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To assess the energy system transition it is 
important to consider how different energy sectors 
interact and can provide synergies to each other to 
identify an optimal solution for the overall system. 
The concept of Smart Energy Systems has shown 
the benefits of coupling smart electricity grids with 
smart thermal grids and smart gas grids [8]. In this 
approach, thermal grids have a central role to play, 
as they can integrate renewable energy and 
increase efficiency, which results in a lower overall 
energy system cost. 

This report suggests assessing energy efficiency 
measures from an energy system perspective and 
considering the full effects of measures along the 
energy efficiency value chain. This perspective calls 
for assessing energy efficiency measures from 
primary energy to production, transmission and 
distribution, building conversion and finally 
building distribution to useful energy delivery at 
the energy consumer. This enables the discovery of 
supply chain effects from new technologies. 

Of primary concern to this report is the 
establishment of district heating grids to exploit 
locally available excess and renewable heat 
sources. CHP plants can utilise otherwise wasted 
heat from power plants, thereby increasing their 
fuel efficiency by around 50%. Regardless of the 
fuel input, the HRE series of studies have shown 
that it is feasible to exploit the waste heat. And as 
district heating networks are agnostic to the fuel 
source, the infrastructure can later be used with 
renewable supply. This is an example of finding 
efficiency measures in the production step of the 
value chain. By optimising energy demands 
through a mutualisation of means of production, 
control system improvements, or renovation, not 
only will the primary energy consumption 
decrease, but it is also possible to decrease the 
production capacity to be installed and avoid costly 
upgrades of the existing infrastructure. 

Roadmap for realising the Heat Roadmap 
2050 scenario 
This report outlines a roadmap for the 
decarbonisation of the European heating and 

cooling sector by 2050 with the help of district 
energy, including important milestones and 
recommendations for policy action. It is important 
that the heating transition towards renewables and 
energy efficiency is well established and underway 
in 2030. 

To reach a fully decarbonised energy system in 
2050 it is essential to implement the viable and 
available options today. District heating 
infrastructure allows access to renewable and low-
carbon sources. Investments in district heating 
infrastructures enable increased energy efficiency 
and access to heat sources which are impossible to 
utilise on an individual building level [5]. 
Additionally, district heating systems provide 
significant energy system and sector coupling 
benefits to the remaining energy sectors that can 
be exploited when implementing further amounts 
of renewables.  

Analyses using the Pan-European Thermal Atlas 
(PETA) geographical information system analysis 
tool [9] have identified Prospective Supply Districts 
(PSD) areas with a potential for supplying heat 
demand with district heating. These are estimated 
using a maximum annualised distribution grid 
investment cost of 4 EUR/GJ and a minimum heat 
demand density of 20 TJ/km2. This results in a 
potential of around 25,000 PSDs in the EU, which 

Figure 0-1. Approximate newly established and total amount of 
district heating systems in the 14 countries of HRE4 and 
Denmark needed for fulfilling the potential of distribution grid 
investments below 4 EUR/GJ. 
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would be in line with the HRE target of a 50% 
district heating share by 2050. This is a 7-fold 
increase in the number of district heating systems 
across Europe compared to the current situation.  

To realise this potential of transitioning towards 
district heating systems, this report presents a 
roadmap outlining when necessary investments 
should be made in order to reach the HRE 2050 
scenario. To start establishing district heating 
systems now and ensure that the potential 25,000 
systems are operating in 2050, this report has 
assumed a significant build-out between 2025 and 
2035. The number of newly established systems 
should increase from around 500 new systems in 
2025 to a peak of 2,000 new systems established in 
2030 in order to meet the HRE 2050 scenario 
potential. After 2030 a significant amount of 
systems should still be established, around 1,100 in 
2035. 

Accordingly, investments should start in 2020 and 
significantly increase during the years 2025-2035, 
where the main amount of new systems should be 
established. The analysis suggests that new 
investments in new district heating production 
units and that new investments in new district 
heating distribution infrastructure should peak at 
13.2 B EUR and 47.6 B EUR in 2030 respectively. 
Investments in an energy efficient building stock 
are vital and should peak at 427.3 B EUR in 2030. 

As shown in the HRE 2050 scenario, these high 
investments will result in an overall cheaper energy 
system compared to a conventionally 
decarbonised scenario as lower fuel, CO2 and 
operation and maintenance costs offset the 
increased investment costs. Considering 
annualised heat sector costs, individual heating 
should go from accounting for 82% of the total 
heating sector investment costs today to 44% of 
annualised heat sector investment costs in 2050. 
Instead, annualised district heating investment 
costs should increase from its current 18% to 42% 
in 2050. Reinforcements of the electricity grid for 
heat pumps account for the remaining 14% in 
2050.  

The roadmap for realising the HRE 2050 scenario 
entails several implications that must be addressed 
to allow for the scenario to take place. First, it 
shows the need for increasing investments. 
Second, it is important to understand energy 
efficiency not as an isolated measure but from an 
energy system perspective. Third, this points to the 
importance of establishing a balance between 
increased heat savings and investments in 
renewable capacity. Fourth, in order to realise the 
HRE 2050 scenario, the period 2025-2035 will 
require significant action.  

The tables below show an overview of milestones 
and policy recommendations in the periods 2020-
2030, 2031-2040 and 2041-2050.   

Figure 0-2 Estimation of distribution of district heating investments to reach the HRE 2050 scenario. 
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Country contexts  
To reach the HRE 2050 scenarios, all countries in the EU should have established high amounts of district 
heating in their energy supply by 2050. However, the pathway to this scenario also depends on their current 
situation and context, from which the countries must adapt. Here, three types of countries with different 
heating infrastructures are considered: countries with high shares of district heating, countries with 
inefficient district heating systems and building stock as well as countries with no or very little district heating.  

Countries with high amounts of district heating 
This report outlines the approaches towards 4th generation district heating (4GDH) systems and the utilisation 
of low-temperature heat sources. This entails the modernisation of the building stock and distribution 
infrastructures to be able to exploit these resources at the same time as promoting a more interconnected 
energy system. Good examples of such systems can be found in the Scandinavian countries with high 
amounts of renewables and efficient systems. 

Regulation, tax structures, tariffs and prices must also follow this transition. 4GDH entails new synergies that 
often are limited today due to ownership, taxation or market rules. High electricity taxes on the use of heat 
pumps is one example. A central challenge for energy systems moving towards 4GDH is to identify and value 
the total energy system benefits across the value chain of different technologies. The value of heat pumps 
for the integration of renewable electricity production should, for example, be considered. This challenge in 
identifying the total energy benefits applies to the heating sector today, but will only become a more central 
issue with the emergence of Power-to-X technologies [10] and increased penetration of electric vehicles. As 
technologies start to have considerable benefits across the whole energy value chain, it is important to assess 
these traits from a holistic energy system perspective and not merely based on, for example, their energy 
content or emissions.  

4GDH allows the use of significant amounts of waste heat. New business models and regulations need to be 
developed to encourage the use of unavoidable waste heat. 4GDH as a technical concept focuses on lowering 
district heating temperatures to increase efficiency and the use of low-temperature sources. However, in 
doing this, the concept challenges conventional energy system regulation and will, in some regards, 
constitute a paradigmatic change towards an energy system which is more integrated in both technical and 
regulatory terms. 

Countries with inefficient heat infrastructures and building stock 
Some Baltic, Eastern and South-Eastern European countries have inefficient district heating systems, 
designed for high temperatures and an inefficient building stock. These countries face the issue of both 
establishing new systems as well as consolidating and expanding existing ones while improving efficiency in 
these systems and building sectors. Many of these countries will be moving from 1st and 2nd generation 
district heating to 3rd or 4th generation systems. This can happen with new production units, access to new 
renewable resources, efficient distribution infrastructure, highly efficient buildings that can utilise low-
temperature supply and with improved heating controls, heat metering and consumption-based billing. A 
starting point should be to move towards demand-driven systems where customers can actively control their 
consumption. New systems should be established using state-of-the-art technologies along the value chain. 
For this type of countries, it is important to revise and expand district heating regulation and governance to 
allow for expansive investment in district heating grids and production units. This is connected to business 
models where the customer prices reflect the actual cost of heat production, operating and maintaining the 
system and other related costs, while at the same time avoiding monopoly pricing issues or that publicly-
owned utilities transfer profits for other uses and thereby weakens the competiveness of district heating. 
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Countries with no district heating 
Countries with no or very low shares of district heating today, such as the United Kingdom, the Netherlands, 
and some Southern European countries have to start establishing systems as soon as possible. An approach 
is to start with low-cost heat sources in areas with high demand, where the business case for district heating 
is best. These business cases should, however, include strategies for further expansion. 

These countries will need to develop heat regulation, planning and frameworks for developing district 
heating supply. It is important to consider ownership models, competition among heating sources, pricing, 
and investments. Where district heating is set to compete against other supply options, it is important to 
make sure they do so on equal terms. It also includes considering the full energy value chain effects of 
different technologies and their alternatives. 

At the same time as establishing district heating networks, building stock renovations must be carried out, 
including the optimisation of control systems. If they are carried out at the same time as new district heating 
networks are built, the full energy value chain benefits can be exploited. Optimal capacities to supply an 
energy efficiency heat demand, pipe and grid size, supply and return temperatures from the building stock 
can be calibrated to avoid over or under-investments. A risk is the different timeframes for establishing 
district heating grids and building renovations. Renovations can be much slower to implement and happen 
at a fragmented timescale, and thus a misalignment between investments in supply and end-use efficiency 
can happen. 

Recommendations for the European heat policy 

The Energy Efficiency Directive (EED) [11] and the Renewable Energy Directive (RED) [12] address several 
of the areas focused on by this report as it seeks to promote energy efficiency to decrease the climate 
impact from energy consumption [13]. 
The first round of comprehensive assessments (CA) of the potential for increasing energy efficiency 
through high-efficiency cogeneration and efficient district heating and cooling have been submitted by 
Member States, as specified by the Article 14 of the Energy Efficiency Directive (EED). Although some 
countries identified potentials for district heating, significant methodological and empirical challenges still 
remain in making district heating a tangible alternative [10]. 

Definition of Efficient District Heating and Cooling 
The current definition of efficient heating and cooling in the EED and of energy performance in the RED do 
not consider the energy efficiency value chain or the energy losses in the system A distinction between 
supply and efficiency should be maintained. In implementing the RED, Member States should ensure that 
both the information about the renewable share of district heating supply and the efficiency of the systems 
are communicated to customers. 

Expand the scope of the Comprehensive Assessments 
CAs should entail a holistic energy system approach that includes all energy domains, although a primary 
focus on district heating should remain. It is important to analyse changes in the heating system in relation 
to wider energy system transitions to identify potential synergies or barriers. 

Improve data collection and availability 
Lacking data about the heating and cooling sectors is a barrier to implementing district heating and cooling 
and providing an energy efficient heating and cooling supply. The EED should promote and encourage a 
comprehensive data collection infrastructure and methodology. 
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Figure 1-1. Energy efficiency value chain from primary energy to useful energy 

Not all steps of the energy efficiency value chain are applicable to all types of heating. For some types of 
heating, such as individual oil, coal or gas-based heating, the primary energy is converted at the building level 
and can (in a simplified way) be regarded as final energy, thus skipping the collective system part of the value 
chain. Leakages and losses in fuel transport are not considered in this model. For some types of renewable 
energy and excess heat, the conversion from primary to produced energy can also be disregarded. This can 
be the case when it does not make sense to quantify the amount of energy not exploited from a resource, 
for example in wind power production or energy from geothermal resources. Excess heat sources can both 
be regarded as a primary or produced amount of energy. If the excess heat source is directly usable as a heat 
source, it can be regarded as produced energy, while a low-temperature heat source might need a conversion 
step through a heat pump to be considered produced energy. 

1.1.1 Measuring energy efficiency 
Energy efficiency can be measured in multiple ways. The approach above focuses on either using total energy 
amounts or relative shares to relate to losses through a system. The energy efficiency can thus be measured 
in primary energy, the total amount of energy utilised by the system to fulfil demands, or by the ratio 
between PE and later steps in the energy efficiency value chain.  

Primary energy measurement uses total amounts of energy and is expressed in energy units such as MWh or 
GJ. Total primary energy measurement does not in itself express energy efficiency; by comparing 
measurements to various alternatives, the primary energy figuring in each scenario can be assessed.   

By using a ratio between energy amounts in the energy efficiency value chain, the energy efficiency can be 
expressed in a percentage of energy output related to the input. The ratio of produced energy to primary 
energy will assess the efficiency of, for example, a thermal power plant. The ratio of useful energy to final 
energy can assess the efficiency of a household gas boiler. By finding the ratio between useful energy and 
primary energy, the energy efficiency ratio of the energy efficiency value chain can be found. 

Input 

Output 
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It is important that all significant parts or sectors of the general energy-related supply, mainly electricity, 
heating, transport and industry, are included in the system perspective, and integrated to utilise the synergies 
between them. For example, an industrial facility can be integrated with a DH system by supplying an excess 
of process heat to the DH network to reduce energy consumption for the alternative source of heating. 

The following diagrams illustrate how the strategic use of the synergies that can be created within 
interactions between the thermal and electricity sectors improves the energy efficiency of the system - and 
the role of CHP and district energy in such a system redesign. 

Starting out with a theoretical energy system without any renewable sources and with a theoretical energy 
demand of 100 units distributed between 40 for electricity and 60 for heating and cooling, the traditional 
system needs an energy supply of 140 units using a power plant with a 50% electric efficiency and a 100% 
efficiency fuel boiler. By implementing 27 units (45%) of heat savings, the energy supply can be lowered to 
113 units in total (Figure 1-3). 

 

Figure 1-3. Traditional energy system with and without heat savings. 

By implementing DH, it can be seen that a CHP system is more efficient than a traditional system supply with 
power plants and fuel boilers without sector coupling, even with 45% heat savings on the demand side (Figure 
1-4. System redesign. The integrated CHP system allows for 45 units of savings compared to the traditional 
system, and 18 units compared to the traditional system with the implementation of 45% heat savings.). In 
system D) a CHP plant with a heat pump supplies both electricity and heating demand.  

 

Figure 1-4. System redesign. The integrated CHP system allows for 45 units of savings compared to the traditional system, and 18 
units compared to the traditional system with the implementation of 45% heat savings. 

Figure 1-5 demonstrates the effects of including wind power generation in the traditional and integrated 
systems. The introduction of wind power in the traditional system allows for decreased production at the 
power plant thereby saving fuel. The E) system thereby uses 120 units of fuel and 10 units of wind totalling 
to 130 units. An integrated CHP system with district heating and heat pumps also allows for increased 
integration of electricity from renewable sources such as wind, as shown in Figure 1-5 with the example of 

A) Traditional energy system B) Traditional energy system  
with heat savings 

C) The CHP system D) The integrated CHP system with heat pumps  
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