system. 

ANSHAN has commenced 
significant renovation of its 
isolated, inefficient district 
heating networks into a 
modern system that captures 
waste heat from industry and 
new CHP plants. The catalyst 
was national regulation in 
China that required a solution 
to the city’s poor air quality, 
caused primarily by the use of 
coal to provide baseload heat 
to local heating networks.

PARIS developed district 
heating in 1927 to overcome 
local air quality issues and 
to address the challenge of 
delivering huge amounts 
of fuel to distributed users 
in the city centre. Today, 
large portions of the city 
are connected to district 
heating, including the Louvre 
museum, delivering the heat-
demand equivalent of 460,000 
households city-wide. Paris 
also developed the first district 
cooling network in Europe 
– Climespace – in 1991, part 
of which uses water from the 
Seine River for cooling.

”Utilizing waste heat to provide end-use services, such as heating in buildings, is best 
achieved through district heating. In Brest, we incinerate 125,000 tons of municipal solid 
waste a year, providing enough waste heat for 85 per cent of our network’s heat demand.” 
Alain Masson, 1st VP of Brest Métropole

1.6  CATALYSTS
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In TORONTO, a unique 
business model served 
as the catalyst for finally 
implementing the city’s deep-
lake-water cooling system, 
conceptualized since the 
early 1980s. Too much silt in 
drinking water extracted from 
the lake meant that the city 
needed to develop a deeper, 
longer pipe to reduce filtering 
costs. This was exactly the pipe 
needed for the deep-water 
cooling system, creating the 
opportunity for the city to 
partner with the company 
Enwave to provide cooling  
to the city. 

Access to energy resources was 
a catalyst for district heating in 
HELSINKI, where reliance on 
wood, oil and coal became a 
concern already in the 1940s. 
District energy helped to 
improve energy security as well 
as reduce local air pollution 
caused by the combustion and 
transport of imported fossil 
fuels. More recently, Helsinki 
has been implementing a 
district cooling system that 
relies on absorption chillers 
to use waste heat from 
cogeneration plants that was 
previously underutilized 
during the summer months. 

In BOTOSANI, high levels of 
heat loss, network breakdowns, 
heat subsidies and electricity 
consumption meant that  
the city required finance to 
rehabilitate its ageing district  
heating networks. The  
availability of finance from  
the International Finance 
Corporation and the EU 
Structural Funds provided 
the catalyst for modernization 
of Botosani’s district energy 
systems.

Such catalysts provide the impetus for a city to begin development of district 
energy. In the years to come, the types of catalysts will likely change, but 
planners and developers can still benefit from identifying potential catalysts 
in their cities. Section 2 of this report sets out a framework for tools that local 
authorities can use to develop district energy in their cities.
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