
Modern district energy systems (DES) 

will enable Frankfurt to achieve  

100% renewable energy by 2050.  

Through DES, the city will improve  

energy efficiency, be able to switch from  

fossil fuels, use waste heat and provide  

balancing for variable renewable  

energy sources. 
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Accelerating the uptake of energy effi-
ciency and renewable energy in the global 
energy mix is the single biggest contri-
bution to keep global temperature rise 
under 2 degrees Celsius (°C) and to reap 
the multiple benefits of an inclusive green 
economy. Cities account for more than  
70 per cent of global energy use and for  
40 to 50 per cent of greenhouse gas emis-
sions worldwide (Seto et al., 2014). Systemic 
inefficiencies in the energy consumption 
of cities have economic and social costs 
for both cities and countries and are a major 
barrier to universal access to modern energy. 

Currently, space heating and cooling as  
well as hot water are estimated to account 
for roughly half of global energy consump- 
tion in buildings (IEA, 2011a). Any solu-
tion for the climate and energy transition 
therefore must explicitly address urban 
heating and cooling, as well as their inter-
action with electricity consumption and 
production. Tackling the urban energy 
challenge will require the intelligent use of 
synergies, flexibility in demand, and short- 
and longer-term energy storage solutions 
across the different economic sectors.

One of the least-cost and most-efficient so-
lutions in reducing emissions and primary 
energy demand is the development of  
modern (i.e., energy-efficient and climate-
resilient) and affordable district energy 
systems in cities. District energy systems 

pipe steam, hot water or cold water 
around a city for use in buildings for 
heating or cooling, and can also produce 
electricity locally. A transition to such 
systems, combined with energy efficiency 
measures, could contribute as much as 
58 per cent of the carbon dioxide (CO2) 
emission reductions required in the  
energy sector by 2050 to keep global 
temperature rise to within 2–3 degrees 
Celsius. To facilitate the transition to such 
systems, UNEP and a group of partners 
has launched a new initiative on District 
Energy in Cities, as the implementing 
mechanism for the Sustainable Energy for 
All (SE4ALL) District Energy accelerator 
(see figure 1.1).

Modern district energy systems combine 
district heating and cooling with elements 
such as combined heat and power (CHP), 
thermal storage, heat pumps and/or 
decentralized energy. The centralized 
production of heat or cooling will enable 
the switch away from fossil fuels to be more 
economical in the future. District energy 
systems are increasingly climate-resilient, 
low-carbon and affordable, by allowing for: 

n recovery and distribution to end-users 
of surplus, low-grade heat and cooling 
(e.g., waste heat from industry or power 
stations; heat from groundwater and 
sewage; and free cooling from lakes, 
rivers or seas); 

n reduction in electricity consumption  
and primary energy use by switching 
heating and cooling production and 
aggregating heating and cooling de-
mand for end-users – resulting in lower 
costs through efficiency and smoother 
load/peak shaving; 

n integration and balancing of high 
shares of variable renewable power and 
renewable heating and cooling – parti-
cularly through relatively inexpensive 
thermal storage; and

n realization of economies of scale in re- 
newable heating and cooling produc-
tion.

In this publication, district energy describes 
energy solutions that seek synergies between 
the production and supply of heat, cooling, 
domestic hot water and electricity, with 
the goal of optimizing energy efficiency 
and local resource use. District energy is 
about local production matched to local 
use – not only at a building level, but also 
at the neighbourhood and city level. It is 
about sharing energy among buildings to 
achieve optimum utilization of local heat 
sources. And it is about resource-efficient 
neighbourhoods and resilient cities. There 
may be several ways to meet these goals, but 
this publication shows that district energy, 
given certain local conditions, can offer the 
best solutions.

CONTEXT

SE4ALL is a global multi-stakeholder 
partnership, led by the UN Secretary- 
General and the President of the 
World Bank, which has three  
interlinked objectives for 2030:

R Ensure universal access to  
modern energy services

R Double the global rate of  
improvement in energy efficiency 

R Double the share of renewable  
energy in the global energy mix

 Sustainable Energy for All 
(SE4ALL) Sub-Committees

Global Energy Efficiency Accelerator Platform:  
to scale up efficiency gains and investments at  
the national, subnational and city levels  
through technical assistance, support and  
public-private sector collaboration.
Individual accelerators focus on specific  
energy efficiency sectors:
n Buildings
n Transport
n DISTRICT ENERGY
n Lighting
n Appliances & Equipment

FINANCE

RENEWABLE 
ENERGY

ENERGY 
EFFICIENCY

ENERGY  
ACCESS

CO-CHAIRS: 
n UNEP Executive Director
n CEO Accenture
n Minister for Trade and Development 

Cooperation, Denmark

B A C K G R O U N D

FIGURE 1.1  The District Energy in Cities Initiative in SE4ALL
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This UNEP publication, District Energ y 
in Cities: Unlocking the Potential of Energ y 
Efficiency and Renewable Energ y, prepared in 
collaboration with the Copenhagen Centre 
on Energy Efficiency (C2E2), ICLEI – 
Local Governments for Sustainability and 
UN-Habitat, is the first of a series of gui-
dance documents and tools within the new 
District Energy in Cities Initiative. 

The publication offers an in-depth review 
of 45 cities around the world, providing 
a platform for further global expansion 
of district energy approaches across cities 
worldwide. It will serve as guidance for 
accelerated implementation and expansion 
of district energy systems through a “cities-
for-cities” thematic twinning process. The 
publication highlights why and how cities 

are deploying district energy systems, in- 
cluding by demonstrating key policy best 
practices, new business models and emer-
ging innovations. 

This publication is based on a broad  
range of information sources, including: 
1) interviews on district energy use with 
local stakeholders, city officials, utilities 
and energy service providers in 65 cities, 
as well as industry and finance experts (see 
annex); 2) a comprehensive survey of 45 of 
these cities; 3) city planning documents; 4) 
consultations during two workshops and 5) 
a variety of other documents/publications. 

In 2013, UNEP initiated research on low-
carbon cities worldwide to identify the key 
factors underlying their success in sca-
ling up energy efficiency and renewable 
energy, as well as in attaining targets for 
zero or low greenhouse gas emissions. 
District energy systems emerged as a best 
practice approach for providing a local, 
affordable and low-carbon energy supply, 
and represented a significant opportunity 
for other cities to move towards climate-
resilient, resource-efficient and low-carbon  
pathways.

From late 2013 to early 2015, interviews, 
surveys and consultations were undertaken 
by the lead author with nearly 150 
respondents from 65 cities around the 
world in order to gather expert and local 
stakeholder perspectives on the necessary 
parameters to ensure successful design, 
implementation and operations of modern 
district energy systems, including the 
barriers, challenges, successes and lessons 
learned. The interviewees included heads 
of industry associations, business people, 
financiers, researchers, consultants, acade-
mics, public advocates, policymakers, mul-
tilateral (intergovernmental) agency staff, 
utility managers, regulatory agency staff 
and city government officials. Surveys, 
using two rounds of structured survey 
questionnaires, were facilitated by C2E2, 
ICLEI, IDEA and UN-Habitat.

These interviews, surveys and consultations 
were the basis of all of the case study analy-
ses and best practice recommendations in 
this report, unless otherwise referenced. 
Interviews and consultations were conduc-
ted as unstructured discussions, rather 
than as formal question-response sessions, 
and most conversations were held via 
telephone or email. 

Additional input for the report was 
gathered during two workshops: “Don’t 
Waste the Waste” at the World Urban 
Forum in Medellin, Colombia, in April 
2014, and “Energy Efficiency Accelerators” 
at the Copenhagen Center on Energy 
Efficiency in Copenhagen, Denmark, in 
June 2014.

Among the 65 cities researched, UNEP 
identified 45 cities with ambitious targets 
for greenhouse gas or carbon dioxide (CO2) 
reduction and/or renewable energy de-
velopment, and that also had enacted an 
energy efficiency or renewable energy 
policy. This publication draws on case 
studies of these 45 ”champion“ cities to 
illustrate the various policy, finance and 
technology applications of district energy 
systems in different social and political 
contexts worldwide. It explores how local 
governments have overcome barriers in 
implementing such systems as well as the 
lessons learned for successful replication 
and scale-up. 

Different demands and options exist for 
regulatory and policy support measures 
related to district heating and cooling, 
depending on the current market condi-
tions. To strengthen replicability and 
knowledge transfer, the lessons can be 
presented and understood more effectively 
via the following three city groupings, 
adapted from the Ecoheat4EU report on 

Best Practise Support Schemes for district energy 
(Werner, 2011):

n In consolidation cities, district heating and 
cooling systems have reached a very 
mature, almost saturated market share 
above 50 per cent. 

n In refurbishment cities, district heat also 
has high market shares, but the systems 
need some refurbishment in order to 
increase customer confidence, energy 
efficiency and profitability.

n In expansion cities, district heating and 
cooling systems appear in some areas, 
but the total market share remains low 
(15–50 per cent). However, genuine 
interest in district heating and cooling 
is growing in these cities. By expanding 
existing systems and establishing new 
systems in other districts, the market 
shares can grow significantly. 

n In new cities, district heating and 
cooling has a very low market share  
(0–15 per cent). The city is in the process 
of identifying how to stimulate district 
heating and cooling, with small starter 
networks or demonstration projects 
envisioned.

This publication concludes by presenting a 
best practice tool in the form of a decision 
tree based on findings from the 45 city case 
studies. The decision tree is designed to 
help local authorities and decision makers 
within cities accelerate their deployment 
of district energy from a variety of starting 
points and in a variety of policy settings. 
The full decision tree is available online as 
an interactive tool that cities can navigate 
through; it is supported by in-depth case 
studies for each of the 45 champion cities*. 

METHODOLOGY

* For more information on how  
the champion cities are grouped, visit  
www.unep.org/energy/des.



BOX 1.1

THE 45 CHAMPION CITIES FOR DISTRICT ENERGY USE ARE:

45 CITIES AROUND THE WORLD
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ABERDEEN, U.K.

AMSTERDAM, The Netherlands

ANSHAN, China

ARLINGTON COUNTY, USA

BERGEN, Norway

BOTOSANI, Romania

BREST, France

CHRISTCHURCH, New Zealand

COPENHAGEN, Denmark

CYBERJAYA, Malaysia

DOHA, Qatar

DUBAI, United Arab Emirates 

FRANKFURT, Germany

GENOA, Italy

GIFT CITY, India

GOTHENBURG, Sweden

GUELPH, Canada

GÜSSING, Austria

HELSINKI, Finland

HONG KONG, China

IZMIR, Turkey

KUWAIT CITY, Kuwait

LÓDŹ, Poland

LONDON, U.K.

MALMÖ, Sweden

MILAN, Italy

MUNICH, Germany

OSLO, Norway

PARIS, France

PORT LOUIS, Mauritius

RIYADH, Saudi Arabia

ROTTERDAM, The Netherlands

SEATTLE, USA

SEOUL, South Korea 

SINGAPORE, Singapore

SONDERBORG, Denmark 

ST. PAUL, USA

TOKYO, Japan 

TORONTO, Canada

VANCOUVER, Canada

VÄXJÖ, Sweden

VELENJE, Slovenia

VILNIUS, Lithuania 

WARSAW, Poland

YEREVAN, Armenia 

The 45 champion cities collectively have installed more than 36 giga-
watts (GW) of district heating capacity (equivalent to approximately  
3.6 million households), 6 GW of district cooling capacity (equivalent 
to approximately 600,000 households) and 12,000 kilometres of 
district energy networks*.

* Household numbers based on connection capacity for a household of 10 kW. 
 This average connection capacity will not be representative of all cities.


