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1  Executive summary 
 

 

Great losses characterise the European energy supply: more than half of total primary energy supply 
is wasted in heat losses – as shown in ecoheatcool work package 1. The logical conclusion is that a 
policy aiming at developing efficiency and reducing emissions shall use instruments to identify and 
measure these losses and turn them into useful energy. The point of district heating and cooling is 
precisely to use heat sources that otherwise –without the district heating and cooling (DHC) 
infrastructure- would be wasted. Waste heat includes heat from CHP processes, heat from municipal 
waste incineration and industrial surplus heat. Likewise, at a moment where demand for comfort 
cooling is growing - generally met with electricity devices, district cooling provides a cost-effective 
and efficient alternative. DHC also allow an efficient use of renewable energy sources (RES). 

However, most of the benefits of DHC occur well in the upstream to the delivery to the final users. 
They are therefore fully accounted, when measured in a comprehensive manner.  

These guidelines aim at defining a set of criteria to assess the efficiency of district-heating and 
district- cooling systems; they define a methodology, building on primary resource factors, to 
measure all savings from production to delivery to the final users. By shifting from end-use KWh 
savings to the measure of all primary energy savings, and by moving from a building-bound 
analysis to a broader systemic-perspective the guidelines offer a valuable tool for policy-makers to 
benchmark the competing technologies on the heating and cooling market. Given the fact that 74% 
of the European population live in urban areas, and that industries with heat needs are close to 
these areas, the guidelines provide valuable information about the role of district heating and 
cooling in further increasing energy efficiency or ‘Doing More with Less’. 

The guidelines will also offer a sound basis for eco-labelling of heating and cooling technologies to 
provide information for final users. 
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2  Introduction 
 

 

2.1.   District heating 

District heating can be described as a system in which water is heated in one or several larger units 
and is then delivered via pipes to the residential/commercial/industrial customer's premises where 
the heat is extracted for heating purposes or hot tap water preparation.  

District heating systems make it possible to optimally use and combine a large spectrum of energy 
inputs as illustrated in the diagram below: surplus heat from electricity production based on 
conventional or renewable fuels, heat from waste incineration and/or from industrial processes as 
well as different forms of renewable heat (i.e. geothermal, heat/cold from deep-sea or lake water).  

 

Figure 1: District heating and cooling: a holistic approach linking energy supplies to local 
needs 

 

 

Combined Heat & Power 

The share of district heat produced in CHP mode reaches around 64% to 94%1 in ‘old’ EU 15 and 
between 35% (Baltic States) to 72% (Hungary) in new Member States of the Union. As illustrated in 
the diagram below, with the recovery and use of the heat produced during the generation of 
electricity, CHP production reaches much higher efficiencies (at least 80%) than separate production 
of heat and electricity (European average below 40% for electricity production).  

This diagram illustrates that in order to produce the same output of energy, 43 units of electricity 
and 76 of heat, the CHP plants needs 30% less fuel input than separate productions. Both plants 
in the example are coal-fired. 

Figure 2: comparisons of CHP and separate production  

                                                                      
1 Figures for 2003, source: ’District heating and cooling in Europe country-by-country-survey’, Euroheat & 
Power 2005 
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Fossil fuels and Renewables 

The second point is the possibility for a district-heating scheme to use different fuels depending on 
prices, fuel availability and local conditions. At European level, fossil fuels have still an important 
position but the share of renewables is growing.  District heating will be instrumental in the 
development of renewables on a large scale; the use of CHP will allow to reach high level of 
efficiency and optimally use natural resources. 

Incineration of Municipal waste 

In modern societies incineration of waste is justified by the need to avoid environmentally harmful 
landfill. Burning waste in CHP plants coupled to district heating networks replaces fossil fuels, and 
provides environmental benefits due to very tight procedures that limit noxious emissions in 
comparison to landfills.  

District heating and CHP provide the right infrastructure and technology to turn a potential 
environmental threat into an opportunity to produce and distribute energy.  

Surplus heat from industries 

Like heat from municipal waste incineration, surplus heat from industrial processes is heat that 
without the district heating/cooling infrastructure would be wasted. 
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2.2. District cooling 

Like district heating, district cooling2 is offering solutions tailored to local conditions and using the 
flexibility of the district infrastructure. Compared to conventional electricity-driven chillers, district 
cooling will increase the environmental standards/overall efficiency of energy systems as it: 

• Contributes to the phase-out of Hydrochlorofluorocarbon - HCFC’s. (Traditional compression 
cooling machines use HCFC's, which are harmful to the ozone layer and significantly contribute 
to the greenhouse effect.) 

• Reduces summer peak loads in electricity grids, as explained below; 

• Opens the possibility to better exploit existing production capacities (use of surplus heat), 
reducing the need for new thermal (condensing) capacities. 

• Opens the possibility to use renewables. 

There is an ongoing shift of structure in the supply of energy. It is evident in Europe, USA and Japan 
and is valid - for instance in Europe - both in the North and in the South. For different reasons, there 
is a steadily growing demand for air conditioning or comfort cooling, mainly in commercial and 
institutional buildings. In the United States and Japan, more than 80 % of buildings in these 
categories have comfort cooling. In Europe, the figure is less than 50 %, but it is rapidly increasing. 
The trend is European-wide and related to the need for comfort cooling in households, and in the 
tertiary sector.  

It is noteworthy that the cooling demand is only to a certain extent related to summer conditions. In 
fact, between 40 and 60 % of the total cooling demand runs all year round for cooling of computers 
and other equipment, office and meeting areas etc.  

Traditionally, comfort cooling is based on electricity to run the individual appliances. Consequently, 
electricity demand will continue to grow even faster if traditional cooling expands. On top of that, 
there is a European peak load dilemma: between 1990 and 2002, average peak loads in the EU15 
countries have increased by 20 %. In Greece, the corresponding increase was 54 % during the same 
period. The average peak-load increase is expected to continue at the same rate - at least. In the 
Mediterranean countries, the forecasted increase is even higher. In the years between 1990 and 
2020 generation capacity in Spain and Italy is expected to double. In Greece and Portugal capacity is 
forecasted to increase three times during the same period. 

Until recently, electrical peak loads in many European countries have typically occurred during 
winters, but lately the highest peaks in many regions and countries have been registered in the 
summers - in many cases touching capacity limits with risks for outages. Between 1990 and 2002, 
the annual electricity consumption in EU15 rose by 30 %, while the increase for July was 38 %. The 
reason for this trend is often the increased need for comfort cooling.  

District cooling provides an alternative route allowing to convert this potential threat to the 
environment and to electricity supply infrastructure into opportunities for the energy business, its 
customers and society.  

Different technologies for cooling associated to a district network can be used: 

 

Combining district heating and cooling 

"Surplus cooling" can be used from heat pumps that are originally intended for production of 
district heat, operating on for instance, sea-water or waste water. By connecting the cold side of the 
heat pumps to a district-cooling system, the heat pumps can be used for the production of both 
heat and cold. In some instances these heat pumps have to be supplemented with chillers to meet 
cooling demands in the summertime when there is not the corresponding need for heating. In a 
similar way, big chillers can be used for producing heat when needed. 

                                                                      
2 More on district cooling, ’District cooling – A proven technique for enhanced business and improved 
environment. Paper by Tomas Bruce, Ake Petersson and Par Dalin for the World Energy Congress in 
Sydney, 2004’.   
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Absorption chilling 

Absorption chillers use heat as primary energy and not electrical power as is the case for 
conventional compression chillers. The benefits of this technology compared to conventional 
chillers are that the electrical power consumption is dramatically reduced and primary energy is 
used more efficiently. Surplus heat from e.g. municipal waste incineration, industrial processes and 
power production may be utilized for cooling production by integration of an absorption chiller to 
the plant. 

For CHP plants where the heat demand’s profile is the bottleneck during summer, district cooling 
enable to increase the efficiency of the plant by using excess heat that is available while displacing 
less environmentally friendly alternatives. 

Free cooling 

The concept is based on extracting deep cold seawater. Via heat exchangers the cold is transferred 
to the distribution network. Still another exchange takes place at the customer, where the cold is 
used in the cooling infrastructure of the buildings. The maximum cooling temperature delivered to 
customers can be guaranteed with if needed additional cold added from different sources.  Such a 
technology is used in Stockholm, Helsinki, Amsterdam and Toronto. 

 

2.3. Objectives of the guidelines 

When considering heating-and-cooling systems we need to distinguish between building-
integrated- on-site solutions based on a single fuel/energy input and designed for a single building 
(i.e. oil or natural-gas fired boilers, heat pumps...) and supply of heat as end-energy via an external 
‘district’ grid based on one or several fuel/inputs and generation sources. The assessment of the 
performance of heating and cooling systems can thus not be limited merely to the final customers 
or the buildings where the energy consumption takes place. A comprehensive approach to end-
user efficiency calls for a framework that defines final savings as savings carried out along the whole 
energy chain. 

Final savings shall encompass all savings – i.e. from the primary energy savings occurring during the 
CHP process to the point of delivery of the final product to the customers. 

A comprehensive approach is thus needed to fairly evaluate all existing options. The principles set 
in these guidelines allow to assess the efficiency of district heating and cooling via a methodology 
of primary resource factors (PRF) encompassing all savings and losses from the energy conversion 
to the delivery to the final customers.  The use of primary resource factors allows to compare the 
different heating and cooling technologies available on the market and offers the possibility to 
assess the efficiency of complex infrastructure and make benefits visible – those benefits that in the 
case of district heating and cooling occur well in the upstream of the delivery to the final customers.  

Additional to savings in terms of final energy, the guidelines consider environmental criteria. The 
guidelines present a methodology that builds on PRF values to evaluate the impact of heating and 
cooling systems. 

A method reflecting the overall savings will provide transparency, and will thus be an indispensable 
tool for policy-makers with a view to rating each option’s contribution to EU policy goals such as: 

• Reduced primary energy consumption   

• Improved security of supply and reduced dependence from energy import 

• Reduced environmental impact and achievement of the Kyoto objectives 

• Better customer’s information  

It is worth noting that the guidelines will also be valuable for operators to upgrade systems and 
reach higher PRF values. As they reflect the efficiency of the whole system, operators are therefore 
able to use them to evaluate where they should take action to reach higher PRF values. With higher 
customers’ information, it is expected that operators may pay increasing attention to their 
respective ranking. 
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2.4. Strategic use  of guidelines  

2.4.1. Policy-making  

The guidelines reflect and support European Union policies with regard to the improvement of the 
efficiency of energy production and its end-use; the further development of the use of new and 
renewable energy sources/technologies and the mitigation of emissions resulting from energy 
production and use. 

The guidelines will enable a coherent implementation of existing and future Directives related to 
energy efficiency (see below). They will bring useful information on the heat market and thereby be 
a valuable tool for policy-makers. By providing information on the efficiency of heating and cooling 
options, the guidelines will provide a basis to monitor efficiency developments in the heating and 
cooling market.  

2.4.2. European legislation  

The guidelines directly relate and refer to the following pieces of European legislation: 

Directive 2004/08/EC ‘on the promotion of cogeneration based on a useful heat demand in 
the internal energy market’ 

The European Union has since its communication on CHP, in 1997, recognised the importance of 
the technology and of district heating, which provides a heat load to support its development. The 
benefits of CHP arise from a higher efficiency, which leads to fuel savings and consequently 
emission reductions. This efficiency and also the fuel flexibility of CHP bring as well significant 
benefits in terms of security of energy supply.  

The Directive 2004/08/EC on ‘the promotion of cogeneration based on a useful heat demand in the 
internal energy market’ will provide a framework for Member States to support the technology. The 
guidelines allow making visible the benefits of expanding CHP in district-heating systems. The 
principles of the calculation method outlined in the guidelines take full account of and build on the 
principles set out in Annexes II and III of the Directive.  

Directive 2002/91/EC on ‘Energy Performance of Buildings’  

The aim of this Directive is to reduce the environmental impact of the energy use for buildings. It 
foresees different instruments such as the setting of minimum requirements on the energy 
performance of new buildings and for large existing buildings that are subject to renovation 
(Articles 4.5 and 6); energy certification of buildings (Article 7) and inspection of boilers and air 
conditioning systems (Articles 8 and 9). 

In a recent communication on renewable energy, the Commission stated that: 

‘The Community has already adopted Directives on the energy performance of 
buildings and cogeneration. These will encourage greater use of renewable energy in 
heating. There is a need for the buildings directive to be implemented in a way that 
stimulates the integration of efficient biomass systems, geothermal heat pumps and 
solar thermal heating in residential and tertiary-sector buildings. The decentralised 
energy supply based on renewable energy that is envisaged under the Buildings 
Directive should look to the potential of using renewable energy for heating and 
cooling, ... Micro-turbines fired by biomass are another possibility for using renewable 
energy in buildings. There is also a need to encourage a greater share of biomass in 
cogeneration and in district heating systems, especially where existing systems can be 
economically refurbished (which is the case in many of the new Member States).’ 

 

A framework laying down standardised calculations methods is required and foreseen in the 
Directive’s article 3 and the Annex of the Directive. The Commission has mandated CEN to develop 
these standards. Among the new standards being drafted, a standard directly addresses DHC. 

The CEN pre-standard on ‘The performance of quality of district heating and large volume systems’ 
will be instrumental in the implementation of the Directive, especially of article 5 requiring Member 
States “to ensure that the technical, environmental and economic feasibility study of systems such 
as decentralized energy supply systems based on renewable energy, CHP, district or block heating 
or cooling (..), heat pumps (..) is considered and is taken into account before construction starts for 
new buildings with a total useful floor area over 1000 m2.”  
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Euroheat & Power’s Task Force Eco-labelling has been consulted on the drafting of this standard. 
The present guidelines build on this standardisation activity, and will serve as further input to 
continue the dialogue with standardisation bodies. 

Proposal COM (2003) 739 final for a Directive on ‘Energy End-Use Efficiency and Energy 
Services’ 

The proposed Directive on ‘energy end-use efficiency and energy services’ is intended to stimulate 
energy end-use efficiency, energy efficiency programmes and measures. The draft Directive puts 
strong emphasis on integrated energy end-use services combined with the delivery of energy. In its 
Annex III it mentions ‘heating and cooling’ as well as ‘hot water preparation’ as eligible areas where 
energy efficiency programmes and other energy efficiency measures may be identified and 
implemented. 

To be effective the Directive will need to be complemented by tools allowing to quantify and 
compare the energy savings potential of different options. The guidelines will provide a 
methodology to enable the assessment of savings i.e. related to the conversion from individual 
boilers to district heating and/or the efficient upgrading of district heating and cooling systems 
(fuel switching, efficiency improvements in both the production and distribution of DHC).  

Labelling of heating systems 

The European Union Eco-labelling Board recently launched activities on eco-labelling of water 
heating systems. The work will focus on the labelling of heat pumps while developing 
comprehensive criteria to label all water heating systems on the market. 

The principles of the guidelines will provide input on how to develop indicators to label different 
technologies and assess their respective environmental efficiency. 

 

3. Information sources 

The present guidelines have been established by a group of six district heating experts from five 
major district heating countries (Austria, Denmark, Italy, Germany, Finland, the Netherlands, and 
Sweden). The group had four meetings during the project period, worked electronically between 
the meetings and continuously liaised with Euroheat & Power's working group ‘Energy Policy’ and 
Task Forces ‘district cooling’  

The group has worked in close contact with other interested parties and organisations, i.e. EUEB, 
CEN, national eco-labelling and standardisation bodies. The work performed is intended to prepare 
the grounds for larger consultation and agreement involving a maximum number of stakeholders. 

 

4. References 

Directive 2004/08/EC on the promotion of cogeneration based on a useful heat demand in the internal energy 
market 

Directive 2002/91 EC on the energy performance of buildings  

Proposal for a Directive on energy end-use efficiency and energy services - COM (2003) 739 final 

Green paper Towards a European strategy for the security of energy supply - COM 2000 (769) final 

Green paper on “energy efficiency or doing more with less” – COM (2005) 265 final 

Communication on the share of renewable in the EU COM 2004 (366) 

Communication final report on the green paper “Towards a European strategy for the security of energy 
supply” - COM 2002 (321) 

Communication on a Community strategy to promote combined heat and power (CHP) and to dismantle 
barriers to its development –COM (97) 514 final 

CEN prEN 15315 Heating systems in buildings - Energy performance of buildings - Overall energy use, primary 
energy and CO2 emissions 

CEN prEN 15316-4-5 Heating systems in buildings - Method for calculation of system energy requirements and 
system efficiencies - Part 4-5: Space heating generation systems, the performance and quality of district 
heating and large volume systems 

DIN V 4701-10 
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Energieeinsparverordnung EnEV (German regulation on energy conservation) 

  

 

5. System boundaries  

The performance of a district-heating system is evaluated by considering the balance of primary 
energy consumption of heat generation and heat distribution of the district heating system.  

When comparing different heating options, it is indispensable to clearly establish the boundaries 
delimiting what is being considered and to apply these symmetrically and coherently to all systems 
under consideration. 

The current guidelines correspond to an end-energy formulation and ignore the effect of the 
internal distribution system. 

They serve to evaluate/certify the performance of individual district-heating systems and to allow 
comparison with other systems - but they are not intended to assess the performance of the 
heating system in each individual building. Distribution losses in the individual building are 
basically independent of the heating system in question.  The system borders are thus drawn after 
the house substation.  Analogously, in the case of solar heating, the system borders should be 
drawn at the connection after the expansion tank, for heating boilers after the boiler's own 
circulation, etc.  

It is, however, necessary to describe the distribution system as a restricting criterion for each 
heating system because the specifically determined values are only valid under certain conditions. 
For example, the primary energy requirement of Heating System X only applies in the case that the 
in-house heating system corresponds to a low temperature system, or Heating System Y is only to 
be considered in connection with passive houses. 

In the case of cooling, the same system boundaries as for heat and electricity apply. 

System boundaries are further explained in chapter 6. 

 

6. Energy Efficiency 

6.1. Primary energy and primary resource factor (PRF) 

Primary energy refers to energy that has not been subjected to any conversion or transformation process 
(e.g. oil in the oil fields). Primary energy may be resource energy or renewable energy or a combination of 
both. Resource refers to a source depleted by extraction (e.g. fossil fuels) and renewable energy to a source 
that is not depleted by extraction (e.g. biomass, solar). 

The use of the primary resource factor (PRF) enables to measure the savings and losses occurring from 
energy generation to the delivery to the building. The primary resource factor fP expresses the ratio of the 
non-regenerative resource energy QP required for the building to the final energy supplied to the building 
QE.

E

P
P Q

Qf =  

The primary resource factor represents the energy delivery but excludes the renewable energy component 
of primary energy. The proposed CEN-standard (CEN Draft Standard TC 228 WI 00228 027, as described 
below) suggests an approach where a primary resource factor is introduced. This primary resource factor is 
equivalent to the suggested EHP definition of primary energy factor fP. 

The advantages of district heating and cooling become visible in the frame of such a broad analysis based on 
the use of fuel input. In effect the PRF shed light on the benefits of using fuel and energy (in the form of 
waste heat) that would be emitted into the atmosphere unused if it were not possible to use the heat in 
district heating and cooling systems. Such fuels and energy streams include, for example: biomass, biogas, 
blast furnace gas, landfill gas, residual waste, sewage sludge, solar and geothermal heat, and surplus heat 
from industrial processes. 
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6.2. Determination of the different PRF for different fuels 

In order to calculate the PRF of a district-heating scheme, different fixed values are needed for different fuels. 

 

Figure 3: Table for PRF values of different fuels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fuel Primary Resource 
Factor 

Lignite Coal 1.30 

Hard Coal 1.20 

Oil 1.10 

Natural Gas 1.10 

Excess heat e.g. from 
industrial proc. 

0.05 

Renewables  (e.g. Wood) 0.10 

Waste as Fuel, Landfill Gas 0.00 

Free Cooling 0.00 

Electrical Power, European 
Average 

2.5 

 

 

6.2.1. Value for electricity 

The value for electricity is fixed at 2.5 in order to be consistent with European legislation. The draft Directive 
on energy services refers to this value in its annex 1. 

The value 2.5 reflects an efficiency of 40%, which is the average efficiency of electricity production according 
to Eurostat. This value should be used for the purpose of a European-wide labelling that fits with the internal 
energy market where additional change of demand is typically met by the most expensive production. What 
matters for an additional electricity demand is the cost of marginal production, determined by fossil fuels 
and efficiency in the range of 40%. It means practically that in Europe, an extra demand is systematically met 
by fossil as illustrated in the picture below. 
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Figure 4: electricity production in the EU 25 
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In Norway for instance where electricity is mainly produced from hydropower, an extra demand is typically 
met with coal-fired electricity generated in Denmark or Finland. A second example is France. If nuclear 
provides the main part of electricity generation (around 80 %), any peak demand in winter is met by fossil 
fuels. 

6.2.2. Value for fossil fuels 

The different values for fuels are justified by the losses occurring during extraction, and transport of the 
fuels.  For instance, in the case of gas the value is justified by losses occurring from the point of extraction to 
the delivery to the customers (mainly transport losses, occurring from the energy needed to compress the 
gas in gas pipelines). In the case of lignite coal, the 1.30 value is justified by the more extensive energy losses 
needed for lignite compared to the 1.20 value for hard coal.  

6.2.3. Excess heat from industrial processes 

Burning wastes and landfill gases avoid the use of fossil fuels and make use of energy flows that otherwise 
would be lost. Hence the 0 value. 

6.2.4. Values for renewables 

This value is important to incentivise the use of biomass. The 0.10 value reflects the energy used to harvest 
the biomass and the transport needed to carry the fuel to the installations. 

6.2.5. Values for Waste as fuels and landfill gases 

Burning wastes and landfill gases avoid the use of fossil fuels and make use of energy flows that otherwise 
would be lost. The value is therefore 0. 

6.2.6. Value for free cooling 

Free cooling is produced with renewable input such as deep cold sea/lake water. Its value is therefore 0. 

All input additional to free cooling needs to be taken into account, see 6.4 on the calculation rules 
for cooling. 
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6.3. District Heating 

6.3.1. Calculations Methods 

The performance of a district-heating system is evaluated by dividing the system into two parts, 
outside and inside the building (cf. figure 4).  

Figure 5: Systematic of rating the performance of district heating systems 
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The outside part is rated by the balance of primary energy consumption of heat generation and 
heat distribution, the inside part is rated by the additional energy requirements of the heat 
substation. Thus the substation can be considered to replace the heat generator within the building 
(e.g. heating vessel). 

For existing district heating systems usually all needed inputs are known by measurements. Figure 2 
shows the method of the calculation.  

 

Figure 6:  Method of the balance for an existing district heating system 
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The inputs to the calculation are: 

QF,i Fuel (final energy) input to the heating plants and to the cogeneration plants within the 
considered system within the considered period (usually one year). The amount of this 
energy is measured at the point of delivery. 

QCHP,ext Heat delivery to the considered system from external cogeneration power plants. 

fP,F,i Primary resource factor of the fuel (final energy) inputs.  

WCHP Electricity production of the cogeneration plants of the considered system. 

fP,elt Primary resource factor of electrical power. This factor is given by the European average  
-  in accordance to principles laid down in annex III of Directive 2004/08/EC – cf Figure 3. 

QC,i Heat energy consumption measured at the primary side of the substations of the 
supplied customers within the period of interest (usually one year). 

The result of the calculation is the primary resource factor fP,DH of the considered district heating 
system. The calculation formula results from the above balance: 

 
∑

∑ ⋅−⋅
=

j
iC

eltPCHPiFP
i

iF

DHP Q

fWfQ
f

,

,,,,

,       (1) 

6.3.2. External deliveries 

External heat deliveries to the considered system should be treated in the same way as a fuel input 
by weighting the external heat delivery Qext by its primary factor fext, which is calculated in the same 
way. 

6.4. District cooling  

For the production of cooling, the same system borders apply for the three products (heating, 
cooling and electricity) as illustrated in figure 6. Both district heating and cooling products have 
their own primary resource factor.  

Figure 7: System borders 
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Before the calculation of the primary resource factor for district-cooling system, the fuels of district 
heating has to be determined. The formula of PRF for district heating system is the following: 

∑
∑ ⋅−⋅

=

j
jDH

eltPCHP
i

fPDHF

DHP Q

fWfQ
f

,

,,,

,  

∑
i

DHFQ , = Fuels of district heating system (Including fuels of district heat and CHP electricity) 

∑
j

jDHQ , = Heat energy consumption measured at the primary side of customer’s substations 

All the fuels that not specially used for district cooling production are the fuels of district heating. 
Absorption chillers are using as input energy the heat produced in the installations. The formula 
needed for the calculation of district cooling system is the following: 

∑
∑∑ ⋅−⋅−⋅

=

k
kDC

j
DHPjDHeltPCHP

i
fPiF

DCP Q

fQfWfQ
f

,

,,,,,

,  

∑
i

iFQ , = Total fuel input to considered system (Including fuels of DH, DC and CHP electricity) 

∑
j

kDCQ , = Cooling energy consumption measured at the primary side of customer’s substations 

 

7. Auxiliary Energy Consumption 

Auxiliary energy consumption is included in the above balance in that way, that only the net power 
production, i.e. the power production minus all auxiliary consumption e.g. for pumps etc., is used 
for the balance. 

If there is no electricity production in the district heating system, than the electricity consumption 
of the auxiliary equipment has to be reported separately. 

 

8. Recoverable Heat Losses 

No losses are recoverable. 

 

9. Calculation Period 

It is recommended to use one year as the calculation period. For the winter and the summer period 
primary resource factors may be calculated additionally. According to this method it is as well 
possible to calculate monthly balances. 

10.1. Use of PRF in benchmarking heating and cooling technologies

Value of the primary resource factor (PRF) defines the ratio between net fossil energy supply and 
heat energy used in building during one year. Consumption of non-renewable energy is the same 
as the use of fossil fuels. Every heating and cooling system has its own primary resource factor. If the 
value is less than one, the total consumption of non-renewable energy is less than energy 
transferred to building. Value that is more than one equals to greater total use of fossil fuels than 
heating or cooling energy delivered to building. Some of the most efficient heating and cooling 
systems have a PRF equal to zero. It means that heating or cooling is not causing the use of non-
renewable energy sources. 
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10.1.1. District heating 

Average PRF of district heating systems is lower than other common heating systems in Europe. 
Lower PRF means savings of fossil fuels. 

Table 10.1. Typical PRF of different heating systems 

 

District heating PRF Building specific heating PRF 

CHP gas 0,5 Gas boiler 1,3 

CHP coal 0,8 Coal fired boiler 1,5 

Biomass 0,1 Oil fired boiler 1,3 

Waste incineration 0,05 Electric heating 2,5 

Oil 1,3 Heat pump 0,9 

 

10.1.2 District cooling 

Average PRF of district-cooling systems is nearly the same as the average PRF of district heating. The 
main alternative for district cooling is cooling with building specific compressors. The average PRF 
of building specific cooling is more than doubled compared to the efficient district cooling systems. 
Penetration of district cooling means significant savings of fossil fuels. 

Table 10.2 Typical PRF of different cooling system 

 

Cooling system PRF 

District cooling (free cooling) 0,07 

District cooling (absorption) 1,3 * PRF of Heat used 

District cooling (heat pump) 0,8 

Building specific compressor 1,0-2,0 

 

11. Environmental efficiency assessment  

The environmental efficiency assessment of heating or cooling systems is based on the same 
principle as calculation of primary resource factor. CO2 emissions and air pollutants as well as the 
use of non-renewable primary energy resources are related to the heating or cooling energy 
transferred to the building. All savings and losses carried out along the whole energy chain are 
taken into account. 

11.1. CO2 emissions and CO2 savings 

CO2 emissions are related to the use of fossil fuels and therefore CO2 emissions are related to value 
of primary resource factor. Total CO2 emissions of heating or cooling systems also depend on the 
specific emission factor of fossil fuel used. Using the following formula: CO2= PRF. specific CO2 
factor, it is possible to benchmark different heating and cooling technologies. Because of low total 
use of fossil fuels, CO2 emissions of district heating or district cooling systems are typically much 
lower than the emissions of alternative heating or cooling systems. 

As shown in figure 10.1, lower primary resource factor value means lower CO2 emissions. CO2 
emissions are almost directly related the value of PRF. 
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Figure 10.1. Relation between PRF and CO2 of heating systems 
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11.2.1. District heating 

CO2 emissions of effective district-heating systems are at least twice lower than emissions of other 
common heating systems in Europe. 
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Table 10.3. Typical CO2 emissions of different heating systems 

 

District heating CO2 [g/kWh] Building specific heating CO2 [g/kWh] 

CHP gas 10 Gas boiler 260 

CHP coal 270 Coal fired boiler 530 

Biomass 30 Oil fired boiler 350 

Waste incineration 20 Electric heating 850 

Oil 360 Heat pump 300 

 

The values of Table 10.3 are based on technology that is presently available. The values of existing 
heating systems are typically greater than values of Table 10.3. As efficient heating systems replace 
old technology, significant amounts of CO2 emissions will be saved. Higher market share of district 
heating means lower CO2 emissions of heating. CO2 saving potential of district heating is really 
significant. 

11.2.2. District cooling 

CO2 emissions of district cooling systems are typically lower than alternative cooling systems. 
Building specific compressor also has other greenhouse gas emissions due to leakages of 
refrigerants. Total greenhouse effect of a building specific compressor is more than the effect of 
CO2. 

Table 10.4. Typical CO2 emissions of different cooling systems 

 

Cooling system CO2 [g/kWh] 

District cooling (free cooling) 25 

District cooling (absorption) 1,3 * CO2 of Heat used 

District cooling (heat pump) 270 

Building specific compressor 340-680 

 

Penetration of district cooling reduces the greenhouse gas emissions significantly comparing to the 
alternative cooling systems. 

11.3. Air pollutants 

Air pollutants of heating and cooling systems are related to the final energy consumption of the 
building. Air pollutants are not related to the primary resource factor, because renewable fuels emit 
air pollutants as well as fossil fuels. The calculations of all air pollutants of heating or cooling 
systems are based on the same principle as the calculation of primary resource factor in Chapter 6. 
All the emissions and savings of air pollutants carried out along the whole energy chain are taken 
into account. Every heating and cooling system has its own factor for all air pollutants. Main air 
pollutants of heating and cooling are SO2, NOx and fine particles.  There is a relation between air 
pollutants and quality of combustion technology. Small-scale combustion typically emits more air 
pollutants than large-scale combustion 
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12. Conclusions 

Assessing the overall performance of DHC systems implies a broader view than the conventional 
measurement of savings at the end-user point of consumption. Provided all aspects of the energy 
chain are taking into consideration will the effective savings be measured. The interest of such a  
methodology lies in its ability to benchmark all heating and cooling options competing on the 
market. The methodology will therefore be instrumental in implementing European legislation 
aiming at developing energy efficiency in Europe. It should also serve as a basis to eco-labell 
heating and cooling technologies with a view to better inform users. 

Last but not least, given the fact that 74% of the European population live in urban areas, and that 
industries with heat needs are close to these areas, the guidelines provide valuable information 
about the role of district heating and cooling in further increasing energy efficiency or ’doing more 
with less.’ 

 



APPENDIX 1: CALCULATIONS OF PRIMARY RESOURCE FACTORS 

1. Helsinki’s district-heating system  

 

  QF fp fp*QF

  GWh     

Coal 8487 1.2 10184 

Oil 345 1.1 380 

Natural gas 9507 1.1 10458 

SUM 18339   21022 

 

    

  WCHP fP,elt WCHP*f,P,elt

CHP electricity 7183 2.5 17958 

    

Qc 6930   

 

Using the formula described above, the PRF of district heating in Helsinki is thus 

≈
−

=
6930

1795821022
,DHPf 0.442 

The specific CO2 emission factor of fuel input to district heating system in Helsinki is 272 g/kWh. CO2 
emissions are thus 

kWh
g

kWh
gff CODHP 120272442,02, ≈×=×  



2. Göteborg’s district-heating system (figures for 2003 and 2004) 

 

  2003 2004  

Total heat consumption, measured at the primary side of the 
dwelling stations: 

• QC 3450000 4075231 MWh/a 

Annual gas consumption of the cogeneration plant, measured at the 
delivery point of the gas: 

200 255 590 614 MWh/a 

Annual gas consumption of the heating plant, measured at the 
delivery point of the gas: 

768 603 209 000 MWh/a 

Total gas consumption:  968 858 799 000 MWh/a 

The unit of the gas consumption refers to the combustion 
energy inclusive the condensation enthalpy. Thus the total 
gas consumption has to be cor-rected according to the 
condensation enthalpy, which is 10 %. Corrected value of the 
total gas consumption: 

• QF 871972,2 719100 MWh/a 

Annual biofuel consumption of the heating plant, measured at the 
delivery point of the biofuel: 

292 000 639 000 MWh/a 

Annual electricity consumption of the heat pumps delivered to the 
district-heating grid 

 168 730  

Annual heat from heat pumps 698 400 539 405  

Annual industrial waste heat delivery  977090 1 129 240 MWh/a 

Annual heat from waste incineration  945505 1 047 781 MWh/a 

Annual heat from oil  92 000 41 000 MWh/a 

Power production, total, measured at the input to the public power 
supply network: 

180000 184868 MWh/a 

Internal power requirements for pumps etc.: 75 000 75 000 MWh/a 

Net power production: WCHP 105 000 109 868 MWh/a 

     

Primary resource factor  0,25 0,17  
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3. Vienna’s district-heating system (2003) 

 

Heat; Q CHP 
(GWh) 

5,407.1  

Electricity; W Chp 
(GWh) 

3,507.1 

Energy input; QF 

(GWh) 

12,039.8 

PRF  

WCHP x fp el 8,767.7 

Qf x fp 10,706.6 

Qf x fp - Wchp x fp 
el 

1,938.9 

Primary resource 
factor 

0.36 

 



APPENDIX 2: PRF values for different district-heating networks 

2.5

1.3
0.9

0.36 0.44
0.17

0.57
0.23 0.12

0.58
0.32

0.51

0.1 0.26
0.58

0

0.5

1

1.5

2

2.5

3

(Electri
cty

)
Gas b

oile
rs

Heat p
um

ps
Vienna
Helsi

nki
Gote

borg

Sto
ck

holm
 ce

ntra
l

Sto
ck

holm
 ce

ntra
l

Sto
ck

holm
 so

uth
Ham

burg
Dinsla

ken
Munich
Dre

sd
en

Bre
sc

ia
Ferra

ra
 



APPENDIX 3: PRF values for different district-heating networks (YEAR 2003) 
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1. ITALY 

PRIMARY RESOURCE FACTORS (ITALY)
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2. SWEDEN 

PRIMARY RESOURCE FACTORS (SWEDEN) 
(CHP not included)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

U
pp

la
nd

s-
V

äs
by

H
an

in
ge

S
to

ck
ho

lm

N
or

rtä
lje

K
ni

vs
ta

E
sk

ils
tu

na

V
al

de
m

ar
sv

ik

V
ag

ge
ry

d

S
äv

sj
ö

A
lv

es
ta

Lj
un

gb
y

V
äs

te
rv

ik

G
ot

la
nd

Ö
rk

el
lju

ng
a

M
al

m
ö

Kr
is

tia
ns

ta
d

V
ar

be
rg

V
år

gå
rd

a

G
öt

en
e

Ly
se

ki
l

Li
dk

öp
in

g

To
rs

by

K
ar

ls
ta

d

H
al

ls
be

rg

K
ar

ls
ko

ga

K
un

gs
ör

K
ol

sv
a

M
or

a

A
ve

st
a

Lj
us

da
l

B
ol

ln
äs

S
un

ds
va

ll

Ö
st

er
su

nd

V
ilh

el
m

in
a

S
ke

le
fte

å

Lu
le

å

 


	 1  Executive summary
	2.1.   District heating
	 2.2. District cooling
	2.3. Objectives of the guidelines
	2.4. Strategic use  of guidelines 
	2.4.1. Policy-making 
	2.4.2. European legislation 


	3. Information sources
	4. References
	5. System boundaries 
	6. Energy Efficiency
	6.1. Primary energy and primary resource factor (PRF)
	6.2. Determination of the different PRF for different fuels
	6.2.1. Value for electricity
	6.2.2. Value for fossil fuels
	6.2.3. Excess heat from industrial processes
	6.2.4. Values for renewables
	6.2.5. Values for Waste as fuels and landfill gases
	6.2.6. Value for free cooling

	6.3. District Heating
	6.3.1. Calculations Methods
	6.3.2. External deliveries

	6.4. District cooling 

	7. Auxiliary Energy Consumption
	8. Recoverable Heat Losses
	9. Calculation Period
	10.1. Use of PRF in benchmarking heating and cooling technologies
	10.1.1. District heating


	11. Environmental efficiency assessment 
	11.1. CO2 emissions and CO2 savings
	Figure 10.1. Relation between PRF and CO2 of heating systems
	11.2.1. District heating
	11.2.2. District cooling

	11.3. Air pollutants
	 


	12. Conclusions
	APPENDIX 1: CALCULATIONS OF PRIMARY RESOURCE FACTORS
	1. Helsinki’s district-heating system 
	2. Göteborg’s district-heating system (figures for 2003 and 2004)
	 3. Vienna’s district-heating system (2003)

	APPENDIX 2: PRF values for different district-heating networks
	APPENDIX 3: PRF values for different district-heating networks (YEAR 2003)
	1. ITALY
	2. SWEDEN



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


