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Abstract
This work aims to provide a new definition of efficient district 
heating and cooling that better aligns with the decarbonisation 
goals set for the energy system by 2050. To do so, it elaborates 
on the current definition provided in the Energy Efficiency 
and Renewable Energy Directives. Through the interpretation 
and discussion of the limitations of the current definition, the 
final goal is to help policy makers understand the provisions 
required to set effective energy policies for district heating and 
cooling. Only by doing that can the framework needed to mon-
itor its effective evolution towards the decarbonisation of the 
energy sector in Europe be established.

With this goal, we, first, provide our interpretation of the 
current definition of efficient district heating and cooling. We 
continue identifying areas that can be improved in future legis-
lative acts without changing the scope of the current definition. 
These areas include the requirements for the harmonisation of 
the energy vectors to be accounted, the role of cogeneration 
and thermal losses, and the combination of thresholds required 
to comply with the current definition. In addition, we thor-
oughly review the role of cogenerated heat in the framework of 
district heating and cooling. This includes the use of fuels, the 
associated efficiencies and CO2 emissions, and ultimately the 
right criteria to assess those.

Our analysis shows that a definition based only on energy 
efficiencies and combination of input fuels is not enough to en-
sure low-carbon district heating and cooling. Therefore, a new 

definition based on the carbon intensity together with a carbon 
threshold that decreases over time should be included in the 
coming EU legislation. Under this approach, we conclude that 
the existing definition with some additional provision may only 
be valid until 2030 and that fossil-fuelled CHP cannot fit in effi-
cient district heating and cooling, even if highly efficient. After 
2030, more restrictive CO2 requirements have to be in place.

Introduction
The district heating and cooling (DHC) sector is one of the 
main targets for energy efficiency of the European energy poli-
cy (European Commission, 2016). There are several reasons to 
that. First, it allows the utilisation of available energy sources at 
large scale connecting them with consumption sites (typically 
urban areas) and benefiting from economies of scale. Moreo-
ver, DHC enables the use of thermal storage that provides flex-
ibility not only to the heat supply but also to the power sector 
within the coupling of the heat and power sectors. 

The deployment of the district heating sector is uneven 
across Europe, large deployment in Northern countries and 
limited in Southern ones. On average, it represents 7 % of the 
total heat supply in Europe (Eurostat, 2019). However, the sec-
tor is expected to undergo significant changes as the energy 
sector evolves to achieve goals set in 2050 (Mathiesen et al., 
2019). Policies should support the expansion of the sector 
where techno-economic opportunities are identified and its 
transformation towards decarbonisation – in line with global 
energy targets. 

Today, the concepts of ‘district heating’ or ‘district cooling’ 
(DHC) – distribution of thermal energy in the form of steam, hot 
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water or chilled liquids, from a central or decentralised source of 
production through a network to multiple buildings or sites, for 
the use of space or process heating or cooling. (Article 2(19) of 
the RED II (2018/2001)) (European Council, 2018) – are present 
in the two main directives defining the European energy policy 
(European Commission, 2012; European Council, 2018).

In addition and even more importantly, these two directives 
introduce the concept of efficient district heating and cooling 
(EDHC) – a district heating or cooling system using at least 
50 % renewable energy, 50 % waste heat, 75 % cogenerated heat 
or 50 % of a combination of such energy and heat – as defined 
first in Article 2(41) of the EED (European Commission, 2012).

EDHC, under its current definition, aims to promote the de-
ployment of cleaner energy sources building upon the oppor-
tunities that thermal networks offer concerning the utilisation 
of energy sources that can best be harnessed and distributed via 
centralised systems, such as waste heat. Accordingly, the cur-
rent EDHC definition aims to promote three types of sources: 
renewables, waste heat and cogenerated heat by setting a mini-
mum threshold for each of them. Thus, if a thermal network 
uses 50 % renewable energy or more is considered as an EDHC. 
The same applies for waste heat while for cogenerated heat the 
threshold goes up to 75 %. 

To make things clearer, in Figure 1, we create a graphical rep-
resentation of the concept of EDHC in the form a ternary plot. 
A ternary plot shows corresponding values for a portfolio or 
mixture of 3 elements in the form of an area. In our case, these 
three elements correspond to fossil-fuelled CHP, RES & waste 
heat, and fossil fuels. The three vertexes represent the follow-
ing: the top is 100 % CHP, the bottom right 100 % RES and 
the bottom left 100 % natural gas. Each point in the plot cor-
responds to a unique combination of the three. For each point 
in the triangle shares should be read in the following way: CHP, 
horizontal lines with the scale on the left side, fossil fuels, di-
agonal lines from left to bottom with the scale at the bottom of 

the triangle and RES and waste heat, diagonal lines from right 
to bottom with the scale at the right side. So, if we pick a point 
to represent an EDHC network it has to fall within the green 
area. Such a point, for example, at the centre of the triangle is 
fuelled by 34 % CHP, 33 % RES and waste heat and 33 % fossil 
fuels. This point complies under the ’50 % of a combination of 
such energy and heat’ option set in the definition. 

However, there are aspects that can be subject to interpreta-
tion. For example, what does ‘using at least’ exactly mean: Is 
49 % fossil-based cogenerated heat combined with only 1 % re-
newable energy acceptable, with the remaining 50 % using heat 
only fossil fuelled boilers, such as coal, oil or natural gas? Ad-
ditional questions are: where in the energy supply chain should 
these shares be counted? Is it useful energy that the consumer 
effectively uses? Is it energy delivered to the consumer? Is it 
energy produced or introduced in the network or the energy 
content of the input fuels? 

Not only do practical questions on the current definition have 
to be resolved but also fundamental ones regarding the effec-
tiveness of the definition in achieving the decarbonisation goals 
for the energy system have to be discussed as well. In this work, 
we aim to address all these questions and provide a more robust 
definition. 

Interpretation and areas of improvement of the 
current definition efficient district heating and cooling 
definition
The current definition of efficient district heating and cooling 
systems raises some issues that have to be further discussed to 
clearly determine what an efficient district heating and cooling 
system is. Four specific aspects are tackled in this work:

• the accounting of the different energy sources along the en-
ergy value chain,

• the requirements for the cogenerated heat,

• the role of thermal losses in the definition,

• the adequacy of the combination of thresholds to ensure 
clean district heating and cooling systems. 

In our view, the definition of EDHC should contribute to in-
crease, on the one hand, the energy efficiency of the DHC net-
works and, on the other, the use of renewable energy sources in 
district heating and cooling. 

While the promotion of renewable sources is clearly sought, 
by setting specific thresholds for renewables and waste heat or 
by missing references to thermal losses or to technology op-
tions, the promotion of its efficiency is less evident. In other 
words, seeking for cleaner options does not necessarily imply 
better efficiencies and vice versa. In fact, the three first elements 
listed before, which we deem needed to provide a better defini-
tion of EDHC, tie directly with efficiency aspects. The last one, 
on the combination of thresholds, implies both dimensions and 
needs further analysis. 

As a result, the definition of EDHC requires the alignment of 
both goals: energy efficiency and renewable shares. This is un-
derlined by the fact that the definition is part of both the energy 
efficiency and the renewable energy directives. Next, we discuss 
in detail these four aspects. 

 
 

CHP: 75% 
RES: 0% 
Fossil fuels: 25% 

CHP: 0% 
RES: 50% 
Fossil fuels: 50% 

CHP: 34% 
RES: 33% 
Fossil fuels: 33% 

Figure 1. Interpretation of the definition in the form of a ternary 
plot. Green area shows the combinations that fall under the 
definition of efficient district heating and cooling.
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FINAL (FE), GROSS FINAL (GFE) OR PRIMARY ENERGY (PE)
The current definition of EDHC accounts energy flows, instead 
of installed capacities per type of technology, to determine if a 
local network is efficient or not. This means that it focuses on 
the operation rather than on the design of the thermal network. 
In our view this is the right approach, however it comes with 
the additional effort of periodic evaluations, typically on an-
nual basis, of the operation of the network. Still, from the point 
of view of Member States (MSs), this follows the normal data 
collection cycles of national statistics.

Thus, focusing on energy flows, the current EDHC defini-
tion refers to ‘energy’ and ‘heat’. The use of both terms can be 
misleading at first instance. ‘Energy’ can refer to the energy 
content of the input fuels or the heat already produced whereas 
the term ‘heat’ can only refer to the latter.

There are some aspects that make the need of accounting in 
‘heat’ (or ‘cold’) terms clear, which means in any energy flow 
(final or gross-final energy) except for primary energy.

First, the use of waste heat sources can only be accounted as 
thermal energy since it is a sub-product of an external process. 
This means that the input fuel for such external process cannot 
be allocated into the district heating and cooling system. Put 
differently, the energy required to produce waste heat is zero.

Second, if the accounting was done in primary energy terms, 
heat generation technologies powered by secondary fuels (i.e. 
power-to-heat technologies) would need a further breakdown of 
the fuel mix (natural gas, biofuels or others) required to produce 
those secondary fuels (i.e. electricity, hydrogen or biofuels). Al-
though possible, this allocation requires additional efforts to 
characterise a larger amount of transformations in the national 
energy systems. Not only that but in the case of CHP, account-
ing in primary energy terms leads to different approaches and 
multiple interpretations. The allocation of the input fuel into the 
two outputs (heat and power) can follow various approaches 
(i.e. proportional, exergetic or the finish allocations (Esser and 
Sensfuss, 2016)) that lead to different heat accountings. As a re-
sult, for those secondary fuel-to-heat technologies the approach 
of either gross final or final energy terms is more suitable. Put 
differently, for the sake of simplicity and harmonisation between 
MSs, we should only look into the heat generated (gross-final 
energy) or the heat provided to end users (final energy).

Third, it is more intuitive to account ambient heat from heat 
pumps under the ‘heat’ approach. As for the case of waste heat, 
ambient heat is a thermal quantity directly incorporated from the 
environment, without any conversion. Even though, it could be 
expressed in either energy or thermal terms with a conversation 
factor equal to one, doing it in ‘heat’ terms is the natural way.

It is clear, then, that to make energy flows comparable and to 
avoid the potential conflicts presented before, the definition has 
to be built on gross final energy terms as defined in Article 7(1) 
of the RED II. As a result, the use of both ‘energy’ and ‘heat’ 
terms should be better introduced in the definition to avoid 
confusion and misinterpretations. An easy solution would be 
to remove ‘energy’ and keep only the term ‘heat’ or ‘cold’ deliv-
ered to the network. 

THERMAL LOSSES
Thermal losses are not considered in the current definition of 
EDHC. This is valid if we assume that all generation units sup-
ply energy at the same point in the network or if, even from 

different location points, losses can be assumed similar to all 
generation units. Under both assumptions, losses do not af-
fect the compliance of a network as efficient. This is because 
the definition determines efficiency mainly by the proportions 
of the various heat generation sources in the overall genera-
tion mix and not by the proportion between input and output, 
which is the classic energy efficiency indicator. As a result, in 
the calculation of the different shares of losses, these cancel out. 
However, they have implications on the efficiency of the system 
in the classic sense, as defined in the EED. 

From this point of view, the current definition does not di-
rectly promote the energy efficiency component in its strict 
sense since it disregards thermal losses but only indirectly 
through the requirement of having renewables, CHP and 
waste heat in the generation mix. The reason for this is that 
renewables can be assumed 100% efficient, CHP is an energy 
efficiency instrument to better use any input fuel and waste heat 
recovery is also a classic energy efficiency instrument to ensure 
that, from a give energy input, the usable output is maximised. 
Therefore the definition only addresses generation efficiency 
indirectly (even if it does not explicitly specify that CHP in the 
mix should be of high-efficiency), and it does not address losses 
in the distribution of heat and, as a result, does not fully incen-
tivise the transition to more efficient thermal networks (new 
generation of district heating systems). 

To provide a rough estimation on the importance of ther-
mal losses, we performed an analysis using the information 
contained in national energy balances (Eurostat, 2019). For 
2018, data show that losses in the EU, under the ‘derived heat’ 
category, have risen up to 8 %1. On the other hand, from the 
current evolution of DHC towards lower supply temperatures 
(4th and 5th generation) one can expect lower thermal losses in 
the future. Still, losses play a role in the efficiency of DHC, and 
with an energy policy being devoted to the efficiency first prin-
ciple this is of higher priority for DHC as a possible instrument 
for heat decarbonisation and carbon neutrality under the Euro-
pean Green Deal (European Commission, 2019).

COGENERATED HEAT
The contribution of the cogenerated heat is the most difficult 
component in the definition of the EDHC because it affects 
both the efficient (high and non-high efficiency cogeneration) 
and the clean generation of heat (fossil- and non-fossil-fuelled 
cogeneration). Under the current definition, it has implications 
for two modes: 75 % cogenerated heat and the combined 50 %. 

Cogeneration adds an unsolved component when fuelled by 
renewable sources. In these cases, there is a conflict in account-
ing – either it can contribute to the 75 % of cogenerated heat 
or to the 50 % renewable energy in order to comply with the 
efficient district heating definition. Logically, cogenerated heat 
from renewable is the preferable option as the 50 % threshold 
is easier to reach. Therefore, the 75 % threshold remains for the 
fossil-fuelled cogeneration. 

As defined now, there are no conditions on how this cogen-
erated heat can be produced. This, in principle, allows the ac-
counting of cogenerated heat produced in non-high efficiency 

1. This number should be taken as a gross estimation as, according to EUROSTAT, 
values on thermal losses are less certain. 
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CHP plants running on fossil fuels. This means that there is no 
requirement for the combined production of heat and power to 
be more efficient than their separate production. As a result, the 
heat produced in this way does not contribute to the increase 
of neither the efficiency of the system nor the increased use of 
renewable energy sources. Therefore, cogenerated heat requires 
additional criteria to be part of the future EDHC definition.

In our view, following the rationale behind the methodol-
ogy for determining the efficiency of the cogeneration process 
presented in Annex II of the EED, fossil-fuelled cogeneration 
shall, at least, provide primary energy savings of at least 10 % – 
or at least 0 % if the capacity is lower than 50 kWe – compared 
with the reference savings for separate production of heat and 
electricity to be included in the EDHC definition. 

However, the adequacy of cogenerated heat as part of EDHC 
after 2030 is even more complicated. As the energy system 
evolves towards its decarbonisation goals set by 2050, the con-
dition on PES will not be sufficient, since it would still emit too 
much greenhouse gases (Figure 3). 

As we said before the aim of this work is twofold: first, im-
proving the current definition without changing its approach 
and, second, provide a new approach to guarantee the effective-
ness of the EDHC definition in the long terms. Staying within 
the first, our proposal is to include a provision on highly effi-
cient requirement for the cogenerated heat. Yet, we anticipate it 
will not be sufficient in the mid- to long-term.

PROPOSED CLARIFICATION OF THE DEFINITION OF EFFICIENT DISTRICT 
HEATING AND COOLING FOR THE TIME PERIOD UNTIL 2030
In summary, the current definition of EDHC clearly states the 
need of accounting energy flows over a given period (typically 
a year) and not available capacities. However, it does not clearly 
state whether the accounting is on GFE (gross final energy) 
or PE (primary energy) terms. Moreover, it does not consider 
energy losses and it allows any kind of cogenerated heat. This 
means, for example, that a district heating system designed with 
a net heat capacity share of 60 % renewable and 40 % fossil fuel 
based does not qualify as efficient if more than 50 % of the heat 
produced over a year comes from its fossil capacity. Given the 
above, our proposal a transition definition of EDHC until 2030 
reads as follows: ‘Efficient district heating and cooling’, as de-
fined first in Article 2(41) of the EED, means a district heating or 
cooling system using at least 50 % renewable energy, 50 % waste 
heat, 75 % of high-efficiency cogenerated heat or 50 % of a com-
bination of such thermal energy supplied to the network.

Following this short-term definition, we provide some sim-
plified examples of EDHC. Each of the examples represent one 
of the four alternatives set out under the current definition of 
EDHC. These are:

• 75 % Cogeneration. Figure 4.a shows a system providing 
76 % of the gross heat from CHP and the remaining from 
a gas boiler.
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Figure 2. EU27 + UK overview on heat distribution and transmission losses as a share of the total heat supplied. 1990–2015.
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• 50 % Waste. Figure 4.b depicts a system providing 50 % of the 
gross heat from a generic waste heat source and the remain-
ing 50 % from a gas boiler.

• 50 % Renewables. Figure 4.c presents a system based on a 
single boiler that provides half of the gross heat from the 
combustion of biogas.

• 50 % Combination. Figure 4.d shows a system including a 
dual boiler, two heat pumps, a CHP unit and a waste heat 
source. The combination of heat produced from the different 
clean sources sum up to 50 % of the total. 

From the above provisional definition, it is evident that issues 
such as the cogenerated heat from fossil fuels are not resolved. 
Our point, so far, is that even the provision on high-efficiency 
performance for such cogenerated heat may not be sufficient 
in future decarbonised energy systems. Thermal losses is an-
other aspect that remains unsolved. DHC showing large ther-
mal losses may not be a sustainable enough solution even if 
it complies with the requirements of EDHC as defined today, 
especially in the context of the future energy system. All these 
aspects open the door to exploring new approaches in the defi-
nition of EDHC. 

A new definition of efficient district heating and 
cooling in a future context
We aim to improve the current definition and propose a new 
one based on quantifiable sustainability criteria that can be 
easily updated in the future. To do so, we translate the current 
shares of input fuels (and technologies) into associated CO2 
emissions, discuss what should be the maximum CO2 emission 
thresholds for different scenarios and, then, translate those 
thresholds back into new shares of input fuels, leading to an 
updated definition. 

By doing so, we anticipate that the current definition based 
on shares of technologies is in a good direction to promote clean 
and efficient energy sources in the short term. However, some 
additional improvements are required in the mid- to long-term.

To begin with, in Figure 5 we recall the ternary plot (pre-
sented earlier) indicating the area (green) that complies with 

the current definition of efficient district heating and cooling. 
One problem that we already noted is that it includes some cas-
es where there is inconsistency between the third and fourth 
clause of the definition that causes lower CHP shares to qualify 
for the definition as long as it is accompanied by a small frac-
tion of Renewables. For example, 1 % Renewables and 50 % 
CHP qualifies as efficient DH under the last clause of the defi-
nition “50 % combination of above” but not under the third 
clause “more than 75 % cogeneration”. This corresponds to the 
green area to the left of the dotted line (see Figure 5). To our 
view, the dotted line corresponds better to the implied bound-
ary in the current EDHC definition. Adding such line avoids 
the 1 % Renewables + 50 % CHP inconsistency. 

This dotted line is both a straightforward and short-term so-
lution. However, it cannot be formulated in a simple way that 
is understood and identified. In other words, the dotted lines 
requires a mathematical expression as a function of the three 
input variables. For this reason and the need of a consistent 
definition in the long term, we will try to identify a dynamic 
boundary that evolves over time and adjust to the decarbonisa-
tion pace of the energy system. To do so, we translate energy 
shares into CO2 emissions. 

First, we map the emission factors of all possible combina-
tions for the technology families considered. We did that based 
on the following assumptions:

• Waste heat and renewables are treated as the same category 
with an emission intensity of zero. This category also in-
cludes renewable fired cogeneration and ambient heat. This 
assumption may underestimate the impact on the CO2-
emissions performance of renewable fuels such as biomass 
or other biofuels that shows CO2-emission factors higher 
than zero.

• Cogenerated heat is considered to be low temperature and 
evaluated based on the exergetic allocation method (see An-
nex IV as proposed in RED II Annex VI(6)). This implies 
that most of the emissions will be allocated to electricity due 
to its higher exergy/value/quality. 

• Gas fired solutions are considered for both cogeneration 
and fossil fuelled solution as one of the cleanest mainstream 

Figure 3. Primary energy saving for several CHP technologies (CCGTHR: Combined Cycle Gas Turbine with Heat Recovery, GTHR: Gas Tur-
bine with Heat Recovery, ICE: Internal Combustion Engine, SBT/SCET: Steam Back Pressure Turbine/ Steam Condensing Extraction Turbine) 
in comparison with heat supply options: BG-C: gas boiler condensing, BG-NC: gas boiler non-condensing. Note: global efficiency: 90 %, 
power-to-heat ratios as defined in the Directive 2012/27/EU. Reference efficiencies from (Mantzos et al., 2019).
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Figure 4. Mock examples of efficient district heating and cooling under the different alternatives (a) 75 % cogeneration, (b) 50 % renewables, 
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non-renewable fuels. Coal based solutions would not quali-
fy in the new definition.

• The emission factors are defined per unit of gross-final en-
ergy (thermal losses are neglected). 

Next, we discuss the implications on the shares of technologies 
by setting different carbon intensity thresholds. The selection of 
one specific carbon intensity threshold determines all the pos-
sible combinations that lead to lower emissions (green area). 
The more stringent the threshold the smaller the area. Follow-
ing this approach, a district heating and cooling system falling 
in the green area will qualify as a ‘clean’ one.

As a result, in Figure 6, we present the CO2 intensity of all pos-
sible technology combinations and the implied boundary for two 
different carbon intensity thresholds: 100 (left) and 150 (right) 
grCO2/kWh. These thresholds are chosen based on the current 
definition of EDHC that stands in between. To construct the ter-
nary plots we have assumed the following emission factors: for 
fossil fuels a factor of 220 grCO2/kWh and for CHP a factor of 
90 grCO2/kWh following an exergetic allocation with a heat sup-
ply temperature of 60 °C. As indicated above, the emission factor 
of renewables and waste heat is assumed to be 0 grCO2/kWh.

In Figure 6 we provide a system ‘O’ that combines 40 % of Nat-
ural gas CHP, 20 % of renewables and 40 % of fossil fuels. This 
combination leads to a CO2 emission factor of 124 grCO2/kWh. 
This system ‘O’, therefore, would comply with the 150 grCO2/
kWh threshold (Figure 6 right) but not with the 100 grCO2/
kWh one (Figure 6 left). Another system ‘P’ combining 60 % of 
gross heat from gas-fuelled CHP, 20 % from RES + waste heat 
and 20 % from fossil fuels provides an CO2 emission factor of 
98 grCO2/kWh, thus complying with both thresholds.

We mentioned before that the current definition is in a good 
direction to promote clean and efficient energy sources. If we 
compare the green area in Figure 6 (left) with the area to the 
left of the dotted line in Figure 5, they turn out to be relatively 
similar. This means that the current definition, if we exclude the 
green area to the left of the dotted line in Figure 6, is promot-
ing solutions that perform in the order of 100 grCO2/kWh or 
below. 

Now that we know the order of magnitude of the current 
definition in terms of CO2 emissions, we should look into two 
future milestones for the energy policy trend, 2030 and 2050. 
The EU aims to be climate-neutral by 2050 – an economy with 
net-zero greenhouse gas emissions. However, this does not 
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Figure 5. Current definition (green area) and implied boundary (dotted line).

Figure 6. Evaluation of the clean (green) areas for different combination of energy sources shares in district heating and cooling systems. Two 
CO2 thresholds are considered: 100 grCO2/kWh (left) and 150 grCO2/kWh (right).
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mean that all technologies used will be at zero emissions, some 
will be more and some less. Clean DHC should be supporting 
these goals. That is, in the end, why we are coming up with a 
new definition for EDHC. 

By 2030, we propose a ‘Efficient/clean’ district heating and 
cooling definition having in mind a threshold of the order of 
100 grCO2/kWh. These value is taken as reference according 
to the taxonomy technical report that puts the threshold of 
100 grCO2eq/kWh for heat (and electricity production) (EU 
Technical Expert Group on Sustainable Finance, 2019).

A definition that respects that criterion can be formulated as 
follows: “A district heating or cooling system of which at least 
half of the heat or cold is supplied by zero carbon sources”. 

To make it more clear and specific, this condition is graphi-
cally represented in Figure 7. As it can be observed, our propos-
al (green area) is slightly more restrictive than the 100 grCO2/
kWh isoline (dotted line). The reason for that is setting the 
vertical line as boundary we simplify the wording of the new 
definition which also makes it easier to understand. Otherwise, 
analytical equations would be required. Given the assumptions 

above this line corresponds to combinations that have an emis-
sion intensity ranging between 95–105 grCO2/kWh. This is a 
good approach starting from the current EDHC definition. 

Examples under which qualify under this definition (valid 
until 2030) are the following:

• Example 1 (dot #1 in Figure 7): 0 % RES+WH, 0 % Fossil 
fuelled (non-CHP), 100 % CHP

• Example 2 (dot #2 in Figure 7): 50 % RES+WH, 50 % Fossil 
fuelled (non-CHP), 0 % CHP

• Example 3 (dot #3 in Figure 7): 30 % RES+WH, 20 % Fossil 
fuelled (non-CHP), 50 % CHP

Biomass fuelled CHP would count as renewable, so for example 
a 50 % biomass CHP and 50 natural gas would also qualify.

After 2030, this threshold can be revised every five years. 
This signifies a decrease of 16.67 grCO2/kWh for every 5-year 
period, and eventually reaches 0 grCO2/kWh in 2050. Natu-
rally, following this threshold decrease biomass will be exclud-
ed from the definition of EDHC at some point. This does not 
exclude biomass from being used in regular DHC, though. It 
could also be used together with CCS and still qualify.

By 2050, when associated emission should tend to zero 
(2050 Zero carbon targets) we can introduce also a new con-
cept called ‘Clean district heating and cooling’, which means a 
district heating or cooling system using exclusively a combina-
tion of renewable fuelled (either individual or combined gen-
eration) heat, including ambient heat, and waste heat sources. 
For the period 2030 to 2050, the fossil fuel contribution will 
decline by 16.67  % every 5  years following the direction of 
the taxonomy for sustainable financing [8]. In line with this, 
by 2040 district heating and cooling will qualify as efficient if 
the share of thermal energy from renewables is 60 percentage 
points higher than the one from fossil fuels. This condition will 
keep the emission factor below 50 grCO2/kWh.

PROPOSAL FOR NEW DEFINITIONS
By 2030, ‘Low carbon district heating and cooling’, means a 
district heating or cooling system using always equal or more 
renewable energy technologies than fossil fuelled individual 
generation energy technologies. 
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 Figure 8. Evolution of the proposed definition (left) by 2030 (right) and by 2040 (right) to reach the zero-emission district heating by 2050.

Figure 7. Proposed definition of efficient/clean district heating and 
cooling by 2030. CO2 threshold of 100 gCO2/kWh.
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account the evolving energy system towards its decarbonisa-
tion goals by 2050.

Following, the CO2 evaluation criteria, we provided three up-
dated definitions to be applied for different time frames. By 2030, 
we suggest a definition that ensures carbon intensities below 
100 gCO2/kWh, while, by 2040, the share of renewables should 
be 60 percentage points more than fossil fuels to guarantee emis-
sion factors of the order of 50 gCO2/kWh. Last, by 2050, district 
heating and cooling system should become zero-emissions and, 
thus, becoming a clean district heating and cooling.
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By 2040, ‘Clean district heating and cooling’, means a district 
heating or cooling system using always 60 percentage points 
more renewable than fossil fuels fuelled individual generation 
energy technologies. 

By 2050, ‘Zero carbon district heating and cooling’, means a 
district heating or cooling system using exclusively a combina-
tion of renewable fuelled (either individual or combined gen-
eration) heat, including ambient heat, and waste heat sources.

Conclusions and policy recommendations
The aim of this work was, first, to elaborate on the definition 
of efficient district heating and cooling – as defined in Arti-
cle 2(41) of EED and Article 2(20) of RED II. And second, to 
provide a new approach for the definition valid in future decar-
bonised energy systems.

As we presented, currently, ‘Efficient district heating and 
cooling’, as defined first in Article 2(41) of the EED, means a 
district heating or cooling system using at least 50 % renewable 
energy, 50 % waste heat, 75 % of cogenerated heat or 50 % of a 
combination of such energy and heat’

However, there are elements that can be subject to interpre-
tation. Based on our interpretation, the current definition of 
EDHC clearly states the need of accounting energy flows over 
a given period (typically a year) and not available capacities. 
However, it does not explicitly define whether the accounting 
is on gross final energy or primary energy terms – gross-final 
energy has to be considered as defined in Article 7(1) of the 
RED II. Moreover, it does not consider energy losses and it al-
lows any kind of cogenerated heat, either highly efficient or not. 
This means, for example, that a district heating system designed 
with a net heat capacity share of 60 % renewable and 40 % fossil 
fuel based does not qualify as efficient if more than 50 % of the 
heat produced over a year comes from its fossil capacity. 

Following this discussion, we came up with a proposal on 
how to make the current definition of efficient district heating 
and cooling more effective and understandable while tackling 
the four elements presented above. This proposed definition, 
however, does not solve potential issues concerning thermal 
losses or combination or thresholds.

PROPOSED MODIFICATION OF THE CURRENT DEFINITION OF EFFICIENT 
DISTRICT HEATING AND COOLING
‘Efficient district heating and cooling’, as defined first in Arti-
cle 2(41) of the EED, means a district heating or cooling system 
using at least 50 % renewable energy, 50 % waste heat, 75 % of 
highly-efficient cogenerated heat or 50 % of a combination of 
such thermal energy going into the network’.

Even though the current definition of efficient district heat-
ing and cooling aims to promote cleaner and more efficient dis-
trict heating and cooling in Europe, its scope may not be suf-
ficient given that the EU has a net-zero emission target by 2050. 
The two dimensions – clean and efficient – do not necessarily 
come together unless additional provisions are included in the 
current definition. Along this line, in section 4, we worked to-
wards analysing the definition and its provisions taking into 




