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Abstract 

District heating networks are a solution to decrease the amount of CO2 emission in the atmosphere and a 

mean to increase the share of renewable energy in the energy mix. This degree project, conducted at Engie 

Réseaux, investigates the best options to design them. The challenges and the constraints of their design 

will be developed and the tools created to achieve it will be presented. This thesis exposes the major 

climatologic, economic, and energetic parameters to take into account when designing a network and 

shows the methodology used in these three fields. 

Refarat 

Fjärrvärmenät är en lösning för att minska mängden koldioxidutsläpp i atmosfären och ett medel för att 
öka andelen förnybar energi i energimixen. Detta examensarbete, utfört på Engie Réseaux, undersöker de 
bästa alternativen för att designa dem. Svårigheterna och begränsningarna i deras utformning kommer att 
utvecklas och de verktyg som skapats för att uppnå det kommer att presenteras. Denna avhandling visar 
de viktigaste klimatologiska, ekonomiska och energiska parametrarna att ta hänsyn till vid utformning av 
ett nätverk och visar den använda metodiken. 
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1. Introduction 
 

This first chapter gives an insight of the district heating networks situation in the world, in Sweden and in 

France. Chapter 2 will explain the objectives and constraints of the design of such networks and Chapter 3 

will focus on the methodology used to create the tools to achieve that goal. The last chapter will provide 

the features of the developed tools. 

1.1 District Heating Networks  
 

A district heating networks have a fundamental purpose, it is “ to use local fuel or heat resources that 

would otherwise be wasted, in order to satisfy local customer demands for heating, by using a heat 

distribution network of pipes as a local market place” (S.Frederiksen, 2013). The span of heat resources 

can be very wide, from combined heat and power plants to waste-to-energy plants, from fossil fuel plants 

to geothermal wells, solar collectors, biomass energy or even data centres. Nowadays, the integration of 

renewable heat, produced from renewable energy is the major challenge for district heating networks 

around the world. 

1.1.1 Description  
 

 

 

Figure 1 : Scheme of a district heating network (ENGIE, 2019) 

 

A district heating network is constituted of several components. The first one is the productions facilities 

(power plant on Figure 1). These facilities receive cold water and heat it up to reach the desired 

temperature. The facilities are connected to the network with heat exchangers. Many power plants can be 

used to achieve this goal and will be described later. Once the water is hot enough, it is injected on the 

district heating network. On that network, one insulated pipe carries the hot water from the facility 

productions to the consumers (hot water containing energy the consumers will use); it is associated with 

another one which brings back the cold water from the consumers to the facility productions (water 

having given its thermal energy to the consumers). Each consumer is connected to the network with a 
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heat exchanger in a substation. The challenge is to produce at all time the energy demanded by the 

consumers. 

Consumers can use the hot water in two different ways: 

- in their heating devices to obtain a comfortable air temperature

- for sanitary purposes (shower, dishes, etc.)

Depending on the configurations, the substations can be constituted of two heat exchangers for these two 

utilizations or only one providing at the same time hot water for heating and hot water for sanitary 

purposes. 

1.1.2 5 Generations of District Heating Networks 

Figure 2 : The different generations of district heating networks (ASHRAE, 2012) 

5 generations of district heating networks can be defined. The first four generations are represented on 

figure 2. The first generation has been built from the 1880’s to the 1930’s and used steam to distribute 

heat. The pressure could be as high as 25 bars and the temperature equal to 180°C. From the 1930’s a 

second generation based on pressurized water (temperature above 100°C) appeared and led to the third 

generation in the 1980’s with the utilization of hot water (temperature below 100 °C) and prefabricated 

parts in the construction. At each step, the idea was to decrease the temperature of the system in order to 

decrease its heat losses. This parameter has always been in mind since it is the most impacting one when it 

comes to losses (Yuksel, 2004) . Now, the fourth generation is being constructed. Using water of around 

65°C, it allows a higher contribution from renewable energy sources delivering a low temperature fluid 

(geothermal energy, sewage treatment plant). The fifth and last generation is expected to operate at much 

lower temperature (around the ambient ground temperature) in distributed water circuits in which each 

building would extract or inject heat with a heat pump, depending on their needs (Schmidt, 2017).  
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1.1.3  Different Sources of Energy 

In order to produce heat, different facilities have been developed. The choice of the type of power plant 

that is used depends on the policy of the country (pro-renewable energy or not), the expected price of the 

energy and the availability of the energy sources.  

1.1.3.1 CHP Power Plant 

Combined Heat and Power plant (CHP plant) produce both electricity and heat. Contrary to other 

electrical power plant, a CHP plant cash in on the heat generated during the production of electricity 

instead of wasting it in the atmosphere.  

A CHP plant can typically produce 33 MJ of electricity and 50 MJ of heat with 100MJ of fuel. To obtain 

the same amount of electricity and heat with a separated gas turbine and a boiler, 135 MJ would be 

needed: 80 MJ of fuel for the electricity (assuming a fuel to electricity efficiency of 40 % for the gas 

turbine) and 55 MJ for the boiler (typical efficiency of 90 %). A CHP plant can therefore save 25 % of the 

fuel needed. A CHP plant can even achieve efficiencies up to 90 %. 

The fuel used can either be fossil (coal, oil or gas) or renewable (biomass). In case of fossil fuels, gas can 

be preferred since gas-CHP plant can achieve higher efficiencies (Eriksson, 2007). 

1.1.3.2 Gas, Coal and fuel plants 

These power plants can have an efficiency of 90 %. It can easily be started up and shut down which 

explain why it is often used when a peak of demand is occurring while a cheaper and less flexible power 

plant is used to produce the base load of the demand. 

1.1.3.3 Household waste heating plant 

Using household waste as fuel in a DHN is a good option since most of the time household waste is burnt 

without any recovering of the produced heat. In addition, the household waste heating plants are often 

located in the suburbs of major cities, thus in proximity of a huge heat demand. These heating plants are 

therefore recommended but only if no better waste management policies cannot be implemented 

(Eriksson, 2007). 

1.1.3.4 Biomass heating plant 

A biomass heating plant can be used to produce heat for the district heating. Most of the time, the fuel is 

the wood that can’t be used by manufacturers (branches, logging residue, stumps, roots) or waste wood 

(wood that already had a function but had not been treated with chemicals, such as wood pallets). The 

biomass heating plant is therefore a solution to use the potential of this wood which would not have been 

utilised otherwise. In order to decrease as far as possible the cost and the CO2 emissions due to the 

transport of the wood, it is often coming from surrounded forests or wood manufacturers. The efficiency 

of biomass heating plant can go up to around 90 %. (IEEP, 2015) 
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Figure 3 : Scheme of a biomass heating plant to provide heat and sanitary water (Treco, 2014) 

Biomass is often considered as the best option because it doesn’t depend on the electricity market as CHP 

or on waste policies as household waste heating plant (Eriksson, 2007). 

1.1.3.5 Geothermal Energy 

Geothermal energy is another option to produce renewable heat in a district heating system. It is possible 

to extract hot water at a temperature as high as 70°C captured underground two kilometres under the 

surface in the geological layer “Dogger” (depth of this layer under Paris). Two wells are necessary as it can 

be seen on the graph below: one for draining the geothermal fluid at the surface where the heat will be 

transferred through a heat exchanger to the district heating system, and one to inject the cooled 

geothermal fluid back into the geological layer. The wells are separated by at least one km in the Dogger 

not to pump back again the cold fluid (ENGIE, 2019).  
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Figure 4 : Geothermal energy facility for district heating systems (ENGIE, 2019) 

The next figure shows the huge potential of geothermal energy in France. The majority of this potential is 

fortunately located around Paris and its suburbs. This area with a high density of population is a blessing 

for the development of district heating networks, gathering a high number of consumers, ensuring the 

profitability of the facility needing huge investment costs. (ADEME, 2019) 

Figure 5 :  Geothermal potential in France, highest potential in blue (Bugarel, 2011) 

1.1.3.6 Heat Pump 

Heats pumps can be used on a district heating systems, especially when the temperature of a source of 

heat is not high enough. Indeed, it is possible to use a heat pump to heat it up in the condenser at the 

temperature of the network and cool down water or another fluid in the evaporator. For example, they 
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can be used in a geothermal facility if the extracted water from the ground is not warm enough or in a 

facility recovering heat from the sewage collecting fluids at a temperature around 30°C (Xiaofeng Guo, 

2017).  

 

1.1.4 Complementary Heat Demands 
 

One key point to understand the advantage of district heating systems compared to building specific 

heating system is the fact that heat demands can be complementary. Indeed, when different categories of 

heat consumers are connected to the same DHN, their heating demands can be complementary which 

allows the optimization of the design of the production facilities, erasing the production peaks. 

 

Figure 6 : Simplified heat demand profiles for a working place (left), a residential building (centre) and a DHN 
combining both (right) 

On the left, a simplified heat demand profile of a working place can be seen. The demand is concentrated 

during the working hours and the peak happens at mid-day. On the middle, the typical heat demand of a 

residential building shows that most of the heat must be delivered in the morning and in the evening, 

when people are not working. Finally, on the right, the addition of these two demands can be seen.  

If these two buildings were connected to the same district heating networks, only one production facility 

working at almost full load would be needed (increasing the efficiency of the installation and avoiding 

using expensive production facilities to sustain the peak demands as gas or fuel boilers). Moreover, this 

installation does not need to be designed to provide the addition of the two maximum powers required by 

both buildings since the peak demands don’t occur at the same time, decreasing the cost of the whole 

installation.  

 

1.1.5 Flexibility  

 

Flexibility of the DHN is also a reason why these infrastructures are gaining ground. Since the production 

of heat can be ensured by several types of heating plants using several primary energy sources, the 

flexibility of changing energy source is interesting for politics who could want, for a reason or for another, 

to invest on a new source of energy or to eliminate completely another one, fossil fuels for example. It is 

then easier to manage the energy policy of a territory and have a social impact (Rezaie, 2012). 

. 

1.1.6 Atmospheric Emissions 
 

Another major advantage of district heating is the reduction of the amount of CO2 associated with the 

production of heat compared to individual heating systems. Since the source of production is centralized 

with district heating system, and therefore has to produce large quantities of energy, it is possible to design 

and build more efficient facilities. The table below compares the CO2 emission of district heating 

production facilities with the ones used for building specific heating (Euroheat, 2016) 
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Figure 7 : CO2 emissions of different heating systems (Euroheat, 2016) 

These amounts of emission are based on the most efficient systems. In reality, the value of the CO2 

emissions are often higher for most of the existing district heating networks since their installations have 

been built with previous technologies; but it can’t be denied that the centralization of the heat production 

facilities reduces significantly the amount of CO2 emission (Bowitz, 2010). This CO2 saving potential is 

one of the reasons that explains why district heating systems are gaining ground all around the world. 

However, NOx could be an issue with DHN. Indeed, large facilities productions in the urban area can 

have an impact in urban areas if no proper treatment systems have been designed (Genon, 2009); another 

incentive to upgrade the old facilities which have not that kind a treatment unit. 

1.2 District Heating Networks in the World and in Europe 

Nowadays, district heating systems can be found all around the world. The number of district heating 

systems in the world can be estimated to 80000 (6000 of them are located in Europe). (S.Frederiksen, 

2013) 

As it can be seen from figure 8, the three major users are China, Russia and the European Union, 

responsible for 85 % of the total deliveries (Sven, 2017). These numbers come from the IEA energy 

balance (IEA, 2017) and do not take into account all the district heating systems piloted by end users such 

as universities, hospital or military group which is often the case in USA (Sven, 2017). 

According to (S.Frederiksen, 2013), 11,5 EJ of heat have been produced in the world by district heating 

districts. 

Figure 8 : Heat deliveries in various regions and countries during 2014 depending on user categories (Sven, 2017) 
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However, Europe does not have the same energy mix than the rest of the world. Europe has indeed a 

high share of heat produced by CHP plant (72%) and from renewable source (27%). In comparison, in 

the world, the share of heat produced by CHP plant is only of 56 % and 9% from renewable energy 

sources. These low figures can be explained by Russia and China producing only 50 % of their heat with 

CHP plants and decreasing the world statistics (Sven, 2017). Moreover, China’s commitment to coal and 

Russia to natural gas increase considerably the share of fossil fuel in the global energy mix, contrary to 

Europe, boosting the utilization of biomass in CHP plants and in biomass power plants. 

Figure 9 : Heat supplied into all district heating system in the world from 1990to 2014 (Sven, 2017) 

Figure 10 : Heat supplied into all district heating systems in the European Union from 1990 to 2014 (Sven, 2017) 

It can be observed than the share of fuel is decreasing in Europe but not in the world while the amount of 

heat supplied into district heating stay constant the past few years. Most of the countries did the choice 

after the 1st oil crisis of 1973 to substitute this energy source whose price was instable and high. Some 

countries decided as Nordic countries (Iceland, Sweden and Norway) to keep switching their energy 

sources towards renewable energy whereas other such as China or Russia kept cashing on cheap and local 

fossil fuel energies. These behaviours explain the evolution of the emission of CO2 both in Europe and in 
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the world, as it can be seen below; the gram of fossil carbon dioxide emissions per MJ of heat delivered 

stay constant in the world while it is decreasing in Europe.   

Figure 11 : Gram of fossil carbon dioxide emissions per MJ heat delivered (Sven, 2017) 

Figure 12 : Gram of fossil carbon dioxide emissions per MJ heat delivered in function of Heat recycling and non-fossil 
proportion for different countries and regions (Sven, 2017) 

The ideal position with high heat recycling and non-fossil fuel utilization, and therefore associated with 
low CO2 emissions, detained by the Nordic countries (no emissions for Iceland with its geothermal energy 
exploitation) is an example for the rest of Europe and the world. Nowhere else the potential of such low 
carbon dioxide emissions have been achieved which keeps showing the possible improvements for 
existing and future district heating networks in the rest of the world. 

1.3 District Heating Networks in Sweden 

As it has been explained, Sweden is one of the countries having the greenest district heating networks. 

This situation is the results of several decades of political choices which started in the 1940’s. 
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The first Swedish district heating system, a CHP plant associated with an industrial facility, has been built 
in Karlstad in 1948. (Werner, 2017) Nowadays, every major city has its own heating district network. In 
total, around 500 district heating networks can be found in the country. Several factors explain this 
increase from the 1950’s. The political interest in CHP as an alternative to buy electricity from the major 
power suppliers has been the first one. Then, the million homes program (1965-1974) and the creation of 
one million of new apartments and houses boosted the number of connection to district heating networks 
and the sale of heat (Werner, 2017). The international oil crisis in the 70’s has been a new incentive and 
led to the creation of a governmental oil substitution program, promoting district heating system in all 
Sweden (Werner, 2017). Since then, this position has been reinforced with the political objective to have 
no net GHG emissions by 2050 or stop using fossil fuel in Stockholm by 2040 or in any of its district 
heating networks by 2020 (Swedish_Government, 2009). 
The results of such policies led to a drastic decrease of the CO2 emission per kWh delivered due to the 

augmentation of the share of biomass in the energy mix as it can be seen below. 

Figure 13 : Fuel use for district heating in Sweden from 1980 to 2015 (Stockholm Data Parks, 2017) 

1.4 District Heating and Cooling Networks in France 

Nowadays, there are more than 750 district heating networks and 23 cooling networks in France 

(FEDENE, 2019). In total, 25 TWh of heat and 1 TWh of cold are delivered each year, mainly to 

residential and tertiary sector (FEDENE, 2019). 



-16-

Figure 14 : Maps of District Heating Networks (left) and Cooling Networks (right) in France in 2016 (SNCU, 2016) 

1.4.1 District Heating Networks 

The first French district heating network was built in Chaudes-Aigues (which can be translated in “hot 

waters” in old french) in the XIVth century (LEDU, 2010). It used, and is still using, the heat of the hottest 

thermal source in Europe (the Par source) which provides natural water at 82 °C. Chaudes-Aigues became 

the first village to have a district heating system by geothermal energy in the world (it used wooden pipes 

to bring water into the habitations). 

In 2019, industry and residential sectors are the main consumer of the distributed heat. 

Figure 15 : Proportion of heat delivered per sector (FEDENE, 2019) 

According to the FEDENE, the energy mix of the DHN in France was around 56 % renewable and 

produced only 0,116 kg CO2 /kWh in 2017 (it was around 0,21 kg CO2 /kWh in 2005 as it can been seen 

on the graph below). 
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Figure 16 : CO2 emission evolution of French District Heating System from 2005 to 2017 (FEDENE, 2019) 

Figure 17 : Average CO2 emission per source of energy in France in 2017 (FEDENE, 2019) 

This decrease of CO2 emission can be explained by the augmentation of the share of renewable energy in 

the primary energy mix. Indeed, for the same amount of energy delivered to the consumers, a biomass 

power plant produces 30 times less CO2 than a coal power plant. Thus, district heating systems in France 

emit 36% less than electricity (taking into account the specific French electricity mix), 50 % less than 

natural gas and 61 % less than domestic heating oil (FEDENE, 2019). 

Until 2014, the district heating network market share was quite stable as it can be seen in figure 19. 
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Figure 18 : Quantity of energy produced by district heating networks in France (from fossil energy in grey, from 
renewable energy in green and compared with the severity of the climate in yellow) (French_energy_ministry, 2016) 

 

Since the Energy Transition Law, voted in 2015 with the Paris Agreement (French_government, 2015), 

there is a strong objective to boost this sector to decrease the CO2 emissions and keep greening the 

average primary energy mix. The target is to multiply by 2,6 the quantity of energy delivered by heating 

district networks by 2030 (ADEME, 2019).  

An economic incentive, the “Fonds Chaleur”(heat fund), allotted of 250 million euro per year (ADEME, 

2019), has been created in 2009. It ensures the profitability to “green” the existing networks and the ones 

in development, making renewable heat production competitive with installations using fossil fuels. 

Moreover, another economic incentive to realise energy savings, including through DHN, is the energy 

saving certificates (CEE), i.e. white certificates. The major energy producers in France have to pay for 

these certificates every 3 years if they don’t have succeeded to save enough energy during that lap of time. 

Connecting buildings to a district heating network producing most of its heat from renewable energy is an 

action energy producer can do to get these certificates. (French_government, 2019) 

 

Moreover, the French government decided to tax carbonic emission at €56 per tonne by 2020 and at €100 

by 2023 (French_government, 2015). This new tax is expected to boost the swish from fossil energy 

towards renewable energy. 

 

 

Figure 19 : Primary Energy Mix of French district Network in 2017 (FEDENE, 2019) 
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In 2017, the primary energy mix was constituted of 56 % of green energy (mainly from domestic waste 

and biomass) and keeps increasing through the years. 

A fierce competition is now occurring between the main French energy actors (ENGIE, EDF, Coriance 

and IDEX) to win public contracts and build or extend district heating networks in all the major cities 

eager to increase their share of renewable energy in their energy mix.  

 

1.4.2 District Cooling Networks 

 

Compared to the district heating networks, cooling networks are far less common. There is 25 times less 

energy sold through cooling networks than through heating networks and most of these energy is sold to 

the tertiary sector (ADEME, 2019). Indeed, contrary to heat which is seen as a necessity especially during 

the winter season, a cool ambient temperature is seen as a luxury for the residential sector which can bear 

additional degrees during the summer season. A cooling network is very similar to a heat network except 

that heat is taken away from the consumer, and dissipated in the production facilities.  Most of these 

networks are working with water refrigeration units as it can be seen below. 

 

Figure 20 : Technology mix for cold production in district cooling networks in France in 2017 (FEDENE, 2019) 

  

Figure 21 : Proportion of cold delivered per sector in France in 2017 (FEDENE, 2019) 

Technology Mix 

Proportion of cold 

delivered per sector 

in France 
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SNCU estimates than an additional 6 TWh of cold will be needed by 2030 to keep up with the growing 

demand (SNCU, 2019).  In opposition with individual cooling systems, cooling networks are gaining 

ground since it can prevent the apparition of heat islands in city centres with the multiplication of 

individual heat pumps rejected their heat outside the buildings (it can increase the ambient air temperature 

of a few degrees). 

All the major energy actors have the ambition to expand their market share in that sector which is still at 

its beginning phase. 
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2 Design Phase 
 

2.1 Objectives 
 

2.1.1 Tenders for Public Service  
 

In France, the municipalities are in charge and responsible for the creation and the exploitation of the 

district heating networks on their ground. Most of the time, this responsibility is transferred to a public 

body in charge of several cities (agglomeration of municipalities). The public body has the obligation since 

the transition energy law to increase the share of consumed renewable energy. As it has been seen before, 

district heating networks are a great opportunity to do so. However, the public bodies don’t have the 

technical knowledge nor the expertise to create and exploit such infrastructures. Thus, calls for tenders are 

issued in order to find the best options among the propositions of all the major energy producers. For 

each call for tenders, the four same companies are responding: 

- ENGIE (formerly GDF (“Gaz De France”) which was the national company in charge of the gas 

distribution) (ENGIE_Réseaux, 2019) 

- EDF (“Electricité De France”), historically the national company in charge of the electricity 

production and distribution but which is now developing its activities in all major energy fields, as 

ENGIE (DALKIA, 2019) 

- Coriance, company created in 1998 by GDF, specialized in that field (Coriance, 2019) 

- IDEX, created in 1963 and covering the major energy sectors (IDEX, 2019) 

 

Therefore, ENGIE is submitting tenders for different projects at the same time and needs to perform 

energy studies to design properly the district heating networks proposed to the public bodies. 

 

2.1.2 Degree Days 
 

In the calls for tenders, the public body often impose a certain amount of Degree-Days to reach during a 

year.  

 This notion quantifies the need of heat of a building accordingly to the equation: 

 

    
             

  

    

    
  with Tref > Tout                  Equation 1 

 

DD are calculated for a specific reference temperature Tref, designated as the temperature we want to 

maintain in the building. This temperature is often equal to 18 °C. Then, annual Degree-Days are 

calculated adding for each hour of the year the difference between Tref and Tout (outside temperature) 

when it’s positive (so, only when it’s colder outside than inside) and dividing by 24 (number of hours in a 

day, converting Degree-Hours into Degree-Days). 

This notion is the base of the design of district heating networks; it permits to quantify how much energy 

needs to be provided and defines a climatologic reference for the study. The colder a year is (low Tout), the 

more DD you obtain, the warmer a year is (high Tout), the less DD you obtain.  
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The difficulty to create a typical year, corresponding to the same degree days quoted in the call for 

benders, but also being sufficiently constraining (very low temperatures during the cold season) to be sure 

the designed system will be able to provide enough heat to maintain a comfort temperature even in 

extreme conditions, will be developed in chapter 4. As it has been exposed before, heat supply is 

considered as a public service and therefore every precaution must have been taken to be sure not to keep 

up with the consumer demands. 

2.1.3 Price for Consumer 

One other important goal is to propose energy that will be cheap enough for the end consumer. They 

have to be able to buy it and heat their building properly.  

The price (P) of the energy can be decomposed in two terms: 

     P = P1 E + P2 Equation 2

Where: 

- P is the price paid by the client (in  €)

- P1 the part of the price proportional to the consumed energy financing the cost of the fuels (in €

/ MWh)

- E the energy consumed by the client (in MWh)

- P2 the part of the price corresponding to a fixed subscription financing the capital and O&M

costs (in €)

The objective is therefore to be able to propose a total price as low as possible (to be competitive with the 

other tenders) taking into account a political constraint regarding the proportion between P1 E and P2. 

Nowadays, for the sake of energy sobriety and the will to decrease the overall energy consumption, it is 

well perceived to propose a price as proportional as possible with the quantity of consumed energy (low 

P2). A high P2 would be seen as an incentive to consume more energy since the client would not see the 

impact of its over-consumption on its energy bill. 

2.1.4 Renewable Energy 

Another major objective to have in mind while designing a DHN, is the energy mix. All the public bodies 

have to increase their share of renewable energy in their energy mix and want to be guaranteed to have a 

DHN with a subsequent share of renewable heat each year.  

Moreover, the French government, as a incentive to produce and delivered more renewable energy, 

decided to decrease the VAT (Value Added Tax) to 5,5 % instead of 20 % on the energy bill if at least 

50% of the energy produced on the district heating network was produced from renewable sources. 

Thus, a district network with a share of renewable energy less than 50 % is really not likely to be chosen 

by any public body. The objective is to design a system maintaining this share at any reasonable 

circumstances.  

2.1.5 Safety 

Last but not least, when it comes to energy production and distribution, safety is always an issue to take 

into consideration. Since hot pipes will cover significant parts of the cities, ENGIE has to be sure that no 

life is at risk and that the production and distribution of the energy is under control. 
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2.2 Challenges and Constraints 
 

When it comes to design district heating networks, several points are thus defined as targets (number of 

Degree-Days to achieve, % of renewable energy and an acceptable price for the consumer). However 

several issues can complicate the design work during the energetic study of a project. 

 

2.2.1 Profitability 
 

The main objective of companies submitting tenders is to gain money while providing a public service. 

However, the profitability of a project depends on the accuracy of the estimation of several factors 

impacting the amount and the price of the energy delivered to the consumers. For each one of them, the 

assessment needs to be done thoroughly and should be as precise as possible. 

 

2.2.2 Uncertainties to be Unveiled 
 

2.2.2.1 Climate Change 
 

The first factor to be assessed is the climate change. Indeed, temperatures are getting warmer and the 

number of expected degree-days for a specific city keeps decreasing (as well as the quantity of sold 

energy). For a project, which can be as long as 20 years for the public market, it is necessary to study the 

trend of the temperatures locally and create an appropriate profile of outdoor temperatures. This issue will 

be tackled by a climatology tool that will be developed in chapter 4). 

 

2.2.2.2 Future Consumptions  
 

The future expected consumptions, depends of course on the precedent point, but also on the thermal 

isolation and its evolution in the next few years. This parameter needs to be taken into account not to 

overestimate the projected heat sells. 

 

2.2.2.3 Heat Losses 
 

Two types of heat losses occur in a DHN, the one in the power plant and the one on the network. 

The heat losses occurring in the boilers can be evaluated with the efficiency of the equipment given by the 

manufacturers but the losses all along the network are much more difficult to determine. 

Indeed, since the temperature of the water inside the pipes can go up to 90 °C, thermal losses will occur 

and will depend on the characteristics of the network. The estimation of these losses will be explained in 

chapter 4.    
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Figure 22 Thermal losses occurring in a district heating network (Steer, 2010) 

2.2.2.4 Development 

A district heating network is not a fixed entity. The number of consumers can indeed increase over the 

years. Extensions of the network have to be expected and estimated. Thus, in addition of the consumers 

that will not be connected at day one, but rather one or two years later, the number of new potential 

clients which are not yet known must be estimated to be sure to design a HDN with enough capacity in 

reserve to provide this surplus of energy. 

2.2.2.5 Risks 

Several risks need to be accounted when it comes to district heating networks: 

- Change of the legislation: the legislation is changing constantly when it comes to the big energy

production facilities. Restrictions, new norms, interdictions can be implemented forcing to

upgrade or rehabilitate the existing installations. This legislative instability must be assessed as

precisely as possible.

- Financial risks: Engie is paying for the development of all the infrastructures. This high initial

investment must be paid back during the lifespan of the project.

- Subsidies or public incentives: Subsidies are provided by the state to finance the development of

renewable energy. However, the amount of money or the advantage the state is willing to give

strongly depends on the way the different energies are seen at a given time. For instance, biomass

energy was well perceived a few years again since it permits to decrease considerably the amount

of CO2 emissions, but the perception of this energy could be changed in the next few years if a

focus is made on the amount of fine particles it emits.

2.3 Expected outcome 

In conclusion, the tools that will be used by Engie Réseaux to design district heating networks must take 

into account these objectives and constraints. Chapter 3 and 4 will develop the way the tools estimate or 

take into consideration these targets. 
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3 Methodology 

3.1 Goals 

After a period of restructuration, Engie Réseaux wanted to evaluate and upgrade all the tools used by the 

engineers to design the networks. Indeed, several engineers had developed different tools over the past 

years making the task to understand the model used by another person quite difficult. The objectives of 

this master thesis were to create new standardize tools dedicated to climatology, energy studies and O&M 

costs evaluation, starting from the existing materials. 

Figure 23 : Simplified view of the purpose of each tool and their link 

The climatology tools have for purpose to create the temperature profile that will be used to evaluate the 

modelled district heating network, using actual temperature profiles found online. The Energy tools will 

use that profile in addition of assumption on the production facilities and data on the consumers to 

evaluate the network computing several indicators. Finally the O&M tools will calculate the costs of the 

infrastructures. 

3.2 Methodology 

The first step of this master thesis has been to do a review of all existing tools. Access to all the tools 

developed by engineers was granted. The tools took different paths to model and simulate the behaviour 

of a DHN especially for the energy analysis. After having understood them, it has been possible to 

compare them and determine the useful specificities that could be implemented in the new tools in 

construction. All the decisions have been made during group of work gathering all the people impacted by 

the future tools or involved in their upgrade. This methodology has been used for the six tools delivered 

at the end of the master thesis work. In the next paragraphs, the specification of the methodology adapted 

for each tool will be explained. All the features of the different tools will be seen in chapter 4. 

3.2.1 Climatology Tool 

At the beginning, the climatology tool, used to create a yearly temperature profile for a specific location in 

France didn’t work anymore. A database of outside temperatures existed for different French cities but 

didn’t take into account any year after 2014. The first step to fix and improve that tool was to modify the 

VBA code. Once it had been fixed, the database could finally be updated. 

3.2.2 Energy Study tool 

In order to standardize and upgrade the tools created to do an energy analysis of a DNH through a typical 

year, the first step has been to review all existing tools and understand them. 15 different models had been 

developed by the engineers. Their particularities and their benefits have been described as well as the huge 

differences that could occur in the initial assumptions. Some of them didn’t assume the same temperature 

to achieve for the same heating devices, didn’t assume the same length for the night or didn’t use the same 

characteristics of consumption for the same user. The availability and the efficiency of the same 

production facilities were also different as well as the way the heat losses of the network were calculated 

(Percentage on the produced energy depending, or not, on the month; constant power losses, depending, 
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or not, on the season etc.). This study unveiled the different assumptions made over the years and 

emphasized the need to create a new standardize tool. 

The conclusion of this work has been exposed during a study group gathering all the project engineers and 

started a discussion to decide altogether the features of the new tool. Other study groups have been 

created with the Operational Performance Unit to set up new legitimate values used as assumptions. After 

a few months of implementation, since too much information and options have been incorporated in the 

new tool, it has been decided that divided the tool in two parts would be a better solution to decrease its 

weight. 

3.2.3 O&M Tools 

When it comes to O&M tools, two types of costs have to be taken into account, the minor operational 

costs and the major ones (replacement of equipments). 

For the minor operational costs, an existing tool had to be adapted and improve to evaluate the cost of 

specific energy production facilities (geothermal energy, biomass, heat pumps, etc.). This work has also 

been done during study groups. 

A tool existed to determine the major operational and maintenance costs but the code behind it was not 

available making the results difficult to trust. In addition, the database used in that tool was not containing 

the right equipments which should be considered. The task to create from scratch the new tool had also 

been affected to this master thesis. 
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4 Results 

4.1 Climatology 

Accurate climatology trends at the location a heating networks is designed are the base of any design 

work. The primary objective is to deliver enough heat whatever the time of the year and therefore, a 

simulation of the operation of the production facilities is necessary to be sure every consumer will be 

satisfied. This simulation is requiring a plausible series of temperature values all over the year (8760 in 

total, one for every hour). Engie has access to public data such as the one from “Météo France” gathering 

all the temperature measured in the major cities in France. However, these profiles of temperatures can’t 

be used without any treatment since older profiles are not likely to happen again because of the climate 

change and the increase of temperature. Therefore the historic temperature profiles data have to be 

tampered to fit the design needs.  

A first tool was supposed to download data from internet for a specific city and a specific year but it was 

not functioning. A modification of the VBA code was necessary to make it run again. 

Then, with data of the first tool, a second tool can be used to create an appropriate temperature profile on 

which the district heating network will be tested.  

The specificity of each tool and their structure them will be developed in the next paragraphs. 

4.1.1 Data Extraction Tool 

As it has been written, it is important that the district heating network is tested with a temperature profile 

with plausible and natural variation through the day. Since the variation of temperature can be 

unpredictable and do not follow a simple equation, the best option is to use temperature profiles which 

have already occurred in the studied location. Once the temperature profiles have been extracted with the 

first tools for several past years, the second tool can be used to select the appropriate parts of these 

profiles to create a yearly profile adapted to the need of the project. 

Figure 24 : View of the first tool to extract the temperature profile of a specific location at a specific year 
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This first tool was not functioning since the day the company moved its office, a year ago. During this 

process, ENGIE Réseau changed the way their database was organized, and the VBA code of this tool 

was no more corresponding to this new organization. After the implementation of some modifications, 

the execution of the code became possible and the temperature profiles could again be downloaded from 

internet.  

As it can be observed on figure 25, the utilization of this tool is simple. First, the choice of the city has to 

be made. All the cities in France having a weather station can be chosen. Then, the year in question must 

be selected. 

These two pieces of information unable the code to create the right URL links at which the temperature 

profiles can be downloaded. Each URL link (365 for each location) is pointing at a day profile containing 

24 temperature values. After 365 connections in a row and as many savings of the information, the hourly 

temperature profile can be obtained (figure below). 

 

Figure 25 : Temperature profile (8760 values) for a specific location in France and for a specific year 

Moreover, even if it was not necessary for district heating, the percentage of humidity, the length of the 

day, the precipitation rate and the speed of the wind are also downloaded for each hour. These options 

have been coded since these data could be useful in the future if ENGIE Réseaux decided to design solar 

plants or district cooling networks at the same location.  

Since we have now access to historical variation of temperature at the chosen location, it is time to process 

these data and start building the reference temperature profile. 

4.1.2 Data Processing Tool 

As it has been mentioned in Chapter 2, Engie réseaux has to insure a certain amount of degree-days, 

which is equivalent to a certain amount of heat delivered during a year. In most of the time, this amount is 

imposed by the public body or the city and is the result of the evaluation of the impact of climate change 

at the corresponding location. To evaluate the increase of temperatures over the past few years, 

professionals compares the amount of degree-days of a specific year to an average amount called 

“Trentenaire” in french. The “Trentenaire” computes the monthly average DD at a defined location from 

the data collected over 30 years (usually from 1980 to 2010). Then, for a specific year, the ratio of its 

number of DD over the one of the 30-year reference can be calculated. This ratio is called climatic rigour. 

If it is lower than one, this specific year has been warmer, if it is higher than 1, the year has been colder.  
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4.1.2.1 Degree-Days methods 

There are in fact several ways to compute the degree-days: 

 « Hourly method »

This is the method of Equation 1. It corresponds to the addition of the degree difference between the 

temperature we want to maintain in the building (Tref) and the outdoor temperature (Tout), when the 

outdoor temperature is lower than Tref, with a step of time of an hour. The result is then divided by 24. 

  with Tref > Tout Equation 1 

However, other methods exist to evaluate the number of DD of one year and are very useful when no 

hourly temperature profiles can be found. 

 «  Heating Installer » method

This method is less precise since it only needs the highest (     ) and lowest ( ) temperature of a day. 

This method is used when only this two data are known. The average temperature of the day is then 

computed and an approximation of the number of degree-days of the day is evaluated. 

 Equation 3 

    Equation 4 

 The « Costic » method :

This method is the most precise if we only have access to       and      . It uses a sinusoid approximation 

during the day between        and       to determine the temperature at every time and integrate its 

difference with the temperature of reference. The results of this method, depending on the values of 
and  . 

Cases Equations 

Equation 5

Where: 
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DD is the number of degree days.  

Tref is the reference temperature. 

Tmax  is the maximum outside temperature of the day 

Tmin is the minimum outside temperature of the day 

 

It can be noted that the number of « Costic » degree days is therefore higher than the number of “heating 

installer” degree days is the case where                 . 

4.1.2.2 Creation of the Temperature Profile 

Using the results of the first tool, the amount of degree-days can be computed for each month and each 

year. An example can be found below. The number of monthly degree-days have been computed for 

Agen and the year 2015. 

 

Figure 26 : Calculation of monthly Degree-Days for the year 2015 in Agen with the three methods  

This work can be done for all the years available in the database. Below, you can see the amount of 

degree-days of each month between 2004 and 2018, compared to the one of the 30-year reference, on the 

right. 
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Figure 27 : Monthly Degree Days at a specific location from 2004 to 2018 

The rigour of the climate can be calculated for each year dividing the annual number of degree days of a 

specific year by the annual number of the 30-year reference. This coefficient is computed at the line 22 

“RIGUEUR 81-10”. Then, it is possible to calculate an average climatic rigour (often using only the last 

10 years). This example gives an average coefficient of 0,98 (line “Rigueur moy”). It can be concluded, 

since this value is less than 1 than, on average, temperatures at this location are higher than they used to 

be. Less heat will need to be supply, compared to the situation where only the 30-year reference would be 

studied. 

This corrective coefficient will be used to create the temperature profile to test the design of the district 

heating network. 

 

 

Figure 28 : Creation of the temperature profile 

Indeed, to create the right temperature profile, it is possible to first calculate the monthly number of 

Degree-Days this profile should have. These numbers equal the number of the monthly number of 

Degree-Days of the 30-year reference times the corrective coefficient (0,98) calculated before reflecting 

the temperature raise of the last 10 years. The monthly Degree Days that must be achieved can be seen on 

the second column (“DJU cibles”). Then, for each month, the tool will look for the year approaching the 

best this value. For instance, using the hourly method (“Méthode horaire”) it can be seen that the month 

of January 2012 (363 DD) is the closest from the target (376 DD), then February 2011 (311DD) is the 
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closest from 303 DD, etc. The same work can be done for the other 2 methods. 

At that stage, the tool can be executed to aggregate together the hourly temperature profiles of the 

months/years determined. However, since the constructed year has an annual number of Degree-Days 

different from the target (2085 vs 2058) a corrective coefficient will be apply to the temperature profile to 

gap this difference. 

4.1.2.3 Design Temperature 

One more last modification must be done before using the created temperature profile. Every district 

network in France must be designed to sustain an extreme outside temperature which depends on the 

location. This extreme outside temperature corresponds to the lowest temperature achieved during at least 

5 days at a location, taking into account the meteorological data of the past 30 years. (ENGIE, 2019) 

A map of France can be seen below showing these extreme temperatures. Thus, a district heating 

networks in Paris has to sustain a temperature of -5°C whereas one in Strasbourg (North-East of France) 

has to sustain -15°C. 

To be sure to fulfil this obligation, one needs to tamper if necessary with the previous temperature profile 

and modify a few values to be sure to have that dimensioning temperature tested. 

Figure 29: Extreme designed temperature according to the location in France (Engie_Réseaux, 2019) 

In addition, depending on the altitude of the city which is studied, this extreme temperature should be 

modified accordingly to the table below. 
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Figure 30: Modification to apply to the extreme dimensioning temperature depending on the altitude 
(Engie_Réseaux, 2019) 

4.1.3 Completion of the Database 

The database of around 30 cities in France has been completed. This means that for each of these cities, 

the historical temperature profiles have been updated (from 2009 to 2018) and the typical hourly profile of 

temperature has been created with the second tool in case Engie Réseaux had to design a new district 

heating network in one of these cities. 

4.1.3.1 Outcomes 

The objectives regarding the climatology tools have been achieved. They are both functioning and the data 

base has been updated. However, it is necessary to keep being thorough when doing the climatology 

study. As it has been explained, three methods exist to calculate the number of DD. The more precise one 

is the hourly method but in some cases, the hourly profile may not exist for some days. It is possible to 

use another method instead for missing data, but the mix between two methods of calculation has to be 

limited. Fortunately, in the vast majority of the projects developed such approximation was not necessary. 

4.2  Energy analysis 

Once the standard temperature profile has been set up, it is time to test the several production facilities 

that will be in operation on the network. The purpose of the energy analysis is to know if the system can 

work with all the assumptions made on the production facilities and on the consumer side. Then, it is 

possible to analyse the characteristics of the operation and try to optimise it, increasing the share of 

renewable energy or decreasing the overall fuel consumption. This methodology will be described in the 

next paragraphs. 

As it has been explained in Chapter 3, the most interesting features found in the existing tools have been 

implemented on two tools to avoid having just one too-heavy tool to be used. The first tool computes the 

annual heat demands of the consumers and their evolution in the next years, based on actual date. The 
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second tool computes the amount of energy that needs to be produced hours by hours taking into 

account the temperature profile given following the method previously explained. It also calculates the 

energy produced by each one of the producing facilities hours by hours and the global energy mix as well 

as other indicators that will be developed later. 

4.2.1 Evaluation of the energy to produce 

The first analysis to be done is the determination of the quantity of energy to deliver to the consumers 

hours by hours.  

4.2.1.1 Hot water for heating and sanitary water 

The energy that must be delivered to the consumer can be divided in two categories, the energy needed to 

heat the building and the energy needed to produce hot sanitary water (used to shower, to do the dishes, 

etc.). These two contributions must be evaluated for each consumer, and then sum up to obtain the total 

demand. 

4.2.1.2 Different Profiles of Consumers 

Each consumer has different needs. Whereas a school will need few sanitary water but will require a lot of 

energy to heat up the building, a residential building will have a substantial part of its energy consumption 

dedicated to the production of sanitary water, around 30% (ENGIE_Réseaux, 2019). Moreover, the need 

will differ depending on the time of year. A typical school needs more energy during working hours than 

during the other hours of the day. Its demand is also very low during the holidays.  

The first task is therefore to define the different types of consumers that could be connected on the 

network and use the right assumptions to model their typical demand through the year.  

For each types of consumer, a reduced reference temperature can be set up during the hours a building 

isn’t active to take into account the fact that not as much energy is needed compared to standard hours. 

The different temperatures can be seen in Annex 1.  

4.2.1.2.1 School 

First of all the periods of holidays must be defined and an associated reduced temperature must be set up. 

This reduced temperature is lower than the one set up during the week-end and the night since periods of 

holidays are longer and that taking time at their ends to recover the reference temperature is not an issue, 

as it could be during week-end. 

The sanitary water is consumed mainly from Monday to Friday with no distinction between these days. 

4.2.1.2.2 Old Residential building 

Old residential buildings with a poor thermal insulation can’t sustain a too low reference temperature. 

The sanitary water consumption is higher the weekend and during winter. 
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4.2.1.2.3 New residential building 

New residential buildings with new high standards for thermal insulation are expected to have a lower 

reference temperature. However, since such standards for housing are still in development in France, 

more insight needs to be taken regarding this value.  

Like for old residential buildings, the sanitary water consumption is higher the weekend and during winter. 

4.2.1.2.4 Hospital and clinic 

Hospitals and clinics have very specific constant needs, with a high reference temperature. 

The sanitary water consumption is constant during a week but more energy is needed during winter. 

4.2.1.2.5 Tertiary building 

Tertiary buildings are not in activity the night and the week-end. A reduced reference temperature is set up 

during that time. 

More sanitary water is consumed during the working days and during the cold season. 

4.2.1.2.6 Swimming pool 

A swimming pool needs to have a constant high reference temperature except during the night. A reduced 

reference temperature can then be set up. 

Moreover, sanitary water consumption is constant throughout the year. 

4.2.1.2.7 Other 

It is possible to create a new category in the tool, defining the reference temperature and the reduced 

reference temperatures if needed, with the sanitary water consumption. 

 

4.2.1.3 Set up the Sanitary Water Consumption Proportion 

 

The repartition of sanitary water used in function of the day and in function of the month can be set up in 

the tool (Annex 2). A coefficient lower than one means than the demand is lower compared to the average 

week day or month, if it is higher than one, the demand is higher. 

It is possible to calculate the proportion of the consumption of on specific day compared to the annual 

consumption using the combination of these two graphs:  

 

      
    

       
 

       

  
  

         

                              
       Equation 6 

 

 

Where 

      is the percentage of energy consumed for sanitary water a specific day over the annual consumption 

     is the energy consumed for sanitary water a specific day (in kWh) 

        is the energy consumed annually for sanitary water (in kWh) 

       is the monthly repartition coefficient (Annex 2) 
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 is the weekly repartition coefficient (Annex 2) 

4.2.1.4 Different Heating Devices 

Each building can have, independently of its consumption profile, different heating devices. The 

demanding and returning temperature at the substation depend on the kind of heating device used. Three 

types of heating device can be defined: 

- Older heating devices using water at temperatures around 90°C - 70°C (between inlet and outlet).

This device is characterized as HT, “High Temperature”.

- Heating devices using water at temperatures around 80°C - 65°C (between inlet and outlet). This

device is characterized as MT, “Medium Temperature”.

- New heating devices using water at temperatures around 65°C - 45°C (between inlet and outlet).

This device is characterized as BT, “Basse Temperature” in French, “Low Temperature” in

English.

4.2.1.5 Different Sanitary Water Devices 

Like for the heating devices, the sanitary water can be prepared with different systems: 

- Instantaneous system (this system needs to take at each moment, on the network, the amount of

energy demanded by the consumers)

- System with accumulation: this system has a water tank, which is filled constantly with hot water

whatever the demand is. Then, the right amount of water is sent from the tank to the consumer,

instant after instant.

- Mixed system: this system is an instantaneous system associated with a small tank unit.

- System with partial accumulation: this system is a system with accumulation but with a tank not

big enough to provide the energy needed for an entire day. It is coupled with an instantaneous

system to provide the difference from the heating network.

These four different types of devices have different consumption profiles on the network as it can be seen 

below. 
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Figure 31 : Demand variation for different sanitary hot water production systems 

Figure 33 shows the demand variation through the day for a residential building for these four types of 

devices. With an instantaneous system, the variation is exactly equal to the demand. Three characteristic 

peaks can be seen around 7am, 1 pm and 7pm when people are at home, showering or dinning. With a 

system with accumulation, the demand is stable throughout the day (the energy is not taken directly on the 

network but in the water tank). With a mixed system or with a system with partial accumulation, the 

demand profile is between these two extremes. 

For each hour, the coefficient  is expressed as the proportion of the energy demand during that 

hour over the energy consumed during the whole day. 

4.2.1.6 Prioritization of the sanitary water 

For some consumers, it is possible, when a peak in the sanitary water is achieved, to stop the heating 

devices and focus on the sanitary peak demand. During that time, the building is no more heated but the 

thermal inertia of the building is expected to keep a comfortable temperature during that lap of time. 

When the peak is passed, the heating devices can start again. With that option it is possible to decrease the 

maximum amount of energy that need to be transferred at one moment, which is thus equal to the 

maximum between the demand for heating and sanitary water, instead of potentially the addition. This 

way to operate the system helps to decrease the constraints on the network. 

4.2.1.7 Groups of consumers 

With this information, it is now possible to create groups of consumers defined by a unique combination 

between the types of consumer, the type of heating devices, the type of production system for the sanitary 

water and the possibility or not to prioritize the demand of sanitary water. 
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Figure 32 : Example of a list of group repartition between the consumers in the first tool 

In that example, the consumers are all in the group 15 (G15), with the typology of a school (number 1 in 

the table), with a high temperature heating device, a mixed system for the sanitary water and no 

prioritization of the sanitary water.  

 For all the consumers of this group, the maximum power required for the heating and the sanitary water 

will be computed. 

4.2.1.8 Hourly Repartition and Design Powers 

 

When responding to a call for tenders, the public body gives the last historical annual consumptions of 

heating and sanitary water. With that numbers, it is possible to model the hourly repartition of the powers 

associated accordingly to these equations: 

 

                                   Equation 7 

 

Where: 

          : Power of the demand of sanitary water during a specific hour (in kW) 

        : Annual consumption of energy for the sanitary water (in kWh) 

     : Percentage of energy consumed this day over the annual consumption 

      : Percentage of energy consumed this hour over the daily consumption 
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The heat exchanger dedicated to the sanitary water supply must be designed to sustain the maximum value 

of the power demanded over the year. 

 

Concerning the hourly demand for heating, it is necessary to calculate first the ratio between the annual 

consumption of heat with the annual amount of degree day calculated taking into the specificities of the 

corresponding typology of consumer (with specific reduced temperatures). Then, this ratio will be multiply 

by the amount of Degree-Day that need to be provide during the corresponding hour (also taking into 

account the specificities of the consumer). 

 

          
        

        
           Equation 8 

 

Where: 

         : Power demanded by the building during one hour (MW) 

          : Annual heating need of the building (MWh) 

         : Annual Degree-days of the consumer 

DD: Degree-Days calculated for the corresponding hour 

 

The corresponding heat exchanger must be designed, accordingly to the legislation, as: 

 

         
                           

           
      Equation 9 

 

Where: 

         : Designed power for the heating system (MW) 

          Annual heating need of the building (MWh) 

      Reference temperature inside the building  

            : Designed extreme outside temperature (in °C) 

         : Annual amount of degree-days for the group in question 

This equation means that the system is able to provide the annual consumption at the designed outside 

temperature, which means the heating network is design to work under the coldest climatologic conditions 

over the past 30 years. 

4.2.1.9 Future New Consumers and Saving Energy Policies  

The evaluation of the consumptions must be done over the entire span of the project (20 years most of 

the time). It is therefore necessary to know or to predict how many buildings will be connected on the 

district heating network the first years of the project. A coefficient of reduced consumption can be taken 

into account, year after year, as soon as a building is connected, to estimate the diminution of the heating 
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and sanitary water demand due to energy reduction policies (renovation of buildings with better thermal 

insulation, devices consuming less sanitary water, etc.).   

4.2.2 Results 

Figure 33: Presentation of the results of the first energy tool 

Finally, it is possible to see on the first tool the evolution of the demand all over the span of the project 

and observe the share between the energy needed for heating purposes and sanitary water purposes. 

4.2.3 Thermal Analysis of the District Heating Network 

Now that the heat is known for every hour, assuming the temperature profile delivered by the climatology 

tool, it is possible to know if the network can deliver this amount of heat without any discontinuity. The 

second energy tool created fulfils this target. It also gives other indicators characterising the efficiency and 

the energy mix. 

4.2.3.1 Production Facilities 

The first step is to complete the characteristics of the production facilities that will be connected on the 

network. Below are the list of the possible choice and the information needed to model their behaviour. 

Household Waste 

Energy can be recovered from a household waste incinerator. An incinerator can be composed of several 

boiler lines of different nominal power. The number of lines and the power associated must be filled. The 

temperature and the mass flow of the water the infrastructure can deliver must also be defined. One other 

important value is the minimum technical power the boilers can deliver. Below that value, the installation 

cannot work or produce any energy. Finally, the availability of the facilities must be defined. It depends on 

the mandatory controls that must be done regularly which prevent the installation to run. The figure in 

Annex 3 shows how this availability can be summarized and entered in the tool.  

Geothermal energy 

Geothermal energy is more and more used on district heating networks. Several parameters need to be 

entered to study this possibility. The expected mass flow of hot water coming from the ground and its 

estimated temperature, the temperature at which the fluid can be sent back under the ground, the 

minimum technical power and its availability (mandatory controls can be periodically defined).   
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If the water extracted from the ground is not warm enough, it is possible to use a heat pump in addition 

of the geothermal facility to heat up the water sent to the district network in the condenser and cool down 

the fluid coming back from the network in the evaporator. The efficiency of the thermodynamic cycle, the 

nominal power and the maximal temperature of the water after the heat pump must be filled. 

Heat recuperation 

In some cases, another source of recuperation can be available, sewage for instance. It is possible to define 

that source with the temperature and the mass flow of hot water it can produce. As the geothermal 

facility, there is the possibility to associate a heat pump to increase the temperature of the water. In that 

case, the same parameters need to be written. 

Biomass 

A biomass plant is very common on district heating networks. Several parameters need to be known to 

model its operation. The numbers of boilers, their nominal and minimum technical powers need to be 

defined. The technical stops due to the mandatory controls must be entered. The nominal and part load 

efficiency can be defined to know exactly whatever the power demanded, what will be the biomass 

consumption. Moreover, a storage unit can be designed to store the quantity of biomass fuel necessary to 

the production of hot water during at least 3 days (in the case the trucks couldn’t drive on the road during 

winter and deliver the biomass in time). 

Gas/Biogas 

To model a gas plant, the nominal and minimum technical power must be filled as well as the number of 

boilers. The efficiency must also be entered. 

Recuperator 

A recuperator can be installed and modelled on the stacks of the biomass or gas installation to recover the 

heat of the fumes (in particular the latent heat of the condensed water). This energy will be transferred to 

the return of the district heating, and, depending on the return temperature and on the humidity 

percentage as well as the temperature of the fumes, the amount of transferred energy will be known. The 

electrical consumption of the condenser can also be calculated. 

CHP 

A CHP can be using a gas turbine or a gas engine, for each of these possibilities, the electrical and thermal 

nominal power and minimum technical power must be filled as well as the self-consumed electrical power. 

The thermal and electrical losses must also be known. 

The technical stops must be defined. 

Oil 

For oil boilers, only the number on boilers, their nominal value and their efficiency must be known. 

Coal 

Coal boilers have the same information to be entered that the biomass installation. Nowadays, all the coal 

installations are expected to be turned into biomass plant to increase the share of renewable energy. 

Importation 

If another district heating network is close to the one in development, exchanges of heat can be planned 

and are seen as importation and exportation. To characterise the exchange of heat, the nominal power of 

the heat exchanger between the two networks its efficiency and the pinch point of the exchanger must be 

known. 
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4.2.3.2 Merit order of the Production Facilities 

When a certain quantity of energy has to be produced, one must choose between several production 

facilities to produce this energy. This choice is not random and depends on the target we want to achieve. 

A few decades ago, the choice would have been to select the production facilities with the lowest 

operating cost. Nowadays, the focus is made on the production of renewable energy. Therefore, all the 

facilities producing heat from renewable have a low merit order whereas the fossil fuel facilities are only 

used occasionally for the peak demand or during rough climatic conditions. 

The merit order associated with each production facility is: 

1) CHP

2) Household Waste

3) Geothermal Energy

4) Recuperation Energy

5) Biomass

6) Biogas

7) Gas

8) Heating Oil

9) Coal

Indeed, since a CHP plant is expected to produce electricity most of the time, the heat produced during 

that process has to be used in priority. The same logic is applied for household waste, since waste will be 

burn in any case, it is worth collecting the produced heat the more often as possible. Geothermal facilities 

are complex to operate and don’t allow a modification of their geothermal mass flow. It is why these 

facilities need to produce heat for the base load and run the maximum hours per year as possible, paying 

back their high investments costs. The others renewable heat production facilities are following these 

three, the biomass preceding the biogas since it has more operational constraints and is less flexible. 

The highest merit orders are affected to fossil fuels to decrease as much as possible their utilisation and 

restraining their utilization to only situations where no other option is possible.  

4.2.3.3 Heat Losses on the Network 

One crucial quantity needs to be estimate: the heat losses. At each moment, thermal losses are happening 

all along the network because of the temperature difference between the hot water inside the pipe and the 

ground. Pipes are of course manufactured with a layer of insulated materials but substantial losses are still 

happening. A calculation is made knowing the geometry of the pipes and the temperatures of the hot 

water and the ground. 

Figure 34: Scheme of an insulated pipe 
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The power of the thermal losses is: 

P = 2       
                  

                
       Equation 10 

Where: 

  is the thermal conductivity of the insulated material (in W/(m.K)) 

L is the length of the pipe (in m) 

       is the temperature of the hot water inside the pipe (°C) 

        is the temperature of the ground outside the pipe (°C) 

     is the external radius of the pipe (in m) 

     is the internal radius of the insulated material (in m) 

 

However, it is complicated to know in advance the temperature of the water (especially in the return 

pipes, after the consumers) as well as the constancy of the thermal conductivity of the insulated material 

with time.  

 

4.2.3.4 Hot Water Losses 

Leakages are common on a district heating network. They have to be detected as fast as possible and fixed 

quickly. However, these tasks can be more or less complicated to achieve depending on the network in 

question (size, density of consumers, etc.). The volume of water lost each year is thus very complicated to 

estimate. To evaluate the quantity of the water losses for the network in development, the choice has been 

made to look at similar networks in operation at Engie Réseaux and take into account an equivalent 

volume of losses. With this average volume of water losses, the price of the replacing water will be 

counted as well as the surplus of energy that needs to be produced to heat up this new cold water to the 

temperature of the network.  

4.2.3.5 Calculation with the Expected Demand 

Once all these information have been entered in the tool, it is now possible to know the hours of 

production of all the facilities to produce enough heat to keep up with the heat demand determinate with 

the previous tool assuming the standard outside temperature profile given by the climatologic tool. All 

major parameters have been taken into account, the technical characteristics of the installations, the 

availability of the facilities, the heat losses of the networks and the water losses due to leakage. 

4.2.4 Yearly Production 

The yearly production of all the facilities can now be obtained. Below, the actual simulation of a network 

in a French city can be seen. On this network, one CHP Plant, three biomass boilers and one natural gas 

boiler were connected. As it has been explained, the CHP plant has a lower merit order than the biomass 

boilers and the gas boiler is only used if no other option is possible. 
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Figure 35: Simulated yearly production on a network in France 

At first glance, it can be seen that the production of heat during summer is very low compared to the 

production of heat during winter. Since only sanitary water is consumed during these months (no heating 

need) this low production can be understood. The CHP plant is functioning from November to March 

and is stopped for maintenance purposes during summer time, when the demand is the lowest. Only the 

first biomass boiler is operating all the year, at the exception of several couples of days to ensure the 

technical maintenance. The two other ones are functioning from October to May when the demand is 

higher. When the production does not achieve the demand, the gas boiler is used to produce the 

complement. It can be seen than thanks to the merit order, the utilization of renewable energy can be 

enhance, using the fossil fuel facilities only when no other option is possible.   

 

The tool can also give us the graph of the yearly production hour by hour but rearranged from the highest 

to the lowest power. An example on another French city can be observed below. On this network, a 

household waste incinerator, three biomass boilers and a gas boiler are connected. This way of showing 

the result of the yearly production is very interesting to see quickly the priority accorded to the different 

production facilities and have a first idea of the renewable energy mix. The household waste has indeed 

the lowest merit order since it is at the bottom of the graph, followed by the biomass boilers, on top of it. 

The gas is only used to reach the highest demands of heat over the year, but still half of the time, as it can 

be observed. 
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Figure 36: Rearranged yearly production from the highest production to the lowest 

4.2.5 Synthesis 

Finally, different indicators are computed in a synthesis by the tool to analyse the performances of the 

network each year for the next 30 years: 

- The demand for sanitary water and heating

- The efficiency of the network (depending on the thermal losses, the water losses and the

production facilities)

- The monthly production of the production facilities

- The electric consumption of all the production facilities

- The CO2 emissions

- The annual renewable energy mix

- The monthly consumption of primary energy

- The maximum power demanded

These indicators will help the project leader to assess the district heating network and decide to modify 

the production facilities or not.  

4.2.6 Outcomes 

The objectives of the work on the energy tools have been achieved. The total amount of heat produced by 

any production means can be determined as well as the global share of renewable energy taking into 

account the standard temperature profile given by the climatology tools. However, the value of the 

different parameters and the approximation made during the process of modelling must be kept in mind. 

Some revaluations in the assumptions could be done, this is why it is important for this tool to be tested 

with previous studies made by ENGIE Réseaux or on existing networks to be sure the systems are 

modelled properly. 
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4.3 O&M analysis 

Once the energy analysis of the district heating network has been made, the last analysis to be done is the 

economical one. Two tools have been designed to evaluate the cost of the network over its lifespan. 

The first one is evaluating the minor O&M expenses linked to the production of energy, the second one is 

referencing all the major costs of the big infrastructures. 

4.3.1 Minor O&M Costs 

The first tool that has been developed to evaluate all the different minor O&M costs takes into account 

two categories. The first one is the employee cost, accounting for the charge of the technicians working in 

the different production facilities and maintaining the performance of the network, looking for leaks and 

repairing it. The second one is the other costs which will be developed below. 

4.3.1.1 Employee Cost 

The cost of the employees is firstly determined in function of the production facilities. The number of 

employees varies a lot depending if the infrastructure can be operated easily and if a lot of work is 

necessary to manage the fuel (in a biomass plant, delivery trucks can come every 45 min to bring a new 

biomass stock). To determine the total number of technicians for all the production centres of the 

network, one must fill in the tool the three sheets dedicated to the geothermal energy, the heat pumps and 

the biomass facilities.  

In addition to the number of technicians working in the production facilities, several one will have to look 

after the substations and the pipes. This number is determined in function of the type of fluid (HT or LT, 

pressurised or not) and the number of substations 

Once these two parts have been completed, the total cost can be estimated with a standard ratio in €/hour 

corresponding to the cost of the salary of the technicians paid by Engie Réseaux. This cost is evaluated for 

each year of the project. It is also possible in the tool to take into account the cost of more expensive and 

specific labour force (manager, director, etc.) 

4.3.1.2 Other Costs 

In addition of the employee costs, other costs need to be evaluated or calculated: 

- Subcontractors: chimneys sweeping, security, up keeping of green areas

- Maintenance of boilers

- Sanitary water measures and treatment if necessary

- Cost of water for the new pipes (initial cost and treatment cost)

- Software subscription (to operate the network, to collect and manage the data)

- Sites maintenances

- Technician tools

- Professional Smartphone and subscription

- Insurances

- Vehicle rentals

- Communication budget

- Taxes

The first tool is gathering all these expenses and calculates the annual minor O&M cost of the network. 
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4.3.2 Major O&M Costs 

The second tool evaluates the major O&M costs linked to the infrastructures (pipes or equipment 

replacement).  

These costs are evaluated for three main categories which can be seen below: 

- For the substations in green 

- For the Network in blue (“Réseau” in French) 

- For the production facilities in orange (“Chaufferies” in French) 

 

Figure 37: The three categories taken into account by the tool 

For each of these categories, the cost of the maintenance and the replacement of all the equipments will 

be assessed. The annual cost of the maintenance of a piece of equipment is defined as a percentage of its 

price. For each piece of equipment, a lifespan is defined and corresponds to the number of years this piece 

of equipment is expected to be operational. After that lifetime expectancy, the equipment is expected to 

be replaced and a new one is bought. 

The tool has three databases, one for each category. In these databases, the cost of the equipments must 

be filled as well as the year of the last update. It is then possible to estimate the actualised price of the 

piece of equipment with a coefficient of inflation. 

Example:  

The price of a piece of equipment in 2019 which has been updated in 2016 is:  

                                                       Equation 11 

 

 

4.3.2.1 Substations 

 A thorough detail of the existing equipments present in the substations must be done. One should also 

take into account the substation that will be built all along the lifetime of the project.  

In the majority of the situation, the equipment present in a substation is: 

- Heat exchangers 

- Pipes with insulated protections 

- A circulating pump  

- Calorimeter 

- Temperatures and pressure regulation system 

- Filters 

- Valves 

An example of substation can be seen below, but many other configurations exist. 
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Figure 38 : Example of a configuration of substation (ADEME, 2019) 

A view of the database can be seen in Annex 4. For the SST in development and not yet in operation, the 

tool can automatically compute the power needed for a selected consumer and select the right diameter 

for the pipes of the heat exchanger providing the sanitary water and the heat exchanger alimenting the 

heating systems. 

Indeed, knowing the power the system has to produce, the tool can calculate the mass flow associated 

assuming the temperature difference between the inlet and outlet of the heat exchanger according to the 

equation: 

     Equation 12 

Where: 

P is the power the heat exchanger needs to provide (in kW) 

m the mass flow of the hot water 

 is the specific heat capacity of  the water (in kJ/kg/K) 

 is the temperature difference between the inlet and the outlet of the heat exchanger 

Once the mass flow is known, the diameter of the pipe can be determined assuming the maximum 

velocity permitted in the different pipes to not have too important losses (Annex 5) 

When the list of all the equipment present (or which will be present) on the network have been done, one 

only need to complete the year of installation of this equipment (Annex 6) 

The tool can then compute the maintenance cost and replacement cost over the years collecting the 

information in the database (lifespan of the equipment, cost of the yearly maintenance and cost of the 

replacement). Theses information can be different depending on the diameter of the material. 

4.3.2.2 Network 

For the network, different categories need to be taken into account: 

- For the existing network at the beginning of the project (if there is one), the cost of maintaining the

portion of the network that won’t be replaced the first years of the project
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- The O&M cost linked to the proportions of the existing network (if there is one) that will be replaced in

priority the first years of the project (because of a high deterioration of the pipes)

- The O&M costs of the extensions of the network

It can be seen below the way it is possible to affect the priority replacement the first five years of the 

project (from 2019 to 2023) to specific diameters of pipes (all quantities in the table are in meter). On that 

example, 50 meters of 100 mm diameter pipes will be changed in 2019 and 2020 on the initial 200 meters. 

100 m of the 200 mm diameter pipes will be changed in 2019. A maintenance cost and a replacement cost 

will be counted for these portions. 500 m (400 + 100) of pipes won’t be considered as priority 

replacement. Each year, a specific maintenance cost will be accounted for maintaining these old sections 

in activity. 

Figure 39: Table to assess the portions of the existing network that need to be replaced 

On the next figure, it can be seen how the extensions are entered in the tool. 100 m of pipes 100 will be 

added in 2019 and 2020, 50 m of pipes 200 in 2019 and 500 m of pipes 300 in 2019. A maintenance cost 

and a replacement cost will be calculated for these sections. 

Figure 40: Table to define the extensions of the network 

These tables were specific for low pressure network (“Réseau BP” in French) and similar graphs exists for 

high pressure networks (“Réseau HP” in French).  
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Once these tables have been completed, the tool gathers all the information on a sheet (Annex 7) and 

needs to know some precision about the location of the pipes (under a road, under a sidewalk or under 

earth) and if the pipes are surrounted by a protecting cavitity. These information affect significantly the 

O&M costs and are necessary to find the coresponding data in the database. 

All the O&M costs of the network can now be calculated. 

4.3.2.3 Production Facilities 

The same principle to estimate the major O&M costs for the production facilities is applied. For each 

piece of equipment, a yearly maintenance cost and a replacement cost will be affected. It is possible from 

the database gathering all the different equipment that could be used in a production facility to select the 

ones present on the network. The tool will then calculate the costs associated. 

4.3.3 Managing the Results 

The results are displayed on three graphs: 

- Cost of the maintenance over 20 years  

- Cost of the replacement of the equipment over 20 years 

- The addition of these two costs 

The identification of the costs can be seen on the graphs to evaluate the proportion of the three categories 

in the total costs. 

 

Figure 41: Cost of the maintenance over 20 years 
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Figure 42: Cost of the replacement of the equipment over 20 years 

Figure 43: Total O&M costs over 20 years 

4.3.4 Outcomes 

Once this two O&M tools have been computed, all major analysis on the technical part have been done. 

The next step will be to proceed to a financial analysis to determine the best way the network can be 

financed. The objectives have been fulfilled, but a deep review of the databases must be done to be sure to 

use the right price for the right equipment. Moreover, it can be noted that the section regarding the O&M 

costs of the production facilities will be developed and maybe restructured in the next months at the 

occasion of study groups. 
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5 Conclusion 

As it has been developed, district heating networks are an amazing opportunity to increase the share of 

renewable energy in the primary energy mix of all countries. It is also an environmental leverage to reduce 

consequently the amount of CO2 produced each year by the building specific heat production facilities. 

Moreover, its social and political aspects regarding the nature of the energy mix can have a huge impact on 

our lives. However, the design of a district network is not as easy since it has to take into account all the 

consumers and the production centres. The certainty of being able to produce enough heat to compensate 

for very low outdoor temperature is also a critical point. 

ENGIE Réseaux is now in possession of standardise tools dedicated to these purposes. After a deep 

analysis of pre-existing work and computation methods, the creation of new climatology, energy and 

economic tools has been possible. 

Two climatology tools can now download historical temperature data from any major city in France and 

compute a yearly profile of temperature taking into account the increase of temperatures due to climate 

change.  

This standard temperature profile is the cornerstone of the energy analysis which follows. Associated with 

the result of a tool computing the annual heat demand of the consumers on the network over the lifespan 

of a project, the heat power of the demand, hour by hour, can be assessed thoroughly, after the study of 

the consumption characteristics of all the end-users. 

Then, after having characterised the production facilities connected to the network, the power produced 

by each one, hours by hours, is determined. Indicators such as the share of renewable energy in the annual 

energy mix or the total amount of fuel consumed are calculated to assess the network and to reconsider 

the production facilities associated if needed. 

After this energy analysis, an O&M analysis is done by the last tools developed. The first one can assess 

the amount of various costs such as the labour cost. The second computes all the infrastructure costs due 

to their maintenance or their replacement. All the technical equipment needed in the substations and the 

production facilities can be detailed and their corresponding O&M cost is computed. The cost of 

monitoring and replacing some parts of the network is also evaluated. 

These different evaluations will enable Engie to take the best decisions as possible regarding the creation 

and the exploitation of the future networks. The energy analysis will be faster, saving time for the 

optimization of all the district heating networks that will be developed in France. Obviously, a critical eye 

should be kept to see if the assumptions made in these tools are adapted to the situations Engie will 

encounter. This panel of tools should not be seen as an absolute solution but rather than a starting pack 

which needs to be adjusted for the specificities of each project. 
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6 Future work: Where to Go from Here 

The future work to be done should consist to review the database used in the different tools. The cost of 

the equipment, of the pipes depending of their diameter, or of other components should be updated and 

define after a deep collaboration with the purchasing division of Engie. 

It would be interesting to use this panel of tools on networks in exploitation to compare the theoretical 

results with the reality. Divergences could lead to an improvement of the modelling and to the adjustment 

of values assumed during the progress. 

Moreover, when the final modifications and these tools will be performed, it could be compelling to start 

focussing on the next generation of district heating networks, the fifth one. Even if this generation is said 

to be in operation in a few years, several networks have already being built using an ambient water loop 

and heat pumps to provide heat and cold to the consumers of a neighbourhood, in Bordeaux for instance 

(Ginko, 2019). A tool being able to take into account the specificities of such a loop gathering consumers 

being able to reject and extract heat from the network is a challenge that needs to be faced. 
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