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EXECUTIVE SUMMARY
Most countries could scale up renewable energy substantially in district heating and 
cooling�
Around the world, a switch to renewable energy sources for centralised heating and cooling can help 
meet rising urban energy needs, improve efficiency, reduce emissions and provide cost-effective 
temperature control.

A switch to renewable energy sources for district heating and cooling (DHC) 1 can help meet rising urban 
energy needs, improve efficiency, reduce emissions and provide cost-effective temperature control� In the 
right conditions, DHC offers a cost-effective and energy efficient option for residential and commercial 
buildings� However, DHC supply is currently dominated by fossil fuels, such as coal and gas� There is 
significant potential to upgrade existing systems and create new networks using solid biofuels, solar2 and 
geothermal technologies, with significant benefits for energy security, human health and climate change 
mitigation�

Only a few countries have taken advantage of their renewable resource potential for DHC or created 
policies to promote further uptake� Those with policies promoting renewable-based district heating include 
Denmark, Sweden and Switzerland� Denmark, with ambitious decarbonisation policies, and Turkey, which is 
especially rich in suitable resources, already use high shares of renewables in DHC� Otherwise, renewable DHC 
still plays a modest role in most countries�

To drive future growth, a better understanding is needed of the potential for renewables in DHC, as 
well as their costs and benefits. This study examines the current status of renewable DHC systems in nine 
countries� It quantifies the potential, costs, benefits and investments required to ramp up renewables in 
these systems to 2030, in line REmap, the global roadmap from the International Renewable Energy Agency 
(IRENA)� The renewable energy roadmap (REmap) programme charts a pathway double the share of 
renewables in the world’s energy mix by 2030�

The nine countries examined here – China, Denmark, Germany, Poland, Switzerland, Japan, the United 
States, Kuwait and the United Arab Emirates (UAE)3 – together accounted for some 40% of the total 
energy used in DHC across the world in 2015� These countries represent both cold and hot climates, high 
and low population densities, and various patterns of historic growth in energy demand� They also vary 
greatly in their current use of DHC, the share of energy supplied by renewables, existing policies and plans for 
renewable-based DHC, and costs for renewable energy technologies�4 Technology options for each market 
up to 2030 were assessed by IRENA based on data collected from national experts and other credible third-
party resources, such as those from project developers, technology licensors and other relevant stakeholders�

Case studies from 21 projects around the world reveal insights based on actual experience of deploying 
renewable DHC� These case studies have informed a detailed exploration of barriers, along with policy-
making and project development opportunities� Based on this information, the study identifies key action 
areas for national and city policy makers to scale up renewables in DHC�

1 Throughout this report, DHC is defined as the centralised heating or cooling of water, which is then distributed to multiple buildings 
through a pipe network�

2 Throughout the report, the solar thermal systems discussed relate to solar thermal installations only� Heat from heat pumps powered 
by solar photovoltaic (PV) panels is not considered�

3 For each country, either district heating, district cooling or both district heating and cooling is considered� Countries are ordered 
accordingly throughout the report�

4 For Japan and the US, the potential for renewables in both district heating and district cooling was assessed; for Kuwait and the UAE, 
district cooling only was assessed; for the others, only the potential for district heating was assessed�
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While demand for DHC varies widely according to climate, history and population density, 
the sector already forms a large part of energy use in some countries�
Heating and cooling is required throughout the year, but demand depends on climate conditions. In cold 
climates, home heating in winter accounts for the majority of energy use in buildings� In hot climates, cooling 
is needed in the summer months, with demand in emerging cities rising fast� In every region, hot water is 
needed throughout the year� In most countries, these needs are met by decentralised heating or cooling 
systems, such as boilers or air conditioners, installed in buildings�

Some countries have used centralised DHC systems for many decades. In former Soviet states and across 
northern Europe, DHC has long been widespread� In Denmark, Poland and parts of Germany, much of the 
existing building stock is connected to district heating networks� Centralised systems cover up to half of 
Denmark’s heating demand and nearly a third of Poland’s� In other countries, such as Japan and the US, 
district heating predominantly serves commercial and industrial users�

Only a few countries use district cooling systems on a large scale� Air conditioners remain the dominant 
cooling technology everywhere� District cooling systems are becoming more common in some European 
cities, like Helsinki, Paris and Stockholm� In hot climates, however, district-level systems offer even greater 
advantages� In the UAE, district cooling has grown to cover more than a fifth of the cooling load�

District systems can be a more efficient and cost-effective way to heat and cool urban areas. The 
economies of scale and increased generation efficiency associated with centralised production can 
significantly reduce costs� There is significant potential for DHC to help meet fast-growing energy demand 
in cities around the world�

Figure ES1: Current share of final annual heating and cooling demand met by DHC
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Many countries envisage a growing role for DHC in their energy plans� Today, in most 
countries, renewables account for only a minor proportion of the energy used in such 
systems� However, as this study shows, renewables could feasibly supply more than 20% 
of the energy needed for DHC within a few years, given the right policy and technology 
choices now�
Most DHC energy is currently provided by fossil fuels. Coal, for example, dominates the DHC energy mix 
in China, while natural gas is predominant in the US� In 2014, only about 5% of total district heat across the 
world was supplied from renewable energy�

In a few countries, such as Denmark and Switzerland, renewable energy already provides more than 40% 
of district heat supply. When not based on fossil fuels, most district heating currently relies on waste and 
biofuels, with more limited roles for geothermal and solar heat� District cooling mostly uses electricity (for 
compression chillers) and natural gas (for absorption chillers)� Renewable district cooling mainly involves free 
cooling schemes from nearby rivers, lakes and seawater�

This report examines the potential use of renewable energy in DHC up to 2030, based on three main 
technology pathways. The baseline “Reference Case” builds on the current national energy plans of each 
of the nine countries considered� The “REmap 2030” case includes the additional potential for renewables 
to be scaled up (in line with REmap) within the DHC capacity already planned, excluding any structural 
changes from decentralised to centralised systems� The third pathway, “Structural Shift”, takes into account 
the potential for more DHC capacity and assumes all that new capacity can be supplied by renewable energy�

Most country plans foresee growing demand for district heating, but with only a moderate or static share 
of this coming from renewable energy sources. Germany is an exception, with district heating demand 
falling by 2030 because of ambitious energy efficiency improvements in the building sector� However, the 
share of district systems in total heating demand still rises, because the most energy savings are seen in 
buildings using decentralised systems� In the Reference Case, the renewable share of DHC moderately 
increases in several countries but is unchanged in others� District cooling use grows in the UAE, in particular� 
None of the other countries examined has considered renewables for district cooling in existing energy plans�

Figure ES2: Breakdown of fuel use in DHC systems worldwide, 2014
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All nine countries assessed could increase the use of renewable energy in DHC. This potential was 
assessed for 16 renewable energy technology options (including solar, natural water, geothermal and biofuel 
solutions), taking account of technology costs, resource availability, land use and other criteria� Although 
renewable energy could theoretically satisfy all DHC demand in 2030, the realistic potential for deployment 
differs from country to country�

Findings for the REmap 2030 case are as follows:

 ● China: The key market could realise a 24% renewable share in district heat generation, split equally 
between geothermal, bioenergy and solar� The further expansion of renewable energy is limited by 
recent additions of coal, which are expected to remain in the system for several decades�

 ● Denmark: An already high renewable share of 42% could reach 73%� The country will remain a global 
leader in large-scale solar energy, which can be expanded to meet 13% of total district heat demand 
by 2030, complemented by geothermal and bioenergy�

 ● Germany: Despite an overall decline in district heat demand, the expected addition of new heating 
networks allows the integration of more renewable energy capacity� REmap suggests a shift from 
bioenergy to geothermal (7% of district heating) and solar heat (6%), thereby diversifying supply to 
reach a renewable energy share of 34% by 2030�

 ● Poland: In the expected modernisation of ageing district networks, new coal-fired systems would 
satisfy just over half of its demand by 2030� Yet with different policies, renewables could contribute 
approximately a quarter of the total, predominantly through solid and gaseous biofuels�

 ● Switzerland: High electricity and natural gas prices up to 2030 create a favourable business case for 
renewable energy� The country’s unutilised biomass resource could play an important role in the fuel 

Figure ES3: Share of DHC generated using renewable heat
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mix by 2030 if biomass supply costs are competitive� Biomass would meet 27% of total district heating 
energy demand� Geothermal and solar district heating could be expanded further to cover 17% and 2% 
of total district heating demand, respectively, by 2030�

 ● Japan: Up to 30% of total DHC generation could be renewable-based by 2030� Bioenergy is expected 
to be the main resource for district heating, while solar energy and free natural cooling from water 
bodies will contribute to district cooling�

 ● US: Electric and absorption heat pumps are already cost-effective, and biomass resources are 
available in large quantities across the country� According to REmap, the share of renewables in district 
heating could rise to 36% by 2030� Natural water and solar cooling could contribute 14% and 22% of 
total district cooling demand, respectively�

 ● Kuwait: The country has significant potential for renewable-based district cooling, which could reach 
12% of total generation, mainly from seawater�

 ● UAE: Specific policy targets, ample renewable resources and experience with clean technologies point 
to a promising future for renewable district cooling, which could rise to nearly half of cooling in the 
country under REmap�

The potential for a structural shift – i.e. adding new renewable-based DHC capacity – varies greatly by 
country. Denmark, with significant existing capacity, can only accommodate another 5%, while Switzerland 
could add about 30%� These differences largely reflect the projected penetration of DHC in the Reference 
Case; in some countries this reaches its limit, whereas in others significant additional potential remains�

The economic rationale for scaling up renewables in DHC becomes particularly 
compelling when the costs of pollution and carbon dioxide (CO2) emissions are taken into 
account

Because of economies of scale, DHC is generally more cost-effective than decentralised systems. 
However, distribution infrastructure (including pipes and substations) constitutes a significant additional 
investment on top of generation costs� Overall cost-competiveness, therefore, depends partly on whether 
DHC uses existing networks or new capacity that requires new infrastructure� Centralised generation in 
existing networks costs 41% less than generation with new, decentralised capacity, analysis shows� Cost-
competitive renewable energy options are available in many countries, especially with technologies using 
low-cost biomass residue as feedstock, and with geothermal heat and solar collectors� For district cooling, 
renewable options generally remain more expensive than conventional chillers in the countries evaluated, 
given the expected trends in energy prices to 2030�

The business case for increasing renewables in DHC hinges on technological diversification, as well as 
taking emissions reduction and health benefits fully into account. The REmap scenario for DHC comes 
with extra costs� If viewed in economic terms, reductions in carbon emissions and healthcare expenditure 
(due to avoided air pollution) entail savings, which can be maximised through the use of a diverse mix of 
renewable energy technologies� Many of these are expected to be more cost-effective by 2030 than their 
non-renewable counterparts� However, the REmap case, with its forward-looking policy and technology 
choices, also includes renewable energy technologies that might not yet be strictly cost-effective� In several 
countries, implementing the technology mix identified in REmap entails higher costs compared to the 
conventional approach�
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Increased solid biofuel use, notably, would add to the external costs of local air pollution from DHC systems if 
technologies fuelled with natural gas are replaced� Solid biofuel use, however, can be complemented with the 
deployment of other renewable energy and low-carbon technology solutions, such as heat pumps coupled 
with renewable power or biogas�

Only in Poland would the substitution of non-renewable with renewable district heating unambiguously 
reduce costs, even without examining externalities� This is mainly due to the assumed potential for cost-
effective conversion of coal power plants to biomass� When reduction of costs from air pollution and carbon 
dioxide emissions is accounted for, REmap offers net savings in China, Denmark and Kuwait, as well as in 
Poland�

Investments in renewable energy capacity for DHC need to be scaled up significantly to capture the 
potential in the sector. Under existing (Reference Case) plans and policies, average annual investment in 
renewable DHC capacity in the nine countries combined amounts to USD 1�4 billion between now and 2030� 
To achieve the additional renewable energy potential identified in REmap, this would have to increase to 
USD 9�6 billion per year� The Structural Shift pathway would require significantly higher investments, reaching 
USD 17�8 billion per year (excluding additional network investments of USD 6�6 billion per year)�

Fulfilling the potential for renewable energy in DHC across the world requires annual investment of 
USD 90 billion between now and 2030� This represents about 12% of the total annual investment needed 
to double the share of renewables in the global energy mix� Additional investments in efficiency and DHC 
system modernisation could further increase the total needed� Those factors, however, are beyond the scope 
of the present study�

Figure ES4: Additional costs and benefits of REmap options*
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Optimising system operation, achieving economies of scale, mitigating risks, integrating 
storage and holistic urban planning are all essential to accelerate the deployment of cost-
effective DHC systems

Several key factors strengthen the business case for renewable-based DHC. First, optimised operation 
can greatly improve the cost-effectiveness of DHC systems� This implies sufficient demand for heating and 
cooling over the lifetime of a system, so that revenues compensate for high upfront investments� Economies 
of scale, achieved through larger networks, can also reduce costs� Meanwhile, with emerging technologies, 
gradual expansion can reduce project risks in comparison to large, one-off investments� As an example, 
solar district cooling can be achieved through solar thermal collectors to drive an absorption heat pump� 
Demonstration projects can be a starting point, with the option to expand once technology acceptance 
is sufficient and commercial viability is established� In many locations, more information is needed about 
resource availability, especially for geothermal and natural water cooling�

As reliance on solar and wind energy grows, DHC systems will offer increasingly attractive synergies. 
Mismatches between load patterns and supply from these variable renewable resources, including direct use 
of solar heat, can already be balanced to a great extent with thermal storage facilities� Storage is expected to 
become even more integral, with DHC systems coming to play a pivotal role in enabling variable renewable 
power integration� With power-to-heat solutions (heat pumps, electric boilers), excess electricity generated 
when there is abundant sun or wind can be used to produce district heat or cooling� This can subsequently be 
stored (e.g. heat in hot water tanks, or cold in the form of ice)� These applications are only used in a few places 
today but have significant potential as countries become increasingly dependent on variable renewables�

The introduction of renewable DHC in dense urban environments calls for careful planning. Some 
renewable energy technologies entail considerable space requirements, which need to be addressed either 
through smart integration within the city or by using resources outside the city core� For example, solar 
collectors could be integrated into the urban environment through landfill sites and the rooftops of large 
commercial buildings� Geothermal wells on the urban fringe can be connected to networks that serve 
consumers throughout the city� If such solutions can be identified, dense urban areas with existing networks 
offer good conditions for renewable-based DHC systems� The more customers can share upfront costs, the 
lower the cost will be for system establishment or conversion�

Cities expanding their DHC networks are especially suitable for renewable DHC. The expansion of existing 
networks provides the change to optimise design parameters and achieve overall improvements, such as 
minimisation of the network temperature� New networks provide even more freedom to set the system’s 
operating parameters, thereby allowing higher shares of renewables� However, new networks come with 
barriers, too, such as higher investment costs and a limited set of customers�

Areas for action exist at both the national and city levels

While DHC systems may be integral to a country’s energy infrastructure, they are often operated at city level� 
Both national and city policy makers must play their part for the full potential of renewable energy in DHC 
to be captured�

National policy makers need to:

 ● Encourage and facilitate renewable energy adoption in the DHC sector. In some countries, this 
includes creating a level playing field and improving the business case for renewable energy use 
in DHC� Countries can also set specific medium- to long-term targets, which are mostly absent at 
the moment� Setting predictable and realistic targets provides a clear indication to businesses and 
investors that there is a market for a certain technology� Finally, regulatory changes may be required 
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to capture the full potential of renewables� For example, in some countries, heat production from 
otherwise curtailed electricity is not possible under current regulations� This limits the opportunities 
for DHC systems to balance out variable renewable power�

 ● Expand renewable resource assessments and promote demonstration projects for emerging 
technologies. The availability and suitability of renewable resources for DHC is often unclear� 
National resource assessments around key demand centres (e.g. major cities, industrial sites) can 
be more efficient in terms of time and cost than case-by-case project feasibility assessments� These 
can include an evaluation of geothermal conditions, the energy potential from water bodies, or the 
local availability of biomass feedstock� For emerging technologies, such as solar district cooling or 
power-to-heat applications, demonstration projects have a significant positive effect on investor and 
customer confidence�

City policy makers need to:

 ● Develop an understanding of the local renewable resource base, identify demand patterns for 
heating and cooling, and explore synergies with existing infrastructure. A broad understanding of 
the local renewable resource base is needed in order to identify the most appropriate technologies� 
Ideally, such knowledge ought to build on and complement national resource assessments� Local 
demand patterns for heating and cooling must also be understood in order to determine the viability 
of renewables to balance energy supply and demand� Where DHC systems are already in place, 
opportunities can be identified to replace inefficient or polluting fossil fuel plants� The availability 
of suitable renewable resources may strengthen the business case for new networks to replace 
conventional decentralised generation� In addition, synergies should be explored with the urban 
environment and infrastructure� For example, rooftops and urban wasteland might provide suitable 
sites for solar collectors� Meanwhile, street-level excavations to install DHC network piping may be 
combinable with other urban infrastructure projects�

 ● Engage with a broad set of stakeholders. DHC networks often encompass different sectors and 
stakeholders, including water utilities, municipal waste processers, the power sector and large 
industrial energy users� Their involvement in planning to increase the share of renewables is vital to 
ensure a stable and efficient operation of DHC systems� When integrating emerging technologies 
and novel applications, research institutes can help uncover the unknowns in the project� Other cities 
and projects can provide valuable insights and expertise� Various city networks provide platforms to 
share lessons from past successes and mistakes� These include, for instance, the C40 Cities Climate 
Leadership Group, ICLEI – Local Governments for Sustainability5, the United Nations Environment 
Programme (UNEP) and the Global Covenant of Mayors for Climate and Energy�

5  Founded in 1990 as the International Council for Local Environmental Initiatives�
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1�1 IRENA’s REmap programme

The REmap programme aims to encourage accelerated 
renewable energy development through a series of 
activities including global, regional and country studies� 
REmap analysis and activity also informs IRENA 
publications on specific renewable technologies or 
energy sectors�

The REmap programme works closely with 
governmental bodies and other institutions responsible 
for energy planning and renewable energy development� 
The analysis relies on broad consultations with energy 
experts and stakeholders from numerous countries 
around the world�

Ever since its launch, REmap has been IRENA’s proposal 
for a pathway to support the United Nations Sustainable 
Energy for All initiative in its objective to double the 
global share of renewable energy from 18% in 2010 to 
36% by 2030 (UN and World Bank, 2016)� Later, the 
Paris Agreement was adopted at COP21 in 2015 with 
a target to minimise the earth’s surface temperature 
increase to below two degrees Celsius (°C) by 2050� 
The widespread development of renewables is a critical 
lever fulfilling this objective�

REmap takes a bottom-up approach to assess how 
a doubling of the share of renewable energy in the 
total global final energy mix can be achieved by 2030 
compared to the level today� National assessments 
are carried out to ascertain the potential contribution 
each country could make to the overall renewable 
energy share� The first global REmap report, published 
in 2014, included a detailed analysis of 26 major energy-
consuming countries representing around 75% of global 
energy demand� The REmap programme has since 
expanded to 40 countries accounting for 80% of world 
energy use�

The REmap evaluation of the national plans of 40 
countries (which could be viewed as the business-as-
usual case) suggests that under current conditions 
and policy approaches, the global share of renewables 
increases to only 21%� This falls 15 percentage points 

short of the target to double the global renewables 
share by 2030 (IRENA, 2016)�

1�2  Role of district heating and 
cooling

To double the share of renewable energy in global 
energy consumption, accelerated deployment is 
needed across all sectors� This includes end-use sectors, 
such as buildings, industry and transport, and also 
transformative sectors, such as power generation and 
district heating and cooling (DHC)� While renewable 
power generation has made clear progress and received 
considerable attention, the role of renewable DHC 
remains uncertain�

In 2014, renewable district heat represented just 1% of 
renewable energy use worldwide while the contribution 
of renewable district cooling was insignificant (IRENA, 
2016)� Under REmap, the contribution of renewable 
district heat to total renewables use would increase to 
3% by 2030, amounting to about 3�4 exajoules (EJ) of 
renewable district heat generation� More than 90% of 
this potential is represented by bioenergy, and the EU 
and China account for most of its use�

This study builds on this earlier assessment and provides 
a detailed analysis of the potential of renewable DHC for 
a broad set of countries, applications and technologies� 
It covers both the potential for renewable district heating 
and the potential for renewable cooling� The latter is 
growing in importance in several countries around the 
world� The objective is to provide a comprehensive 
evaluation of the cost and benefits of renewable DHC 
and its potential to help achieve the targets in the Paris 
Agreement�

1�3 Approach

Two complementary approaches form the foundation 
of this study� First, a large number of case studies6 

6 See case studies in separate document at www.irena.org/remap.

1. INTRODUCTION TO REMAP

http://www.irena.org/remap
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of renewable DHC systems are analysed to extract 
relevant barriers and opportunities to scaling up 
deployment (section 2�3)� These cases span a wide 
range of geographies and technologies to provide a 
comprehensive overview of what it takes to successfully 
expand renewable DHC systems�

Second, this study analyses the DHC sector today 
(section 2�2) and its potential evolution to 2030 
(section 3) in nine countries� The choice of the countries 
considered in the scenarios is motivated by their diverse 
approach to using DHC systems and the role included for 
renewables� This is driven by e.g. climate, resource and 
the historical development of the energy infrastructure�

For each of these countries, the business-as-usual 
outlook to 2030 is provided first (Reference Case in 
this study), based on current and planned policies 
extracted from national energy plans� Next, the 
additional potential across renewable technologies 
and applications is estimated (REmap), based on the 
Reference Case outlook for the DHC network� Thus no 
additional capacity expansion of DHC infrastructure is 
assumed in REmap; instead, conventional generation 
is avoided through the more ambitious expansion 
of renewable generation� Finally, a Structural Shift 
scenario is presented, building on REmap, which 
allows the expansion of existing DHC networks or new 
networks and is based on renewable generation of 
heating and/or cooling� Comparing these scenarios 
thus allows the assessment of the costs and benefits of 
substituting conventional for renewable DHC generation 
in the expected energy system in 2030 (REmap)� At the 
same time, it shows whether there is further potential 
for substituting decentralised conventional heating/
cooling generation with renewable DHC generation 
(Structural Shift)�

To estimate the potential for renewable DHC 
technologies by 2030 in these countries, a number of 
factors were taken into account (see figure 1):

 ● The current state of DHC in each country is a 
result both of past and present regulations and 
policies as well as resource availability� Options 
for renewable district heating (China, Denmark, 
Germany, Poland, Switzerland), renewable 

district cooling (Kuwait, UAE), or both (Japan, 
US) are considered in the context of the climate 
and existing use of centralised energy� The 
assessment of the current state of DHC networks 
is based on information gathered from national 
statistics and meta-analysis of existing networks�

 ● Future demand for DHC is taken from several 
national studies, including national energy plans� 
The outlook for DHC affects the additional 
renewable energy potential under REmap but 
not under the Structural Shift scenario, in which 
decentralised conventional systems are also 
replaced by renewable DHC�

 ● To assess the renewable resource availability 
for DHC, detailed geographical studies were 
conducted for natural water cooling, geothermal 
heat, and solar heating and cooling� The 
assessment of the biomass potential is described 
in a separate report (IRENA, 2014)� In addition, 
the competition from other sectors was taken 
into account� The definition of renewable 
DHC is limited to renewable heat sources or 
sinks� Schemes involving the use of renewable 
electricity for the generation of heat and cooling 
are not considered renewable� Nevertheless, 
the electrification of the sector is an important 
component of REmap�

 ● Cost data for both centralised and decentralised 
heating and cooling technologies, the distribution 
infrastructure and fuels was gathered from 
various sources� The calculation of average 
levelised cost values is based on a statistical 
approach�

 ● Finally, political and regulatory frameworks in 
each country have a strong impact on support 
for renewable DHC� Whether a country already 
has DHC networks and includes additional 
opportunities in national energy plans affects 
the assessment of its realistic renewable DHC 
deployment potential up to 2030�

A more detailed description of the method and data 
sources is provided in annex 1�
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Figure 1: Key factors influencing potential for renewable DHC with REmap
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2.  RENEWABLE DISTRICT HEATING AND 
COOLING TODAY

CHP) plants� In Germany, almost 90% of district 
heating systems have CHP plants�

 ● Coal plays a leading part in the district heating 
systems in China, Poland, Germany and 
Denmark, covering between 90% (China) and 
24% (Denmark) of heat generation� In other 
countries, natural gas also accounts for a large 
share of the mix, such as in the US (73%), Japan, 
(55%), Germany (45%), and Switzerland (31%)� 
District cooling is mainly supplied by electricity 
(with the exception of Japan, where natural gas 
is also used)�

 ● Policy efforts to promote DHC systems vary 
widely by country in terms of size and scope� 
Strong national frameworks are in place in 
Denmark and Germany, which regulate and 
provide support for district heating systems� In 
China, specific targets for building up district 
heating are included in the country’s five-year 
plans� The policy focus in Poland is on renovating 
the existing infrastructure�

 ● In other countries, DHC policies tend to be 
implemented on a subnational level� This is 
the case in e.g. Switzerland, which subsidises 
renewable district heating in some cantons� 
Meanwhile, the Emirate of Abu Dhabi in the UAE 
set a goal to raise the share of district cooling in 
total cooling use to 40%�

 ● A detailed assessment of renewable DHC 
projects resulted in 21 case studies which yielded 
specific lessons learned for the main renewable 
DHC technologies� These were solar heating,7 
solar cooling, geothermal heating, biomass, and 
natural water cooling using cold water from lakes, 
rivers and the sea� Key success factors identified 

7 Throughout the report, the solar thermal systems discussed relate 
to solar thermal installations only� Heat from heat pumps powered 
through PV is not considered�

Key points

 ● The use of renewable DHC is driven by several 
factors� It has environmental (reduced emissions 
and air pollution) and systemic benefits (positive 
impacts on the electric grid, DHC infrastructure 
and local economy)� It can make use of synergies 
in the urban context (suitable integration into 
urban environment; reduced space needs) and 
can increase energy security (reduced fuel 
imports, diversification of energy mix)�

 ● The role of DHC is highly diverse across countries, 
and its use seems to be more influenced by 
institutional factors and historic developments 
than climate conditions�

 ● In Denmark and Poland, district heating satisfies 
a major share of the total demand for heat (51% 
and 34% respectively)� Driven by urbanisation, 
China has rapidly increased its use of centralised 
systems in the country’s northern regions� In the 
other countries assessed, the district heating 
share ranges between 0�4% (Japan) and 8�6% 
(Germany)�

 ● District cooling is primarily used to supply space 
cooling to commercial buildings� Its deployment 
is largely independent of the climate and systems 
can be found across a broad range of latitudes� 
In the United Arab Emirates (UAE), it covers 
more than 20% of the total space-cooling load, 
partly in residential buildings� Strong policies 
are in place to increase this share in the UAE but 
district cooling has received limited attention in 
the other countries assessed�

 ● Renewable DHC is currently dominated by the 
use of biomass for district heating� The share of 
renewable energy in district heating is highest in 
Denmark (42%) and Switzerland (40%)� In most 
countries the bulk of district heating is covered 
by co-generation (combined heat and power, or 
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include optimising network operations, capturing 
economies of scale, exploiting synergies with the 
urban environment and addressing the mismatch 
between energy demand and supply�

DHC is used very differently across countries, regions 
and cities� It is generally recognised as a viable approach 
in most of the countries considered, albeit for different 
reasons� Section 2�1 provides an overview of the key 
drivers supporting an accelerated uptake in renewable 
DHC�

District heating is widely used in parts of Europe, North 
America and Asia� In Europe, it covers 12% of total 
heat demand (Euroheat & Power, 2015)� In countries 
in Scandinavia and Central and Eastern Europe, large 
heat distribution infrastructures were developed during 
the second half of the 20th century� In these countries, 
it remains the principal way to provide energy for 
space and water heating in urban areas� In countries 
in Western Europe, such as Germany and Switzerland, 
district heating makes a more modest but nevertheless 
considerable contribution, and its input into the energy 
mix has been relatively stable in recent years� In China, 
district heat is growing due to rapid urbanisation and 
the potential of district energy to provide cost-efficient 
heating services, especially to new urban developments�

District cooling is used to provide space cooling to 
residential and commercial buildings� It can be found 
in cities with very different climates, such as Stockholm 
(Sweden) and Manama (Bahrain)� This approach 
is considered to be rather novel in most countries� 
However, the UAE, for example, has recognised its 
potential and put in place specific policies to drive 
expansion� Section 2�2 provides a detailed assessment 
of the current role of (renewable) DHC in each country�

Both district heating and district cooling have been 
primarily based on fossil fuels up until now, with coal and 
natural gas meeting the bulk of demand� Nevertheless, 
successful renewable energy projects for centralised 
heating and cooling have been implemented under 
a wide range of conditions� This is further discussed 
in section 2�3, which contains lessons learned for the 
following resource types: solar (heating and cooling), 
geothermal, biomass (including municipal solid waste) 
and natural water cooling� Waste heat from industrial 
processes and sewage water are not considered 
renewable in this study�

2�1 Drivers

A number of factors drive the expansion of renewable 
DHC systems� These vary somewhat between regions 
and might apply rather differently to different renewable 
technologies� Nevertheless, they can generally be 
categorised into environmental benefits, systemic 
benefits, synergies with the urban environment and 
increased energy security (see table 1)�

A more detailed description of each of the underlying 
drivers is provided below, mainly based on the 21 case 
studies of the renewable DHC projects�

Environmental benefits

 ● Supports achievement of clean energy targets. 
Emission targets on a municipal level are the 
primary driver of many of the transformations 
described in the case studies� These targets 
relate specifically to the district energy system 
(e.g. Munich 8: 100% renewable by 2040) or the 
whole city (e.g. Copenhagen: CO2 neutrality by 
2025)�

 ● Reduces urban air pollution. The combustion of 
coal in urban centres in particular is devastating 
because the impact of air pollution is felt more 
in places with high population densities� This is 
exacerbated by inefficient heat generators in 
many cities of the developing world� For example, 
this has been reported as the primary motivation 
for a major upgrade to Hohhot’s heating system�

 ● Provides fast and cost-effective greenhouse 
gas emission abatement. Given that it is 
larger scale than individual heating and cooling 
facilities, renewable DHC allows faster and 
cheaper greenhouse gas emissions reduction� 
One example is the conversion of large coal-
fired CHP plants to biomass combustion (e.g. in 
Copenhagen)�

 ● Reduces freshwater consumption. Sea and lake 
water cooling can provide valuable co-benefits 
because there is less need for cooling towers 
on the chiller’s condenser side� This is relevant 

8 All city names refer to the corresponding case studies available 
online at www.irena.org/remap.

http://www.irena.org/remap
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renewable sources provides relief to electricity 
grids�

 ● Leverages local resources. The use of local 
organic waste material in biomass co-generation 
plants or boilers helps to optimise the local waste 
handling system and to redirect waste streams to 
more valuable use� Many of the cities described 
in the case studies make use of local biomass 
and attribute great importance to the local origin 
of the resource (e.g. St Paul, US, Sauerlach near 
Munich in Germany and Vilnius in Lithuania)� The 
use of local biomass resources supports the local 
economy and keeps money circulating within the 
municipality�

 ● Economies of scale� While biomass and solar 
energy can also be employed in an individual 
building, some approaches using renewables 
only make sense when implemented at 
sufficiently large volumes� This includes natural 
water cooling and deep geothermal heat� Many 
other technologies can benefit from significant 
economies of scale, such as large-scale solar 

in many arid regions of the world and has been 
quoted as a driver for the use of seawater in the 
system in Bahrain Bay, for example�

Systemic benefits

 ● Provides cross-sectorial benefits. By using 
surplus wind power for heating, curtailment 
can be avoided� Similarly, electric boilers are 
being employed to provide regulating services, 
given that wind and solar power capacities are 
being expanded (e.g. Lemgo)� Another beneficial 
synergy arises from the generation of electricity 
in district heating co-generation plants� Since 
heat production and hence electricity generation 
from CHP are concentrated in winter, this 
electricity complements the output from PV� CHP 
plants in Germany receive support partly for this 
reason (UNEP, 2015a)�

 ● Reduces pressure on the electric grid. Cooling 
equipment in individual buildings consumes the 
bulk of electricity in many countries with hot 
climates� Hence, demand met through centralised 

Table 1: Overview of renewable DHC drivers

Environmental 
benefits

Environmental drivers are related to the 
benefits from replacing or avoiding less efficient 
decentralised heating or cooling equipment and 
district heating based on fossil fuel�

Clean energy targets
Urban air pollution
Fast and cost-effective CO2 emission 
abatement
Fresh-water savings

Systemic 
benefits

District energy interacts with surrounding systems 
in multiple ways, including the electric grid, the 
waste sector and the local economy� This can 
be one motivation for implementing renewable 
energy schemes� In addition, the properties of 
district energy itself are beneficial for the use of 
renewables�

Cross-sectoral benefits
Support for the electric system
Local resources and economy
Scale of demand in district heating
Smoother demand profiles
Synergies of connected heating and 
cooling sources
Availability and viability of storage

Synergies 
with the urban 
environment

District energy systems are inherently appropriate 
to urban landscapes: they benefit from and support 
this environment�

Urbanisation
Avoidance of decentralised facilities
Integration in urban buildings and 
infrastructure
Small footprint

Increased 
energy security

With the exception of biomass, renewable district 
heating relies primarily on local resources or 
technologies that use no liquid or solid fuels�

Energy independence
Energy diversification
Price stability
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facilities, as well as biomass boilers and co-
generation plants�

 ● Levels out the energy demand mix� Combining 
the load profiles of different types of consumers 
(residential buildings, shops, industrial facilities) 
evens out the demand pattern� Since many 
renewable heat sources incur high investment 
but low running costs, a smooth baseload all 
year round improves their economics� In addition, 
some renewable heat sources have limited 
flexibility: solar heating and cooling is available 
during the daylight hours of the summer months� 
If some consumers require heat at all times, such 
resources are put to better use, and less storage 
capacity is needed�

 ● Provides synergies with other sources of DHC 
generation� Interconnecting a wide range of heat 
sources allows portfolio costs to be optimised� For 
example, geothermal heat to satisfy the baseload 
can be combined with flexible biomass or waste 
CHP plants to react to more variable demand�

 ● Allows more cost-effective energy storage� 
The specific benefits of storage increase sharply 
with size� Larger hot water tanks benefit from 
reduced thermal losses and lower investment 
requirements per unit of capacity� Therefore, 
since many renewable heat and cooling resources 
require storage capacity to match their inflexible 
output to demand, they benefit from the large 
scale of district energy systems�

Synergies with the urban environment

 ● In line with global urbanisation trends. 
The growth of urban centres facilitates the 
construction of district networks (due to lower 
integration costs in greenfield environments) 
and renewable heat sources in particular� This 
is because it becomes possible to adapt the 
system’s operating parameters to the new 
networks� This motivates the construction of 
district energy systems in expanding systems 
(e.g. in Munich) or new systems (e.g. in China)�

 ● Space saved by avoiding the construction 
of decentralised facilities. The development 

of conventional or renewable district energy 
systems reduces the need for decentralised 
heating and cooling facilities� This is a general 
advantage because it saves significant space 
at the individual building level� Natural water 
cooling is a prime example� The lack of a need 
for cooling towers permits highly integrated 
solutions (e.g. in Paris)�

 ● Optimal integration in the urban environment. 
District energy facilities do not need to be 
integrated into buildings but can make flexible 
use of urban spaces� This includes both facilities 
still in operation (integration in urban transport 
infrastructure e.g. in Paris; large-scale rooftops 
e.g. in Singapore) and urban wasteland (e.g. a 
disused urban landfill site in Graz)�

 ● Reduces geometric footprint. Compared to 
conventional heating and cooling facilities, many 
renewable solutions benefit from a particularly 
small geometric footprint, which allows them 
to be integrated into urban environments with 
very low visual impact� This is especially true for 
geothermal wells (e.g. in Munich) and natural 
water cooling (e.g. in Paris)�

Increased energy security

 ● Increases energy security. Renewable heating 
and cooling options (with the exception of 
imported biomass) exploit local resources which 
vary little in price� This is a noticeable advantage 
in countries which import fossil fuels or have 
fossil fuel shortages�

 ● Increases energy diversification. A balanced 
mix of heating types increases the resilience of 
the energy system by reducing dependence on a 
single fuel like natural gas or coal�

 ● Improves energy price stability. Many renewable 
DHC systems do not rely on fuel, and their costs 
are therefore very predictable throughout their 
lifetime� Local bioenergy resources are less 
affected by fuel prices on the world markets� 
This is among the primary reasons for the switch 
from natural gas to biomass in Lithuania or the 
introduction of lake water cooling in Geneva�
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2�2 Current role

Nine countries were selected in order to provide more 
in-depth understanding of renewable DHC today and 
of its potential to 2030� These countries are highly 
diverse in terms of their use of DHC in different sectors, 
the contribution of DHC to overall heating and cooling 
energy use (figure 2), and the role of renewables� 
Therefore, this analysis provides a broad overview of 
different trends across technologies and geographies�

Current status of district heating and cooling 
systems

The status of district heating is described below in 
seven countries with major differences in historical 
development and in recent trends�

 ● In Denmark, a large segment of heating demand 
is already satisfied by district heating systems 
(figure 2)� Expansion slowed down after the 
systems approached saturation in dense urban 
centres� In Poland, district heating is also at a 
mature stage and employed at a large scale� 
However, the partly outdated infrastructure 
and heavy reliance on coal and heat-only boiler 
means systems need to be refurbished�

 ● In Germany, Switzerland and the US, district 
energy meets a more modest but substantial 
part of heat demand and is a well-established 
concept� However, expansion has stagnated 
in recent years� In Germany, the proportion of 
district heat in commercial buildings has declined 
while district heat for industrial processes has 
increased�

 ● Driven by fast urbanisation, centralised heating 
has grown strongly in China in recent years� 
While demand growth for this energy carrier is 
projected to continue, its rate will be lower than 
in recent years due to an anticipated economic 
slowdown�

 ● District heating plays only a minor role in Japan, 
and its consumption has been stagnant although 
its use is predicted to expand in the longer term 
in accordance with government targets for the 
energy system�

Globally, district cooling systems are employed to a 
much lesser extent than their equivalents for heating� 
District cooling in four countries is assessed in more 
detail in this study, as indicated below�

Figure 2: Share of heat and cooling demand met through district energy systems

7%
 

51
%

 

9%
 

34
%

 

6%
 

0
.4

% 6%
 

0%

10%

20%

30%

40%

50%

60%

China Denmark Germany Poland Switzerland Japan US

Sh
ar

e 
of

 to
ta

l d
em

an
d

 

District heating

4%
 

4%
 

0
.0

% 

23
%

0%

5%

10%

15%

20%

25%

Japan US Kuwait UAE

District cooling 

Based on IRENA estimates



A sector roadmap for REmap 2030 17

Table 2: Parameters illustrating volumes of heat supply from district heating networks in selected countries

Unit China Denmark Germany Poland Switzerland Japan US

Heat sold PJ 3 182 
(2014)

107 
(2013)

399 
(2014)

344 
(2010)

18.3 
(2015)

9.0 
(2014)

455 
(2010)

Installed 
district 
heating 
capacity

MW 462 595 
(2013)

30 031 
(2014)

49 799 
(2014)

56 521 
(2013)

2 466 
(2013)

4 241 
(2013)

89 600 
(2011)

Network 
length

km 187 184 
(2014)

29 000 
(2013)

20 252 
(2014)

16 100 
(2013)

1 432 
(2013)

672 
(DH 

and DC 
 together) 

(2013)

3 320 
(2013)

Number 
of 
networks

– Half of 
all major 

cities

394 
(2013)

1 342 
(2014)

317 
(2013)

153 
(2013)

136 
(DH 

and DC 
 together) 

(2015)

2 500 
estimated, 
5 800 (DH 

and DC 
together)

Historic 
trend

– Near linear 
growth of 
140 PJ per 
year since 

2001

Near linear 
increase 

of 2 PJ per 
year in 

1975-2000 
which has 
flattened 

since 2000

Fairly 
constant 

since 2003; 
increase in 
industry, 

decrease in 
commercial 
customers

Small 
decrease 

in capacity 
2009-2013 

despite 
pipeline 

extensions; 
heat sales 
stagnant/ 

small 
decline

Constant 
increase 
in final 

consump-
tion of 280 

TJ/year 
since 1978

Stagnant 
consump-
tion since 

2000

Connecting 
about 1% of 
additional 
customer 

floor space 
to district 
heating

Sources: China: National Bureau of Statistics of China (2016), Odgaard (2015); Denmark: Danish Energy Agency (2014), Dansk Fjernvarme 
(2014); Germany: BMWi (2015), AGFW (2015); Poland: IRENA, Central Statistical Office of Poland (2014); Switzerland: Bundesamt für Energie 
(2016); Japan: Kainou (2014), JHSBA (2016); US: IRENA, Euroheat & Power (2013), Cooper et al. (2012); multiple countries: Euroheat & Power 
(2015)

By 2014, the use of district cooling in Japan had declined 
by 19% since its peak in 2006� This is in line with overall 
energy efficiency efforts in the country�

 ● In the US, floor space cooled through district 
systems is growing� In 2007-2011, between 
1�6 million square metres (m2) and 2�3 million m2 
of cooling capacity was added each year 
(Euroheat & Power, 2013)� However, district 
cooling continues to meet a minor proportion of 
US demand for total cooling�

 ● Kuwait has limited experience of centralised 
cooling solutions so far� The construction 
of cold water networks has been announced 

for individual projects�9 However, there is no 
information on any systems that may be already 
operating despite the fact that district cooling 
is explicitly included in the country’s Building 
Energy Code of Practice (Al Jandal, 2012)�

 ● In the UAE, around 23% of cooling demand is 
satisfied through centralised generation and cold 
water pipes� The high proportion of centralised 
cooling in the UAE is due to both the hot climate 

9 e.g. in the residential area of Al-Mutlaa (Kuwait Times, 2014) and 
Sabah Al-Salem Kuwait University City (Kuwait University, 2016)� 
It is envisaged that these centralised systems will be fuelled by 
natural gas and electricity�
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and the country’s push for smart building 
solutions and unified building codes�

The usage of DHC across sectors also varies greatly 
among the countries considered (see figure 3)� In 
Denmark and Poland, district heating is mainly used for 
residential space heating� By contrast, commercial and 

industrial use is also a large part of the mix in China, 
Germany and Switzerland� This is primarily an outcome 
of a policy focus in Denmark and Poland directed at 
large-scale district heat use to provide heat to the 
majority of households� In the Japan and the US, the 
mix is dominated by generally smaller DHC networks 
for commercial applications (e.g. hospitals, military 

Table 3: Parameters illustrating volumes of cooling supply from district cooling networks in selected 
countries

Unit Japan US Kuwait UAE
Energy sold TJ 12 311 

(2014)
88 972 
(2011)

- 114 000*

Installed district 
cooling capacity

MW 3 960 
(2013)

16 234 
(2013)

 - 10 551 
(2013)

Length of district 
cooling networks

km 672  
(DH and DC 
together) 

(2013)

596 
(2011)

-  234** 
(2015)

Number of 
district cooling 
networks

– 139  
(DH and DC 
together) 

(2014)

5 800  
(DH and DC 
together)

none/ 
data missing

46**  
(2015)

Trend: energy 
sold

- Peak in 2005, 
decrease thereafter

Steady growth; 
about 1�9 million m2 

connected per year

– Rapid buildout; specific 
target as share of total 

cooling demand in 2030

* Based on installed capacity, 3 000 full-load hours and around 20% of cooling demand (UAE Ministry of Energy, 2015).

** Excluding military infrastructure.

References: Japan: Kainou (2014), JHSBA (2016); multiple countries: Euroheat & Power (2013), Euroheat & Power (2015)

Figure 3: Usage share of district heat and cooling by sector and application
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bases, school campuses, downtown commercial and 
administration centres; Nuorkivi, 2016)� Although some 
larger city networks do exist in the US, they are not 
as prevalent as in the European countries selected for 
this study� Finally, district cooling in the UAE consists 
largely of commercial applications (e.g. malls and office 
buildings) although the share of residential users is 
not insignificant (about a quarter of district cooling 
demand)�

Finally, technical properties of DHC systems also 
differ greatly across countries� They have profound 
implications on both the operation and the economics 
of systems� Listed below are a few observations of 
key characteristics� A more comprehensive overview is 
provided in annex 2�

 ● Linear heat density describes the ratio of the 
annual load (in units of energy) and the total 
length of the network (in metres)� Low linear 
demand density means that high investment 
costs per unit of heat for the pipe infrastructure 
are necessary� This increases the levelised 
cost of district energy� Linear heat densities 
are especially high in Denmark, where district 
heating is used even in smaller towns with low 
urban density�

 ● Heat losses are influenced by the quality of the 
distribution infrastructure and the linear heat 
density� Generally, when the heat density is low, 
heat has to be transmitted over longer distances, 
and losses are higher� This is the case in Denmark, 
where efforts are being made to reduce heat 
losses by switching to lower temperatures in 
distribution networks� Relatively high heat losses 
are also a concern in China and Poland� However, 
the situation has improved in Poland in recent 
years due to targeted renovation measures�

 ● Storage is an integral part of modern CHP and 
aligns the production of heat with demand for 
electricity� Larger storage facilities are combined 
with solar district heating systems to permit 
better use of the solar heat in winter� In district 
cooling systems, storage is needed because of 
the presence of electric chillers and time-of-use 
electricity rates� The storage capacity for cooling 
reported for the US is equal to 62% of generation 
capacity� In Dubai in the UAE, storage must 

represent 20% of design capacity of all new 
district cooling plants (Government of Dubai, 
2010)�

 ● Steam is generally considered an outdated 
energy carrier for district heating (except for 
industrial applications) and has largely been 
replaced by hot water� For example, the heat 
supplied through steam-based systems in China 
has declined since 2004, and the expansion of 
district heating systems is based on hot water 
only (Odgaard, 2015)�

Heating and cooling energy mix

In the countries assessed, fossil fuels are still an 
important source of energy for total heating while 
cooling is usually powered by electricity (figure 4)� Coal 
fulfils a large share of heating energy needs in China, 
Poland and Japan� Natural gas is used more in Germany 
and the US while in Switzerland petroleum products 
continue to provide a large proportion of heating 
energy needs� The share of (direct use) of renewable 
energy for heating ranges from virtually zero in Japan 
to 14% in Poland (mainly from bioenergy)� This shows 
that expanding DHC systems based on renewables 
could become an important way to reduce fossil fuel 
combustion for heating�

DHC uses a wide variety of generation sources across 
countries (figure 5)� The share of renewable resources 
in most countries is modest, ranging from close to zero 
in China and Japan to nearly one-third in Denmark� A 
few observations from each country are outlined below�

 ● Coal dominates district heating supply in China 
and Poland and is fuelling boilers and CHP 
plants� In China, inefficient coal boilers (with 
60-65% conversion efficiency) are still common 
(Odgaard, 2015), and coal provides 90% of total 
district heating energy� In Poland, the share of 
coal also amounted to 90% in 2001 but has since 
been reduced to about 73% due to the increased 
uptake of biomass and municipal waste (KPMG, 
2009)�

 ● Natural gas and coal are the main inputs in 
district heating plants in Denmark, Germany and 
the US� CHP plays a more important role in these 
countries than in China and Poland� In addition to 



RENEWABLE ENERGY IN DISTRICT HEATING AND COOLING20

Figure 4: Breakdown of heating and cooling energy use today*
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Figure 5: Current district heating and cooling generation mix in countries selected
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fossil fuels, Denmark relies heavily on municipal 
waste CHP plants�

 ● In Switzerland, the most significant source 
of heat is the combustion of waste material 
(both organic and based on fossil fuels)� This is 
complemented by natural gas and waste heat 
from nuclear power plants�

 ● Japan makes by far the greatest use of industrial 
surplus heat, which is used to drive absorption 
heat pumps for heating and cooling� Similarly, 
natural gas is used for boilers/CHP plants and to 
drive heat pumps�

 ● In the US and UAE, low electricity prices mean 
electric chillers provide the bulk of centralised 
cooling power� In Japan, systems fuelled by gas 
play a more important role� While not included 
in the official statistics, renewable schemes have 
been reported for Japan� This notably includes 
the seasonal storage of snow to cover cooling 
demand in summer�

Policies and regulations

The viability of DHC systems is greatly influenced by 
national legislation and in some countries by subnational 
policies� The policies directly related to DHC in each 
country examined are shown in table 4�

While most countries implemented policies relating 
to DHC, Denmark and Germany have the most 
comprehensive national legislation in this area� In these 
countries, policies include details on federal support, 
targets, conditions for connection and customer 
protection� In other countries, support policies have 
included low interest loans (Japan), connection 
obligations (Poland), support for resource assessments 
(Switzerland), tax exemptions (US), and explicit 
targets (UAE)� However, specific policies supporting 
renewable-based DHC systems remain fairly limited in 
the countries assessed, apart from Denmark, Germany 
and Switzerland�

Box 1: District heating in the Russian Federation
The Russian Federation operates the largest district heating system across the world today, with three-
quarters of citizens connected to a network� In 2007, around 50 000 systems were installed, and there were 
17 000 district heating utilities� Municipal centralised heating networks alone amount to 170 000 km (Euroheat 
& Power, 2013; IEA, 2015b; Lychuk et al., 2012)�

District heat in the Russian Federation supplies both buildings and industry, which accounts for about 
35%-45% of district heating demand� A wide range of technologies is used for centralised heat generation, 
including industrial surplus heat (about 5% of generation) and nuclear heat (0�2%) (Euroheat & Power, 2013; 
IEA, 2015c)� District heat generation is roughly equally split between heat-alone and CHP systems� The latter 
are often controlled by the same companies that also control district heating networks – mainly regional 
electricity producers (Boute, 2012)�

The district heating schemes in the Russian Federation are generally less efficient than in other countries 
with similar climates� Boiler efficiency in the Russian Federation is around 75% (about 10-15 percentage 
points less than in Europe or the US) while distribution losses are 20%-25% (about twice as high as e.g. in 
Poland) (Sargsyan and Gorbatenko, 2008)� This implies a large potential for energy efficiency improvement� 
The Russian government has stated that 30% of infrastructure urgently requires replacing, with the rest to 
follow in the near future (Euroheat & Power, 2013; IEA, 2015b; Lychuk et al., 2012)� Efforts to modernise district 
heating networks are under way� In addition, it is envisaged that these will increase the use of renewable heat 
sources, particularly from bioenergy� 
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Table 4: Key policies and regulations for DHC in selected countries
Ch

in
a Five-year plans

Includes targets for additional heating surface to be supplied by biomass, 
geothermal and solar thermal energy� In addition, there are targets on the 
proportion of CHP plants (Odgaard, 2015)�

Mapping and exploration for geothermal heat projects (Richter, 2011)�

Support for CHP Promotes the use of renewable CHP plants through feed-in tariffs (IEA, 
2016; Nuorkivi, 2016)�

D
en

m
ar

k

Heat Supply Act
Municipalities have the option to enforce connection to the grid; they 
are required to perform a socioeconomic cost-benefit analysis to assess 
heating options (Danish Energy Agency, 2015)�

National target: 50% wind 
power 2020

The role of district heating systems to support the grid integration of wind 
power has been recognised� Power-to-heat schemes to mitigate variability 
have been implemented and are subject to expansion (Danish Energy 
Agency, 2015)�

Financial support for 
biomass

Feed-in tariffs for biomass CHP; fuel tax exemption for biomass (Danish 
Energy Agency, 2016b; Danish Energy Agency, 2015)�

EU Energy Efficiency 
Directive (2012/27/EU)

Binding measures to reach 20% energy efficiency targets by 2020; 
role of district energy and CHP; requires member states to “carry 
out a comprehensive assessment of the potential for high-efficiency 
cogeneration and district heating and cooling”, European Union (2012)� 
An update proposed in 2016 aims to increase energy efficiency to 30% in 
2030 (European Commission, 2016b)�

EU Renewable Energy 
directive (2009/28/EC)

The proposed 2016 revision of the EU Renewable Energy Directive 
emphasises the potential role of DHC in the integration of renewables and 
addresses “non-discriminatory access” to the infrastructure, customer 
protection, and the potential contribution of heating systems to the 
integration of renewable power (European Commission, 2016)�

G
er

m
an

y

Heat and Power Co-
generation Act 2016 (known 
as KWKG)

Subsidies on the construction of district energy networks and thermal 
storage (KWKG, 2016)�

Renewable Energies Heat 
Act (EEWärmeG)

Share of renewables in final consumption of heat to rise to 14% by 2020; 
combines regulations and subsidies (EEWärmeG, 2015; BMWi, 2015b)�

Ordinance on general 
conditions for district 
heating (AVBFernwärmeV)

Detailed regulatory framework for the installation of district energy 
systems and the protection of customers (AVBFernwärmeV, 2010)�

Renewable Energy Sources 
Act (EEG)

Feed-in tariffs for the production of electricity from biomass CHP (EEG, 
2015)�

EU directives on energy 
efficiency and renewable 
energy

As above�

Po
la

nd

Emissions reduction target District heating emissions to be cut by 90% in 2050 relative to 1990 
(Euroheat & Power, 2015)�

Renovation of networks Certificate scheme (Poland Energy Department, 2015)�

Energy efficiency targets

Substitution of boilers by CHP plants by 2020 (Nuorkivi, 2016)�
Reduction of heat demand by 20% and 30% in 2020 and 2030 
respectively (by improving production, distribution and consumption) 
(Euroheat & Power, 2015)�

CHP Double electricity from co-generation by 2020 (IEA, 2011)�
Regulations Connection obligations (Nuorkivi, 2016)�
EU directives on energy 
efficiency and renewable 
energy

As above�
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2�3 Case studies: lessons learned

Renewable district energy projects have been 
successfully implemented all over the world� Based 
on a series of case studies,10 this section presents 
relevant considerations for each application (heating 
and cooling) and renewable technology used� A short 
description of the case studies for each technology is 
followed by a table for each technology summarising 
key concerns� More general barriers and opportunities 
for renewable DHC, which are independent of renewable 
technology but draw on the findings of this section, are 
discussed in chapter 5�

10  See case studies in separate document at www.irena.org/remap.

District heating

Solar heating

Solar collectors are used for water heating in individual 
buildings in many countries worldwide� However, its 
integration in urban district heating systems is less 
common� Large-scale solar collectors with seasonal 
storage tanks fulfil a major proportion of heat demand 
in some towns in Denmark� Yet these examples are 
largely limited to rural areas with abundant space�

Graz, Austria, has experienced large solar thermal 
installations on several scales� Systems have been 
integrated into the urban environment through landfill 
sites and on the rooftops of big commercial buildings� 

Sw
itz

er
la

nd
Support for renewable 
district heat at the cantonal 
level

Subsidies per unit of renewable district heat in Bern (Kanton Bern, 2016)� 
Subsidies for connections to district heating networks in Zurich (Stadt 
Zürich, 2016)�

Assessment of resources Support for the assessment of geothermal resource e.g. in Geneva canton 
(GEothermie2020, 2016)�

CHP Feed-in tariff for electricity from renewable co-generation (Bundesamt für 
Energie, 2015)�

Ja
pa

n

Strategic Energy Plan (2014) Intention to promote local renewable heat and cooling sources (METI, 
2014)�

Low interest loans Issued by the Development Bank of Japan for the development of district 
energy systems (IEA, 2013)�

CHP

Target of 22 gigawatts (GW) for the installed co-generation capacity in 
2030 by the Energy and Environment Council (IEA, 2013)�
Priority dispatch and feed-in tariff for power produced by biomass CHP 
plants (AsiaBiomassOffice, 2016; IEA, 2013)�

U
S

Financial support and 
target-setting for district 
energy and CHP

Incentives and regulations for CHP and/or district energy in 34 states and 
the District of Columbia (IEA, 2014), including tax exemptions and loan 
guarantees�
Target of 40 GW in additional electric co-generation capacity by 2020 in a 
2012 Executive Order (IEA, 2014)�

Ku
w

ai
t

Building Code of Practice
District cooling is mentioned as a means to raise energy efficiency in the 
country’s Building Code of Practice� However, no system has yet been 
installed (Al Jandal, 2012)�

U
A

E

District cooling target 40% DC by 2030 (Abu Dhabi) (UNEP, 2015a)� 

Labels and efficiency targets 

PEARL community rating system in Abu Dhabi recognises the benefits of 
district cooling (Abu Dhabi Urban Planning Council, 2010)�
Demand decrease by 30% through green buildings, retrofits and 
centralised cooling (Dubai) (UAE Ministry of Energy, 2015; United Nations 
Development Programme, 2014)�

Storage target 20% of design capacity of each district cooling plant is to be covered by 
storage by 2030 (Dubai) (Government of Dubai, 2010)�

http://www.irena.org/remap
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While solar makes only a minor contribution to total 
district heat generation, a significant scale-up is under 
consideration on the basis of experience thus far�

In Munich, Germany, a large-scale solar heating system 
has been installed as part of a holistically planned 
neighbourhood inside the dense city centre� Combined 
with a large hot water tank, the rooftop collectors 
satisfy half the neighbourhood’s heating demand� For 
complementary heat, the local network benefits from 
being connected to the city-wide district network� 

Collaboration with a research institute was especially 
productive because the approach was unusual�

Geothermal

Unlike the geothermal production of electric power, 
geothermal resources can be used for heating purposes 
even if their temperature is at the lower end of the 
spectrum� This partly compensates for the geographical 
constraint arising from the need for proximity between 
the geothermal well and demand centres�

Identify suitable locations in the urban environment
Finding and providing enough space for solar collectors is not always easy when integrating the system into an 
urban environment�
Retired facilities and 
urban wasteland

A retired landfill site has been used to install a 10 000 m2 solar heating system (Graz); a 
new neighbourhood was erected on the site of former barracks (Munich)�

Rooftops Big buildings in the commercial, industrial (Graz) and residential (Munich) sector 
frequently offer enough roof space to integrate large-scale collectors in urban 
environments�

Urban periphery and 
network extension

Network extensions can allow access to land in low density urban periphery; additional 
benefits include access by new demand centres (planned large-scale system in Graz)�

Assess need for/local availability of complementary heat sources
It is difficult to satisfy 100% of heat demand even if a large storage tank is used to compensate for the mismatch 
between heat generation in summer and the demand peak in winter� Hence, additional heat sources must be 
installed�
Existing district 
heating system

An existing district heating system facilitates the integration of solar heat, especially if 
the heating facilities are flexible in their operation (Munich)�

Local resource:  
landfill gas

In Graz, an array of solar collectors has been placed on a retired landfill site� The gas 
extracted from the site is used for complementary heating�

Dispatchable plants Boilers or CHP plants running on biomass (Munich)�

Improve supply/demand match
Over the course of a given year, solar irradiation is inherently anti-correlated with heating demand� How far these 
two match and hence the viability of the resource varies strongly according to location� For example, the long 
heating season in Denmark allows a greater proportion of solar heat to be used directly�

Storage tanks Hot water tanks for seasonal storage (Munich, various systems in Denmark) or weekly 
time scales if the solar output is low compared to the total system load (Graz)�

Diversified demand/ 
increased baseload

More diverse and stronger demand during the summer months allows the direct use of 
a larger share of the solar collector output�

Minimise return temperature
More energy will be fed into the system if the temperature difference between the collector input and output is 
maximised� In established systems, the high return temperatures create a barrier to the integration of solar heat�
Refurbishment Switch from steam to hot water and from high to lower water temperatures�

Heat pumps In Munich, an absorption heat pump is used to increase the temperature spread 
between the supply and the return line� It is driven by heat from the city network�

Indirect coupling Indirect coupling subsystems enables local temperature adjustments (Munich)�
Customer 
engagement

The engagement of heat consumers is critical to optimising the return temperatures�

New system New systems offer the greatest degree of freedom in integrating renewables�
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Optimise the temperature of the district heating network
As in the case of solar heat, lower water temperature in the network return line allows a greater fraction of the 
heat content to be extracted from the geothermal hot water�
Engagement of consumers The local utility in Munich is encouraging the optimisation of the connected load 

so that it can reach lower water temperatures in the network�
Separation of supply and 
demand

Until now, all Ferrara’s district heating plants are separated from the demand 
centre by a single transmission pipe� This offers more flexibility for adjusting the 
water temperature before it reaches and after it returns from the customers�

New systems In Ferrara, the district heating network was built for the explicit purpose of making 
use of the geothermal resource, which allows its design to be optimised�

New subsystem In new subsystems the network temperature can easily be optimised if the 
connection to the main network is established through a substation (Munich)�

Assess the availability of information on the resource quality
The assessment of the geothermal resources can be a significant upfront cost with high risks�
Past exploration of fossil 
resources

This kind of information was available in Ferrara before the first geothermal well 
was developed�

Experience with 
geothermal heat extraction

The risk involved in the resource assessment at nearby locations is reduced if 
previous geothermal wells exist (Munich)�

Engagement of other 
actors (utilities, research 
etc.)

The participation of a larger consortium spreads the financial burden and 
risk� This broader perspective provides additional justification to the research 
(GEothermie2020, 2016)�

Disclose available 
information

Disclosure of information on geological condition varies between countries� In 
Italy, relevant information is available on a national level (Ferrara)�

Allocate the necessary space
The extraction of geothermal heat requires only small amounts of space when compared to other forms of 
district heat production� Nevertheless, its integration in an urban environment is not always easy�
New neighbourhoods Flexible integration (e.g. districts of Riem and Freiham in Munich)�

Transmission pipe Construction of a 4 km transmission pipe to connect the well to the city centre 
(Ferrara)�

Small cities The limited extension and low spatial spread of demand in smaller cities facilitates 
the addition of geothermal plants (Sauerlach near Munich)�

Extensive networks in large 
cities

The diversity of large networks facilitates the identification of suitable locations 
within the existing infrastructure; e.g. integration of a well at a central location next 
to an existing CHP plant (Munich)�

Optimise or adapt to heat demand profiles
Geothermal heat is best used to cover baseload� Lack of load in summer might require optimisation�
Interconnection Connection to a large network with a diverse mix of customers (Munich)�

Supply mix optimisation
Appropriate choice of geothermal capacity and combination with flexible plant 
e.g. biomass CHP plant in Sauerlach near Munich, municipal waste CHP plant in 
Ferrara�

Electricity generation
Use of medium-enthalpy resources to generate heat and electricity in co-
generation (Munich); generation of electricity using an organic Rankine cycle 
(Ferrara)�

Combination with cooling
Rerouting the geothermal heat to drive absorption chillers means it can be used in 
summer for district cooling� This is not the approach of the two cities considered 
here�

Streamline administrative procedures
Tapping into geothermal energy is related to land, mineral and water rights� Governments can facilitate the 
administrative procedures by lowering the barriers in the case of geothermal heat�
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The district heating system in Ferrara, Italy, was built to 
make use of the local geothermal resources� The network 
connects the historic city centre to the geothermal well 
on the outskirts of the city� A CHP plant fuelled by waste 
complements the heating mix�

Munich, Germany, benefits from a wealth of geothermal 
resources accessed at several locations – mainly in 
newly built neighbourhoods with new low temperature 
subsystems�

Biomass: coal conversion and co-firing

Modifying coal plants to permit biomass combustion 
forms a cost-efficient way to cut emissions� At the 

same time, many of the complications arising from 
integrating biomass capacity in an urban environment 
can be avoided�

Copenhagen, Denmark, is set to become 100% 
renewable by 2025� The city’s district heating system 
meets almost all the heating demand� Several large-
scale co-generation plants are being converted to 
biomass combustion�

Flensburg, Germany, has one of the largest district 
heating systems in Germany� Small amounts of biomass 
are being co-fired in the coal plants� While this avoids 
major investment in conversion, technical constraints 
cap the share of biomass that can be used�

Determine appropriate depth of conversion
There are a wide range of different schemes for the conversion of coal power plants and co-combustion of 
biomass� Conversion depths vary widely and depend on the technologies used, fuel availability and cost, as well 
as funding�
Full replacement of boiler 
and turbine

The conversion can be combined with an extension to the lifetime of the power 
plant, providing a high degree of flexibility� However, this is rather costly� One 
example is the Amager CHP plant (Copenhagen)�

Additional infrastructure 
for biomass handling and 
logistics

This is a fundamental component of all conversion efforts e.g. large external 
infrastructure like docks and mills (Copenhagen), or minor internal conveyor 
systems (Flensburg)�

Small-scale co-combustion Co-combustion without modifications to the plant itself; limited by technical 
constraints (Flensburg)�

Incremental conversion 
over several years

Gradual increase in the share of biomass; spreads the investment requirement 
over a long period of time (Borås)�

Facilitated logistics
The use of existing coal plants has the advantage of operating in a known environment with established logistical 
procedures� This is especially relevant in dense urban environments e.g. the CHP plants in Copenhagen are easily 
accessible from the sea� 

Determine availability of low cost biomass resources
The cost of biomass differs greatly between countries, and this has profound impacts on the viability of 
conversion schemes�
Abundance of domestic 
biomass resources

Biomass can be a strategy to achieve cost savings and to reduce energy 
dependence if local resources are available (Vilnius)�

Lack of domestic biomass 
resources

Biomass is imported for co-combustion in Flensburg and in Copenhagen� The cost 
premium of imported resources can be justified by the cost efficiency and speed 
of coal plant conversion, allowing rapid decarbonisation�

Assess the potential for emissions reduction
As with fuel logistics considerations, choosing to convert a coal plant connected to the district heating systems 
reduces the uncertainties of the emissions impact on the urban environment�

Location
In most developed countries, coal power plants are located outside the city centre 
or equipped with appropriate filtering mechanisms to minimise the impact on 
local air quality�

Effect on emissions In some cases, biomass has a positive effect on emissions e.g. in Flensburg where 
small-scale co-combustion led to a reduction in sulphur dioxide emissions�
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Vilnius, Lithuania, is aiming to lower its dependence 
on fossil fuels� Investigations show that the switch 
from natural gas to local biomass generates major cost 
reductions in Lithuania�

The step-by-step conversion of a 180 MW heating plant 
in Borås, Sweden, illustrates how the share of biomass 
can be increased over several years�

Biomass: stand-alone

Despite the difficulties of operating and supplying a 
plant fuelled by biomass in an urban environment, many 
systems rely on this resource to some extent� Its main 
benefit is the combination of operating flexibility with 
greenhouse gas neutrality and local resource availability�

In St Paul, US, a biomass CHP plant was installed at 
a central location on the site of an obsolete heating 
facility� Technical innovations and the strategic location 
helped to overcome the challenges related to biomass 
logistics� The plant’s operator attempts to maximise the 
use of local wood residues to fuel the plant�

In Ulm, Germany, the installation of two biomass-fuelled 
co-generation plants replaced the bulk of generation 
based on fossil fuel� Rather like the facility at St Paul, the 
new plants rely on dedicated wood fuel and local wood 
waste, which is delivered from a maximum distance of 
70 km�

The district heating system in the Olympic Park in 
London, UK, contains minor amounts of biomass-fuelled 

Optimise role in the energy system and find synergies with other resources
Flexibly dispatchable biomass-fuelled plants could play an important role in the district heating mix� This 
advantage must be fully exploited�

Baseload

Depending on the relative cost of coal, gas and biomass, the most economical 
strategy may be to prioritise the operation of the biomass plants so that small 
renewable capacities provide the bulk of heat (Ulm)� In some cases this requires 
subsidies�

Complementary to less 
flexible resources

Since biomass plants are dispatchable, their output can be adjusted to 
complement less flexible or baseload resources like geothermal heat (e.g. 
Sauerlach near Munich)�

Assess and streamline resource availability
In all the examples discussed here, emphasis is placed on local biomass availability� Urban wood residues serve as 
the main feedstock�

Complementary resources
The availability of residues can be subject to fluctuations� Complementary sources 
must be identified, and the supply chains established� In St Paul, biomass from 
other locations within Minnesota are used on these occasions at a cost premium�

Supply chain
The switch to biomass can itself be problematic if local supply chains are 
immature� In St Paul, management had to streamline the operations of several 
waste-handling businesses to mobilise sufficient amounts of wood residues�

Local economy
Wood residues can be found in large quantities in most metropolitan areas� 
Drawing from this resource allows financial resources to keep circulating in the 
local economy, in contrast to the acquisition of fossil fuels or to biomass imports�

Logistics
Depending on plant capacity, biomass delivery can become a major logistical challenge� The St Paul and Ulm 
installations can avoid this problem because they are on the sites of former and existing heating facilities which 
are well connected to the local road network� Nevertheless, innovative approaches are required in some cases to 
handle large volumes of fuel�

Raise public acceptance
Integrating an industrial facility such as a power plant into an urban centre can provoke resistance from the 
general public� Educational programmes to communicate the purpose and benefits of the facility are thus 
essential� Aesthetic considerations should be taken into account (London Olympic Park)� In St Paul, the public 
became more engaged after the launch of an art project which centred on the plant and its integration in the 
River Balcony infrastructure project (District Energy St Paul, 2016)�
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capacity in addition to the main natural gas CHP plant� 
Before the Olympic sports venues were built, it was 
deemed too risky to use more biomass� However, the 
system is designed for flexible future expansion�

District cooling

Solar
Solar cooling systems consist of an array of thermal 
collectors whose heat output drives an absorption 
chiller to provide cooling� In contrast to solar heating 
systems, the correlation between demand and supply 
is excellent: high solar irradiation correlates with and 
contributes to peak cooling loads�

By 2016, solar cooling had not been used in district 
cooling system� Nevertheless, several systems have 
been installed to successfully take the cooling load of 
individual buildings and larger facilities� This technology 
is readily transferable to centralised cooling approaches�

The case studies describe three of these systems� Two 
of them (Phoenix, US, and Singapore) were installed 
on the rooftops of existing buildings (a school and a 
university)� The third is part of a low-energy building 

in Al Ain, UAE� Large-scale solar cooling systems share 
many of the same key considerations as solar district 
heating�

Natural water cooling

Cold water from rivers, the sea or lakes is commonly 
used for space cooling in parts of the world with very 
diverse climates and demand types� Generally, rejected 
heat from the buildings connected is transferred to the 
cold water from the local water body� The effluent is then 
returned to the water body at a higher temperature� 
The system typically consists of an inlet pipe which 
transports the water to a cooling plant� There, the cold 
water is either injected directly into the district cooling 
system or coupled to a closed loop network via heat 
exchangers�

Paris, France, has several large district cooling systems 
in its dense city core� Cold water is extracted from 
the river Seine and expelled at a higher temperature� 
Several cooling stations are integrated in the urban 
environment� While natural water cooling covers the 
main part of the load, it is complemented by several 
conventional industrial-size chillers�

Identify suitable space in the urban environment 
Existing solar collectors have been installed exclusively on rooftops and serve the cooling demands of a 
single building or complex of buildings� If they are connected to district cooling systems, they share the same 
considerations as solar district heating, especially concerning space requirements�

Assess and optimise appropriate complementary cooling capacity
The much greater overlap between cooling demand and supply could diminish the need for auxiliary capacity�
Dispatchable plants Efficient chillers can act as complementary plants while minimising demand for 

electricity�
Natural water cooling Natural water cooling is in principle dispatchable� However, the high upfront investment 

cost might make this approach unsuitable as backup capacity�
District heating 
systems

Heat from existing district heating systems can be used to drive absorption heat 
pumps and thereby provide complementary cooling� This approach has the potential 
to significantly improve the economics of district heating by raising demand levels in 
summer�

Improve match between supply and demand
The greater match between solar irradiation and cooling demand means a much bigger share of cooling 
production can be used directly�

Storage tanks Hot water (and to a lesser extent cold water) storage tanks are an integral part of all the 
systems described in the case studies�

Mitigate perceived investment risk
Solar cooling is fairly new and not widely used� Perception of its risks, as well as a lack of awareness of its 
economic benefits, work as a considerable barrier to its development� Some innovative business models have 
been designed to help lower this (Phoenix, US; Singapore) and to allow the construction of demonstration 
systems�
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cooling system� Part of the load is covered by seawater 
using an innovative natural filtering mechanism� 

Bahrain Bay (Manama), Bahrain, is a new zone of 
commercial buildings equipped with a centralised 

Assess and minimise impact on the water body
The impact of the warm effluent strongly depends on local conditions, including the total volume of the water 
body, ecological resilience and water flow at the rejection site� Both the temperature and suction flow at the 
intake can upset the aquatic ecosystem�
Pre-assessments Environmental studies are required in all cases and define the parameters within 

which the system is allowed to operate� This can lead to restrictions on the 
maximum temperature of the effluent (Paris), the maximum difference between the 
effluent and the water body (Paris; Bahrain Bay), and the maximum flow rate at the 
intake (Geneva)�

Gradual expansion of the 
project

Incremental expansion of the system allows the impact on the local environment to 
be studied� Lessons can be learned for future expansion (Geneva)�

Technical mitigation, 
design of system 
components

The impact can be minimised by sizing the suction pipe (to limit the suction) and 
the installation of cooling towers (to restrict the temperature rise) (Bahrain)�

Choose appropriate filtering mechanisms
Filtering the water from the natural water body is necessary to maintain the integrity of the technical 
components in the system�

Basin Many systems use a basin in which the water is collected prior to being pumped to 
the heat exchangers/heat pumps (Paris) or to the network (Geneva)� 

Chemical purification In systems with high demands on water purity, chlorine is used to avoid biofilm 
formation� The open loop cooling network in Geneva is one example�

Natural filtering The cooling system in Bahrain Bay relies on a natural filtration mechanism through 
the sand in which the pipe is buried� This avoids the use of chemical purification�

Find synergies with existing infrastructure
The costs and impact of the natural water cooling system, as well as the entire district cooling system, can be 
lowered by making use of existing infrastructure in the urban environment�
Network infrastructure In Paris, major parts of the district cooling network were laid in the sewage system 

to avoid the cost of street-level excavation�
Inlet pipe By installing a drinking water pipe on the floor of Lake Geneva, detailed information 

on the topology was produced� This facilitated the planning of the district cooling 
inlet pipe� 

Lack of visual impact
Compared to other cooling solutions (including solar cooling), the visual impact of natural water cooling is 
negligible� Both the pipe networks and cooling plants can be installed underground or in the water; cooling 
towers are unnecessary in most cases�

Mitigate upfront investment cost
Natural water cooling systems may have high upfront investment costs because they have to adapt to a unique 
environment, and underwater construction works create complications� Identifying anchor loads to guarantee a 
steady revenue stream is all the more important�

New developments The greenfield construction of a district cooling system can be significantly cheaper 
than retrofit in an existing urban environment (Bahrain)�

Gradual expansion Starting from a low capacity allows the viability of the scheme to be demonstrated, 
investment risks reduced, and new customers secured before expanding (Geneva)�

General high demand 
density

It is essential to choose high demand centres to cover a high load while minimising 
the need for infrastructure expenditure (Paris city centre; Geneva United Nations 
district)�

Aggregation of customers 
Making binding contractual agreements before starting construction meant the 
operator of the Honolulu system can define a minimum share of capacity demand to 
be met�
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However, the contribution from this resource is limited 
by the high water temperatures at the surface� The 
project suffered because the construction of several 
of the buildings connected was delayed due to the 
economic downturn� As a result, its capacity is severely 
underutilised�

Geneva, Switzerland, uses water from the bottom of 
the adjacent lake as a heat reservoir for both cooling and 
heating� Seasonal variation in the water temperature is 
low� Cold water is transported to customers and either 

used for direct cooling (through a heat exchanger) 
or as a heat source (using heat pumps to reach 
higher temperatures)� The system will be expanded 
significantly during the coming years�

In Honolulu, Hawaii, there is a plan to pump cold 
seawater from great depths to provide space cooling 
to the downtown buildings� Given Hawaii’s energy 
dependence, this approach is expected to generate 
significant cost savings�



A sector roadmap for REmap 2030 31

Key points

In the business-as-usual outlook to 2030 (the Reference 
Case), the use of DHC is set to expand in almost all the 
countries selected� Only in Germany is there a reduction 
in its use due to an emphasis on energy efficiency 
improvements� Already large users of district heating, 
Denmark and Poland are planning the most to expand 
their share of total heating demand� In the UAE and 
Kuwait, district cooling is expected to increase greatly�

 ● In the Reference Case, renewable energy in 
district heating systems is set to increase in most 
of the countries selected (Denmark, Germany, 
Japan, Switzerland, US) – mainly from biomass� 
However, no countries explicitly consider the 
potential for renewable district cooling�

 ● Across all countries assessed, there are sufficient 
resources – including biomass, geothermal, solar 
and natural cooling – to significantly scale up 
renewable energy in DHC by 2030�

 ● In most countries, several renewable district 
heating options are cost-competitive with 
conventional DHC technologies by 2030� To 
compare these with decentralised generation 
options, the cost of distribution networks has to 
be included, which is significant when the density 
of heating demand is low� Hence, renewable DHC 
technologies are generally not competitive with 
decentralised generation�

 ● The business case for renewable district 
cooling technologies in 2030 is not likely to be 
good enough to justify their use to displace 
conventional generation� Although investment 
costs are expected to reduce significantly 
(especially solar DHC), these technologies are not 
usually competitive when externality reductions 
are not accounted for�

 ● Under REmap, the use of renewable energy in 
DHC by 2030 increases in each country� The 
share of renewable energy in DHC increases 
the most in Denmark (to 73% from 51% in the 
Reference Case), followed by China (to 24% 
from 1%) and Poland (to 23% from 11%)� This is 
driven by the dominance of coal in the Reference 
Case (China, Poland) or ambitious policy targets 
(Denmark)�

 ● The use of biomass in REmap increases mainly 
in China (9% of district heat)� Geothermal 
heat is constrained in certain countries by the 
limited geographical coverage of district heating 
systems� In REmap it makes large contributions 
in Switzerland (17% of district heat) and Poland 
(9% of district heat)� The contribution of solar 
district heating is high in Denmark (13% of 
district heat) and Poland (10% of district heat)� 
Electrification is to play an increasingly important 
role in many countries (about 20% of district 
heating in Denmark and Germany), mainly due 
to the expansion of power-to-heat and the use 
of large-scale heat pumps� However, electricity 
is not considered renewable in itself in this study�

 ● Under REmap, additional renewable district 
cooling options reduce reliance on electric 
chillers in most countries by 2030� Increased 
volumes of solar and natural water cooling mean 
the proportion of renewable energy in district 
cooling ranges between 49% (UAE) and 12% 
(Kuwait)�

 ● Under the Structural Shift scenario, additional 
renewable DHC substitutes conventional 
decentralised generation across each country 
by 2030� It is assumed that demand is met 
with an appropriate share of biomass, solar 
and geothermal heat� On the basis of available 
renewable resources and various other factors, 
the use of DHC increases by between 5% 
(Denmark) and 64% (UAE)�

3.  POTENTIAL FOR RENEWABLE DISTRICT 
HEATING AND COOLING UP TO 2030
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 ● A comprehensive cost-benefit analysis shows 
that additional renewable district heating in 
REmap comes with significant net benefits 
in China, Denmark and Poland� In China and 
Poland, this is due to the dominance of coal 
in the mix (which implies renewables greatly 
reduce externality costs)� In the other countries 
considered, the dominance of gas in the mix 
means externality reductions are lower, and no 
overall benefit is gained from the additional 
renewable district heat in REmap� Under REmap, 
additional renewable district cooling in Kuwait 
brings net benefits to the country; in the UAE it 
comes with a small net cost�

 ● New renewable-based DHC systems displacing 
conventional decentralised generation (Structural 
Shift) produce net benefits for China, Denmark, 
Kuwait and Poland� In other countries, there is no 
case for them at the national level although some 
projects in the other countries assessed would 
probably yield positive net benefits�

 ● Compared to the Reference Case, overall DHC 
investment needs under REmap are lower in 
China, Poland and the US� This is due to reduced 
investment in coal and gas-fired CHP plants and 
the choice of a well-diversified mix of renewable 
capacity� Relative cost advantages range from 
-31% in China to -3% in Poland� In all countries, 
the investment in renewable capacity needed 
to achieve the renewable DHC deployment 
in REmap is considerably greater than in the 
Reference Case� In the Structural Shift scenario, 
additional investment is especially driven by the 
requirement for new distribution infrastructure�

This chapter provides an outlook for renewable DHC in 
the nine selected countries� First we present a Reference 
Case� It shows the business-as-usual development of 
the energy system, and the role of (renewable) DHC 
within it across all nine countries in 2030� To improve 
the understanding of the additional renewable DHC 
potential beyond the Reference Case, this chapter 
presents a more in-depth cost assessment (section 3�3) 
and resource assessment (section 3�2)� Section 3�4 then 
provides an overview of REmap and how far renewable 
energy could help avoid conventional generation in 
planned DHC systems by 2030� Section 3�5 goes beyond 

REmap to consider whether there is potential for new 
DHC systems based on renewables to further substitute 
decentralised heat/cold generation� Finally, section 3�6 
provides an analysis of the costs and benefits for each 
country and shows the investment required to achieve 
accelerated deployment of renewable DHC�

3�1 Reference Case

Demand growth in heating and cooling generally is 
a major factor affecting the future potential of DHC� 
Two major trends are expected to counteract each 
other, explaining key differences in the outlook for each 
country� First, demand for heating and cooling services 
increases with population growth, urbanisation and 
improving living standards� Second, the energy intensity 
of heating and cooling services is decreasing due to 
stricter building standards and renovation programmes� 
This improves the efficiency of building envelopes and 
hence lowers final demand�

The anticipated trends in demand for heating and 
cooling energy and the role of DHC are shown in figure 
6� The top bar chart displays the expected net decline in 
heating demand in most countries (except for China and 
Poland) caused by efficiency improvements� In China, 
for example, steady economic growth and urbanisation 
exceed expected energy efficiency improvements 
in both the buildings and industrial sectors, which 
increases demand for heat (IEA World Energy Outlook, 
2015)� Demand for cooling is set to rise in all four 
countries considered, apart from Japan� A large increase 
is expected as a result of economic development, 
population growth and climate change, especially in 
Kuwait and the UAE (Strategy&, 2012)�

The bar chart in the middle shows that all countries 
are planning for an expansion in DHC systems use, 
apart from Germany� In Germany, a decrease of 20% in 
district heating demand is projected as the expansion 
of networks does not keep up with demand reduction 
caused by efficiency improvements (Prognos, 2014)� 
As demand for DHC declines by just over 10% over the 
same period, its share in total heating demand rises 
(figure 6)� On the other hand, overall demand growth for 
heating in China exceeds the growth in district heating 
networks, leading to a small decline in their contribution 
to the heating mix�
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Figure 6: Changes in demand for heating (left), cooling (right) and district heating and cooling, 2015-2030
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Denmark and Poland are planning to significantly 
expand district heating capacity, building on large 
networks already in existence today (Dyrelund et al., 
2010, IRENA, 2015b)� There is also a positive swing 
in other countries, and a modest expansion in the 
proportion of district heating in Japan, Switzerland 
and the US� Finally, centralised cooling is expected 
to satisfy a larger proportion of demand in both 
Kuwait and the UAE as it becomes better known and 
accepted�

In the Reference Case, the share of renewable energy 
in district heat generation increases in most countries 
but not all (figure 7)� Below is a summary of the key 
renewable district heating trends up to 2030 in the 
Reference Case�

 ● China: the district heating fraction covered 
by coal remains constant at around 90%� No 
increase in renewable energy in district heating 
was detected in national energy plans or key 
literature; it is thus expected to remain at zero in 
the Reference Case for 2030�

 ● Denmark: demand for district and 
neighbourhood heating is projected to rise 
despite a 15% reduction in overall heating energy 
demand (Dyrelund et al., 2010)� There is a shift 

from coal to gas as well as a rise in biomass use, 
with the share of renewable energy increasing 
from 32% today to 51% in 2030�

 ● Germany: biomass is also expected to play a 
bigger role, accounting for more than one-third 
of district heat generation in 2030� Together with 
greater use of natural gas, it cuts the use of coal 
to 26% from 42% today (Prognos, 2014)�

 ● Poland: the share of renewables in district heat 
falls from about 12% today to 8% in 2030� The 
expected increase in the use of coal offsets 
the expansion of biomass and geothermal heat 
(IRENA, 2015b)�

 ● Switzerland: volumes of district heat are 
expected to rise (Kirchner et al., 2012)� Heat from 
municipal waste combustion today represents 
more than 40% of district heat generation� This 
share is assumed to decline while the share of 
renewables (all of which is biomass) is expected 
to increase from 18% today to 41% in 2030�

 ● Japan: the reliance on natural gas for district 
heat persists� The use of biomass is expected 
to expand somewhat, forming a 21% share of 
renewables in district heat in 2030� However, DHC 

Figure 7: District heating and cooling generation mix in Reference Case in 2030
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systems continue to play a minor role in Japan, 
contributing about 0�5% of heating energy and 
less than 5% of cooling energy�

 ● US: the decrease in oil use and rise in district 
heating require additional resources� This gap 
is filled primarily with heat from biomass� 
Nevertheless, gas remains a dominant fuel in 
district heating generation, accounting for nearly 
60% of supply�

The composition of district cooling is expected to remain 
largely unchanged and based on large-scale electric and 
gas-fired chillers� The potential for renewable energy 
solutions in district cooling are thus not yet reflected in 
national energy plans�

3�2  Availability of renewable 
resources for district heating 
and cooling

The availability of renewable resources for DHC 
generation was estimated for 2030 and serves as an 
important input in the assessment of renewable DHC 
beyond the Reference Case� Below is a summary of 
the resource assessment for solar heating and cooling, 
biomass, geothermal heat, and cooling from lakes, 
rivers and the sea� More detailed findings are provided 
annex 3�

Biomass

Most countries possess major volumes of underutilised 
biomass feedstock potentially available for district 
heating boilers or co-generation plants�

 ● Fuelwood is harvested for energy generation� Its 
high quality and multiple use options make it the 
most expensive biomass resource�

 ● Energy crops include all sorts of woody and 
grassy crops cultivated specifically for direct 
combustion or fuel generation�

 ● Agricultural residues are available in large 
quantities in major farming regions� They include 
straw from several types of grains as well as 
stalks and leaves from corn or other locally 
produced plants�

 ● Forestry residues are residues removed 
from logging and dead trees� This resource is 
underutilised because it is not economical to 
collect and transport the material in the absence 
of a market for bioenergy feedstock�

 ● Organic waste is defined as the organic 
component of municipal solid waste� Its 
availability is determined by the number of urban 
residents, the per capita generation of waste and 
the typical composition of household waste� In 
some countries the resource is mainly used for 
composting�

Figure 8 shows the availability of the different types 
of biomass feedstock in 2030, taking into account the 
expected demand for these feedstocks in other sectors 
(e.g. power generation, industry)� Denmark already 
makes significant use of biomass for district heating, 
especially to fuel converted coal power plants� However, 
much of this fuel is imported from neighbouring 
countries because the domestic resources are limited� 
On the other hand, both Japan and Switzerland benefit 
from large forest resources, and it is likely that these 
residues will be underutilised� In general, the potential 
to increase biomass use in district heat generation is 
significant�

Geothermal heat

In contrast to the geothermal generation of power, 
the direct utilisation of geothermal energy for heating 
can involve much lower quality resources� For each of 
the countries considered, the total geothermal heat 
potential was estimated using an approach based on 
GIS data on geothermal heat flows and heat demand 
density� Abundant geothermal heat is available but 
resource accessibility is constrained by the limited 
geographical extension of the urban centres when 
compared to the country’s total area� Only the heat flow 
directly beneath or near the district energy system can 
be accessed� Compared to other renewable resources, 
the potential is therefore relatively low� Nevertheless, 
the geothermal heat that is accessible could still satisfy 
67% of district heating demand in Denmark�

Solar heating and cooling

Solar heating and cooling development is limited by the 
availability of ground and rooftop space for installing 
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solar collectors at locations accessible through heating and cooling networks� In most countries, the potential 
exceeds total demand for district heating/cooling, taking this constraint into consideration� The exception is China 
(32% of total district heating demand could be met by solar), Germany (67%) and the US (75%)� While insolation 
varies between countries, the overall availability of the solar resource is not a limiting factor for the potential 
expansion of its use in renewable DHC�

3�3  Cost of renewable district 
heating and cooling

The cost of DHC systems can be broken down into two 
components� First there is distribution cost: the cost of 
networks (i.e. pipes) and substations to distribute hot 
and cold water� Secondly, there is the cost of generating 
the hot/cold water, which varies per generation 
technology� If renewable DHC technologies are used to 
replace conventional generation in existing networks, 
only the generation cost needs to be considered� To 
assess the viability of substituting decentralised heating/
cooling technologies with renewable DHC systems, the 
distribution cost should also be taken into account� This 
section first provides an overview of distribution costs 
across countries and then describes the generation cost 
and total levelised cost (including both distribution and 
generation cost) across technologies�

Distribution cost

The aim of constructing DHC networks is to match 
heating and cooling demand at a certain location 
through water heated or cooled at a central plant� 
The associated distribution cost includes both capital 
expenditure (capex) and operation expenditure (opex) 
for both the network and substations� The levelised 
cost of distribution includes both capex and opex and 

Cooling from lakes, rivers and the sea

Natural water cooling consists of using cold water from 
rivers, lakes or the sea as a sink to provide cooling 
services� Usually, a suction pipe is employed to transport 
the cold water to a heat exchanger, where it warms up 
due to waste heat from the district cooling network� The 
effluent is then discharged in the natural water body 
(State of Hawaii, 2002)�

The viability of this concept depends on the availability 
of sufficiently cold water close to the cooling demand 
centres� Since large cities are generally located near 
bodies of water, a large share of cooling demand can 
be covered in this way� The potential for free cooling 
from natural water bodies is estimated in this study 
from an analysis of the proximity of populated areas to 
rivers, lakes and the coastline� To take into account the 
environmental impact of the warm effluent on small 
water bodies with limited heat capacity, only major 
lakes and rivers are included�

In general, the availability of natural water resources 
greatly exceeds total demand for district cooling in 
the countries selected� This is because the main urban 
centres are close to large water bodies� Japan, the US, 
Kuwait and the UAE all have good access to cold water 
from rivers, lakes or seas and could theoretically use this 
to meet all their district cooling demands�

Figure 8: Primary bioenergy supply potential for district heat production in 2030 
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provides an indication of the average cost during the 
lifetime of the systems for the delivery of hot/cold water 
per energy unit� The estimated distribution cost for DHC 
in 2030 varies greatly between the countries analysed 
from just over USD 1 per gigajoule (GJ) in the UAE to 
more than USD 35/GJ in Denmark (figure 9)�

The cost differences observed in hot/cold water 
distribution are primarily driven by two factors� First, 
demand density – the level of consumption per square 
metre – has a major impact� Higher demand density in 
densely populated city cores benefits the economics 
of the network since it allows capex to be spread over 
a greater volume of consumption� This explains why 
distribution costs are significantly higher in Denmark 
than in other countries; it has district heating systems 
even in environments with low population density� On 
the other hand, district heating networks in China are 
mainly used in urban centres with high population 
density, implying much lower network cost per unit of 
energy consumed�

The specific application of DHC systems is the other 
factor explaining distribution cost differences: District 
heating systems in the US and Japan are at the bottom 
of the distribution cost range because they mainly 
consist of integrated, smaller-scale district heating 
systems in commercial areas� For the same reason, the 
distribution cost of district cooling is low in Kuwait and 
the UAE; its integration is mainly expected to be directly 
with commercial or (densely populated) residential 
developments�

Generation cost

The generation costs of heating/cooling consist of fixed 
cost (i.e. investment, operation and maintenance cost) 
and fuel cost minus the value of the electricity produced 
in the case of CHP plants�

Investment costs make up the majority of fixed costs 
and are expected to change little over time due to the 
maturity of heating technologies� Solar technologies 
and some types of CHP plants and heat pumps are 
exceptions, and their cost is expected to decline more 
significantly up to 2030� On the other hand, it is assumed 
that decentralised biomass heating will experience a 
20% cost increase due to more stringent regulations on 
emissions in populated centres (Danish Energy Agency, 
2013)�

Today, biomass is the main type of renewable energy 
used in DHC systems� Investment costs of biomass 
CHP plants are expected to remain higher than 
their coal-fired equivalents� Expected costs for the 
former range from USD 4 360 kilowatts (kW) to 
USD 6 980/kW in 2030, depending on details of the 
plant design and the fuel used (Danish Energy Agency, 
2016a)� Coal CHP plants are expected to require around 
USD 2 600/kW of capacity – in line with the level today 
(IEA Energy Technology Systems Analysis Programme, 
2010)� Biomass boilers come at a much lower cost 
(USD 545-1 199/kW) because they are less technically 
complex (Danish Energy Agency, 2016a, and IRENA, 
2015a)� Despite the cost premium, the additional value 

Figure 9: Levelised cost of distribution of hot and cold water in 2030
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from electricity generation means CHP plants remain 
the dominant form of heat generation from biomass�

Along with investment, fuel costs are the most important 
cost driver� There are a wide range of different types of 
biomass fuel, and an equally broad range of expected 
costs� The cost of municipal waste, for example, is highly 
dependent on location� Negative values are reported in 
Switzerland, reflecting the net benefits of final waste 
disposal� In general, changes in fuel cost to 2030 vary 
starkly between the countries assessed, ranging from 
a 300% increase in biomass costs in Poland to a 45% 
decrease in electricity costs in China (see annex 4)�

The electricity fed into the grid by CHP plants is 
considered a by-product of heat generation� Its 
remuneration varies widely across countries because 
a broad range of policy instruments has been put in 

place to support power generation from efficient co-
generation� No incentives are assumed to be in place in 
2030, with generated power sold at the projected spot 
market price�

Heating and cooling production facilities are assumed to 
operate with an annual capacity factor unique to each 
country� This does not apply to solar heating and cooling 
technologies because some of their output needs to 
be discarded during peak production in summer if no 
seasonal storage is in place� Three different subtypes of 
solar heating plants are considered in the analysis: two 
without storage and with varying production/demand 
match; and one option with seasonal storage tanks�

The detailed assessment of the levelised cost of 
decentralised heating and district heating technologies 
in 2030 for Germany is shown in Figure 10� Similar 

Figure 10: Levelised cost of decentralised heating and district heating technologies in Germany in 2030
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Figure 11: Levelised cost of decentralised heating and district cooling technologies in UAE in 2030
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graphs for the other countries evaluated are provided 
in annex 5� If network costs are ignored, the cost of 
almost half the heating options in Germany is at around 
USD 20/GJ� Several renewable options (such as solar 
and geothermal district heat) have lower cost than this 
and compete with most decentralised solutions� Organic 
waste CHP plants deliver heat at a cost of USD 3/GJ, 
which makes them competitive with almost all the 
other options even if the district heating infrastructure 
is added to the cost� The decentralised heating sources 
with the lowest costs are gas-fuelled heat pumps and 
coal-fuelled boilers�

Many of the renewable district heating technologies are 
expected to be cost-competitive in 2030 in Germany, 
even if ignoring reduced externalities (e.g. carbon 
emissions and air pollution)� This is not necessarily 
the case when including network cost� All district 
heating technologies have higher levelised costs than 
decentralised gas heating, for example� This implies 
that substituting conventional generation in district 
heating networks with renewables is likely to be cost-
competitive� However, this is not the case for new 
networks based on renewables� The numbers differ 
somewhat for the other countries with district heating 
technologies but the general indications are similar� 
Again, reduced externalities are not taken into account 
here� Section 3�6 shows the overall costs and benefits 
of increasing renewable DHC including the impact of 
reduced externalities�

Figure 11 shows a detailed assessment of the levelised 
cost of decentralised cooling and district cooling 
technologies in 2030 in the UAE� Assuming relatively low 
electricity prices, chillers are the most competitive (both 
in district and decentralised cooling)� Due to the high 
seawater temperatures, natural water cooling requires 
either long intake pipes or additional heat pumps to 
lower the temperature� For solar district cooling, the 
investment cost is expected to be high, leading to 
relatively high overall costs� Renewable options thus 
come at a cost premium compared to conventional 
alternatives unless externalities are accounted for�

The cost of cooling generation is particularly low in the 
UAE and Kuwait when compared to Japan and the US� 
This is mainly due to three factors:

 ● high demand and favourable capacity factors 
due to a high cooling load throughout the year

 ● low cost of labour in the UAE and Kuwait

 ● relatively low electricity prices in the UAE and 
Kuwait�

However, decentralised chillers create a major strain on 
the electric grids in Kuwait and the UAE� This effect can 
be lowered by solar and seawater cooling, which creates 
additional value for these resources but has not been 
considered in this analysis�
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In general, centralised water heating or cooling can 
provide cost advantages due to economies of scale� 
Overhead costs and inefficiencies in the operation 
and planning can be avoided if several industrial-sized 
plants are installed instead of a greater amount of small 
decentralised units� In some cases, this justifies the 
additional investment in the distribution infrastructure�

3�4 REmap

Under REmap, the total energy generated by DHC 
systems is the same as in the Reference scenario� However, 
additional potential is identified for the various renewable 
energy technologies in these systems, as explained in 
section 1�3� This increases the share of renewable energy 
in DHC in all countries assessed (figure 12)� In addition, 
there is some diversification, which in some cases means 
a reduction of the biomass share�

Across each country, most of the existing DHC plants 
are expected to be decommissioned between 2015 
and 2030 as they reach the end of their technical 
lifetimes� The exception is China, where the fleet of 
heating plants was installed relatively recently� However, 
REmap does not lead to forced premature retirement in 
any of the countries, including China� Renewable heat 
generation capacity is assumed to be substituted by 
renewable plants of equivalent size� The same holds for 
plants fulfilling services relevant to other sectors (such 
as waste incineration)� Below is an overview of the 
implications for each of the countries assessed�

Various renewable district heating technologies are 
competitive by 2030 in China� However, due to China’s 
rapid urban growth during the last decades, many of 
the heating plants were constructed recently and are 
expected to remain operational until 2030� This allows 
many old plants to operate beyond 2030, which in 
turn limits the potential of renewables for centralised 
heating� On the basis of resource availability, the total 
share of renewable district heat with REmap is 24% 
(837 PJ)� It is composed of roughly equal proportions of 
geothermal, biomass and solar heat� Electric boilers and 
heat pumps are employed to some extent to assist with 
integrating wind power in regions which suffer from 
restricted connection to the national electric grid�

Denmark is already implementing innovative renewable 
district energy solutions and converting existing coal 

CHP plants to use biomass� However, the limited 
availability of bioenergy feedstock forms a constraint 
affecting further expansion� Imports from nearby 
countries currently compensate for this but as a result 
of this constraint the biomass share in district heating 
increases only modestly under REmap to 53% (or 67 PJ) 
by 2030� This compares with 51% in the Reference Case� 
In addition, solar and geothermal heat each contribute 
17 PJ and 8 PJ respectively� The integration of solar 
heat is facilitated by the use of district heating in 
semi-rural environments with lower urban density 
and higher space availability� The current and future 
dominance of wind power in the Danish electricity grid 
provides incentives for using surplus electricity for heat 
generation� As a result, electric boilers and heat pumps 
are assumed to play a more important role under 
REmap� Overall, Denmark continues to have the highest 
share of renewable energy in district heat in 2030, 
exceeding 70% under REmap�

Compared to the Reference Case, Germany significantly 
diversifies renewable energy in district heating, 
broadening the focus from biomass alone by adding 
geothermal and solar� The heat contribution from 
electric boilers and heat pumps also increases� This is 
partly driven by the increasing volume of variable power 
capacities and the need for more flexibility in the energy 
system� In Germany, power-to-heat schemes have been 
acknowledged as a valid approach in the government’s 
coalition agreement (Bundesregierung Deutschland, 
2013)�

Geothermal is cost-competitive in areas where it is 
available, while the competitiveness of solar heat is 
set to improve substantially up to 2030 (figure 13)�11 
The substitution cost corresponds to the annualised 
cost difference (including capex and opex) between 
the renewable technologies and the most competitive 
non-renewable alternative� In Germany, this alternative 
is supplied by large-scale absorption heat pumps� 
Biowaste CHP, geothermal and the co-combustion of 
forestry residues in boilers are all competitive by 2030� 
The other options are not competitive at expected 
market energy prices but are nevertheless added 
to the mix� This is explained by the potential overall 
benefit they could contribute to the energy system 

11 The substitution cost for the other countries assessed can be found 
in annex 5�
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when reduced externalities are accounted for (further 
explored in section 3�6)�

The share of coal providing district heat reduces 
significantly in Poland from more than 80% in the 
Reference Case to about 56% in 2030 under REmap� 

The share of renewables increases to 23%, compared 
to 11% in the Reference Case� This is mainly due to the 
addition of forestry residues in converted coal CHP 
plants and boilers, which is found to be a competitive 
alternative by 2030� Since district heating systems are 
widespread in Polish cities, there are good opportunities 

Figure 12: Mix of district heat and cooling generation under REmap compared to Reference Case
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to also incorporate solar (51 PJ) and geothermal heat 
(44 PJ)�

The high cost of electricity and gas in Switzerland in 
2030 make the exploitation of renewable resources 
highly competitive� Policies for supporting renewable 
district heating are already in place at the cantonal 
level� Demonstration projects for geothermal and solar 
heating have been implemented, and it is expected that 
geothermal heat will be used at a larger scale by 2030� 
Residues from forestry are also considered underutilised 
in Switzerland’s energy system today� Altogether, the 
renewable energy share in district heat generation 
increases to 45% under REmap� However, the overall 
contribution of renewable district heating remains 
modest in absolute numbers: 3�5 PJ of geothermal heat, 
0�4 PJ of solar heat and 5�6 PJ of heat plants fuelled by 
biomass� This is because district heating meets just 4�7% 
of total heat demand in 2030�

Despite the limited role of DHC in the US today, 
significant additional potential for renewable DHC was 
identified under REmap� A national assessment revealed 
that biomass is available in large quantities (Perlack et 
al., 2011), meeting 138 PJ of final district heating demand 
under REmap� Solar heat (31 PJ) and geothermal heat 
(18 PJ), which are both competitive at expected market 
prices in 2030, complement the renewable district 
heating mix� Natural water and solar cooling have the 
potential to contribute 20 PJ and 31 PJ to final district 
cooling consumption� Overall, the share of renewable 
energy in both district heating and cooling increases to 
36% under REmap�

Kuwait and UAE resource conditions are quite similar� 
However, in Kuwait, the lack of experience and limited 
policy focus on both conventional and renewable 
centralised cooling is expected to hold back deployment 
potential by 2030� In REmap, the share of renewable 

Figure 13: REmap cost supply curve for Germany*
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3�5 Structural Shift

This section explores the options for Structural Shift, 
in which the overall use of DHC is increased beyond 
the Reference Case and REmap� For each country, 
the additional potential for substituting decentralised 
heating and cooling installations with renewable 
DHC technologies was assessed� Depending on the 
country, the additional potential is limited by either the 
availability of renewable resources or the saturation of 
the DHC system� Additional potential was identified in 
each country, increasing the overall share of DHC for 
heating and cooling (figure 15)�

The magnitude of the renewables contribution, and the 
type of renewable energy identified for the purpose of 
further expanding DHC systems, varies significantly by 
country (figure 16)� The increase in DHC capacity beyond 
the Reference Case ranges from 5% in Denmark, which 
already expects a high penetration of district heating, 
to 64% for the UAE� In the UAE, existing experience in 

energy in district cooling increases to 12%, comprising 
4 PJ of solar cooling and 7 PJ of cold seawater� Electric 
chillers are employed to cover the majority of the 
remainder� Even using conventional district cooling, 
replacing these chillers would probably make a major 
improvement to energy efficiency�

Ambitious targets and experience with decentralised 
cooling are a promising starting point for the UAE� Thus 
far, the country has made only limited use of solar cooling 
and has not used seawater district cooling systems 
at all� However, excellent resource availability and the 
strain on the electric grid from decentralised cooling are 
both strong reasons for switching to renewables� Under 
REmap, almost half the district cooling demand in 2030 
is covered by seawater (99 PJ) and solar cooling (87 PJ) 
even though research shows that both technologies are 
costly compared to large-scale chillers (see Figure 11)� 
However, this ignores both the significant benefits to the 
electric grid and reduced externality costs from carbon 
emissions and air pollution, for instance�

Figure 14: REmap cost supply curve for UAE 
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district cooling, and the additional potential to meet 
fast growing cooling demand, explains the significant 
further increase� Table 5 provides the rationale for the 
additional renewable energy in each of the countries�

Potential thus exists to further expand renewable DHC 
beyond REmap but the question is whether costs 
outweigh the benefits� This is explored in the next 
section�

Figure 16: Composition of difference between REmap and Structural Shift*
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Figure 15: Share of district heating in cooling as a fraction of total heating and cooling demand
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Table 5: Summary of additional renewable DHC identified under Structural Shift per country

Country Additional  
DHC capacity 
to Reference 

Case 2030

Rationale

China +19%  ● Based on the highest projection for district heating generation by IEA World 
Energy Outlook (2015)�

 ● Additional resource availability is limited for geothermal heat; more focus on 
expanding biomass use and solar heat�

Denmark +5%  ● Limited by saturation of district heating market�
 ● Focus on geothermal and solar heat motivated by lack of biomass feedstock 

and a dynamic market for large-scale solar heat�
Germany +26%  ● Given the established role of district heating, further expansion of networks 

is conceivable�
 ● Biomass availability varies by state; intensification of resource use relates to 

wood chips and agricultural residues�
 ● Additional geothermal resources are available close to demand centres�
 ● Solar heat could be tripled, leading to a 32% use of the potential resource�

Poland +10%  ● District heating penetration has been high in the past�
 ● As heat networks reach less dense urban centres, solar heat can cover a 

majority (61%) of the additional load�
 ● Additional biomass resources (33%) and opportunities to develop geothermal 

wells (6%) are also available�
Switzerland +38%  ● Significant further expansion of capacity is considered feasible�

 ● Residues from forestry are underutilised; their use is assumed to double (still 
only amounting to 25% of resource potential)�

 ● Geothermal heat is doubled, and solar heat increases by 50%, in line with 
current efforts to increase the use of e.g. geothermal heat in various locations 
in Switzerland�

Japan +10%  ● Limited additional potential due to space limitations and lack of policy focus�
 ● Additional district heat from forest residues (65%), solar heat (25%) and 

geothermal heat (10%) driven by the relative availability of these resources�
US +20%  ● Due to diverse usage and currently low DHC levels, there are many 

opportunities for expansion; a 20% increase is considered conservative�
 ● Based on resource availability, there is additional biomass (53%), solar heat 

(39%) and geothermal heat (9%)�
 ● The 20% addition in district cooling is generated by solar (60%) and natural 

water cooling (40%), which are both unconstrained resources�
UAE +64%  ● Figure is based on the high end projections by Strategy& (2012) for the share 

of district cooling in the UAE in 2030�
 ● About 53% and 47% of this additional demand is assumed to be met by 

natural water and solar cooling – well below the estimated resource potential�
Kuwait +10%  ● The potential in Kuwait is restricted by lack of experience with centralised 

systems thus far as well as limited policy focus�
 ● One-third of the 10% increase in district cooling generation is met by 

seawater, and two-thirds by solar cooling�
 ● Once this is included, the use of resource potential amounts to 70% for solar 

and 9% for natural cooling�
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3�6  Costs, benefits and investment 
needs

To assess the cost and benefits of renewable DHC 
comprehensively, four factors are taken into account�

1. Average substitution cost: this is the difference 
between the levelised renewable DHC costs and 
the non-renewable alternatives� It is calculated 
by first working out the average substitution 
cost for each technology/country (see annex 5)� 
These estimates are then weighted on the basis 
of their contribution to overall additional heat/
cold� A negative substitution cost implies that the 
renewable technology makes a bigger impact on 
cost reduction than its conventional alternative�

2. Avoided external cost from local air pollutants: 
the switch to renewables and away from fossil fuel 
generally avoids local air pollution, which reduces 
external cost (e.g. on healthcare spending)�

3. Additional external costs from local air 
pollutants: however, biomass utilisation can 
make an impact on local air quality, which 
increases external costs�

4. External costs from carbon emissions: all 
renewable options are assumed to be free of 

carbon once they are operating� Two values are 
assumed for carbon emissions: USD 20 per tonne 
CO2 and USD 80 per tonne CO2 for the year 2030�

Aggregating these four impacts provides an indication 
of the overall cost/benefits of additional renewable DHC 
for each country under REmap and Structural Shift�

REmap costs and benefits

Figure 17 shows the breakdown and total cost/
benefits per country of substituting conventional DHC 
generation by renewable energy in REmap� In four 
countries (China, Denmark, Kuwait and Poland) the 
overall benefits exceed costs� In the remaining countries, 
costs exceed benefits� This is driven by several factors 
unique to each country but in general four cases can be 
distinguished, as explained below�

 ● China/Denmark/Poland: the external costs 
associated with the extensive use of coal in 
China and Poland, and gas in Denmark, are 
greatly reduced under REmap� In addition, 
renewable DHC competes closely with 
conventional alternatives� This compensates for 
externality costs arising from additional biomass 
combustion� The overall benefits of additional 
renewable district heating in these countries 
under REmap therefore exceed the costs�

Figure 17: Cost and benefits of REmap compared to Reference Case
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 ● Germany/Switzerland: Renewable heat 
primarily avoids the use of natural gas in these 
countries� The addition of biomass to DHC 
systems increases local emissions and therefore 
raises external costs� The high substitution cost 
of renewable DHC is due to the use of biomass 
CHP plants, which experience relatively high 
levelised costs� Overall, the costs of renewable 
district heating in these countries thus exceed 
the benefits under REmap�

 ● Kuwait/UAE: Accounting for avoided costs 
related to air pollution and carbon emissions 
implies a minor overall benefit in Kuwait and 
minor overall cost in the UAE� The net benefits of 
avoiding decentralised air conditioning are higher 
in Kuwait due to the country’s greater reliance on 
oil for electricity generation� By contrast, power 
generation in the UAE is largely based on gas� 
The additional benefits to the electric grid of 
higher renewable DHC integration have been 
excluded, which could imply that the benefits of 
REmap exceed cost in both countries�

 ● US/Japan: in Japan and the US, REmap 
includes both renewable district heating and 
cooling additions� The average cost of switching 
to renewable DHC technologies in the US 
(USD 31�8/GJ) and Japan (USD 19/GJ) is high 
mainly because low cost conventional chillers 
are available as alternatives to natural water and 

solar cooling� DHC in Japan is heavily based on 
natural gas co-generation plants and absorption 
chillers� Due to the clean combustion of this fuel, 
the external costs avoided are relatively modest 
(USD 0�7/GJ)� However, ignored benefits related 
to avoided natural gas imports and increased 
energy security could be significant, especially in 
Japan� In the US, the potential for DHC strongly 
varies between locations in terms of local 
conditions and renewable resource availability 
within the country� At the national level, the costs 
of REmap exceed its benefits� However, there 
may be specific projects for which the reverse 
is true�

In some cases, the additional external costs of biomass 
combustion play a major role in the REmap cost-benefit 
balance� The potential improvement and larger-scale 
deployment of filters would reduce local pollution and 
counteract these concerns but this is excluded from the 
analysis�

Cost and benefits of Structural Shift

The Structural Shift scenario assumes that renewable 
DHC is added to the energy system, substituting 
conventional decentralised heating and cooling 
solutions� This occurs in both the buildings and industry 
depending on the relative importance of these sectors in 
each country’s demand for district heat/cold� Figure 18 
shows the breakdown per country and the total cost/

Figure 18: Cost and benefits of Structural Shift compared to Reference Case
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benefits of Structural Shift i.e. replacing conventional 
distributed heating and cooling with renewable energy�

By definition, the Structural Shift substitution costs are 
always greater than or equal under REmap� This is because 
any new renewable district DHC capacity competes with 
both the non-renewable centralised and decentralised 
alternatives� The avoided external cost depends on the 
fuel types used in the decentralised heating and cooling 
facilities� Since gas dominates decentralised heating, 
replacing its use for heat under REmap creates fewer 
environmental benefits than replacing centralised coal-
based heating, for instance� The remaining difference 
in the cost-benefit balance is due to the shift towards a 
higher or lower biomass fraction�

The Structural Shift analysis provides some interesting 
insights� Firstly, in China, Denmark, Poland and Kuwait 
a net benefit arises from replacing conventional 
decentralised cooling/heating generation expected in 
the Reference Case in 2030 with renewable-based 
DHC systems� However, the assumed value for carbon 
emissions in Denmark and Kuwait makes a difference: at 
USD 20/t CO2 there is a clear benefit while at USD 80/t 
CO2 benefits and costs are almost identical� In Denmark, 
the net benefits in the Structural Shift scenario are 
much lower than in REmap mainly because of the high 
expected cost of additional networks� New networks 
in Denmark will mainly be introduced in areas with low 
population density�

Secondly, the costs of Structural Shift in Germany, 
Switzerland, Japan, the US and the UAE exceed the 
benefits just as the costs of REmap exceed its benefits� 

It is very likely that plenty of specific projects in these 
countries will experience net benefits� However, other 
solutions for decarbonising heating and cooling 
could be more efficient (e.g. electrification and the 
decarbonisation of the electricity sector)�

Investment needs

To implement REmap or Structural Shift instead 
of the Reference Case by 2030, different levels of 
investment are required� Figure 19 provides an overview 
of annual investment requirements per country� In some 
countries (China, Poland, and the US), REmap requires 
less investment than the Reference Case� This is due 
to the substitution of relatively expensive coal and 
gas-fired CHP plants� The diverse mix of renewables 
combined with efficient electric and absorption heat 
pumps significantly reduces investment needs� In 
many cases, the installation of electric boilers and 
heat pumps is motivated by the availability of surplus 
renewable electricity� However, electric energy is not 
considered renewable in this context� Consequently, the 
cost of non-renewable capacity is higher in Denmark, 
Germany, and Switzerland under REmap� In Japan, 
Kuwait and the UAE, the addition of district cooling 
implies higher investment requirements� Conventional 
chillers providing capacity in the Reference Case are less 
capital-intensive than solar and seawater cooling, for 
example� The need for new network infrastructure under 
Structural Shift means that in this case the investment 
requirements consistently exceed those in the Reference 
Case or REmap� In general, average annual investment 
in renewable DHC systems has to increase significantly 
in most countries to achieve REmap�
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Figure 19: Average annual investment requirements in 2015-2030 for the Reference Case, REmap and 
Structural Shift*
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As variable power sources like solar panels and wind 
turbines experience ever increasing capacity additions 
throughout the world, the possibility of using excess 
power for heating is gaining ground� District heating 
systems can absorb surplus power through the use of 
electric boilers and heat pumps� The heat generated can 
thereby be fed into the grid directly or stored in large-
scale hot water tanks for later use� The large scale of 
district heating makes a key difference to this process, 
allowing for the participation in the relevant markets 
for electricity and ancillary services and giving access 
to a wide pool of customers and demand profiles� 
Also, larger scales justify the installation of low cost 
heat storage for buffering on various time scales� The 
correlation between peak wind power production in 
winter and heat demand is generally positive� Power-to-
heat schemes in district heating networks are especially 
cost-effective when compared with other approaches, 
such as batteries or power-to-gas (CE Delft, 2015)�

District cooling could play a similar role where there 
is high solar power penetration and extensive district 
cooling systems use� Typical district cooling systems 
contain major storage capacity to provide relief to 
the grid while generating ice or cold water during the 
night� This storage could also facilitate the integration 
of renewable power for district cooling� However, this 
concept is not being discussed as a way to help integrate 
variable power because it is little used�

In theory, electric boilers and heat pumps in district 
heating systems can be employed in three different 
applications (Agora Energiewende, 2014)� Their 
applicability depends strongly on the regulatory 
framework in the country concerned, as explained 
below�

 ● Transmission constraints in the electric grid 
can inhibit variable power if regions with high 
concentrations of variable power generators 

are insufficiently connected to demand centres� 
However, the use of this excess energy requires 
regulations to allow corresponding power 
purchase agreements�

 ● Oversupply and limited demand create similar 
effects as the first point but on the scale of the 
whole system� In this case, negative electricity 
prices on the wholesale market can incentivise 
power-to-heat schemes�

 ● The provision of regulation services: demand 
for regulation and other ancillary services is 
not exclusively linked to the predominance of 
variable power but increases when wind and 
solar capacity are added� For countries where 
otherwise curtailed electricity cannot be bought 
directly by district energy system operators, 
regulation services are a particularly important 
source of revenue for power-to-heat�

Power-to-heat is widely recognised as a valid approach 
to fostering variable renewables� Its implementation 
however has been limited to small capacities so far� The 
case studies below describe three different systems 
which make use of excess power to some varying 
degree12�

 ● Both an electric boiler and electric heat pump 
are running in the district heating network of 
Aarhus, Denmark. This is motivated by the 
country’s ambition to satisfy half its electricity 
demand using wind power and by its need to 
add flexible demand to the grid� Wind power 
meets a large proportion of Denmark’s electricity 
demand� However, curtailments can largely be 
avoided thanks to the extensive transmission 
capacities available to neighbouring countries� 

12 See case studies in separate document at www.irena.org/remap.

4.  SYNERGIES BETWEEN VARIABLE 
RENEWABLE POWER AND DISTRICT 
HEATING AND COOLING

http://www.irena.org/remap
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Nevertheless, power-to-heat is attractive due to 
the ubiquity of district heating in Denmark�

 ● In Lemgo, Germany, an electric boiler was 
installed for similar reasons� However, the 
emphasis is more on the provision of ancillary 
services� The direct utilisation of otherwise 
curtailed power is not an option under current 
regulatory conditions in Germany (Agora 
Energiewende, 2014)� Germany experienced 
negative electricity prices over 126 hours on 25 
days in 2015 (BHKW-Infozentrum, 2016)� This 

value is fairly low but experience shows power-
to-heat is a viable approach in some regions to 
adding flexibility to the system�

 ● In Hohhot, Inner Mongolia, China, excess power 
is sold by the wind turbine operators directly 
to the district heating utility� Electric boilers 
were installed as part of a major retrofit of the 
city’s heating networks� Inner Mongolia has the 
bulk of wind turbines installed in China� In 2012, 
curtailment amounted to 20%-30% of electricity 
production potential (Windpower Monthly, 2013)�

Table 6: Summary of case studies on synergies between variable renewable power and DHC

Characteristics Drivers Reported barriers
Aarhus, 
Denmark

 ● electric boiler inside existing 
CHP plant in established 
district heating system

 ● electric seawater heat pump 
in new subsystem (Aarhus Ø)

 ● availability of thermal storage 
in the system

 ● combination with CHP plant 
to make use of storage and 
connection with electricity 
and district heat

 ● strong targets for wind 
power expansion

 ● replacement of heat from oil 
boilers

 ● none

Lemgo, 
Germany

 ● 5 MW boiler mainly parti-
cipating in ancillary markets

 ● tariff structure: night-time 
heat production to avoid 
capacity cost

 ● participation in ancillary 
markets

 ● availability of thermal storage
 ● Germany: regional transmis-

sion constraints between 
wind capacity and demand 
centres

 ● fees and taxes on electricity
 ● heat generation competes 

with highly efficient gas CHP 
plants in summer

 ● cost premium for high 
voltage grid connection

Hohhot, 
China

 ● 50 MW of boilers in refur-
bished system

 ● direct sale of otherwise 
curtailed wind power to 
operate electric boilers

 ● very high curtailment rates
 ● direct sale of surplus power 

is possible
 ● retrofit initiatives for formerly 

highly polluting heating 
systems

 ● lack of connection points 
to high voltage grid caused 
cost premiums during the 
installation
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5.  BARRIERS AND OPPORTUNITIES TO 
RENEWABLE DISTRICT HEATING AND 
COOLING

to manage the limitations of high operating 
temperatures in existing networks�

 ● Demand: knowledge of current and future 
demand levels is essential for business model 
development and municipal planning� This is 
a complex topic requiring regular dedicated 
assessments and expert input� Existing systems 
sometimes suffer from demand reduction or 
insufficient load connection� This can be resolved 
by network extension and the step-by-step 
modular expansion of renewable district energy 
capacity� On a national scale, appropriate 
connection policies are often valuable�

 ● Policies and regulations affect the viability of 
renewable district energy in many ways� Many of 
these concepts are new and are thus not adopted� 
In addition, permitting procedures related to land 
use (solar heating and cooling) and drilling rights 
(geothermal heat) are sometimes inefficient and 
need streamlining� The benefits of clean district 
energy are not sufficiently acknowledged but 
this has often been overcome through building 
labels or holistic city emission reduction targets� 
The support for natural gas and electricity (in 
the form of subsidies, for example) as well as the 
local scale of district energy are also potential 
barriers�

Many barriers and opportunities to renewable DHC 
depend on the city context, which varies according 
to level of development (growing, established) and 
DHC infrastructure (saturated, expanding or new)� A 
summary of the specific barriers and opportunities 
relating to the level of DHC development in different city 
settings is set out below�

 ● Saturated networks meet the bulk of heating 
demand in a city� In established cities, the use of 

Key points

This chapter gives an overview of the main barriers 
to the more widespread adoption of renewable DHC� 
The analysis is primarily based on the case studies 
summarised in section 2�3� A broad range of barriers 
and opportunities are identified, some of which are 
general and some which apply to specific city contexts� 
General barriers and opportunities can be grouped into 
five key areas described below�

 ● Financing forms a major obstacle due to the large 
upfront investment cost of renewable district 
heating projects� This is diminished mainly by 
reducing risk, stabilising demand and identifying 
appropriate complementary financing sources�

 ● Resource availability and cost: problems 
relating to biomass transport logistics and cost 
must be alleviated by appropriately planning 
and optimising the supply system, as well as by 
streamlining the interaction with relevant actors� 
Given that some renewables have inflexible 
or variable supply, either storage capacity is 
required or synergies between heat, cooling 
and electricity need to be exploited� Engaging 
experts from appropriate research centres, 
learning from the experiences of other cities, and 
demonstration projects are all valuable ways to 
solving additional problems related to uncertain 
resource availability and environmental impacts�

 ● Constraints imposed by the urban environment 
and the state of the existing network: identifying 
synergies with the built environment, expanding 
the network, and holistic demand and resource 
assessments are key ways to overcome pressure 
on space in dense cities� Customer engagement, 
the renovation of existing pipework, and the 
appropriate design of new subsystems are ways 
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renewables can be inhibited by the lack of space 
and by buildings retrofits that cut demand� On 
the other hand, the wide reach of the network 
means it can access open space in suburban 
areas� Existing district energy infrastructure 
facilitates the introduction of renewables in many 
ways e.g. through the presence of storage� In 
expanding cities, large networks offer a full range 
of benefits, including network design flexibility 
and the possibility for holistic neighbourhood 
planning�

 ● Expanding networks offer great possibilities 
for introducing renewables, thanks to the 
combination of flexibility and availability of 
existing capacity for backup and load-following� 
Considering renewables in the planning phase 
is key to strengthening their role under these 
circumstances�

 ● New networks in established cities call for 
the exploitation of synergies with the built 
environment to cut costs during the network 
construction phase� Early demonstration projects 
can be very beneficial�

5�1  General barriers and 
opportunities

Barriers to the widespread adoption of renewable 
district energy range from general issues that have 
nothing to do with the implementing environment 
to the specific urban context� There are five different 
categories of general barriers, as explained below�

 ● Financing barriers relate to high upfront 
investment costs as well as risks perceived by 
potential customers and investors�

 ● Resource-based constraints are centred on cost, 
availability, inflexibility and the need for resource 
assessment�

 ● Urban environment and existing network: both 
the structure of the urban environment and the 
design parameters of existing networks can 
affect the adoption of centralised renewable 
heating and cooling schemes�

 ● Demand: insufficient or decreasing demand, as 
well as incomplete knowledge of demand, can 
erode the business case for district energy�

 ● Policies and regulations should provide the 
appropriate framework to facilitate the adoption 
of renewable heating and cooling technologies� 
Barriers are created if the framework is out 
of date or supports competing conventional 
technologies�

The following pages provide details of the specific 
barriers and opportunities within these categories, 
including supporting evidence from case studies or 
other literature�

Financing

Barriers related to financing are relevant to DHC in 
general� They are exacerbated in renewable projects 
where the investment costs are a greater share of 
total expenses over the lifetime of a project than 
investment in conventional generation technologies� In 
addition, prospective investors perceive many of these 
approaches as more risky because they are out of the 
ordinary�
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Table 7: Finance barriers and opportunities in renewable DHC

Opportunities Rationale and context Evidence from case studies or other literature
Barrier: high upfront investment costs
National 
support

Subsidies can play a pivotal 
role in enabling renewable 
district energy schemes�

A wide range of national policies to facilitate the implementa-
tion of renewable DHC schemes exists around the world (see 
section 2�2)� 

Identification 
of financing 
options

The societal value of 
renewable DHC systems is 
recognised by many local, 
governmental and intergov-
ernmental institutions� A broad 
range of financing options is 
therefore available�

As a result of a loan from the Asian Development Bank, 
a power-to-heat boiler was installed in Hohhot,13 and the 
network was refurbished�
State-level subsidies covered much of the cost of a solar plant 
in Graz�
A major share of the solar district heating facility cost in 
Munich was covered by a federal grant�
In Munich, the national subsidies for new network infrastruc-
ture played a critical role in exploiting geothermal resources 
through network expansion�

Private sector 
participation

Attracting private capital and 
establishing public-private 
partnerships is a possible 
strategy for overcoming 
financial limitations�

A broad range of business models have been designed with 
varying degrees of private sector involvement for owning and 
operating district energy systems� This has been discussed 
by UNEP (2015a) and the International Finance Corporation 
(2014)�

Synergies 
with other 
infrastructure 
projects

Making use of existing energy 
infrastructure and other 
infrastructure projects reduces 
upfront investment costs�

Combining the construction of new light rail tracks with 
district energy network extension yielded major cost savings 
in St Paul�
Combining renewable heat sources and existing CHP plants 
enabled the use of existing storage and connections to 
electricity and district heating networks in Aarhus�
Integrating district cooling pipelines into existing sewage 
tunnels reduced the cost of the urban distribution infrastruc-
ture in Paris�
In Graz, a retired urban landfill has been chosen as the site 
for solar collectors; the landfill gas is used in absorption heat 
pumps to produce complementary heat�

Stable initial 
load

Stable demand in the early 
stages is critical to guaran-
teeing steady revenue and 
justifying upfront cost�

The gradual expansion of capacity in Geneva helped minimise 
the risk associated with the investment�
Integration with new build developments in London and 
Munich has brought several advantages, such as the availabili-
ty of stable anchor load�
In Honolulu, contractual agreements which cover sufficient 
load to create a valid business case were made prior to the 
construction of the sea water cooling system�

Technical 
system 
optimisation 

The efficient use of resources 
and infrastructure greatly 
affects economic performance 

Suboptimal operation of the system erodes the value of the 
investment� In Munich, the yield of a geothermal well stayed 
30% below the expected value because network return 
temperatures were too high�

Barrier: perception of risk by financing institutions and potential customers
Demonstra-
tion projects

Demonstration projects 
enable learning processes and 
also encourage acceptance 
by potential customers and 
finance providers�

Experience of small installations provides valuable input on 
how to reach the 20% target for solar contribution to the Graz 
district heating mix� 
Geneva introduced a pioneering lake water cooling system� Its 
adoption by other cities in Switzerland is under discussion�

Engagement 
of research 
institutes

Many renewable DHC schemes 
are very innovative and require 
support from research experts 
to lower technology risk�

Both the solar heating installation in Munich and the lake 
water cooling system in Geneva have reportedly benefitted 
from research expertise�

13

13 See case studies relating to these cities online at www.irena.org/remap.

http://www.irena.org/remap
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Resources

The local availability of resources benefits most 
renewable technologies� However, challenges might 
arise in the case of biomass supply chains�

Table 8: Resource barriers and opportunities in renewable DHC

Opportunities Rationale and context Evidence from case studies or other literature

Barrier: logistical challenges with biomass feedstock supply
Strategic 
location

Logistics are sometimes 
difficult but in urban areas 
a well-judged location for 
the heating plant alleviates 
problems�

The biomass plant is close to major road connections in St Paul, 
which makes it easier to deliver fuel by truck�

Biomass CHP plants in Copenhagen are close to the harbour, 
allowing biomass imports by ship� 

Barrier: high biomass fuel cost
Supportive 
policy 
instruments

Federal policies such as 
subsidies, feed-in tariffs and 
carbon taxes often make a 
major difference to biomass 
cost-competitiveness�

In Flensburg, the carbon price is considered a critical factor 
affecting the future viability of district heating based on 
biomass� 
The feed-in tariff paid for the electricity from the biomass CHP 
plants in Ulm is crucial to their competitiveness�
In contrast, biomass sourced from in or around Vilnius is less 
costly than conventional fuel imports�

Supply chain 
optimisation

Actors managing urban bio 
waste must be involved in 
order to reduce fuel costs�

In St Paul, the optimisation of the supply chain maximised 
the share of biomass sourced from near the urban centre and 
avoided the cost premium for biomass imported from further 
away�

Barrier: mismatch between seasonal demand and inflexible supply
Adding 
storage

Heat storage allows 
renewable heat generation 
to be better matched with 
demand over different time-
scales� It is often an integral 
part of solar systems�

In the Helios project in Graz, heat is buffered on a weekly time 
scale�
In Munich, a seasonal hot water storage tank allows solar heat 
generated in summer to be used during the colder months�
Renewable heat sources integrated into existing CHP plants 
often benefit from storage capacity (e.g. wind power-to-heat in 
Aarhus)� 

Diversification 
of demand

A diverse set of customers 
produces smoother aggre-
gate load profiles with a 
larger baseload component�

Coupling new subsystems to existing networks provides access 
to a broad range of customers (e.g. solar heat in Munich, heat 
pumps in Aarhus Ø)�
Industrial facilities in particular may require low temperature 
process heat all year round, which increases the value of 
renewable heat sources�

Maximise 
synergies with 
cooling

In many cases, the heat 
from renewable sources can 
be used to provide both 
heating and cooling services�

An example is the use of solar heat to drive absorption chillers 
in summer�
The water in the district cooling network in Geneva is used for 
cooling (directly) and heating (through the use of heat pumps) 
at the same time�

Maximise 
synergies with 
electricity 
infrastructure

For high enthalpy wells, 
geothermal heat can be 
used to produce electricity 
in summer�

There are plans to couple a future geothermal well in Ferrara to 
an organic Rankine cycle unit to produce electricity in summer�

In Sauerlach near Munich, high enthalpy geothermal heat is 
used for electricity generation in summer�

Choice of 
complementa-
ry resources

Appropriate combinations of 
resources mean value of all 
capacity can be maximised�

In Sauerlach near Munich, this was achieved by combining 
geothermal heat with flexible CHP plants fuelled by biomass�
In Ferrara, geothermal heat was combined with a waste-fired 
CHP plant�
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Urban environment and existing network

Lack of space in dense urban environments and 
operational weaknesses due to suboptimal technical 

conditions and poor management in existing networks 
can obstruct renewables integration in DHC�

Table 9: Urban environment and existing network barriers and opportunities in renewable DHC

Opportunities Rationale and context Evidence from case studies or other literature
Barrier: high space demand for certain renewables
Urban 
wasteland 
and obsolete 
facilities

Within the city core, disused 
areas and urban wasteland 
often provide an opportunity to 
integrate renewables�

An array of ground-mounted solar thermal collectors 
has been placed on the site of a retired urban landfill in 
Graz�
In St Paul, an old power plant was reused for the 
installation of a biomass CHP plant�

Existing plants Integration of renewable sources 
into existing centralised energy 
infrastructure, notably CHP plants�

In Copenhagen, an electric boiler for power-to-heat 
generation was incorporated into an existing CHP 
plant� This has multiple co-benefits, such as existing 
connections to grids and networks, and auxiliary 
infrastructure like storage�

Extension of 
networks

If the network can be extended to 
the urban periphery, open space 
becomes available�

In Ferrara, a geothermal well was drilled outside the 
historic city core and connected to the demand centre 
through a transmission pipe�

New 
neighbourhoods

New housing developments 
offer great design flexibility for 
integrating renewable energy�

In Munich, large arrays of rooftop solar thermal 
collectors were incorporated into a high-efficiency 
housing project and connected to a low temperature 
network�
In Aarhus a new mixed-use neighbourhood is supplied 
through a heat pump mainly using excess wind�

Opportunities Rationale and context Evidence from case studies or other literature

Barrier: constrained resource availability and lack of resource assessments
Assessment 
and disclosure 
of information

Resource assessments and 
public disclosure of infor-
mation can make a major 
difference to renewable 
district energy scheme 
incubation

The geothermal district energy system in Ferrara significantly 
benefitted from public information on national geothermal 
resources�
On a local level, collaboration with research institutes has 
helped lay the foundation for future projects�

Streamline 
supply

Engagement with relevant 
actors is key to streamlining 
biomass supply�

In St Paul, collaboration with waste removal partners to opti-
mise the supply chain maximises access to local biomass�

Optimise 
utilisation

Minimising the water tem-
perature in heating networks 
is crucial to making the best 
use of renewable resources�

The network return temperature depends on the system’s 
customers� In Munich, customer engagement programmes have 
optimised this parameter and raised the yield of geothermal 
heat�

Barrier: environmental impacts of natural water cooling schemes due to raised effluent temperature 
Regulations Regulations concerning 

water temperature of 
effluent�

Paris has detailed regulations to limit effluent temperature 
and both on an absolute level and in terms of difference to the 
river’s temperature�

Comple-
mentary 
infrastructure

Technical fixes are used in 
some occasions�

Additional chillers are employed in the cooling system in 
Bahrain Bay to limit the temperature difference between the 
effluent and surface seawater�

Demonstra-
tion projects

Small-scale projects allow 
real world impacts to be 
safely assessed�

The lake water cooling system in Geneva is expanding in several 
stages, which allows its impact on the local environment to be 
continuously monitored�
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Demand

Demand for heating and cooling services drives the 
installation of distribution infrastructure and generating 

capacity� Security of demand is the key factor underlying 
the economic performance of these assets�

Table 10: Demand barriers and opportunities in renewable DHC

Opportunities Rationale and context Evidence from case studies or other literature
Barrier: reduction of demand in existing networks due to building renovation
Expansion and 
densification

Expansion and densi-
fication of the network 
counteracts reduced 
demand�

The networks in Munich and Ferrara are greatly expanding, 
accessing both additional demand and geothermal resources�
The centralised heating system at the London Olympic Park was 
designed with future expansion in mind�

Connection 
policies

The success in the 
recruitment of new 
customers if also deter-
mined by connection 
policies on a national or 
local scale�

Section 2�3 provides examples of countries with such policies in 
place�

Barrier: insufficient demand connection in new networks (e.g. Bahrain Bay)
Contractual 
framework

This risk can be 
minimised by the 
appropriate choice of 
contractual frameworks�

In Honolulu, project implementation does not start until customer 
groups emerge�

Modularity Modular and flexible 
expansion can counter-
act this problem�

Incremental expansion of the lake water cooling system in Geneva�
Steady increase of solar share in the Graz system�

Barrier: lack of information on heat/cold demand and trends 
Demand 
assessment 
programmes

Targeted demand 
assessments of a 
country or city may help 
lay the ground for future 
projects�

A noteworthy example is Amsterdam’s heat mapping initiative 
(UNEP, 2015a)�

Engagement of 
research

Capacity building and 
research engagement 
can play a key part here�

Opportunities Rationale and context Evidence from case studies or other literature
Detailed 
assessments 

Assess urban heat demand to 
identify potential close to demand 
centres�

Some cities (e.g. Amsterdam) have completed studies of 
local heat demand distributions (UNEP, 2015a)�

Barrier: operational flaws in existing district energy networks
Customer 
engagement

Network return temperatures 
strongly depend on the customer-
side substation configuration�

In Munich, regulations and incentives were successfully 
used to lower the network temperature in order to make 
better use of the local geothermal resources�

Optimisation 
of new 
subnetworks

New subsystems can be 
engineered to fully accept 
renewables�

In Munich, a new solar-based subsystem was coupled to 
the city-wide network indirectly to enable the operation 
at optimised design temperatures�

Refurbishment A major overhaul of the 
distribution infrastructure is 
needed in order to reduce the 
design temperature of outdated 
systems� 

Lack of financing options for network renovation is 
reported to be a serious problem in former Soviet and 
Balkan states (Nuorkivi, 2016)�
Authorities in Munich decided to expand rather than 
refurbish the network following a corresponding shift in 
national subsidies� 
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Policies and regulations

The viability of renewable DHC depends on a broad 
range of policies either with direct impacts on district 

energy or concerning related parts of the energy 
system�

Table 11: Policy and regulatory barriers and opportunities in renewable DHC

Opportunities Rationale and context Evidence from case studies or other literature
Barrier: unprepared regulatory frameworks and markets 
Permitting 
procedures 
and 
regulations

Tapping into renewable heat 
sources may involve major use 
of public land and resources�

Streamlining application and permitting procedures on a 
national level can make a significant difference to realising 
these projects and reduce the risk associated with lengthy 
bureaucratic procedures�

Scale Operating at a larger scale can 
help reduce barriers caused by 
permitting procedures�

The Munich utility SWM obtained rights to draw from 
geothermal resources across the city�

Acknowledge 
power-to-heat 
schemes

Power-to-heat usually lies 
beyond the current model of 
electricity markets� These must 
therefore be adjusted specifical-
ly to accommodate it� 

In Hohhot, power that is otherwise curtailed is sold directly 
to the heating system operator�
Some countries cannot directly use electricity curtailed 
because of grid congestion� Hence the electric boilers in 
Lemgo are primarily used to bid into ancillary markets�

Barrier: insufficient recognition in policies and labels
Holistic 
emission 
targets

Holistic emissions reduction tar-
gets can stimulate the transition 
to clean district heating�

Copenhagen: carbon neutrality by 2025�
Munich: 100% renewable district heating by the 2040�

Building labels Connecting buildings to district 
energy networks with partly 
renewable generation often 
has no effect on the property 
energy label�

Appropriate labels can improve perceptions of the benefits 
of connections (see section 2�3)�

Barrier: strong support for conventional solutions and fossil fuels
Reassess 
subsidies

Reassessing or compensating 
these policy instruments can 
increase the share of renewable 
energy in the market�

5�2  Barriers and opportunities in 
specific city contexts

DHC systems can be found in cities in all stages of 
development: from established cities with historic 
city centres to new holistically planned housing 
developments emphasising energy efficiency� The type 
of DHC in these environments is equally varied� It ranges 
from extensive networks satisfying almost all the heat/
cold demand to small systems installed specifically 
to exploit a local renewable resource� Each of these 
conditions creates different challenges and requires its 
own unique approach to making renewable resource 
use cost-competitive�

State of the urban environment

A distinction is first made between established and 
growing cities�

Established cities are defined as urban agglomerations 
of varying size with dense cores� Some include old DHC 
systems� Demand density is relatively high but open 
space for constructing facilities with a large footprint 
may be scarce� Parts of the building stock may be old, 
which generally creates opportunities for renovation, 
thereby reducing the density of heating demand� New 
build is assumed to be limited in these cities�

Growing cities include two different types of urban 
developments� A new development on the periphery 
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of an urban centre is one category� The second is 
the holistically planned neighbourhood embedded 
in existing urban environments� The latter offers full 
flexibility for designing both the network and heating 
and cooling demand� In theory, all technical parameters 
could optimised to facilitate the integration of renewable 
DHC� However, high building standards could lead to 
lower demand densities�

State of DHC network

DHC networks can be classified into three different 
states: saturated, expanding or new� Each has its own 
unique barriers and opportunities�

In saturated networks, the bulk of the city heating and/
or cooling demand is met by district energy, which limits 
network expansion� Renewable sources are primarily 
used to replace existing conventional capacity� Their use 
is facilitated by a range of conditions outlined below�

 ● Saturated networks extend to the outskirts 
of the urban agglomeration, providing ample 
space for solar collectors or facilities which use 
local renewable resources (such as geothermal 
energy)�

 ● Old and depreciated conventional heating 
and cooling plants provide opportunities for 
integrating renewables through existing network 
connections, power plant conversions and 
physical replacement� Moreover, an established 
logistics strategy is usually in place, and auxiliary 
infrastructure (e.g. storage tanks) may already 
exist�

 ● Thirdly, demand is connected, and its temporal 
profiles well known; this allows better security 
planning and reduced investment risk�

At the same time the inflexibility and static nature of a 
saturated network acts as a barrier to renewable cooling 
and heating� Old networks are often not functioning 
as they should� For example, steam might be used 
as an energy carrier instead of hot water, and return 
temperatures might be too high� In dense urban centres, 
space might not be available for new facilities� Heating 
and cooling demand has a tendency to decrease when 
building efficiency improves� The network reaches few 
new customers when its density is increased�

Expanding networks exist in both established and 
new urban environments� These could create good 
conditions for integrating renewable heating and 
cooling sources for the following reasons�

 ● New networks allow design parameters to be 
optimised, such as the minimisation of network 
temperature� Decoupling from the existing 
network through substations provides this 
degree of flexibility�

 ● A sufficiently large existing system offers all the 
advantages of a saturated network (see above)� 
A noteworthy feature is its peak generation 
capacity as well as available storage, which 
supports new renewable heating and cooling 
facilities�

The main advantage of new networks is the freedom 
to choose the system’s operating parameters� However, 
new DHC systems also come with the following barriers:

 ● lack of complementary capacity to cover 
peak demand and compensate for seasonal 
dependence (e.g. solar)

 ● higher perceived investment risk due to e.g. 
inexperience in optimising DHC economic and 
technical performance, and lack of information 
on actual heating/cooling demand

 ● potential customers lack awareness of the 
benefits�

Renewable district heating and cooling 
expansion in different city settings

Figure 20 provides a diagram showing combinations 
between the state of the urban environment and the 
DHC network� The expanding circles represent the 
city’s geographical spread from city core to urban 
periphery� Blue lines represent existing networks; red 
lines represent new networks�

Priority action areas have been identified for each 
setting� Table 12 below summarises these action areas 
and provides examples (both from case studies and 
elsewhere) of cities that fit the description of each 
setting�
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Figure 20: Different types of district energy networks in range of urban environments

Saturated DHC/growing city Expanding DHC/growing city New DHC/growing city

Saturated DHC/established city Expanding DHC/established city New DHC/established city

Table 12: Action areas for different city contexts

Saturated DHC/established city
Case study: Copenhagen; Flensburg

Other examples: Eastern European cities
Action areas

 ● Renovate and convert: renovate network infrastructure; switch from steam to hot water and reduce water 
temperatures to facilitate renewables integration� There may be an opportunity to convert existing fossil fuel 
plants to biomass in a cost-efficient way�

 ● Densify: the widespread network allows remaining demand to be cost-efficiently connected� Network 
densification is the main strategy for increasing the load�

 ● Fill: unused patches within the urban environment allow to implement new renewable heating projects�
 ● Interconnect: assess the possibility of connecting neighbouring cities together through long transmission 

lines (as planned in the Randstad region of the Netherlands, or in North Rhine-Westphalia, Germany)� This 
allows load diversification, access to potential development sites for renewable heating and cooling sources 
and access to waste heat sources�

Saturated DHC/growing city
Case studies: Aarhus Ø

Other examples: Tianjin, China (Danish Board of District Heating, 2015)
Action areas

 ● Renovate and convert: despite the additional opportunities for expansion, the existing network still covers 
the bulk of the connected load� Network renovation and the update of heating and cooling facilities is 
therefore paramount�

 ● Expand: growing cities provide additional heating and cooling demand than more static urban environments� 
New neighbourhoods can be planned holistically and optimised to integrate renewable district energy�

 ● Decouple: decoupling from the existing network using substations allows new subsystem operations to be 
appropriately modified for optimal performance�
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Expanding DHC/established city
Case studies: Ferrara; Paris�

Other examples: Cologne, Germany
Action areas

 ● Fill: identify synergies with existing plants and synergies with the urban infrastructure to overcome the 
potential lack of space�

 ● Decouple: choose different operating parameters for new sections of the network and connect indirectly�
Expanding DHC/growing city
Case studies: Munich

Other examples: Dubai, UAE; Beijing, China
Action areas

 ● Expand: establishing district energy while new neighbourhoods are being constructed often allows the 
optimal integration of renewables�

 ● Decouple: choose different operating parameters for new sections of the network and connect indirectly�
 ● Cluster: several district energy systems can be developed in tandem to optimise use of local renewable 

energy sources� Connection can be established later e.g. Milan, Italy (UNEP, 2015b)� This can be a viable option 
if anchor loads are available in new districts� 

New DHC/established city
Case studies: Geneva; London (Olympic Park)

Other examples: Singapore
Action areas

 ● Synergies: exploit multiple services in the facilities to improve economics (district heating + district cooling 
(lake water in Geneva), district heating + electricity (planned geothermal in Ferrara; geothermal in Sauerlach 
near Munich); assess the possibility of using existing urban infrastructure to lay the network more cost-
effectively (Paris sewage system)�

 ● Demonstrate: starting with small-scale demonstration projects aiming towards future expansion overcomes 
or weakens many obstacles related to risk, uncertainty and upfront investment costs� Public buildings can 
serve as anchor loads�

 ● Fill: identify suitable urban sites for renewable DHC facilities�
 ● Expand: even if concerned with only a single urban development project, seek opportunities to expand to 

neighbouring demand centres (London Olympic Park)�
New DHC/growing city
Case studies: Bahrain

Other examples: Masdar City, Abu Dhabi, UAE
Action areas

 ● Establish: newly built areas provide the opportunity for optimising the scheme, which may make it worth 
aiming for a high share of district energy at the outset�

 ● Synergies: exploit the potential for multiple services (e.g. heating and cooling) to improve the business case�
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It has widely been demonstrated that DHC can be 
scaled up and has the potential to improve efficiency� 
However, DHC is very similar to decentralised heating 
and cooling in that it still largely relies on fossil fuels� The 
REmap analysis shows that all the countries assessed 
have significant additional potential for renewable DHC 
beyond the national energy plan�

In a number of countries, the additional use of renewable 
DHC is accompanied by net benefits to society mainly 
from avoided carbon emissions and lower pollution, 
which reduces health costs� Even without accounting for 
these externalities, renewable DHC is a cost-competitive 
option for reducing fossil fuel reliance in many parts of 
the world�

To scale up renewable DHC several barriers have to 
be lowered� DHC systems can be fully integrated into 
the energy system of a particular country but often 
operate at the city level� To capture the full potential of 
renewable energy in DHC, both national and city level 
policy makers have a part to play�

National policy makers have to provide support to 
facilitate and encourage the adoption of renewable 
energy in DHC� This includes the measures outlined 
below�

 ● Create a level playing field between 
conventional and renewable heating and 
cooling options: extensive support for 
competing fuels like natural gas and electricity 
forms substantial barriers against the widespread 
application of renewable district energy schemes� 
Reducing this support can be the first significant 
step to inducing change in energy systems�

 ● Set specific targets for renewable heating and 
district energy: evidence shows that national 
targets for renewable district energy are effective 
when combined with other supportive measures�

 ● Adjust regulations to allow new renewable 
heating schemes: targeted regulations are 
sometimes necessary to connect the load to 

the network more easily and to permit novel 
schemes like power-to-heat�

Next, national policy makers can make more 
comprehensive reviews of renewable resources 
and promote demonstration projects for emerging 
technologies:

 ● Encourage the implementation of 
demonstration projects: some existing projects 
play an important part in raising investor and 
customer confidence, and in facilitating the 
more widespread use of a particular approach 
to renewable district energy� Demonstration 
projects are an important way to raise awareness 
and give relevant actors the chance to learn from 
experience�

 ● Assess national renewable resource availability: 
gaining sufficient knowledge of the renewable 
resources available is essential at the outset� On 
a national scale, this can be facilitated by national 
resource assessments and the national disclosure 
of relevant information�

City-level policy makers should first acquire an 
understanding of the local renewable resource base, 
identify heat/cold demand patterns and explore 
synergies with existing infrastructure:

 ● Analyse the availability of renewable resources 
and properties of demand: local renewable 
resources are key to decarbonising the heating 
and cooling sector� Project developers need to 
identify suitable options well before embarking 
on renewable district energy schemes� This 
means, for example, evaluating geothermal 
conditions, water body thermal capacity for 
cooling or heating, volume and current use of 
biomass, and space for solar thermal collectors� 
In addition, good knowledge of heating and 
cooling demand patterns is essential to assess 
the viability of renewables and choose the 
appropriate way to narrow the gap between 
supply and demand�

6. CONCLUSIONS
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 ● Review the existing district energy 
infrastructure and opportunities to replace the 
most polluting plants: assess how far the energy 
system can be steered in a more sustainable 
direction� If centralised heating or cooling already 
exists, concentrate on facilities with the potential 
to replace fossil fuel in heating and cooling 
generation� Efficiency improvements in the old 
infrastructure are equally important� Appropriate 
renewables available locally may justify new 
networks to replace conventional decentralised 
facilities�

 ● Analyse potential synergies with the current 
energy infrastructure and built environment 
to minimise district energy investment 
costs. The existing energy infrastructure and 
built environment can significantly improve 
the potential and economics of renewable 
district energy� Carbon free heating facilities 
are commonly incorporated into existing sites 
in an economical way� Similarly, there are 
abundant opportunities to embed generation 
and distribution infrastructure into the urban 
environment� These range from rooftop solar 
collectors, urban wasteland, sewage pipes and 
subterranean rail networks to lower the cost of 
installing district energy networks�

Finally, cities should engage a broad set of stakeholders 
to scale up renewable DHC in a sustainable and cost-
competitive manner:

 ● Explore the possibility of partnerships with 
cities or utilities with similar projects to 
learn from past experience: many renewable 
district heating projects are in operation around 
the world serving as examples for cities with 
reasonably similar conditions� The identification 
of suitable models and collaboration with 
relevant stakeholders when undertaking similar 
schemes is therefore greatly encouraged�

 ● Cultivate relationships with actors from 
relevant industries which benefit or facilitate 
the renewable district energy project: district 
energy is often entwined with other sectors, 
such as waste management, the power sector, 
the petrochemical industry (for geothermal 
assessments), transport organisations and 
water utilities� Restructuring the interaction with 
relevant actors and assessing contact points and 
potential synergies will make a critical difference 
to maximising the efficiency of the system�

 ● Combine projects with research activities: 
many centralised renewable district energy 
schemes presented here are unusual as a result 
of both inexperience and dependence on unique 
local conditions� Research expertise is the likely 
source of solutions to these idiosyncrasies�
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This study is based on two complementary approaches�

 ● First, it analyses the existing district energy sector 
and its potential evolution in nine countries� It 
visualises two alternative scenarios for the future 
progress of the district energy sector in these 
countries�

 ● Secondly, it assesses a variety of successful 
renewable district energy projects to sift out the 
relevant barriers and opportunities arising from 
this approach�

The countries were selected because they illustrate a 
range of approaches to district energy on the basis of 
different climates and infrastructure history�

 ● In China, district energy represents 7% of 
the heating market� Centralised heating has 
experienced strong linear expansion during the 
last few decades� The system is heavily based on 
coal and suffers from inefficiencies�

 ● In Denmark, district heating as a proportion of 
total heat demand has now climbed to very high 
levels� Major efforts are under way to decarbonise 
the systems, which stimulates innovative 
schemes, such as solar district heating and the 
large-scale conversion of coal-fired plants to 
biomass�

 ● In Germany and Switzerland, district energy is 
well established and has now penetrated deep 
into the city infrastructure� On a national scale, 
however, the contribution to the heat market is 
fairly low at 9% and 6% respectively�

 ● Poland has relied intensively on district 
heating in the past� While half the heat supply 
consists of centralised generation, the outdated 
infrastructure needs modernising� This is also the 
main focus of national district energy policies�

 ● In Japan, district energy covers a fairly low 
amount of heating (0�4%) and cooling (3�6%)� 
District networks are mainly used in commercial 
buildings�

 ● The US makes minor use of district energy 
(6% heating, 3�8% cooling) in a broad range of 
environments� This includes campuses and other 
groups of commercial buildings, as well as larger 
cities�

 ● In the UAE, district cooling is very established 
and now accounts for 23% of the market� Policy 
makers have set targets for future expansion�

 ● Kuwait has not yet made documented use of 
centralised cooling�

Current status

The choice of either heating, cooling or both depends 
on existing use of centralised energy as well as the 
climatic conditions� The current state is assessed on the 
basis of information gathered from national statistics 
and meta-analysis of district energy� This includes 
information on current policies related to district energy 
in the countries selected�

Cost

The assessment of fixed and running costs and 
parameters now and in 2030 is based on cost data from 
a variety of sources� A broad range of technologies 
is covered in the Danish Energy Agency’s report 
“Technology Data for Energy Plants” (Danish Energy 
Agency, 2016a) as well as in the report “Technology 
Forecast Updates – Residential and Commercial 
Building Technologies – Reference Case” prepared for 
the US Energy Information Administration (Navigant 
Consulting, 2014)� Levelised cost distribution for every 
technology and country considered was calculated 
from a range of input parameters using a Monte Carlo 
approach�

ANNEXES
ANNEX 1: APPROACH AND METHODS
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There are stark differences in the cost of labour and 
materials in each country� Relative price levels are 
derived from purchasing power parities provided by the 
World Bank International Comparison Program (World 
Bank, 2011), which includes the categories “construction” 
(labour) and “machinery and equipment” (see figure 21)�

The load factor relates annual energy consumption 
to peak demand and has a fundamental impact on 
the economics of the system� It was calculated from 
the average temperature in each country weighted by 
local heating and cooling demand� For this purpose, 
weather data from the ERA-Interim dataset of the 
European Centre for Medium-Range Weather Forecasts 
(ECMWF, 2011) was used2011� This was combined with 
the population data in the Gridded Population of the 
World (GPW) and Global Rural-Urban Mapping Project 
(GRUMP) datasets published by the Socioeconomic 
Data and Applications Center (SEDAC, 2016)�

The diameter-dependent cost of district heating pipes 
was taken from Nussbaumer et al. (2014a) and weighted 
appropriately to reflect the diameter distribution 
for typical systems (Persson et al., 2011)� This cost 
depends heavily on whether the network pipes are 
laid in an existing urban environment or as part of a 
new development� The average of these costs was 
thus calculated using appropriate weighting factors 

dependent on each country’s typical usage of district 
energy systems, as well as its rate of urbanisation�

Heat production from solar collectors is by its very 
nature dependent on seasonal factors, and this requires 
a specific approach to cost assessment: Most output 
occurs in summer, so a matching factor was necessary 
to handle differences between solar heat production and 
heating demand profiles� This was calculated from solar 
data (ECMWF, 2011) and the individual country’s heat 
demand profile� In addition, it considers the installation 
of seasonal hot water storage tanks, which makes solar 
heat dispatchable, albeit with a cost premium�

Demand and capacity development

Projections of the long-term evolution in district energy 
use and heating and cooling demand were gathered 
primarily from national energy plans�

The existing heating and cooling plants connected 
to district energy systems are assumed to be 
decommissioned at the end of their technical lifetime, 
thus allowing new capacity to enter the market� Forced 
retirements are not considered� The retired capacities 
are calculated according to average age of currently 
installed facilities and typical technical lifetime� It is 
assumed that some types of plants are replaced by 

Figure 21: Relative cost of labour and materials in 2011*
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equivalent capacity either because they are fuelled by 
renewables or because of their relevance in the waste 
management sector�

Resource availability

Renewable resource availability is assessed on the basis 
of GIS data� First, a heating and cooling demand map 
is created based on the national distribution of the 
population in each country (Socioeconomic Data and 
Applications Center, 2016) and weighted by heating 
and cooling degree days (European Centre for Medium-
Range Weather Forecasts, 2011)� Starting from this 
distribution, potentially accessible resources are worked 
out in places where demand density is high enough to 
justify DHC networks�

Geothermal heat

For geothermal heat, the resource consists of an 
underground heat flow reported in the Global Heat 
Flow Database (2016)� The geographically dispersed 
data points in this database were interpolated onto 
a grid� The presence of geological basins serves as a 
proxy for estimating the accessibility of this resource� 
Corresponding datasets are available from the Tellus 
Sedimentary Basins of the World Map (Tellus, 2016) 
as well as the catalogue of the Sedimentary Basins 
of the US (USGS, 2013)� While abundant amounts of 
geothermal heat are available on the national scale, the 
accessibility of this resource is constrained by the limited 
geographical reach of urban centres� Total potential was 
obtained by aggregating heat flow at locations where 
heat demand density is highest and in places where 
district heating systems are expected to operate� The 
networks are thus treated as enabling technologies 
required to access geothermal heat� In addition, heat 
flow within a certain radius of the appropriate sites was 
included in the resource potential�

The potential geothermal share (potential divided by 
DH demand) of district heating range between 16% in 
China and 161% in Switzerland (see Annex 3)� These 
estimates are rather conservative: in reality the resource 
quality is an important factor driving geothermal district 
system implementation� Hence, these are more likely to 
be installed wherever the geothermal resource quality 
is at its highest�

Natural water cooling
The potential of free cooling from a natural water 
body is estimated by analysing the proximity of 
demand centres to rivers, lakes and the coastline� The 
vector data describing the coastline is retrieved from 
OpenStreetMap (2016)� The assessment only includes 
the largest lakes and rivers� Therefore, the limitations 
imposed by the finite heat capacity of a water body 
and hence its potential impact on local ecosystems 
is ignored� It is assumed that any cooling demand 
sufficiently close to the water can be satisfied�

The selection of potential locations that could be 
covered by natural water cooling is similar to the 
selection of geothermal potential� Since the networks 
give access to the resource, only sites that might be 
covered by a network according to forecast district 
cooling penetration are considered�

Cities and hence sites with the highest cooling demand 
density are generally close to a natural water body� This 
suggests relatively high potential for this technology, 
which could cover between 43% (UAE) and 100% 
(Japan/Kuwait) of district cooling demand�

Solar heating and cooling

In district energy systems, solar irradiation can be put 
to use in numerous ways for both heating and cooling� 
Three different options are considered here�

Solar district heating through non-concentrating 
collectors is assumed to have a typical efficiency of 0�6 
for converting radiation energy to heat fed into the grid�

Solar cooling systems consist of solar collectors whose 
heat output is used to drive an absorption heat pump� 
These systems can either be driven by low temperature 
heat (provided by flat plate or evacuated tube collectors) 
or by high temperature heat (e.g. from parabolic trough 
collectors)� This determines the type of absorption 
heat pump used� Single effect chillers can operate 
with inlet temperatures of 75°C-90°C� However, their 
coefficient of performance is limited to around 0�6-0�7� If 
parabolic trough collectors are used to generate higher 
temperatures of 120°C-160°C, double effect chillers can 
be employed to provide cooling with a coefficient of 
performance of 1�2-1�5�
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In locations with high demand density, it is assumed that 
1% of the ground area is available for solar collectors� 
The same assumption is made for 3% the surrounding 
area up to a radius of 10 km� A packing factor of 42% is 
used to express the relationship between the projected 
collector aperture area and the total occupied ground 
area� Finally, the collector area is converted to heat and 
cooling potential using the appropriate solar radiation 
data (NASA Solar, 2016)�

Using these assumptions, this resource could cover 
between 32% of district heating demand in China and 
496% in Japan�

Biomass

The biomass supply potential is based on previous 
national assessments� For more details on the 
methodology and findings see IRENA (2014)�
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Heat losses are influenced by the intensity of network 
utilisation (expressed through linear heat density i.e. 
heat consumed in a single year per unit of distribution 
pipe length) and the quality of the infrastructure� Danish 
planners have relied extensively on district heating 
networks and installed them even in regions with low 

ANNEX 2: TECHNICAL PROPERTIES OF DISTRICT ENERGY SYSTEMS

Table 13: Typical technical and operational parameters of district heating systems in countries selected

Unit China Denmark Germany Poland Switzerland Japan US
Water 
tempera-
ture supply

°C  115-130 66-115 90-130 130-135 45-110 mainly 
steam 
networks

mainly 
steam 
networks

Water 
tempera-
ture return

°C  50-80 38-67 30-60  65-70 35-60 mainly 
steam 
networks

mainly 
steam 
networks

Informa-
tion on 
steam 
networks

 - 15.6% 
of heat; 
decreasing 
since 2010; 
all new 
networks 
based on 
water

parts of 
Copen-
hagen 
system 
operate 
on steam; 
there are 
plans to 
convert 
them

10.8% of 
heat from 
steam

many old 
(>35 years) 
systems in 
process of 
renewal

no detailed 
information; 
general 
trend is 
change to 
from steam 
to hot water

majority of 
systems use 
steam (up 
to 170°C)

98.5% of 
heat from 
steam

Network 
heat losses

- 20%-50% 19�8% 13% average 12�4% average 12%  low low

Linear heat 
density 

GJ/m 
per 
year

17.6 1.2-5 2.34-11.7 12.7 3.6-11.4 34.1 (both 
district 

heating and 
cooling)

107.0

Network 
age

volumes 
more than 
doubled 
since the 
year 2000� 
Rapid 
expansion 
and 
fairly new 
networks

average 
age 
approx� 
24 years; 
maximum 
54

many 
networks 
date back 
to German 
Democratic 
Republic 
(pre-Ger-
man reuni-
fication); 
reduction 
in use in 
the eastern 
states, 
dynamic 
expansion in 
the west

long 
(70-year) 
history 
in urban 
centres; 
significant 
modernisa-
tion efforts

near-con-
stant 
growth in 
heat supply 
since 1980s

most 
networks 
built around 
1990; the 
first built 
around 1970 
with a surge 
after 1985

major 
expansion 
induced 
by 1970s 
energy 
crisis; also 
old 
systems 
(19th 
century)�

Sources: China: Odgaard (2015), National Bureau of Statistics of China (2016); Denmark: Gadd et al. (2014), Danish Energy Agency (2014), 
Dansk Fjernvarme (2014); Germany: AFGWAFGW (2015); Poland: Euroheat & Power (2015), OPET (2004), Choromanski et al. (2009); 
Switzerland: Thalmann et al. (2013), Dettli et al. (2009), Bundesamt für Energie (2016); Japan: JHSBA (2016); US: Cooper et al. (2012); multiple 
countries: Zhang et al. (2015), Nussbaumer (2014b), Euroheat & Power (2013)

demand density� This is reflected in its linear heat 
densities, which are the lowest of all the countries 
selected� Hence the country’s progressive move 
toward low temperature networks also mean they 
suffer from high heat losses� By contrast, parts of the 
Chinese district heating infrastructure are in urgent 
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need of maintenance, which is another reason for low 
distribution efficiency�

The values of linear heat densities (annual distributed 
heat divided by total network length) vary greatly 
among each country� Typical values are 10-20 GJ/m per 
year� The extremes are represented by Denmark at the 
low end, and Japan and the US at the high end� The US 
value amounts to 107 GJ/m per year based on reported 
total district energy demand and total network length� 
Aggregate information on district energy in the US 
is scarce� However, it is realistic to assume it has very 
high heat density because district heating is used on 
campuses as well as governmental and commercial 
sites�

The use of steam in DH systems causes greater losses 
and safety concerns and is generally considered 
outdated� In many countries, efforts are under way to 

modify the existing steam systems and convert them to 
hot water (Lund et al., 2014)� Consequently, steam plays 
only a minor role as a heat carrier in the majority of the 
countries studied� New systems rely exclusively on hot 
water, with the exception of Japan and the US�

Average linear cooling densities were calculated from 
the aggregate length of the district cooling systems and 
the annual load reported� The high values in table 14 are 
due to the predominance of the commercial sector� This 
is characterised by the availability of load anchors, and 
often features holistically designed integrated heating 
and cooling systems for groups of buildings�

Thermal storage facilities are included in many of 
the cases described by Japan’s heat supply business 
association (JHSBA, 2016)� The storage power capacity 
reported for the US is 62% of total centralised cooling 
capacity�

Table 14: Typical technical and operational parameters of district cooling systems in countries selected

Unit Japan US Kuwait UAE
Linear energy 
density

GJ/m per 
year

34.1 
(2011)

149.3 
(2011)

-  487  
(2015)

Available DC 
storage

- part of many 
of the systems 
reported by the 

JHSBA

10 100 MW -  no detailed 
information; 

specific 
regulations

Age of existing 
networks

- most networks 
built around 1990; 

the first around 
1970 with a surge 

after 1985

- - -

Sources: Japan: JHSBA (2016); US: Euroheat & Power (2013); UAE: UNEP (2015a), IRENA
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ANNEX 3: AVAILABILITY OF RESOURCES

Table 15: Availability of resources*

Unit China Den-
mark

Ger-
many

Po-
land

Switzer-
land

Japan US Kuwait UAE

Biomass

PJ 11 956  101  825  594  79  594 15 289
% of total 
heating/
cooling 
demand

339% 81% 235% 116% 378% 5 791% 2 961%

Geo-
thermal

PJ  580  84  61  289  34  12  87
% of total 
heating/
cooling 
demand

16% 67% 35% 56% 161% 121% 17%

Solar 
heating

PJ 1 138  450  470  902  58  51  385
% of total 
heating/
cooling 
demand

32% 360% 67% 176% 274% 496% 75%

Solar 
cooling

PJ  17  573  24  500
% of total 
heating/
cooling 
demand

126% 402% 26% 132%

Water 
cooling

PJ  15  101  99  263
% of total 
heating/
cooling 
demand

100% 59% 100% 43%

*The percentage value shows the renewable resource as a fraction of district heating/cooling demand.
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ANNEX 4: FUEL COSTS

Figure 22: Fuel cost and remuneration for electricity produced in 2015 and 2030
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ANNEX 5:  DETAILED COMPOSITION OF REmap, STRUCTURAL SHIFT AND 
LEVELISED COSTS OF HEATING AND COOLING PER COUNTRY

China

Table 16: Composition of REmap and Structural Shift scenarios in China

 
Final district energy demand 

(PJ/year)
Substitution cost 

(USD/GJ)
REmap 2030 
New coal CHP plants 550�9 -
New electric boilers 91�8 -
New large-scale absorption heat pumps 18�4 -
New large-scale electric heat pumps 45�9 -
New natural gas CHP plants 211�2 -
Old coal plants 1 671�4 -
Old gas plants 103�4 -
New large-scale solar collectors 148�5 -3�9
New large-scale solar collectors with seasonal storage 131�3 -2�7
New geothermal wells 250�3 -1�9
New biomass boilers, residues from agriculture 12�6 -1�8
New biomass boilers, energy crops 11�2 -2�6
New biomass boilers, wood fuel 2�2 6�1
New biomass boilers, residues from forestry 0�7 13�4
New biomass CHP plants, energy crops 26�2 41�2
New biomass CHP plants, residues from agriculture 29�4 42�0
New biomass CHP plants, wood fuel 5�1 49�9
New biomass CHP plants, residues from forestry 1�6 57�2
New biomass in converted coal boilers, wood fuel 218�0 2�1
Total/weighted total 3 530.2 2.0
Additions, Structural Shift 2030
New large-scale solar collectors 148�5 3�5
New large-scale solar collectors with seasonal storage 131�3 4�7
New geothermal wells 125�1 5�6
New biomass boilers, residues from agriculture 38�8 5�6
New biomass boilers, energy crops 34�6 4�8
New biomass boilers, wood fuel 13�5 13�6
New biomass boilers, residues from forestry 4�2 20�8
New biomass CHP plants, energy crops 61�0 48�6
New biomass CHP plants, residues from agriculture 68�3 49�4
New biomass CHP plants, wood fuel 23�9 57�4
New biomass CHP plants, residues from forestry 7�4 64�6
Total/weighted total 656.6 8.3



A sector roadmap for REmap 2030 85

Figure 23: Levelised cost of heating in China, 2030
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Denmark

Table 17: Composition of REmap and Structural Shift scenarios in Denmark

 
Final district energy demand 

(PJ/year)
Substitution cost 

(USD/GJ)
REmap 2030    
New electric boilers 11�7 -
New large-scale electric heat pumps 11�7 -
Old biomass plants 44�3 -
Old electric boilers and heat pumps 0�4 -
Old geothermal wells 0�1 -
Old municipal waste plants 8�4 -
Old solar collectors 0�4 -
Old waste heat 1�8 -
New large-scale solar collectors 0�9 1�8
New large-scale solar collectors with seasonal storage 15�6 1�9
New geothermal wells 7�6 -1�7
New biomass CHP plants, biowaste 5�3 -5�4
New biomass in converted coal CHP plants, residues 
from forestry

8�5 1�0

New biomass in converted coal CHP plants, wood fuel 8�5 2�1
Total/weighted total 125.1 0.3
Additions, Structural Shift 2030
New large-scale solar collectors with seasonal storage 3�9 33�0
New geothermal wells 1�3 29�4
New biomass boilers, residues from agriculture 0�2 33�7
New biomass boilers, wood fuel 0�1 33�7
New biomass boilers, residues from forestry 0�1 32�6
New biomass CHP plants, residues from agriculture 0�3 67�6
New biomass CHP plants, wood fuel 0�2 67�6
New biomass CHP plants, residues from forestry 0�2 66�5
Total/weighted total 6.3 4.6
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Figure 24: Levelised cost of heating in Denmark, 2030
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Germany

Table 18: Composition of REmap and Structural Shift scenarios in Germany

 
Final district energy demand 

(PJ/year)
Substitution cost 

(USD/GJ)
REmap 2030 
New electric boilers  16�4 -
New large-scale absorption heat pumps  49�3 -
New large-scale electric heat pumps  49�3 -
New natural gas CHP plants  49�3 -
Old coal plants  34�1 -
Old cooling plants, others  8�2 -
Old geothermal wells  0�4 -
Old municipal waste plants  24�2 -
Old oil-fuelled plants  0�7 -
New large-scale solar collectors  10�4 2�2
New large-scale solar collectors with seasonal storage  11�4 2�9
New geothermal wells  24�8 -4�2
New biomass boilers, residues from agriculture  0�0 -0�5
New biomass boilers, energy crops  0�4 6�3
New biomass boilers, wood fuel  0�2 3�6
New biomass boilers, residues from forestry  5�8 -0�2
New biomass CHP plants, biowaste  6�7 -11�8
New biomass CHP plants, energy crops  3�6 29�1
New biomass CHP plants, residues from agriculture  0�3 22�3
New biomass CHP plants, wood fuel  1�9 26�4
New biomass CHP plants, residues from forestry  52�3 22�7
New biomass in converted coal boilers, residues from 
forestry

 0�9 -2�9

Total/weighted total  350.5 10.3
Additions, Structural Shift 2030
New large-scale solar collectors  20�9 15�9
New large-scale solar collectors with seasonal storage  22�8 16�5
New geothermal wells  24�8 9�4
New biomass boilers, residues from agriculture  0�3 13�1
New biomass boilers, energy crops  1�0 19�9
New biomass boilers, wood fuel  0�7 17�2
New biomass boilers, residues from forestry  6�6 13�4
New biomass CHP plants, energy crops  1�7 42�8
New biomass CHP plants, residues from agriculture  0�5 36�0
New biomass CHP plants, wood fuel  1�2 40�1
New biomass CHP plants, residues from forestry  11�6 36�3
Total/weighted total  92.1 13.5
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Figure 25: Levelised cost of heating in Germany, 2030
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Poland

Table 19: Composition of REmap and Structural Shift scenarios in Poland

 
Final district energy demand 

(PJ/year)
Substitution cost 

(USD/GJ)
REmap 2030
New coal CHP plants  286�6 -
New large-scale absorption heat pumps  19�1 -
New large-scale electric heat pumps  57�3 -
New natural gas CHP plants  19�1 -
Old gas plants  3�2 -
Old municipal waste plants  0�5 -
Old waste heat  8�7 -
New large-scale solar collectors with seasonal storage  50�6 1�0
New geothermal wells  43�7 -2�0
New biomass in converted coal CHP plants, residues 
from forestry  13�4 -10�1
New biomass in converted coal boilers, residues from 
forestry  10�7 -5�3
Total/weighted total  513.0 -1.9
Additions, Structural Shift 2030 
New large-scale solar collectors with seasonal storage  31�3 12�3
New geothermal wells  3�0 9�3
New biomass boilers, residues from agriculture  1�4 14�2
New biomass boilers, energy crops  1�2 5�8
New biomass boilers, residues from forestry  3�6 8�9
New biomass CHP plants, energy crops  2�1 28�7
New biomass CHP plants, residues from agriculture  2�5 37�1
New biomass CHP plants, residues from forestry  6�3 31�8
Total/weighted total  51.3 3.5
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Figure 26: Levelised cost of heating in Poland, 2030
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Switzerland

Table 20: Composition of REmap and Structural Shift scenarios in Switzerland

Final district energy demand 
(PJ/year)

Substitution cost 
(USD/GJ)

REmap 2030
New large-scale absorption heat pumps  2�0 -
New large-scale electric heat pumps  4�7 -
Old cooling plants, others  1�2 -
Old geothermal wells  0�0 -
Old municipal waste plants  3�5 -
Old oil-fuelled plants  0�1 -
New large-scale solar collectors  0�2 -8�2
New large-scale solar collectors with seasonal storage  0�2 -5�3
New geothermal wells  3�5 -7�5
New biomass boilers, residues from agriculture  0�3 -5�9
New biomass boilers, energy crops  0�1 -1�1
New biomass boilers, residues from forestry  1�3 -1�9
New biomass CHP plants, energy crops  0�2 37�3
New biomass CHP plants, residues from agriculture  0�7 32�5
New biomass CHP plants, residues from forestry  3�1 36�4
Total/weighted total  21.0 11.4
Additions, Structural Shift 2030 
New large-scale solar collectors  0�1 4�3
New large-scale solar collectors with seasonal storage  0�1 7�2
New geothermal wells  3�5 5�1
New biomass boilers, residues from agriculture  0�4 6�7
New biomass boilers, energy crops  0�1 11�5
New biomass boilers, residues from forestry  1�0 10�6
New biomass CHP plants, energy crops  0�2 49�8
New biomass CHP plants, residues from agriculture  0�8 45�1
New biomass CHP plants, residues from forestry  1�8 49�0
Total/weighted total  8.0 15.8
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Figure 27: Levelised cost of heating in Switzerland, 2030
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Japan

Table 21: Composition of REmap and Structural Shift scenarios in Japan

 
Final district energy demand 

(PJ/year)
Substitution cost 

(USD/GJ)
REmap 2030
New electric chillers  5�4 -
New large-scale absorption heat pumps  3�0 -
New large-scale electric heat pumps  1�3 -
New natural gas fired chillers  2�3 -
Old cooling plants, others  2�8 -
Old heating plants, others  1�7 -
Old oil-fuelled plants  0�1 -
New large-scale solar collectors  0�8 -3�6
New geothermal wells  0�3 -0�4
New biomass boilers, residues from forestry  0�2 12�5
New natural water cooling facilities  0�3 14�2
New solar cooling facilities  3�2 15�1
New natural water cooling facilities, medium intake pipe  0�4 18�7
New natural water cooling facilities, long intake pipe  0�3 23�7
New biomass CHP plants, residues from forestry  1�8 40�2
Total/weighted total  23.8 19.0
Additions Structural Shift 2030
New large-scale solar collectors  0�3 -3�6
New geothermal wells  0�1 -0�4
New biomass boilers, residues from agriculture  0�0 1�2
New biomass boilers, residues from forestry  0�2 12�5
New natural water cooling facilities  0�1 20�9
New solar cooling facilities  1�0 21�7
New natural water cooling facilities, medium intake pipe  0�1 25�4
New natural water cooling facilities, long intake pipe  0�1 30�4
New biomass CHP plants, residues from agriculture  0�0 28�9
New biomass CHP plants, residues from forestry  0�4 40�2
Total/weighted total  2.4 19.3
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Figure 28: Levelised cost of heating in Japan, 2030
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Figure 29: Levelised cost of cooling in Japan, 2030
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US

Table 22: Composition of REmap and Structural Shift scenarios in US

 
Final district energy demand 

(PJ/year)
Substitution cost 

(USD/GJ)
REmap 2030
New electric chillers  50�5 -
New large-scale absorption heat pumps  217�4 -
New large-scale electric heat pumps  93�2 -
New natural gas fired chillers  12�6 -
Old absorption chillers  0�2 -
Old coal plants  6�3 -
Old cooling plants, others  10�6 -
Old electric chillers  20�0 -
Old heating plants, others  8�1 -
Old oil-fuelled plants  2�1 -
New large-scale solar collectors with seasonal storage  30�8 3�5
New geothermal wells  17�6 8�4
New biomass boilers, residues from agriculture  8�3 4�0
New biomass boilers, energy crops  11�5 12�6
New biomass boilers, wood fuel  8�3 5�4
New biomass boilers, residues from forestry  13�4 4�6
New natural water cooling facilities  7�5 19�7
New solar cooling facilities  30�8 21�7
New natural water cooling facilities, medium intake pipe  9�9 25�5
New natural water cooling facilities, long intake pipe  3�0 31�9
New biomass CHP plants, energy crops  26�8 66�3
New biomass CHP plants, residues from agriculture  19�3 57�6
New biomass CHP plants, wood fuel  19�5 59�0
New biomass CHP plants, residues from forestry  31�3 58�3
Total/weighted total  659.0 31.8
Additions, Structural Shift 2030
New large-scale solar collectors with seasonal storage  40�0 3�5
New geothermal wells  8�8 8�4
New biomass boilers, residues from agriculture  3�3 4�0
New biomass boilers, energy crops  8�6 12�6
New biomass boilers, wood fuel  1�6 5�4
New biomass boilers, residues from forestry  6�2 4�6
New natural water cooling facilities  4�2 25�8
New solar cooling facilities  17�2 27�8
New natural water cooling facilities, medium intake pipe  5�5 31�6
New natural water cooling facilities, long intake pipe  1�7 38�0
New biomass CHP plants, energy crops  15�2 66�3
New biomass CHP plants, residues from agriculture  5�9 57�6
New biomass CHP plants, wood fuel  2�7 59�0
New biomass CHP plants, residues from forestry  10�9 58�3
Total/weighted total  131.8 29.5
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Figure 30: Levelised cost of heating in US, 2030
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Figure 31: Levelised cost of cooling in US, 2030
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Kuwait

Table 24: Composition of REmap and Structural Shift scenarios in UAE

 
Final district energy demand 

(PJ/year)
Substitution cost 

(USD/GJ)
REmap 2030
New electric chillers 140�0 -
New natural gas fired chillers 7�4 -
Old absorption chillers 2�2 -
Old electric chillers 41�8 -
New solar cooling facilities 87�1 3�3
New natural water cooling facilities, medium intake pipe 29�7 3�2
New natural water cooling facilities, long intake pipe 69�2 4�9
Total/weighted total 377.4 3.9
Additions, Structural Shift 2030
New solar cooling facilities 112�5 4�6
New natural water cooling facilities, medium intake pipe 38�3 4�4
New natural water cooling facilities, long intake pipe 89�4 6�2
Total/weighted total 240.2 4.6

Table 23: Composition of REmap and Structural Shift scenarios in Kuwait

 
Final district energy demand 

(PJ/year)
Substitution cost 

(USD/GJ)
REmap 2030
New electric chillers 75�1 -
New natural gas fired chillers 4�0 -
New solar cooling facilities 4�1 5�5
New natural water cooling facilities, medium intake pipe 2�0 5�2
New natural water cooling facilities, long intake pipe 4�8 7�8
Total/weighted total 90.0 6.5
Additions, Structural Shift 2030
New solar cooling facilities 3�0 7�6
New natural water cooling facilities, medium intake pipe 1�8 7�3
New natural water cooling facilities, long intake pipe 4�2 9�8
Total/weighted total 9.0 7.4

UAE
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Figure 32: Levelised cost of cooling in Kuwait, 2030

Fixed cost Fuel cost Network cost

Levelised cost (USD/GJ)

District cooling technologies - Kuwait

Decentralised cooling technologies - Kuwait

0 2 4 6 8 10 12 14 16 18 20

Electric chillers
Free water district cooling, short intake pipe

Free water district cooling, medium intake pipe
Solar district cooling, low temperature

Free water district cooling, long intake pipe
Solar district cooling, high temperature

Natural gas fired chillers

 

0 2 4 6 8 10 12 14 16 18 20

Commercial chillers
Residential electric chillers

Natural gas absorption chillers

Figure 33: Levelised cost of cooling in UAE, 2030
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