
 

 
 

 
 

 

 

 

MAITRISE UNIVERSITAIRE EN SCIENCES DE L’ENVIRONNEMENT 
_________________________________________________________________ 

 
 
 
 
 
 
 

Life cycle assessment of residential heating 

systems in Geneva:   

 

Current and projected environmental impacts 
 
 
 
 

 
Mémoire présenté par 

 

Natacha da Silva Montenegro 
MSc in International Development 

 

 

 

Sous la direction de la Professeure Evelina Trutnevyte 

Affiliation Energie 

 

 

 

Mémoire No 525 

 

2023 



1 
 

 

 

DROITS D’AUTEUR 
 

Les citations tirées du présent mémoire ne sont permises que dans la mesure où elles servent 

de commentaire, référence ou démonstration à son utilisateur. La citation doit impérativement 

indiquer la source et le nom de l’auteur. La loi fédérale sur le droit d’auteur est applicable.  

 
  



2 
 

Acknowledgements 
 

First of all, I would like to express sincere gratitude to the director of my master thesis, 

Professor Evelina Trutnevyte for her guidance, patience and the flexibility she has shown 

regarding the timeline of my thesis work. I am also extremely grateful to my co-supervisor, Astu 

Sam Pratiwi, for giving me invaluable research guidance, patiently teaching me new skills and 

for her enthusiasm and kindness that made our work together very pleasant. A sincere thanks 

to Kai Nino Streicher for sharing the data of his PhD thesis with me, without which this work 

would not have been possible.    

 

I would also like to thank our Academic Advisor, Nicole Efrancey Dao, for supporting me during 

the whole duration of my Master’s degree in combining professional work and studies. A 

special thanks as well to my former and current supervisors at the ICRC and UNHCR, whose 

flexibility and understanding made it easier to pursue my studies alongside my professional 

activities.  

 

Finally, this journey would not have been possible without the unwavering support of my loved 

ones. Thank you for always believing in me, patiently comforting me through hard times, 

celebrating my successes and endlessly encouraging me to pursue my goals. A wholehearted 

thanks to my sister for making me laugh out loud like no one else does.       



3 
 

Contents 
 

DROITS D’AUTEUR -------------------------------------------------------------------------------------------- 1 

Acknowledgements ---------------------------------------------------------------------------------------------- 2 

List of figures ------------------------------------------------------------------------------------------------------ 4 

Abstract ------------------------------------------------------------------------------------------------------------- 5 

1 Introduction -------------------------------------------------------------------------------------------------- 6 

2 Methodology ------------------------------------------------------------------------------------------------- 8 

2.1 Modelling useful heat demand of residential buildings in Geneva ------------------------ 8 

2.2 Assumptions and limitations of estimated heat demand model --------------------------- 9 

2.3 Prospective scenarios for heat demand in Geneva in 2035------------------------------ 11 

3 Life cycle analysis methodology ---------------------------------------------------------------------- 12 

3.1 Goal and scope ------------------------------------------------------------------------------------- 12 

3.2 Life cycle inventory -------------------------------------------------------------------------------- 13 

4 Results ------------------------------------------------------------------------------------------------------ 15 

4.1 Current and 2035 scenarios heat demand --------------------------------------------------- 15 

4.2 Environmental impacts ---------------------------------------------------------------------------- 16 

4.3 Impacts per unit of heat --------------------------------------------------------------------------- 26 

4.4 Life cycle stages impacts ------------------------------------------------------------------------- 32 

5 Discussion ------------------------------------------------------------------------------------------------- 43 

5.1 Heat demand ---------------------------------------------------------------------------------------- 43 

5.2 Environmental impacts of heating mixes ----------------------------------------------------- 44 

5.3 Impact results per scenario ---------------------------------------------------------------------- 45 

5.4 District heating -------------------------------------------------------------------------------------- 45 

5.5 Life cycle stages impacts ------------------------------------------------------------------------- 46 

5.6 Results limitation and future work -------------------------------------------------------------- 46 

6 Conclusion ------------------------------------------------------------------------------------------------- 48 

References ------------------------------------------------------------------------------------------------------ 49 

 

  



4 
 

List of figures  
 
Figure 1. Scenarios 2035: district heating mixes 16 
Figure 2. Current heat mix: fine particulate matter formation impact 18 
Figure 3. Scenarios 2035: fine particulate matter formation impact 19 
Figure 4. Scenarios 2035: impact on fine particulate matter formation within district heating 
mixes 20 
Figure 5. Current heat mix: global warming impact 21 
Figure 6. Scenarios 2035: global warming impact 21 
Figure 7. Scenarios 2035: impact on global warming within district heating mixes 22 
Figure 8. Current heat mix: Mineral resource scarcity impact 22 
Figure 9. Scenarios 2035: Mineral resource scarcity impact 23 
Figure 10. Scenarios 2035: Impact on mineral resource scarcity within district heating mixes
 24 
Figure 11. Current heat mix: Water consumption impact 24 
Figure 12. Scenarios 2035: Impact on water consumption 25 
Figure 13. Scenarios 2035: impact on water consumption within district heating mixes 26 
Figure 14. Heating technologies impact per GWh on fine particulate matter formation 28 
Figure 15. Heating technologies impact per GWh on global warming 29 
Figure 16. Heating technologies impact per GWh on mineral resource scarcity 29 
Figure 17. Heating technologies impact per GWh on water consumption 30 
Figure 18. DH sources impact per unit of heat on fine particulate matter formation 31 
Figure 19. DH sources impact per unit of heat on global warming 31 
Figure 20. DH sources impact per unit of heat on mineral resource scarcity 31 
Figure 21. DH sources impact per unit of heat on water consumption 32 
Figure 22. Scenarios' life cycle stages impact on fine particulate matter formation 32 
Figure 23. Scenarios' life cycle stages impact on global warming 33 
Figure 24. Scenarios' life cycle stages impact on mineral resource scarcity 33 
Figure 25. Scenarios' life cycle stages impact on water consumption 33 
Figure 26. Life cycle stages contribution to scenario total impact on fine particulate matter 
formation 34 
Figure 27. Life cycle stages contribution to scenario total impact on global warming 35 
Figure 28. Life cycle stages contribution to scenario total impact on mineral resource scarcity
 36 
Figure 29. Life cycle stages contribution to scenario total impact on water consumption 38 
  

https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352040
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352041
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352042
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352043
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352043
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352044
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352045
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352046
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352047
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352048
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352049
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352049
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352050
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352051
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352052
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352053
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352054
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352055
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352056
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352057
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352058
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352059
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352060
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352061
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352062
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352063
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352064
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352066
https://unigech-my.sharepoint.com/personal/natacha_da-silva_etu_unige_ch/Documents/Mémoire%20v3.docx#_Toc126352068


5 
 

Abstract  
 
This study calculated the total useful energy demand of residential buildings in Geneva for 
both the current heat mix and four prospective scenarios for 2035. A lifecycle assessment 
was conducted to evaluate the impacts of supplying residential buildings with one year of 
heat in the present and future scenarios, using the current heat mix as a baseline for 
comparison. The results showed that the future scenarios would decrease the total useful 
heat demand by maximum 20% compared to the baseline (2.2TWh). Every future scenario 
except BAU would decrease global warming impacts by 40-50%. The EE+ scenario is the 
only scenario that would significantly reduce the impacts on fine particulate matter formation 
(-59%) and global warming (-44%) without increasing the impacts on mineral resource 
scarcity and water consumption. However, these results are sensitive to the quantity of heat 
delivered. Furthermore, no energy source for the heat mixes had the lowest impacts in every 
impact category. Finally, significant impacts were identified over the lifecycle of renewable 
energy sources besides the use phase, notably during the production phase of wood, heat 
pumps and solar thermal systems.   
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1 Introduction  
 

Since the building sector represents half of the total energy consumption in Geneva, it is one 

of the priority areas defined by the Energy Master plan of the State of Geneva for the energy 

transition [1]. In fact, the State of Geneva aims at reducing its greenhouse gas emissions by 

60% by 2030 as compared to their 1990 level. Increasing the thermal efficiency of buildings to 

reduce energy demand as well as replacing fossil fuel supply by renewable energy are thus 

key intended measures to achieve the 2030 goals.  

 

In this context, several recent studies have used bottom-up models to calculate the final energy 

demand for space heating for the Swiss residential building stock and estimated the potential 

for energy savings through retrofit to reach up to 50% of the total heat demand [2, 3] [4, 5]. 

Numerous studies have looked into energy supply to analyse the role of district heating and 

renewable energy in decarbonizing the heat production for buildings [6].  Studies on district 

heating in Denmark and Switzerland also found that district heating allows for substantial 

reductions in carbon emissions compared to individual boilers and the use of fossil fuels[7, 8]. 

[9] found that combining the two district heating networks in Geneva allowed to reduce heat 

production from natural gas by utilizing the excess heat from waste incineration. The authors 

also modelled four possible scenarios for 2035 and showed that all scenarios except one would 

allow for a decrease in fossil fuel consumption and CO2 emissions, thus highlighting the 

essential role of district heating in achieving carbon emission reduction targets.   

 

Although there have been multiple studies on the decarbonization of the heating sector, the 

environmental impacts of energy scenarios beyond their carbon emissions are more rarely 

assessed [10]. Existing tools such as the Life Cycle Assessment can give a more 

comprehensive analysis of the environmental impacts caused by heating systems, in addition 

to carbon emissions. In fact, LCA studies have shown that, while heating from renewable 

energy sources can substantially contribute to the reduction of GHG emissions compared to 

fossil fuel, the impact of renewable energies on other environmental factors can be as high or 

higher than fossil fuels [11-14]. Moreover, environmental impacts of heating technologies can 

vary significantly depending on the location assessed and the electricity mix [15].  

 

In addition to standalone solutions, numerous LCAs were performed to evaluate the 

environmental impacts of district heating networks. A series of papers with a focus on the 

impact of district heating network’s infrastructure found that most of the environmental impacts 

occur during the use phase [16],[17] [18] and that trench works have a significant impact on 

global warming potential [19]. Several studies compared different fuels for district heating, 

showing that the environmental impacts vary depending on the impact category and the 

context [20-24] Moreover, while numerous LCAs have been performed to assess the 

environmental impacts of several waste management options [25, 26], only a few studies have 

looked specifically at waste incineration or included it as fuel in their assessments of heating 

systems [27-30].  

 

In the case of Switzerland, most of the literature reviewed in the frame of this study focused 

on the carbon emissions related to heating [9, 31, 32], without assessing other environmental 

impacts nor the emissions over the whole life cycle of the heating systems, although one study 

used the LCA methodology to assess the impacts of several potential configurations for 
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geothermal heating and cooling in the State of Geneva [33]. The results showed that the least 

impactful configuration consisted of connected decentralized heat pumps with shallow depth.  

 

Only one study was found that used the LCA to assess impacts of an entire heating mix in a 

Swiss municipality[34]. A case study combined LCA and optimization approaches to find the 

optimum heat demand and supply model for both GHG and PM formation minimization. The 

results found that the ideal retrofit rates varied depending on whether the aim is to minimize 

GHG emissions, particulate matter emissions or both. The optimal scenario could theoretically 

reduce the GHG emissions by more than 75% and the particulate matter emissions by more 

than 50% compared to the reference scenario. The authors conclude that attention should be 

paid to trade-offs between environmental impacts when seeking to minimize one indicator, as 

reducing GHG emissions may lead to increased impacts in other impact categories.  

 

The literature shows that there are several options that can be considered to decarbonize the 

heating sector in Geneva. Renovating the building stock in Geneva could potentially reduce by 

up to 50% the heat demand, thus also reducing carbon emissions. Given the high dependency 

of the Geneva heating sector on fossil fuels, using alternative technologies based on 

renewable energy such as district heating or heat pumps could also further decrease the 

environmental impacts linked to heating. Nevertheless, the results of LCA studies also showed 

that the extent to which renewable energy is beneficial over fossil fuels can vary depending on 

several factors such as the energy source chosen, the location, the electricity mix, etc. Those 

studies also demonstrated that renewable energy could have higher environmental impacts 

than fossil fuels, thus highlighting the added-value of using the LCA methodology to assess 

the impacts of a heating system. However, most LCA studies reviewed compared the impacts 

of providing one unit of heat from different fuels, while only a few assessed providing a year of 

heat to residential buildings with a heating mix comprising various energy sources. To our 

knowledge, no such assessment exists in the scientific literature for the State of Geneva.  

 

Hence, our research will estimate the total heat demand for one year of residential buildings in 

the State of Geneva for present and four possible future scenarios and use the LCA 

methodology to assess the environmental impacts of the current heat mix and future scenarios 

mixes. The aim is to determine whether the future scenarios would lead to a decrease in heat 

demand compared to the current demand, as well as assess and compare the environmental 

impacts of each scenario, thus providing insights on the possible paths to achieve the 

ambitious targets set by the State of Geneva for energy efficiency and emissions reductions.  
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2 Methodology  
 

We first estimated the total useful heat demand for residential buildings in Geneva. Based on 

the total heat demand, we calculated the total heat demand in 2035 for four possible heat 

scenarios and modelled the heat mixes. We then used the LCA methodology to calculate and 

compare the environmental impacts of the estimated heat demand models.  

 

2.1 Modelling useful heat demand of residential buildings in Geneva  

2.1.1 Space heating demand 

 

First, we needed the specific heat demand per sq meter and the heated energy reference area 

of each residential building in the State of Geneva to be able to estimate the total heat demand. 

There are two major sources on building energy consumption available for Geneva: the 

Registre des Bâtiments et logements (RegBL)[35], a publicly available federal registry of data 

on buildings, and the SITG website, which has similar data for the State of Geneva[36]. 

However, the SITG dataset is less complete than the RegBL dataset: the RegBL dataset 

includes around 55’000 buildings, whereas the SITG data includes around 16’000 buildings. 

Hence, we used the existing RegBL data set to estimate the total heat demand of residential 

buildings.  

 

In the RegBL dataset, there are information on the building construction period, the type of 

building, the type of heat technology and the energy source used for heating and hot water for 

each building in the registry, identified by a unique number (EGID). However, there are several 

shortcomings on using the RegBL for the calculation of heat demand. The registry lacks data 

on the specific space heating demand as well as on the heat consumption and energy 

reference area (ERA), without which heat demand cannot be estimated. Moreover, the registry 

is not updated regularly: according to data found in the registry, information regarding heating 

has been updated in 2016 or later for about 60% of the buildings, whereas almost 30% has 

not been updated since 2001.  

 

Therefore, we used a bottom-up model that was designed by [4] for the heat consumption of 

buildings in Switzerland to complement the RegBL database. The model allows to estimate 

the specific heat demand of buildings depending on the construction period, the type of building 

(multi-family house or single-family house), the geographical location (per canton) as well as 

territorial typology (urban, suburban and rural), thus providing specific heat demand of 54 

building archetypes. The model also incorporated data on the heating technology and energy 

source of each building to provide values for primary, final and useful energy demand for each 

building category. In the frame of this study, we used the calculated values for useful energy 

demand. The data for the model was obtained directly from the author of the study. We applied 

this model to all buildings listed in the RegBl for the Canton of Geneva, thus creating a registry 

of residential buildings with energy reference area and specific heat demand for each building, 

depending on its typology (type of building, construction period and territorial typology). The 

useful heat demand was thus calculated for each residential building and then aggregated for 

the whole Canton of Geneva. The buildings listed in the RegBL for which data is missing have 

not been included in the calculation. 
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In order to calculate the energy consumption from the different energy sources, we also used 

the model to assign to each building the corresponding heating technology. The model divides 

the heating technologies and energy sources for heating into six categories:  oil, gas, heat 

pump, wood, electricity and district heating. However, since district heating in the Canton of 

Geneva is fuelled by different energy sources, we had to make assumptions to differentiate 

the type of energy source that the classification of district heating entails. Similarly, the 

category wood is not precise enough for a life cycle analysis, since different wood types can 

be used for heating purposes. The assumptions made for district heating fuels and wood are 

explained in the section below.   

 

2.1.2 Domestic hot water  

 

Since the model does not include demand for domestic hot water, we calculated the hot water 

demand for each residential building of the registry based on official recommendations of Office 

cantonal de l’Energie (OCEN) of the State of Geneva [37]. The fuels and technologies for the 

provision of hot water were taken from the data available in the RegBL. The assumptions and 

limitations for the fuels and technologies for hot water are explained below.  

2.2 Assumptions and limitations of estimated heat demand model  

As the literature review showed, impacts can vary depending on the type of biomass used for 

heat production and the fuels used for district heating. Therefore, further research and 

assumptions were made to model different types of wood used for heat production in “wood” 

category as well as to model the district heating fuel mix.  

 

2.2.1 Wood  

While information on biomass fuel used for heating in Switzerland showed that there are 

primarily three types of fuel used (pellets, wood logs and wood chips), no specific data was 

found for Geneva [38]. Hence, the assumptions for the different types of wood were based on 

swiss statistics for wood [39-41]. These statistics indicate the share of energy provided by type 

of heating technology and the type of wood used for each technology. To estimate the shares 

of each type of heating technology, we considered all the categories that represented at least 

5% of the total useful energy from wood and neglected the remaining heating technologies. 

We summed the useful energy provided by those technologies according to five categories:  

wood logs, pellets burnt in a furnace < 50kW, pellets in an industrial size furnace (50-300kW), 

wood chip in a furnace 50-300kW and wood chips in furnace > 500kW. The share of each of 

these five categories over the total useful energy demand from wood was calculated and 

applied to the total of useful energy demand estimated for the category “wood” in our model.  

 

While this method allowed us to provide detailed inputs for the life cycle analysis by analysing 

each type of wood separately, it shows some limitations since it relies on data calculated for 

the whole country. The actual wood consumption might differ depending on geographical area 

or the territorial typology: being a mostly urban, it could be that the Canton of Geneva uses 

less wood logs (since those are mostly used in individual fireplaces) than other more rural 

cantons. However, since no data was available for the Canton of Geneva, we used the Swiss 

average for simplification.      
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2.2.2 District heating  

 

The district heating network in the Canton of Geneva is comprised of two major networks 

(CADIOM and CADSIG) covering 90% of the heat demand from district heating, and several 

small local networks covering the remaining 10%. Hence, we attributed 90% of our estimated 

total heat demand from district heating to CADIOM and CADSIG. The energy mix of CADIOM 

and CADSIG is based mostly on natural gas and waste incineration [9]. The share of each 

energy agent was applied to 90% of our total estimated heat demand for district heating.  

 

The remaining 10% of heat demand were attributed to small district heating networks for which 

we found only partial information. We had to make several assumptions regarding the energy 

mix of the heat demand covered by those networks, therefore increasing the likelihood of 

inaccuracies. However, since the estimated heat demand supplied by those networks 

represents only 0.3% of our total estimated heat demand, any inaccuracies caused by our 

assumptions would not significantly affect the quality of the data overall. Relying on documents 

from SIG[42], we assumed that the 10% of the demand was covered by the networks for which 

we found at least partial information. From the available information on small district heating 

networks, we selected the networks connected to residential buildings and attributed a 

weighing factor to each of them according to the estimated number of inhabitants1 connected 

to the networks. We used the weighing factor to divide the 10% of heat demand between each 

small network.   

 

For the energy mix of each small network, we had to make numerous assumptions given the 

limited information available. While the energy source or fuels used by the networks was 

provided by the documents from SIG, a few networks use a combination of energy sources for 

which the respective shares were not provided. Therefore, we used the official weighing factors 

for renewable/fossil fuels attributed to each network by OCEN to calculate the share of fossil 

fuels and renewable energy used by each network[43]. This methodology allowed us to model 

an energy mix for small DH networks based on oil, natural gas, water-water heat pump, wood 

and waste incineration.   

 

Since heat losses occur during distribution in the piping system of the district heating network, 

the amount of heat delivered at the point of consumption (household) is inferior to the amount 

of heat produced. This difference was thus taken into for the calculation of impacts of the heat 

produced. Based on existing data for the CADIOM-CADSIG network [9], it was assumed that 

10,4% of the produced heat is lost during distribution in the piping system. Given the limited 

information available on losses for smaller district heating networks, the same value has been 

applied to smaller networks.  

 

2.2.3 Domestic hot water   

 

The heating technology used in each building for hot water production is indicated in the 

registry of Registre des bâtiments for most buildings taken into consideration. However, the 

different types of heating technologies used in the registry differ from the six categories defined 

 
1 Estimation from SIG documents  
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in the model we used to build the total heat demand for space heating. To ensure consistency, 

the categories indicated in the registry had to be attributed to the same six categories.  

The following categories from RegBL were all attributed to the category “heat pump”: “air”, 

“water”, “serpentin géothermique” and “sonde géothermique”. The different categories of wood 

were summed and the share of each type of wood applied to energy for space heating (cf. 

above) was also applied to domestic hot water. The heat demand of buildings for which there 

was no available information on heating technology (N/A and “other”) was summed and 

distributed according to the energy mix calculated for space heating.  

Finally, since the information in the registry is not regularly updated, the heating technology 

considered in our calculations for domestic hot water might not accurately reflect the current 

situation.  

2.3 Prospective scenarios for heat demand in Geneva in 2035 

In order to calculate the future heat demand, we used four scenarios for heat production and 

supply in Geneva in 2035 modelled by [9]. Using 2014 data as a benchmark and taking account 

population growth, building renovation and temperature increase, the study defined the 

following scenarios: Business as usual (BAU), Energy Efficiency & Renewable Energy 

(EE&RE), Energy efficiency + (EE+) and Renewable Energy + (RE+). The EE&RE scenario 

was modelled assuming a decrease in heating demand through building retrofit an increased 

share of renewable energies in the heating mix as well as considerable district heating network 

expansion. The EE+ and RE+ scenarios are variations of the EE&RE scenario, with an 

emphasis on energy efficiency measures (EE+) or on renewable energy development (RE+). 

While that model provided an estimation for the total heat demand of the whole Canton of 

Geneva, our study focuses on residential buildings only and thus we adjusted the model 

accordingly. For each scenario, we calculate the total heat demand and the energy mix based 

on information defined in each scenario and on the calculated current heat demand.   

 

2.3.1 Total heat demand  

To calculate the heat demand for residential buildings, several steps were undertaken. First, 

we applied the values for specific heat demand defined in each scenario to every building in 

our registry above the threshold of 350MJ/m2/year for the BAU scenario and of 300MJ/m2/year 

for the other scenarios. This allowed to calculate the total heat demand in each scenario if the 

totality of the buildings fulfilling the above criteria were renovated. Those results were 

subtracted to the total heat demand in the current scenario, thus representing the potential of 

energy savings.  

 

The renovation rate, expressed as a percentage per year of the potential energy savings, 

varies according to each scenario. We calculated the cumulated renovation percentage over 

2014-2035 (21 years) and applied this percentage to the total amount of energy savings for 

each scenario. The resulting total savings were then deducted from the current heat demand 

to calculate the heat demand after renovation for each 2035 scenario. The total heat demand 

was adjusted for heating degree days for 2035 (as defined in the model). Finally, the heat 

demand for new buildings was calculated according to the assumptions defined in [9] and 

added to the heat demand of current buildings.  
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2.3.2 Heat mixes 

As the share of each energy source was defined by [9] as a function of the energy reference 

area (ERA), the heat demand from each energy source was calculated by multiplying the 

average specific heat demand with the share of total ERA attributed to each technology. This 

was applied to district heating, individual heat pumps, individual gas and oil boilers.  

 

Solar thermal energy was assumed to complement each technology, except district heating. 

The total potential of solar thermal estimated in [9] for every scenario (95GWh for BAU and 

189 GWh for three other scenarios) was attributed to each energy technology as a function of 

their respective share in the total heat demand (without district heating). The amount of solar 

thermal complementing each technology was then subtracted from the heat demand of the 

respective technology.  

 

The heat produced by district heating was calculated by assuming 14% losses during 

distribution, as indicated in [9].  As the share of each technology for the district heating mix 

was not specified in the model, we made assumptions based on the full load hours and 

nameplate capacity modelled for each heating technology in [9].  

 

3 Life cycle analysis methodology  
 

Once we estimated the total heat demand and the share of each energy source in the heating 

mixes for the current and four future scenarios, we used the Life cycle assessment 

methodology as outlined in ISO14040-14044  [44, 45] to assess the environmental impacts of 

the heating system in Geneva for the current and future scenarios. We used the open source 

“openLCA” software, with the ecoivent v3.7 database and the ReCiPe midpoint (H) impact 

assessment methodology. Four impact categories were chosen for this study: global warming, 

fine particulate matter formation, mineral resource scarcity and water consumption.  

 

3.1 Goal and scope 

 

The aim of this study is to assess the environmental impacts of Geneva’s current heat mix and 

of the heat mix defined in four scenarios for 2035. The current heat mix results will be used as 

a benchmark to compare the four future scenarios. The functional unit is defined as the supply 

of heat for one year to residential buildings in Geneva.   

 

The analysis includes the entire life cycle of the heating system from cradle to grave. It includes 

the production of fuels and technologies and transport of materials and spare parts (boilers, 

furnaces, power plants and pipeline network for the district heating), the use phase (heat 

production, distribution in district heating network, and electricity consumption) and end of life. 

The analysis does not include transport of boilers/furnaces from the selling point to the 

individual user.  
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3.2 Life cycle inventory  

Data from the Ecoinvent 3.7 database and literature was used for the life cycle inventory since 

the collection of primary data for every component of the heating system in Geneva was not 

feasible within the frame of this research. All the existing ecoinvent processes for heat 

production used in this study were recalculated in order to include domestic hot water 

production. Hence, 2700 operating hours were assumed instead of 2100 operating hours as 

defined in ecoinvent processes.  

 

Current heating system  

 

Existing data in the ecoinvent database were used for oil and gas boiler, individual air-water 

heat pumps and solar thermal systems. For heat production from wood, we modelled inputs 

depending on the type of wood and the power of the furnace. We selected the ecoinvent 

processes that best matched our wood mix model. Thus, heat demand from wood is modelled 

combination of the following: heat production from wood pellets burnt in a 25kW; heat 

production from wood pellets burnt in a 300kW furnace; heat production from wood chips burnt 

in a 50kW; heat production from wood chips burnt in a 5000kW furnace; heat production from 

mixed logs burnt in a 30kW furnace.  

 

Since our study only considers heat delivered to residential buildings, calculating the thermal 

density of the district heating network based on our total heat demand and the actual network 

length (64 kms) [9]  would result in very low thermal density. Hence, the thermal density of the 

pipeline network was calculated based on values for estimated in [9] for the total heat delivered 

by the CADIOM-CADSIG network. Thus, the thermal density assumed in this study was 5,6 

MWh/m/ year. For simplification, the same thermal density has been applied to the smaller 

heat district networks, even though this value might be over-estimated for smaller 

networks[46]. The thermal density was used to calculate the quantity of pipe need to deliver 1 

MWh of heat. Hence, the total length of the district heating network in our model is inferior to 

the actual length as it is assumed to correspond to the length needed for residential buildings 

only.  

 

The diameter of the pipes is assumed to be 500mm all over the network. This is a simplification 

based values found for the diameter of the main pipelines of CADIOM-CADSIG network [46]. 

As precise information on the diameter of remaining pipes was not available, we assumed the 

same diameter for all the pipes of the network. The life cycle inventory for the pipes was based 

on [16]. It is assumed that the pipes are made of steel, with polyurethane foam insulation and 

a polyethylene casing. Given limited information and data available, the substations and 

electricity used by pumps for circulation of water have not been included in the model.  

 

The CADIOM furnace (for waste incineration) was modelled as heat production from municipal 

solid waste combustion without taking into account the electricity generated by waste 

incineration. Wood is assumed to be solely wood chips, an assumption made on the basis that 

most of the heat produced with automatic boilers (industrial furnaces) comes from wood chips, 

according to [39].   

 

The heat pump for district heating was assumed to be a water-water heat pump with a capacity 

of 5MW (henceforth “Heat pump 5MW” or “centralized heat pump”), which corresponds to the 
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one of the biggest HP in the canton of Geneva[32]. It was further assumed the heat pump 

requires two boreholes (supply and return) in an open loop configuration. The borehole was 

assumed to be 25m long and 1m wide, with tube of 500 mm diameter, based on similar 

dimensions of the borehole connected to the 5MW heat pump in Vergers. The materials and 

quantities needed for the production of the heat pump and borehole were based on scaling 

factors from [47]. Based on those factors, the COP calculated for this heat pump is 4.8. Since 

the quantity of energy and electricity needed to produce the heat pump is not indicated in [47], 

the values used in ecoinvent database for the process "heat pump production, brine-water, 

10kW - CH" were used. The model includes disposal of materials, refills of refrigerant due to 

leakage and related emissions. The lifetime of the heat pump was assumed to be 20 years 

with 2700 operating hours per year and refrigerant leakage rate at 6% per year. The lifetime 

of boreholes assumed is 50 years. The temperature of water, the flow rate and pressure were 

not known and not taken into account to calculate the length and diameter of boreholes. Heat 

exchangers in substations or dwellings were not included in the model, nor circulation pumps 

for the network. Finally, the existing electricity mix for Switzerland in the ecoinvent database 

was used without any modification.  

 

2035 scenarios  

 

For the 2035 scenarios, the same existings ecoinvent processes were used for the gas boiler, 

individual air-water heat pumps and solar thermal systems. Heat from wood was assumed to 

be solely from pellets, burnt in a 25kW furnace. 

 

We had to make several assumptions for the district heating mix modelisation in LCA.  

The district heating mix modelled in [9] includes heat pumps, geothermal energy, natural gas 

fuelled CHP, waste inicneration and wood. The energy supplied by heat pump was assumed 

to be produced by several centralized water-water heat pumps (henceforth “Heat pump 5MW” 

or “centralized heat pumps”), with the same configuration as in the current scenario (cf. above). 

Since the Plan directeur de l’Energie mentions that it is not foreseen that deep geothermal will 

be undertaken in the near future, it was assumed that the geothermal energy component of 

district heating consists of a network of decentralized water-water heat pumps with two 

boreholes (henceforth “geothermal heat pumps ”), based on models developed in [33]. Heat 

pumps are assumed to have a capacity of 150kW, corresponding to the biggest capacity taken 

into consideration in [47]. The heat pump is assumed to have 2700 operating hours and a 

lifetime of 20 years. The COP calculated for this heat pump is 5.1. The borehole is assumed 

to have a length of 1500 meters and 0,5 m diameter, with the tube diameter of 100mm. The 

life cycle inventory is the same as the 5MW heat pump model, and quantities were adjusted 

accordingly. As for the current scenario, heat exchangers in substations or dwellings were not 

included in the model, nor circulation pumps for the network. 

 

The processes for wood, gas and CHP were taken from the existing ecoinvent inventory. Wood 

was assumed to be wood chips burnt in a 5000kW furnace, while natural gas is burnt in 

industrial furnace >100kW. The heat and power co-generation process for production of heat 

from natural gas in a 160kW electrical plant was used in this model. Finally, the same electricity 

mix as the current scenario was used.   
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4 Results  
 

This chapter will first present the total heat demand and the heating mixes calculated for the 

current heating mix (baseline) as well as for the four future scenarios for 2035 described in 

Chapter 2. We will then present the results of the life cycle assessment for both the current 

heat mix and four scenarios.  

 

4.1 Current and 2035 scenarios heat demand 

The total current heat demand was calculated at 2’263 GWh of useful energy for the Canton 

of Geneva. This is slightly higher than the total demand of 1.7 TWh estimated in [4]. However, 

this gap of 0.4 TWh can be explained by the difference in the total energy reference area 

between our study (21.5 mio.m2) and the ERA used in the previous study (17.2 mio m2) [4[4].  

The heating mix is composed of 59% oil, 31.9% gas, 2.8% electric heating and 2.8% district 

heating. Wood and solar thermal systems represent less than 1% of the total heat demand.  

 

The total useful energy demand for the four scenarios is presented in the table 1. The total 

includes the heat demand of existing buildings and the heat demand for new buildings based 

on the assumption for energy reference area and specific heat demand indicated in [9]. Since 

the scenarios are modelled with different retrofit rates, the total heat demand varies in each 

scenario. The EE+ scenario has the lowest heat demand since it assumes the highest retrofit 

rate (2.5%/year) amongst the four scenarios.  

 
Table 1. 2035 Scenarios useful heat demand 

 

Compared to the baseline, the total heat demand decreases 

by 1% in the BAU scenario, by 5% in the RE+ scenario, by 

21% in the EE+ scenario and by 12% in the EE&RE scenario. 

Hence, even in the scenario EE+ scenario, which is the 

scenario with the highest assumed level of retrofit, the total 

heat demand does not decrease by more than 20% compared 

to the baseline. When considering only the total heat demand for existing buildings, then the 

total heat demand decreases by 2% for the BAU scenario, 14% for the RE+ scenario, 24% for 

the EE+ scenario and 16% for the EE&RE scenario, based on the same number of heating 

degree days as the baseline. When correcting for HDD for 2035, then the heat demand 

decreases further to respectively 12%, 22% 31% and 16%.  

 

The average specific heat demand (without correction for HDD) of existing residential buildings 

after retrofit amounts to 368 MJ/m2/year for the BAU scenario, 352 MJ/m2/year for the RE+ 

scenario, 288 MJ/m2/year for the EE+ scenario and 325MJ/m2/year for the EE&RE scenario.  

 

The heat demand mix modelled for each of the four scenarios is presented in the table 2. Fossil 

fuels represent the majority of the heat mix in the BAU and EE+ scenarios. In the RE+ 

scenarios, district heating and individual heat pumps are the main sources within the mix 

(61%). In the EE&RE scenario, renewable energy and district heating supply more than half of 

the heat demand but gas is the energy source with the higher share within the mix (33%).  

Useful heat demand [GWh] 

BAU 

2035 

RE+ 

2035 

EE+ 

2035 

EE&RE 

2035 

2 233  2 146   1 799  1 998  
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Table 2. Scenarios 2035: Heat mixes 

Heat demand 

energy mix [GWh] BAU 2035 RE+ 2035 EE+ 2035 EE&RE 2035 

 GWh % GWh % GWh % GWh % 

Solar thermal 95 4% 189 9% 189 11% 189 9% 

District heating 313 14% 858 40% 288 16% 599 30% 

Heat pump 106 5% 458 21% 236 13% 346 17% 

Gas 1 104 49% 458 21% 818 45% 657 33% 

Oil 594 27% 146 7% 252 14% 173 9% 

Wood 21 1% 37 2% 16 1% 35 2% 

TOTAL 2 233 100% 2 146 100% 1 799 100% 1 998 100% 

 

 

Each scenario is modelled with a 

specific district heating mix, which is 

represented in the figure 1.  

There are similarities between the BAU 

and EE+ scenario, as well as between 

the RE+ and EE&RE scenarios. The 

BAU and EE+ scenarios have a district 

heating mix mostly reliant on waste 

incineration and natural gas (73-76%), 

while renewable energy represents 

around 25% of the heat mix. The RE+ 

and EE&RE scenarios have a district 

heating mix with higher share of 

renewable energy compared to the 

previous two scenarios (41%) and 

include natural gas based combined 

heat and power in addition to waste 

incineration and natural gas.  

 

 

 

 

4.2 Environmental impacts 

This section presents the results of the life cycle analysis for the current heat mix and the four 

heating mixes for 2035 for four impact categories : fine particulate matter formation, global 

warming, mineral resource scarcity and water consumption. We will first compare the 

scenarios to the baseline scenario (current heat mix) according to their total impacts in each 

impact category.  Then, we will compare the impacts of the energy mix of each scenario for 

each impact category as well as the impacts of heating technologies.  
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13%

35%
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20%

19%

24%

21%
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14%
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Figure 1. Scenarios 2035: district heating mixes 
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4.2.1 Total impacts 

 

The table 3  shows the total impacts for one year of heat demand for the current heat mix and 

the four scenarios in each of the environmental impact categories assessed. The results of the 

current heat mix are used as a baseline to which the future scenarios are compared.  

 
Table 3. Current and future heat mixes: total impacts 

Impact / Scenario Current BAU RE + EE + EE& RE 

Fine particulate matter 

formation [ton PM2.5 eq] 286 183 135 118 127 

Global warming 

[ton CO2 eq] 619 635 526 344 309 041 349 442 323 539 

Mineral resource scarcity 

[ton Cu eq] 492 449 625 458 556 

Water consumption 

[thousands m3] 1 322 991 2 754 1 321 2 122 

 

Compared to the current heat mix, every scenario leads to a decrease in fine particulate matter 

formation and global warming impacts. However, both scenarios with an emphasis on 

renewable energy (RE+ and EE&RE) lead to higher impacts in the mineral resource scarcity 

and water consumption categories compared to the current heat mix.  

 

Amongst the four potential future scenarios, the Business As Usual (BAU) scenario has the 

highest impact for fine particulate matter formation (183 tPM2.5-eq) and global warming 

(526’344 tCO2eq). However, the BAU scenario has the lowest impact for mineral resource 

scarcity (449 tCu-eq) and the lowest impact on water consumption (991’000 m3). Amongst the 

four potential 2035 scenarios, the BAU scenario offers the smallest impact diminution 

compared to the current situation for the fine particulate matter impact category (-36%) and 

global warming (-15%). It is however the only scenario that has a positive impact on reducing 

water consumption (-25%).    

 

The renewable energy (RE+) scenario has the lowest impact on global warming (309’041 tons 

CO2 eq), thus reducing by half the impact compared to the current heat mix. However, it has 

the highest impact on mineral resource scarcity (625 tCu-eq) and on the water consumption 

impact category (2.8 million m3), which would represent an impact increase of +27% and 

+108% respectively compared to the current scenario. Finally, it has the second highest impact 

on the fine particulate matter formation amongst the four scenarios (135 tons of PM2.5 eq), 

which would however still reduce the impact by 53% compared to the current heat mix.   

 

The energy efficiency (EE+) scenario has the lowest impact for fine particulate matter formation 

(118 ton PM2.5 eq), which represents a reduction of 59% compared to the current heat mix. It 

is also the only scenario, along with BAU, that would have a positive effect on reducing mineral 

resource scarcity compared to the current heat mix (-7%). The EE+ scenario also has the 

second lowest impact on water consumption (1.3 million m3), which  remains constant 

compared to the current heat mix impact. Finally, even though the EE+ scenario has the 
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second highest impact in the global warming category (349’709 tCO2-eq), it would still 

represent a 44% decrease compared to the current heat mix.  

 

The energy efficiency & renewable energy (EE&RE) scenario has the second lowest impact 

on fine particulate formation (127 tPM2.5-eq) and the second lowest impact on global warming 

(323’539 tCO2-eq), which would reduce the impact by 56% and 48% respectively compared 

to the current scenario. However, it has the second worst impact on mineral resource scarcity 

(555 tCu-eq) and the second worst impact on water consumption (2.1 million m3), which 

represents an increase of +13% and +61% respectively compared to the current heat mix.   

 

Hence, every scenario leads to a decrease in environmental impacts in the global warming 

and fine particulate matter formation categories, although to varying degrees. In particular, the 

impact reduction of the BAU scenario compared to the current heat mix is less significant than 

the other three scenarios. However, each scenario has a different impact on mineral resource 

scarcity and water consumption, which either decreases or increases the impact compared to 

the baseline. Thus, there is no scenario that stands out as the best performing in every impact 

category.  

 

4.2.2 Impact categories   

 

This section presents impact results of the current and future heating mixes on each of the 

impact categories, detailing the impacts of each heating technology or energy source within 

the mix. The results for the current heat mix are presented first, followed by the results for the 

four potential scenarios.  

 

Fine particulate matter formation 

 

In the current heat mix, almost the totality of the 

impact on fine particulate matter formation is 

attributable to light fuel oil (235 tPM2.5-eq) and 

natural gas (29 tPM2.5-eq). The combined 

impact of these two energy sources amounts to 

92% of the total impact, which mirrors their 

combined share in the energy demand mix 

(91%). The remaining heating sources 

contribute to less than 10% to the heat demand 

mix and to the total impact: electric heating (9.8 

tPM2.5-eq), wood (6 tPM2.5eq), individual air-

water heat pumps (2.7 tPM2.5-eq) and district 

heating (2.5 tPM2.5-eq). Within the district 

heating mix, the impact of natural gas is almost three times higher than waste incineration (1.4 

tPM2.5-eq and 0.5 tPM2.5-eq respectively), despite contributing less than waste incineration 

to the district heat mix (45% vs 50%). Similarly, the impact of wood chips is almost as high as 

waste incineration (0.4 tPM2.5-eq), although it covers only 2% of the heat demand within 

district heating. 

 

82%

10%
2%

4%

Current heat mix
Fine PM formation

District heating

Heat pump 10kW

Light fuel oil

Natural gas

Solar thermal

Wood

Electric heating

Figure 2. Current heat mix: fine particulate matter 
formation impact 
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Amongst the four scenarios modelled for 

2035, the impacts of the BAU and EE+ 

scenarios present the most similarities to 

the current heat mix, since these two 

scenarios assume a smaller proportion of 

renewable energy compared to the RE+ 

and EE&RE scenarios.  

The impact profile is similar between the 

BAU and EE+ scenarios, as well as 

between the RE+ and EE&RE scenarios.  

 

Light fuel oil has the highest impact in 

every scenario except for the RE+ 

scenario, in which district heating has the 

highest impact. The second most 

impactful energy source is natural gas in 

both the BAU and the EE+ scenario, and 

district heating in the EE&RE scenario, 

although it is closely followed by natural 

gas. In the RE+ scenario, light fuel oil and 

natural gas have a lower impact than 

district heating and individual heat pumps.  

 

In the BAU scenario, the highest impact is 

caused by the two energy sources with the highest share in the heat demand energy mix: 

natural gas (45 tPM2.5-eq) and light fuel oil (105 tPM2.5-eq). District heating represents 14% 

of the heat demand energy mix and its impact amounts to 15 tPM2.5-eq, representing 8% of 

the total impact. Wood pellets have an higher impact than heat pumps (10 tPM2.5-eq vs 6 

tPM2.5-eq respectively), even though they only contribute by 1% to the total heat demand 

energy mix. Finally, solar thermal systems contribute the least to the total impact (3 tPM2.5-

eq).  

 

The RE+ scenario is the only scenario in which district heating and heat pumps generate more 

than half of the total impact, but it is also the scenario in which these two technologies have 

the biggest share in the heat demand energy mix. District heating has the biggest share of the 

energy demand mix (40%) and contributes the most to total fine particulate matter formation 

(40 tPM2.5-eq). Individual heat pumps have the second highest impact (28 tPM2.5-eq), with 

an impact share consistent with its share in the heat demand energy mix (21%). Light fuel oil 

has the third highest impact on fine particulate formation (26 tPM2.5-eq), even though its share 

in the energy heat demand mix is the second smallest behind solar thermal. Natural gas (19 

tPM2.5-eq), wood pellets (17 tPM2.5-eq) and solar thermal (5 tPM2.5-eq) have the lowest 

impact. However, wood pellets have an impact disproportionate to their contribution to the heat 

demand energy mix, since they generate 12% of the total impact while only contributing by 2% 

to the heat demand energy mix.  

 

Similarly to the BAU scenario, in the EE+ scenario light fuel oil and natural gas have the biggest 

impact on fine particulate matter formation. Light fuel oil has an impact of 44 tPM2.5-eq, which 

represents 37% of the total impact even though it provides only 14% of the energy heat 

Figure 3. Scenarios 2035: fine particulate matter formation 
impact  
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demand. Natural gas has the biggest heat demand share (45%) and the second highest impact 

(33 tPM2.5-eq). District heating and individual heat pumps have a similar impact (14 tPM2.5 

eq). Wood pellets generate an impact of 7 tPM2.5-eq, which represents 6% of the total impact 

while providing 1% of the heat demand energy mix. Solar thermal has the lowest impact on 

fine particulate formation (5 tPM2.5-eq).   

 

In the EE&RE scenario, light fuel oil contributes the most to total fine particulate matter 

formation impact (30 tPM2.5-eq) despite representing only 9% of the total energy demand mix. 

The second highest impact is caused by district heating (29 tPM2.5-eq), which is the 

technology with the second biggest share in the heat demand energy mix. Natural gas  has a 

slightly lower impact than district heating (27 tPM2.5-eq) despite being the energy source with 

the highest share in the energy mix. Individual heat pumps generate 21 tPM2.5-eq and their 

impact share is consistent with their share in the energy demand mix(17%). Finally, like in the 

RE+ scenario, wood pellets represent 12% of the total impact (16 tPM2.5-eq) despite providing 

only 2% of the energy heat demand and solar thermal has the lowest impact (5 tPM2.5-eq).  

 

Finally, the district heating mixes have a 

similar impact between the BAU and EE+ 

scenarios, and the RE+ and EE&RE 

scenarios. In every scenario, natural gas 

contributes the most to the total district 

heating mix impact on fine particulate 

matter formation. The BAU and EE+ 

scenario have a very similar impact profile:  

wood pellets and waste incineration are the 

most impactful after natural gas, while both 

types of heat pumps have the lowest 

impact. In the RE+ scenario, the 

geothermal heat pump has a higher impact 

than CHP, while the opposite happens in 

the EE&RE scenario. Both types of heat 

pumps in these two scenarios have a 

higher impact than wood chips. Finally, 

waste incineration has the lowest impact in 

RE+ scenario but the second lowest in the 

EE&RE scenario, after wood chips. In 

every scenario, the pipeline network’s impact represent between 2-3% of the district heating’s 

impact.  
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Figure 4. Scenarios 2035: impact on fine particulate 
matter formation within district heating mixes 
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Global warming 

 

Similar to the fine particulate matter formation 

impact category, light fuel oil and natural gas 

contribute the most to the global warming impact in 

the current heat mix (413’529 tCO2eq and 183’820 

tCO2eq respectively). Within the district heating 

mix, natural gas and waste incineration contribute 

by 65% and 33% respectively to district heating’s 

impact (12’383 tCO2-eq).  

 

In the future scenarios, natural gas is the most 

contributing energy source to the global warming 

impact in every scenario. This  is coherent with its 

share in the heat demand mix, except for the RE+ scenario, where it has the highest impact 

despite covering 21% of the heat demand. Natural gas impact is the highest in the BAU 

scenario, where it produces 280’526 tCO2eq. The second highest impact comes from light fuel 

oil (183’921 tCO2eq), followed by district heating (53’128 tCO2eq). These three energy 

sources are the main energy sources of the BAU energy mix, while the individual heat pumps, 

solar thermal and wood pellets represent 10% of the heat demand mix and generate 2% of the 

total impact.  

 

In the RE+ scenario, the two most impactful 

heating sources, natural gas and district 

heating, generate a similar impact (116’354 

tCO2eq and 114’607 tCO2eq respectively), 

despite natural gas’ share in the heating mix 

being almost half of district heating’s. The 

impact of light fuel oil is the third most 

contributing energy source (45’365 tCO2eq) 

and 1.5 times higher than the impact of 

individual heat pumps (28’891 tCO2eq), even 

though its share in the energy mix is three 

times less than the individual heat pumps’. 

Wood pellets and solar thermal have a 

comparable and the lowest impact (1’958 

tCO2eq and 1’866 tCO2eq).    

 

In the EE+ scenario, natural gas and light fuel 

oil contribute the most to the total impact 

(206’974 tCO2eq and 77’927 tCO2eq 

respectively). District heating is the third most 

impactful source producing 46’950 tCO2eq, 

almost twice less than light fuel oil even 

though covering almost the same energy demand. The individual heat pumps (14’892 

tCO2eq), solar thermal (1865 tCO2eq) and wood pellets ( 834 tCO2eq) generate together 5% 

of the total impact despite representing 25% of the heat demand energy mix.  
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Figure 6. Scenarios 2035: global warming impact 
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In the EE & RE scenario, natural gas is the energy source with the highest impact (166’900 

tCO2-eq), generating more than half of the total impact even though it provides around a third 

of the total heat demand. District heating’s impact (77’439 tCO2eq) is twice smaller than natural 

gas albeit contributing a comparable amount 

to the heat demand energy mix (30% and 

33% respectively). Light fuel oil (53’681 

tCO2eq)  generates over twice as much 

impact as individual heat pumps (21’811 

tCO2eq), despite contributing twice less to 

the energy heat demand. Solar thermal and 

wood pellets both have the lowest impact 

(1’865 tCO2eq and 1’844 tCO2eq 

respectively).   

 

Finally, the impacts of the district heating 

mixes are similar between the BAU and EE+ 

scenarios, as well as between the RE+ and 

EE&RE scenarios. In every scenario, natural 

gas and waste incineration contribute the 

most to the total impact of the district heating 

mix on global warming. While in the BAU and 

EE scenario the heat pumps’ impact 

represent less than 5% of the total impact, in 

the RE+ and EE&RE their impact reaches 

almost 10%. The impact of CHP is similar 

between the two scenarios (13-14%).  The 

pipeline contributes around 1% to the district 

heating’s impact in every scenario.  

 

 

Mineral resource scarcity 

 

Within the current heat mix, light fuel oil and 

natural gas are the most impactful on the mineral 

resource scarcity impact category (324 tCu-eq and 

94 tCu-eq respectively), followed by electric 

heating (35 tCu-eq). Individual heat pumps and 

solar thermal have a higher impact share in 

mineral resource scarcity than in fine particulate 

matter formation and global warming, but their 

respective impacts remain below 5% of the total 

impact. The impact of district heating and wood on 

mineral resource scarcity is almost negligeable (5 

tCu-eq and 2 tCu-eq respectively).  
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Figure 7. Scenarios 2035: impact on global warming 
within district heating mixes 
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In the future scenarios, the impact share of 

the different heat technologies differs from 

the current heat mix, with district heating 

and renewable energy technologies 

contributing more to the total impact. In the 

BAU scenario, light fuel oil and natural gas 

contribute the most to mineral resource 

scarcity, both generating an impact of 144 

tCu-eq. However, solar thermal is the third 

most impactful energy source (74 tCu-eq), 

even though it represents only 4% to the 

heat demand mix. Individual heat pumps 

(46 tCu-eq), district heating (37 tCu-eq) 

and wood pellets (4 tCu-eq) contribute the 

least to the mineral resource scarcity 

impact.  

 

In the RE+ scenario, the individual heat 

pumps generate the highest impact (198 

tCu-eq), closely followed by district heating 

(177 tCu-eq), even though district heating 

share in the heat demand mix is almost 

twice the share of the individual heat pumps. Solar thermal is also amongst the most impactful 

energy sources with an impact of 148 tCu-eq, thus generating one-fourth of the total impact 

despite only contributing by 9% to the heat demand mix. Finally, natural gas, (60 tCu-eq), light 

fuel oil (36 tCu-eq) and wood pellets (8 tCu-eq) have the lowest impact on mineral resource 

scarcity in this scenario.  

 

In the EE+ scenario, solar thermal has the highest impact on mineral resource scarcity (148 

tCu-eq) despite representing only 11% of the total heat demand. Natural gas (107 tCu-eq) and 

individual heat pumps (102 tCu-eq) are the most impactful energy sources after solar thermal 

and have a comparable impact, even though individual heat pumps’ share in the heat demand 

mix is less than a third of natural gas’. Light fuel oil (61 tCu-eq), district heating (37 tCu-eq) 

and wood pellets (3 tCu-eq) generate the lowest impacts in this scenario.   

 

In the EE&RE scenario, the energy sources with the highest impact on mineral resource 

scarcity are the individual heat pumps (149 tCu-eq) and solar thermal (148 tCu-eq). Thus, solar 

thermal has the same impact as the individual heat pumps despite its share in the heat demand 

mix being almost half as the individual heat pumps’. District heating’s impact (124tCu-eq) 

represents 22% of the total impact, but its share in the heat demand mix reaches 30%. 

Likewise, the impact of natural gas represents 15% of the total impact (86 tCu-eq) but it 

contributes by 33% to the heat demand mix. Finally, the energy sources with the least impact 

on mineral resource scarcity in this scenario are light fuel oil (42 tCu-eq) and wood pellets (7 

tCu-eq). The share of these two energy sources in the total impact are coherent with their 

share in the heat demand energy mix (around 8% and 1.5% respectively).  
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Figure 9. Scenarios 2035: Mineral resource scarcity impact 
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As for previous impact categories, the 

impact profile of the district heating mixes 

on the mineral resource scarcity is similar 

between BAU and EE+ and between RE+ 

and EE&RE. In both BAU and EE+, 

geothermal heat pumps and centralized 

heat pumps contribute by almost half to 

the DH mix total impact. The impact of 

natural gas is smaller in the EE+ scenario 

than in the BAU (19% vs 22%), while the 

impact of the pipeline network is higher 

(19% vs 15%). Waste incineration has the 

same impact as the pipeline network in the 

BAU scenario and a lower impact in the 

EE+ scenario. Wood chips have the 

lowest impact in both scenarios.  

 

In the RE+ and EE&RE scenarios, CHP 

contributes the most to the total impact, 

followed by geothermal and centralized 

heat pumps. The centralized heat pumps 

have a higher relative impact in the 

EE&RE scenario than in the RE+ 

scenario. The pipeline network has a 

higher relative impact in the EE&RE 

scenario (11%) than in RE+ (9%), while 

the impacts from natural gas, waste incineration and wood chips are similar in both scenarios.  

 

Water consumption 

 

Electric heating is the most impactful heating 

technology for water consumption in the current 

heat mix (0.6 million m3), representing 47% of the 

total impact despite contributing only by 3% to the 

total heat demand mix. Light fuel oil and natural 

gas both have a significant impact (0.4 million m3 

and 119’000m3 respectively), which is coherent 

since these two energy source represent 91% of 

the total heat demand mix. However, the impact of 

individual heat pumps on water consumption 

(162’000m3) is higher than natural gas, despite 

representing only 2% of the total heat demand mix. 

District heating (18’000 m3), wood (8’000m3) and 

solar thermal (3’000m3) contribute the least to the total impact on water consumption.      
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In the future scenarios, individual heat 

pumps contribute the most to the total 

impact on water consumption, followed by 

district heating. However, the individual heat 

pumps impact varies considerably 

depending on the scenario, ranging from 

383’000 m3 in the BAU scenario to 1.65 

milion m3 in the RE+ scenario. 

  

In the BAU scenario, the individual heat 

pumps impact represent 39% of the total 

impact, despite a small share in the heat 

demand energy mix (5%). The impact of 

district heating (220’000 m3) is higher than 

natural gas (182’000m3) and light fuel oil 

(172’000m3), even though the district 

heating share in the heat demand energy 

mix is smaller than those energy sources. 

The energy sources with the lowest impact 

are solar thermal (18’000 m3) and wood 

pellets (16’000 m3).  

 

In the RE+ scenario, the impact of individual heat pumps (1.65 million m3) and district heating 

(919’000 m3) together contribute to almost the totality of the impact on water consumption 

(93%). The heat pump’s impact is thus almost twice higher than DH despite contribute twice 

less to the heat mix. The remaining impact is split between natural gas (75’000m3), light fuel 

oil (42’000 m3), solar thermal (36’000 m3) and wood pellets (28’000 m3).  

 

In the EE+ scenario, the individual heat pumps account for nearly two-thirds of the total impact 

(852’000 m3), although their contribution to the heat demand energy mix is similar to the shares 

of light fuel oil and district heating. The remaining impact is caused mostly by district heating 

(216’000 m3), natural gas (134’000m3), light fuel oil (72’000 m3) and solar thermal (36’000 

m3). The lowest impact is attributable to wood pellets (12’000 m3).  

 

Finally, in the EE& RE scenario, the individual heat pumps impact (1.25 milion m3) represents 

59% of the total impact despite supplying only 17% of the heat mix. The district heating impact 

(654’000 m3) contributes by 31% to the total impact, which is coherent with its share in the 

heat demand energy mix (30%). Natural gas, which is the energy source contributing the most 

to the heat demand energy mix in this scenario, has an impact of 108’000 m3 representing 5% 

of the total impact. The remaining 5%  impact is split between light fuel oil (50’000m3) solar 

thermal (36’000m3) and wood pellets (26’000m3).   
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Figure 12. Scenarios 2035: Impact on water consumption 
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Regarding the district heating mix, both 

types of heat pumps contribute the most 

to the district heating’s total impact in 

every scenario. In the BAU and EE+, the 

centralized heat pumps have a higher 

impact (43-44%) than geothermal heat 

pumps, (30-31%). In the RE+ and 

EE&RE scenarios, the heat pumps’ 

relative impact is higher than in the other 

scenarios (86-87% vs 74%). The 

geothermal heat pumps contribute the 

most to the mix impact in the RE+ 

scenario while in the EE&RE scenario the 

centralized heat pumps contribute the 

most. Finally, waste incineration (16%) 

and natural gas (5%) have a higher 

relative impact in the BAU and EE+ 

scenario than in the scenarios with higher 

share of renewables.  

 

 

4.3 Impacts per unit of heat  

 

This section aims at comparing the impact of the four scenarios and of technologies per unit 

of heat delivered for each impact category. The comparison per unit of heat gives an 

understanding of which technology and scenario are the most and least impactful 

independently of the quantity of heat produced. This is particularly important since the quantity 

of heat produced by each technology varies according to each scenario, which influences the 

total impact of the technologies.  

 

4.3.1 Scenarios total impact 

The table 4 presents the impact results per GWh in each impact category for the current heat 

mix as well as the four future scenarios. Amongst the four potential future scenarios, there is 

no scenario that outperforms the others in every impact category. The current heat mix has 

the highest impact per GWh compared to all four scenarios in the fine particulate matter 

formation (126 kg PM2.5 eq/GWh) and global warming (274 ton CO2/GWh) impact categories. 

In the mineral resource category and water consumption, the current heat mix has has a lower 

impact than every future scenario except BAU.   
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 Table 4. Current and future scenarios: Impacts per unit of heat. 

When comparing the four future 

scenarios, the BAU scenario has the 

highest impact per GWh for fine 

particulate matter formation (82 kg 

PM2.5 eq/GWh) as well as the highest 

impact on the global warming impact 

category (236 tCO2-eq/GWh). 

Compared to the current heat mix, the 

BAU scenario would decrease the 

impact per GWh by 35% and 14% in 

these two impact categories 

respectively. The BAU scenario has the lowest impact per GWh for mineral resource scarcity 

(201 kg Cu-eq/GWh) and water consumption (444 m3 / GWh) amongst all future scenarios. It 

is the only scenario that would decrease the impact in those two impact categories compared 

to the current heat mix (-7% and -24% respectively).  

 

The RE+ scenario has the lowest impact per GWh on fine particulate matter formation (63 kg 

PM2.5-eq /GWh), although the EE&RE and EE+ scenarios have very similar impact (66 and 

64 kg PM2.5-eq/ GWh respectively). The RE+ scenario also generates the lowest impact on 

global warming (144 tCO2-eq/GWh). Compared to the current heat mix, the RE+ scenario 

would reduce the impact per GWh by 50% in the fine particulate matter formation impact 

category and by 47% for the global warming impact category. However, the RE+ scenario has 

the worst impact per GWh amongst the four future scenarios for mineral resource scarcity (291 

kg Cu-eq/GWh) as well as water consumption (1’283 m3/GWh) impact categories. Compared 

to the current heat mix, the RE+ scenario would increase the impact in those two categories 

by 34% and 120% respectively.   

 

The EE+ scenario impact in the fine particulate matter formation category is the second worst 

compared to the other future scenarios (66 kg PM2.5-eq/GWh). However, it would nonetheless 

represent a 48% impact reduction per GWh compared to the current heat mix. In the global 

warming impact category, the EE+ scenario also scores third (194 tCO2-eq/GWh), 

representing an impact reduction of 29% per GWh compared to the current heat mix. In the 

mineral resource scarcity and water consumption impact categories, the EE+ scenario 

generates the lowest impact per GWh after the BAU scenario. However, compared to the 

current heat mix, the EE+ scenario would increase the impact per GWh by 17% for mineral 

resource scarcity and by 26% for water consumption.  

 

Finally, the EE&RE scenario has the second lowest impact in fine particulate formation (64 kg 

PM2.5-eq/GWh) and global warming (162 tCO2-eq/GWh). Compared to the current heat mix, 

the EE&RE scenario would reduce the impact per GWh by 49% and 41% respectively. 

However, it has the second highest impact on mineral resource scarcity (278 kg Cu eq/GWh) 

and water consumption (1’062 m3/GWh), which would represent an impact increase of 28% 

and 82% respectively compared to the current heat mix.  

 

As we have showed, there is no single scenario that outperforms others in every impact 

category. Compared to the current heat mix, every future scenario would reduce the impact on 

Impact/ Scenario Current  BAU RE+ EE+ 

EE 

&RE  

Fine PM formation  

[kg PM2.5-eq /GWh] 126 82 63 66 64 

Global warming 

[tCo2-eq/GWh] 

                 

274  236 144 194 162 

Mineral resource 

scarcity 

[kg Cu-eq /GWh] 217 201 291 254 278 

Water consumption 

[m3/GWh] 584 444 1283 735 1062 
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fine particulate matter formation and global warming, although in varying degrees. For the 

mineral resource scarcity and water consumption impact categories, the BAU scenario is the 

only scenario that does not generate an impact increase per unit of heat compared to the 

current heat mix. 

 

4.3.2 Heating technologies impact  

This section presents the results for the impact of every heating technology per GWh of heat 

delivered for each impact category. The impacts per unit of heat are consistent across 

scenarios for every technology except district heating and wood. For district heating, the impact 

varies between scenarios due to the difference in the district heating mix. The model for wood 

in the current heat mix includes wood pellets, wood logs and wood chips. However, for the 

future scenarios wood was assumed to be exclusively wood pellets. Hence, the impact differs 

between the current mix and the future scenarios, but is consistent thoughout the four future 

scenarios. Electric heating is only used in the current scenario and not in the future scenarios.  

We will first compare the impact of each individual energy technology and district heating and 

will then compare the technologies used within the district heating mix. 

 

Standalone solutions and district heating 

 

Fine particulate matter formation  

 

In fine particulate matter formation impact 

category, wood is the most impactful heating 

source per unit of heat in the current heat mix as 

well as the future scenarios (377 and 450 kg 

PM2.5 eq/GWh respectively). Within the current 

wood mix, the impacts per unit of heat vary 

considerably, from 289 kgPM2.5/GWh for wood 

chips in big furnaces to 620kg PM2.5/GWh for 

wood chips in small furnaces. The impact of wood 

logs and wood pellets (in small and big furnaces) 

range from 299kg PM2.5 eq/GWh for wood logs up 

to 450 kgPM2.5 eq/GWh for wood pellets in small 

furnaces. After wood, light fuel oil (176kg PM2.5 

eq/ GWh) and electrict heating (154 kg 

PM2.5eq/GWh) are the most impactful. The other technologies have a much lower impact, 

ranging from 29 kg PM2.5 eq/GWh for solar thermal to 61 kg PM2.5 eq/GWh for the individual 

heat pumps. The impact of district heating is lower than individual heat pumps in the current 

heat mixes and the future scenarios. The current district heating mix (38kg PM2.5eq/GWh) is 

slightly less impactful than the district heating mix of every future scenario (47kg 

PM2.5eq/GWh).   
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Global warming  

 

Light fuel oil and natural gas are the most 

impactful technologies on global warming per unit 

of heat, with an impact of 309 tCo2eq /GWh and 

254 tCO2-eq/GWh respectively. District heating is 

the third most impactful in every scenario after 

light fuel oil and natural gas. Its impact is highest 

in the current heat mix (193 tCO2-eq/GWh) and 

lowest in the EE&RE scenario (130tCO2-

eq/GWh). Electric heating (101tCO2-eq/GWh) is 

less impactful than district heating but more 

impactful than individual heat pumps (63ton 

CO2eq/GWh). The impact of wood is lower in the 

current heating mix (30 tCo2eq/GWh) than in 

future scenarios (53 tCO2-eq/GWh). Within the 

current wood mix, wood pellets generate the highest impact (47-53 tCo2/GWh), over twice as 

much as wood logs (21t/GWh) and wood chips (22-27t/GWh).  Finally, solar thermal (10tCO2-

eq/GWh) is the least impactful technology in the global warming impact category.  

 

Mineral resource scarcity  

 

The most impactful technologies for the mineral 

resource scarcity impact category are solar thermal 

(781 kg Cu-eq/GWh), electric heating (550kg Cu-

eq), individual 10kW heat pumps (432kg Cu-

eq/GWh) and light fuel oil (242 kg Cu-eq/GWh). The 

impact of district heating is lowest in the current heat 

mix (83 kg Cu eq/GWh) and highest in the RE+ and 

EE&RE scenarios (206kg Cu eq/GWh), thus having 

a higher impact than natural gas (130 kg Cu 

eq/GWh) for both scenarios. However, in the BAU 

scenario (117 kg Cu eq/GWh) and EE+ scenario 

(125 kg Cu eq/GWh), DH’s impact is lower than 

natural gas and wood (211 kg Cu eq/ GWh). The 

impact of wood is lower in the current heat mix (122 kg Cu eq/GWh) than in the future scenarios 

due to the impact of wood pellets (194-211 kg Cu eq/GWh) being higher than the impact of 

wood chips (104-116 kg Cu eq/GWh) and wood logs (77 kg Cu eq/GWh).   
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Water consumption  

 

Electric heating is the most impactful technology 

for water consumption (9’862 m3/GWh). In the 

future scenarios, individual heat pumps are the 

most impactful technology independently of the 

scenario (3’612 m3 / GWh), with an impact 3 to 

22 times higher than the other technologies. The 

impact of DH in the 2035 scenarios is 2.5 – 3.8 

times higher compared to the current mix (288 m3 

/ GWh). It is highest in the RE+ (1’070 m3/GWh) 

and EE&RE scenario (1’091 m3), and lowest in 

the BAU scenario (705m3/GWh). The impact of 

wood in the current mix (479m3/GWh) than in the 

future scenarios (753 m3 /GWh). The impact of 

light fuel oil (289m3/GWh) is lower than district 

heating in the future scenarios and as impactful 

as district heating in the current heat mix. Finally, solar thermal (189 m3/GWh) and natural gas 

(165 m3/GWh) are the least impactful technologies per unit of heat on water consumption.  

 

Overall, there is no renewable energy source that has the best environmental performance in 

every impact category. Heat pumps have a low impact on fine particulate matter formation and 

global warming, but high impact on mineral resource scarcity and water consumption. Wood 

has the highest impact on fine particulate matter formation and solar thermal systems have the 

highest impact on mineral resource scarcity. Finally, district heating mixes have a lower impact 

on fine particulate matter formation, mineral resource scarcity and water consumption than 

heat pumps, but a higher impact on global warming.  

 

District heating mix technologies  

 

This section presents the results for the impacts of each technology used in the district heating 

mix per unit of heat delivered. The impacts for the pipeline network were calculated for each 

scenario according to the total amount of heat delivered in each scenario. Since the losses 

assumed in the future scenarios are slightly higher than in the current heat mix, the impact per 

heat delivered for a given heating technology varies slightly between the current and future 

scenarios. In that case, we will give both values, first for the current heat mix and then for the 

future scenarios.   
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Fine particulate matter formation   

 

The most impactful technology in the fine particulate 

matter formation impact category is wood chips 

(323/336kg PM2.5-eq/GWh). Light fuel oil is the second 

most impactful (186kg PM2.5-eq/GWh). CHP (53 

kgPM2.5- eq/GWh) has a higher impact than natural 

gas (48-50 kg PM2.5-eq/GWh).  Geothermal heat 

pumps (10kW) and centralized heat pumps (5MW) 

have a very similar impact (38 kg and 40 kg PM2.5- 

eq/GWh respectively) and the lowest impact after 

waste incineration. The technology with the lowest 

impact is waste incineration (17-18kg PM2.5-eq/GWh), 

which is almost twenty times less than wood chips.   

The pipeline network impact on fine particulate 

formation is lower than any heating technology (1kg PM2.5-eq/GWh).  

 

Global warming  

 

Light fuel oil (328 tCO2eq/GWh) and natural gas (282-

294tCO2eq/GWh) are the most impactful technologies 

in the global warming impact category. Waste 

incineration (127-132 tCO2-eq/GWh) and CHP (125 

tCO2-eq/GWh) have a similar impact.  

The centralized heat pump and geothermal heat pumps 

have a similar impact (28-30 tCO2-eq/GWh and 32 

tCO2-eq/GWh respectively), only slightly more 

impactful than wood chips (25-26t/CO2 eq/GWh).  The 

pipeline network has the lowest impact (1tCO2-

eq/GWh). 

 

Mineral resource scarcity  

 

CHP has the biggest impact on mineral resource 

scarcity (432 tCu-eq/GWh). Geothermal heat pumps 

(253 tCu-eq/GWh) and centralized heat pumps (224-233 

tCu-eq/GWh) generate an impact almost as high as light 

fuel oil (257 tCOeq/GWh).  Finally, wood chips (116-120 

tCu-eq/GWh), natural gas (65-68 tCu-eq/GWh) and 

waste incineration (44-46t Cu eq/GWh) have the lowest 

impact on mineral resource scarcity. The pipeline 

network has the lowest impact (23-20t Cu eq/GWh).  
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Water consumption  

 

The impacts on water consumption vary immensely depending on the technology. The 

centralized heat pump (2’400-2470 m3/GWh) and the 

geothermal heat pumps (2’310m3/GWh) produce the 

highest impact on water consumption per unit of heat.  

Wood chips are the most impactful source after the heat 

pumps (642-647m3/GWh). Light fuel oil (306m3/GWh), 

waste incineration (300-312m3/GWh) and CHP 

(253m3/GWh) have similar impacts. Natural gas is the 

heating technology with the lowest impact on water 

consumption (91-95m3/GWh). The pipeline network has 

the lowest impact within district heating (17-14m3/GWh).  

 

As shown, there is no fuel for district heating that has the 

least impact in every impact category. The heat pumps 

have a low impact on fine particulate matter formation and global warming, but high impact on 

mineral resource scarcity and water consumption. Waste incineration has a rather low impact 

on fine particulate matter formation, mineral resource scarcity and water consumption 

compared to other energy sources but has an impact on global warming higher than renewable 

energy sources and as high as CHP fuelled by natural gas. Wood chips have a higher impact 

on fine particulate matter formation than any other fuel, and a higher impact than waste 

incineration on mineral resource scarcity and water consumption.   

4.4 Life cycle stages impacts 

This chapter analyses the impacts per life cycle stage for the scenarios overall, then the 

contribution of each process to the scenario total impact. Finally, we analyse the impact over 

the life cycle of each energy source.  

 

4.4.1 Total impacts 

 

Fine particulate matter formation  

 

In the fine particulate matter formation category, the 

production phase is the most impactful in every 

scenario. The production phase contribution to the 

total impact is highest in the BAU scenario (63%) 

and lowest in the RE+ scenario (45%). After the 

production phase, the use phase generates the 

highest impact in every scenario except for RE+, in 

which electricity consumption (31%) impacts more 

than the use phase (23%). In the EE&RE scenario, 

the use phase and electricity consumption have a 

similar impact (24%).  Finally, transport and end-of-

life phases have a negligeable impact in all 

scenarios (<2%). 
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Global warming  

 

In the global warming impact category, the use phase 

followed by the production phase are the most 

impactful life cycle stages in every scenario. The 

operation phase relative impact is highest in the 

scenarios with the lowest share of renewable energy 

(current heat mix : 87%; BAU 81%; EE+ 78% vs RE+ 

74% and EE&RE 75%).  However, the RE+ and 

EE&RE scenarios have a higher consumption of 

electricity during operation (9% and 6% respectively) 

than the other scenarios (1-3%). The production phase 

amounts to 17-18% in every future scenario and 11% 

in the current heat mix.  All have a negligeable impact 

in the transport and end-of-life phase.  

 

Mineral resource scarcity  

 

In the mineral resource scarcity category, the production phase is the most impactful in every 

scenario, followed by the consumption of electricity 

during operation. However, the production stage 

relative impact is higher in the BAU (84%), current 

heat mix (83%) and EE+ (76%) scenarios than in the 

scenarios with higher share of renewable energy.  

RE+ (63%) and EE&RE (68%) scenarios. In fact, the 

consumption of electricity during use phase in the 

latter scenarios represents about a third of the 

scenario’s total impact. The impact of transport is 

negligeable in every scenario except for the current 

heat mix (4%), due to the transport of light fuel oil. The 

end-of-life has a negligeable impact on mineral 

resource scarcity in every scenario.  

 

Water consumption  

 

In every scenario, the consumption of electricity 

during operation generates the highest impact on 

water consumption over the life cycle. The two 

scenarios with the highest share of renewable 

energy have a higher relative impact due to 

consumption of electricity (90-92%) than the current 

heat mix (79%) and other two scenarios ( 75-86%) 

On the contrary, the production phase relative 

impact is highest in the current heat mix (24%) and 

BAU scenarios (23%) and lowest in the scenarios 

with higher renewable energy (6-8%). Every 

scenario has a small impact on water consumption 

(1-3%) during use due to direct water consumption 
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for cooling purposes of the waste incineration and CHP plants. The end-of-life stage has a 

negligeable impact in the RE+ and EE&RE scenarios. However, in the current scenario and 

the BAU and EE+ scenarios, the treatment of condensate from light fuel oil decreases slightly 

the impact on water consumption (-1% to -3%).  

 

4.4.2 Impact categories  

 

Fine particulate matter formation  

 

 
Figure 26. Life cycle stages contribution to scenario total impact on fine particulate matter formation 

 

The production phase of light fuel generates the highest impacts on fine particulate matter 

formation in the current heat mix (51%), the BAU scenario (36.7%) and the EE+ scenario 

(24.2%). The second highest impact is generated by the use phase of light fuel oil in the current 

heat mix (28%) and by the production of natural gas in the BAU (20.2%) and EE+ (23.1%) 

scenarios.  

In the RE+ scenario, the highest impacts are generated by electricity consumption during use 

of heat pumps, as well as by the production of district heating (12.7%), the production of light 

fuel oil (12.3%) and the production of natural gas (11.7%). Similarly, in the EE&RE scenario, 

the highest impacts stem from the production stage of natural gas (17.2%), from the individual 

heat pumps electricity consumption during operation (15.7%), and from the production stage 

of light fuel oil (15.3%).  

In every scenario except the current heat mix and BAU, the impact of electricity consumption 

for heat pumps represents between 10 and 20% of the scenario’s total impact. Finally, in the 

scenarios with a higher proportion of renewable energy, the impact of district heating’s use 

phase and electricity consumption (12.6-16.5%), as well as the impact of use phase of wood 

pellets (8.6%) are higher than in the BAU and EE+ scenarios.  
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District heating technologies mix  

 

This section presents the life cycle stage contributions of each technology to the total impact 

of district heating. The production stage of natural gas is the process generating the highest 

impact on fine particulate matter formation in the current heat mix (41%) and every future 

scenario (20-31%).  

In the current heat mix, the most impactful phases after the production of natural gas are the 

use phase of waste incineration, wood chips and natural gas.  

The BAU scenario and the EE+ scenario have a similar repartition of impacts across 

technologies and life cycle stages. In both scenarios, the most impactful life cycle stages 

behind production of natural gas are the use phase of wood pellets (20% and 22%), the 

electricity consumption for centralized heat pumps (11% each), the use phase of waste 

incineration (9%) and natural gas (9% and 8%) as well as electricity consumption for 

geothermal heat pumps (7-8%).  

In the RE+ and EE&RE scenarios, the highest impacts after the production of natural gas are 

due to the electricity consumption for geothermal heat pumps (18% and 16%) and centralized 

heat pumps (14% and 16%) as well as the production phase of CHP (16% and 15%). The 

relative impact of the use phase of wood is lower in the current heat mix (12%), the RE+ (10%) 

and EE&RE scenarios (13%) than in the BAU and EE+ scenarios.  

 

Global warming   

 

 

In the global warming impact category, in every scenario and in the current heat mix at least 

between 80 and 90% of the impacts are generated by the use phase of light fuel oil, the 

production and use of natural gas and the use phase of district heating. The use phase of 

natural gas is the most impacting process in every future scenario (29.4% - 46.4%), while it is 
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Figure 27. Life cycle stages contribution to scenario total impact on global warming 
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the second most impacting process in the current heat mix (23%), after the use phase of light 

fuel oil (58%).  

The most impactful life cycle stages after natural gas are the same in the BAU scenario and 

EE+ scenario: the use phase of light fuel oil (30.2% and 19.3%), the production of natural gas 

(11.5% and 12.2%) and the use phase of district heating (8.5% and 11.3%)  

In the RE+ and EE&RE scenarios however, the second highest impact is caused by the use 

phase of district heating (28.5% and 18.4%), followed by operation phase of light fuel oil (12.7% 

and 14.3%) and production of natural gas (7.9% and 10.8%). The consumption of electricity 

for the heat pumps use represents 5.6% of the impact in RE+ scenario, 4% in the EE&RE 

scenario, and 2.5% in the EE+ scenario, while it has a negligeable impact in the BAU scenario 

and current heat mix.  

 

District heating technologies mix  

  

In the global warming impact category, the use phase of natural gas, waste incineration and 

CHP along with the production phase of natural gas represent between 84-94% of the total 

impacts. In every district heating mix, the most impactful life cycle stages are the operation 

phase of natural gas (46.2%-56%) followed by the use phase of waste incineration (17.7%-

29.3%). The relative impacts of both natural gas use phase and waste incineration use phase 

are higher in the BAU and in the EE+ scenarios than in the RE+ and EE&RE. In the latter 

scenarios, the use phase of CHP is the third most impactful life cycle stage (9%), while in the 

BAU and EE+ scenarios, the third most impactful life cycle stage is the production phase of 

natural gas (10%). The electricity consumption during the use phase of centralized and 

geothermal heat pumps represents around 7% of the total impacts in the RE+ and EE&RE 

scenarios.  

 

Mineral resource scarcity 

 

 
Figure 28. Life cycle stages contribution to scenario total impact on mineral resource scarcity 
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In the mineral resource scarcity impact category, the most impactful life cycle stages for the 

current heat mix are the production of light fuel oil (59%) and natural gas (18%) as well as 

consumption of electricity for the electric heater (5%).  

In the future scenarios, the most impactful processes are similar between the BAU and EE+ 

scenarios and between the RE+ and EE&RE scenarios, although the processes contribution 

to the total impact vary. In the BAU and EE+ scenarios, the most impactful processes are the 

production of light fuel oil (30% and 13%), the production of natural gas (30% and 22%), the 

production of solar thermal systems (16% and 32%), as well as electricity consumption during 

use of individual heat pumps (8% and 17%). In the RE+ and EE&RE scenarios, the most 

impactful processes are the production of solar thermal systems (23% and 26%) and electricity 

consumption of heat pumps (24% and 20%), followed by the production of district heating (16% 

and 12%) and the electricity for district heating (12% and 9%) as well as the production of 

natural gas (9% and 14%). Finally, the production phase of the heat pumps contributes 

between 2% (BAU) and 8% to the total impacts.  

 

District heating technologies mix  

 

Within the district heating mix, the most impactful processes in the current heat mix are the 

production of natural gas (32%), the production of the pipeline network (28%), the production 

of waste incineration (12%) and the use phase of waste incineration (9%).  

For the future scenarios, the most impactful life cycle stages are similar between the BAU and 

EE+ scenarios as well as between the RE+ and EE&RE scenarios.  

In the BAU and EE+ scenarios, the most impactful life cycle stages is electricity consumption 

during use of centralized heat pumps (24% in both scenarios). In the BAU scenario, it is 

followed by the production stage of natural gas (20%), consumption of electricity during 

operation of geothermal heat pumps (16%) and production of pipeline network (15%). In the 

EE+ scenario, the production of the pipeline network (19%) is slightly more impactful than the 

production of natural gas (18%) and electricity consumption of geothermal heat pumps (17%). 

The impact of waste incineration during production (6%) and use phase (4%) operation as well 

as the impact of production of geothermal heat pumps (3-4%) are similar in both scenarios.  

In the RE+ and EE&RE scenarios, the most impactful life cycle stage is the production of CHP 

(31% and 29%) respectively. In both scenarios, electricity consumption of centralized and 

geothermal heat pumps is the most impactful after CHP. However, in the RE+ scenario the 

geothermal heat pumps (23%) have a higher relative impact than the centralized heat pumps 

(18%), whereas in the EE&RE scenario, both types of heat pumps have almost the same 

impact (20% and 21% respectively). Finally, on the contrary to the other two scenarios, the 

production of the pipeline network (9% and 11%) has a higher impact than the production of 

natural gas (8% and 7%).  
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Water consumption  

 

In the current heat mix, the most impactful processes on water consumption are the electricity 

consumption of electric heating (47%), the production (19%) and electricity use (13%) of light 

fuel oil as well as electricity use for individual heat pumps (12%).  

In every future scenario, the most impactful processes are electricity consumption during use 

phase of individual heat pumps, followed by electricity consumption during use of district 

heating. The electricity consumption of heat pumps generates between 59% and 64% of the 

total scenario impact, except in the BAU scenario (38%). The relative impact generated by the 

consumption of electricity by district heating is higher in the RE+ (29%) and EE&RE (27%) 

than in the BAU (17%) and EE+ (13%) scenarios. The production of light fuel oil and natural 

gas contribute by 18% to the total BAU scenario’s impact, while it contributes between 2-8% 

in the other scenarios.  Finally, the impact of electricity consumption for use of natural gas is 

higher in the BAU scenario (11%) than in the other future scenarios (2-6%).  

 

 District heating mix technologies  

 

In the current district heating mix, the most impactful processes on water consumption are the 

use phase of waste incineration (47%) followed by the consumption of electricity for individual 

heat pumps (23%) and the production of natural gas (9%).  

In every future scenario, electricity consumption during use phase of geothermal and 

centralized heat pumps are the most impactful. These two processes are more impactful in the 

RE+ scenario (49% and 38%) and EE&RE scenarios (42% and 44%) than in the BAU (30% 

and 44%) and EE+ (31% and 43%). However, the BAU and EE+ scenarios have a higher 

relative impact generated by the use phase of waste incineration (14%) than the RE + and 

EE&RE scenarios (5%).   
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Figure 29. Life cycle stages contribution to scenario total impact on water consumption 
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4.4.3 Heating technology impact 

 

This section presents the life cycle impact of every technology per impact category. The impact 

distribution over the life cycle of each technology remains consistent in every scenario, except 

for district heating since the district heating mix varies between scenarios, and wood since the 

current heat mix assumed a wood mix different from the future scenarios. Thus, we present 

the life cycle stages impact for every technology overall and will detail district heating life cycle 

for every scenario.   

 

Fine particulate matter formation  

 

In the fine particulate matter formation impact category, individual heat pumps (10kW) and 

electric heaters are the only technologies whose biggest impact is due to the consumption of 

electricity during the operation phase (94% and 96% respectively). The production phase 

impact occurs during the heat pump and electric heater manufacture.  

For every other heating technology except wood, the highest impacts occur during the 

production phase. For light fuel oil, the production stage impact (64%) is almost entirely 

attributable to the production of light fuel oil, and to a lesser extent to the manufacture of the 

oil boiler and oil storage (3%). The impact during the operation stage is due to the emissions 

released during combustion (34%) and to electricity consumption (1%).  

Most of the impact generated by natural gas occurs during the production phase due to fuel 

production (80%) and gas boiler manufacture (4%). The impact of the operation phase stems 

from the emissions released by the fuel combustion (12%) and from the consumption of 

electricity (4%).  

Almost the totality of the impact of solar thermal is generated by the production phase (97%), 

notably due to the production of copper components (87%) for the solar flat plate collector 

(tubes and absorbing plate) and to the production of heat storage (5%).  The remaining impact 

is generated by consumption of electricity during operation (3%).  

The wood mix in the current heat mix generates its highest impact during use phase (85%) 

and production (14%). Within the wood mix, the highest impacts of the life cycle occur during 

the use phase, although to a varying degree: wood logs (95%) and wood chips (85-92%) have 

a higher relative impact during the use phase than wood pellets (68%-71%). Wood pellets have 

a higher relative impact during production (29%) due to the consumption of electricity for the 

pelletizing process.  

Finally, the distribution of district heating’s impact over the life cycle depends on the DH mix. 

In the current heat mix, the production phase generates the highest impact (49%), followed by 

the use phase (38%) and consumption of electricity (6%). In the future scenarios, the RE+ and 

EE&RE mixes generate the highest impacts during production (43% and 41%), followed by 

electricity consumption (34%) and emissions during use (22-23%). In the BAU and EE+ 

scenarios, the highest impacts also occur during the production phase (38% and 36%), but the 

impacts during the use phase (37% and 41%) are higher than the impacts due to consumption 

of electricity (21% and 19%). The life cycle stages impacts for each technology within the 

district heating mix are detailed below.  
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District heating technology mix :  

 

Almost the totality of the impact for the centralized heat pumps (5MW) is caused by the 

consumption of electricity during the use phase (99%). Similarly, the geothermal heat pumps’ 

biggest impact is generated during the use phase due to electricity consumption (96% of the 

impact). The impact generated by the heat pumps manufacture (3.5%) is mostly due to the 

use of copper and steel.  

The production phase generates the majority of the impact for CHP, natural gas and light fuel 

oil. CHP production impact is mostly due to the production of the fuel (49%) and to the use of 

diesel and production of steel for the CHP plant construction (42%). The emissions released 

during operation contribute by 9% to CHP’s total impact.  

For natural gas, almost the totality of the impact is due to the production of fuel (72%) and 

emissions due to fuel combustion (20%). The remaining impact is mostly due to electricity 

consumption (6%) during operation. Similarly, two thirds of light fuel oil’s impact are generated 

during the production phase, while the emissions during use generate the remaining impact.  

Waste incineration and wood chips are the only two heating technologies for which the majority 

of the impact occurs during the use phase (64% and 85% respectively). The remaining impact 

of waste incineration is mostly due to waste collection and transport (21%). For wood chips, 

the production stage impact (14%) is almost entirely due to the production of the fuel.  

Finally, the totality of the impact of the pipeline network is generated during the production 

phase, in particular for the production of steel (49%) for the pipes and the production of 

polyurethane foam (25%) and polyethylene (15%) for pipe insulation.  

 

Global warming  

 

In the global warming impact category, individual heat pumps and electric heaters are the only 

heating technologies whose highest impact occurs during the use phase due to the 

consumption of electricity (59% and 99% respectively). The remaining impact of the heat 

pumps is mostly due to emissions caused by refrigerant leakage during use (35%) and during 

heat pump manufacture (3%).  

Light fuel oil most impacting life cycle stage on global warming is the operation phase during 

which the emissions generated by the fuel combustion cause 86% of the impact. The 

production phase impact (13%) is mostly attributable to the production of light fuel oil and the 

production of oil storage and boiler (5%).  Similarly, 78% of natural gas impact is due to the 

emissions released by the fuel combustion, while the production phase impact (22%) stems 

mostly the production of the natural gas fuel.  

For both wood and solar thermal, the main impact occurs during the production stage. Solar 

thermal system’s main impact is due to the production of copper for the solar thermal collector 

components (75%), to the production of heat storage (7%) and of heat carrier liquid (7%).  In 

the current heating mix, the wood mix’s impact is mostly due to its production (65%) and use 

(23%). Within the wood mix, the highest impact is generated by the production of phase for 

every type of wood, although for pellets the impact during production is higher (75-79%) than 

for wood chips (60-64%) or wood logs (49%). This is mostly due to the electricity consumption 

for pelletizing. The use phase impact is higher for wood logs (42%) than for wood chips (16-

23%) and wood pellets (9-14%).   

Finally, the use phase generates the highest impact in every district heating mix, although to 

varying degrees. In the current heating mix, the use phase generates a higher impact (87%) 

than in the future scenarios. In the BAU and EE+ scenarios the use phase relative impact 
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(84%) is higher than in the RE+ and EE&RE scenarios (77%). On the contrary, the production 

phase’s relative impact is higher in the latter scenarios (14-15%) than in the former (11%).  

 

District heating mix technologies  

 

The use phase is the most impacting phase for waste incineration (96%), light fuel oil (91%), 

natural gas (84%) and CHP (66%). The remaining impact of light fuel oil and natural gas stem 

mostly from the production of the fuels. The impact of the production phase of CHP (34%) 

comes from primarily from the production of natural gas (23%) and to a lesser extent from the 

production of the CHP power plant (8%).  

For both geothermal and centralized heat pumps (5MW), the main impact is generated by 

electricity consumption during the operation phase (76% and 88% respectively) and by 

emissions released by refrigerant leakage (19% and 10% respectively).  

For both wood chips and the pipeline network, the production phase is the most impactful.  

The impact of the pipeline network results mostly from the production of steel pipes (53%) and 

from the production of polyurethane foam (26%) and polyethylene (19%) for pipe insulation. 

The impact of wood chips is notably due to the production of wood (61%), to emissions during 

combustion (16%), transport of wood (10%) and electricity consumption (9%).  

 

Mineral resource scarcity  

 

For every technology except the heat pump and electric heating, the most impactful life cycle 

stage on mineral resource scarcity is the production phase. Natural gas’ impact is mostly due 

to the production of the fuel (32%), the manufacture of the gas boiler (45%) and to the 

construction of the pipeline network for distribution in Switzerland (14%). For light fuel oil, the 

production impact is split between the construction of the oil storage (38%), the production of 

fuel (33%) and the manufacture of the oil boiler (24%), notably due to the production of copper 

and steel. Almost the entire impact of solar thermal comes from the production stage (99%), 

mostly due to the use of copper (94%) for the solar thermal system components (absorber and 

tubes) and to heat storage manufacture (4%).  

 

For the current heat wood mix, 86% of the impact is generated by production and 14% by 

consumption of electricity. Within the wood mix, wood pellets have a higher relative impact 

during production (91%) than wood chips and wood logs (83%), due to the pelletizing process.  

For individual heat pumps, the most impactful life cycle stage is the consumption of electricity 

during operation (76%). Electricity’s impact is primarily attributable to the construction of the 

low voltage distribution network in Switzerland (37%) and to the production of electricity (36%). 

The heat pumps production phase impact (24%) stems primarily from the use of copper (21%) 

and steel (2%) for the heat pumps manufacture.   

Finally, the current district heating mix generates its highest impact during the production 

phase (74%) and electricity consumption during use (11%). In the future scenarios, the 

production phase relative impact is lower than in the current heat mix (56% in RE+ and EE&RE 

; 49% in BAU and EE+), while the consumption of electricity during use phase is much higher 

(41-43%).  
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District heating mix technologies  

 

Almost the totality of the centralized heat pumps (5MW) impact is generated by electricity 

consumption during operation (96%) The remaining impact is attributable to heat pump 

manufacture (4%). Similarly, most of the geothermal heat pumps’ impact stems from the 

electricity consumption during operation (83%). The impact generated by heat pump 

production (17%) is due notably to the use of copper for heat pump components.  

 

Except for the heat pumps, every other technology generates its highest impact on mineral 

resource scarcity during the production phase. The totality of the combined heat and power 

impact is generated during the production phase due to the construction of the CHP power 

plant (94%) and to a lesser extent to the production natural gas (6%). The highest production 

impacts stem from the use of copper (35%), chromium steel (31%) and reinforcing steel (21%) 

for the construction of the power plant. For natural gas, the production phase impact (92%) is 

mostly due to the production of the fuel itself (79%) and to a lesser extent to the production of 

the industrial furnace (13%). Similarly, the impact of light fuel oil is almost entirely attributable 

to the production phase (95%), due to the production of fuel as well as storage and boiler 

manufacture. For wood chips, the impact occurs mostly during the production phase (82%) 

due to the production of the wood chips (60%) and to the manufacture of the furnace (22%). 

The remaining impact is due to electricity consumption during operation. The impact of waste 

incineration is more evenly spread between production (43%) due to the construction of the 

plant, the use phase (32%) and end-of-life (15%).  

Finally, almost the totality of the pipeline network’s impact on mineral resource scarcity stems 

from steel pipes production.   

 

Water consumption  

 

The consumption of electricity during use is the most impactful life cycle stage for the individual 

heat pumps (99.5%) and electricity heater (99.8%). The remaining impact for these two 

technologies is generated during the production stage. For natural gas, electricity consumption 

during use phase is also the most impactful stage (60%) although the production phase also 

has a significant impact (40%) due to fuel production (34%) and gas boilers manufacture (6%). 

On contrary to heat pumps and natural gas, the main impact of the other technologies occurs 

during the production stage. For light fuel oil, the production phase (66%) is mostly due to is 

primarily due to the operation of petroleum refinery (42%), the production of fuel (10%) and to 

oil storage manufacture (8%). Electricity consumption during use generates 45% of the impact.  

However, the treatment of condensate from light fuel oil is considered as reducing the total 

impact by 12%.  For solar thermal, the production stage impact (70%) is mostly caused by the 

production of copper for the system’s components (53%), by production of antifreeze liquid 

(9%) and manufacture of the heat storage (5%).  

In the current heat mix, the impact of wood mix is mostly due to production (62%) and 

consumption of electricity during use (38%). Within the heat mix, wood logs are the only type 

of wood whose highest impact occurs due to electricity consumption during use phase (65%). 

For wood chips and wood pellets, the production phase has a higher impact (65-71%) than 

electricity consumption (34-29%). Finally, the highest impact of the current district heating mix 

is generated during the use phase (47%), due to water usage for cooling purposes in the waste 

incineration plant, and to electricity consumption for heat pumps (30%). In the future district 

heating mixes however, the highest impact is generated by electricity consumption during use 
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in every future scenario (77-87%). The remaining impact is mostly due to use phase for the 

BAU and EE scenarios (14%) and to use phase and production phase for the RE+ and EE&RE 

scenarios.  

 

District heating mix technologies 

 

For both the centralized 5MW heat pumps and the geothermal heat pumps, the totality of the 

impact on water consumption occurs during the use phase due to the consumption of 

electricity. Waste incineration is the only heating source whose impact on water consumption 

occurs almost entirely during use phase, due to water consumption for cooling purposes (113% 

of the total impact). However, the water emissions released during combustion are deducted 

from the total water requirements, thus lowering the impact (89%).  

The impact of combined heat and power is split between the use phase (56%) and the 

production phase (44%). The use phase impact is attributable to the usage of water to cool the 

power plant during its operation. However, the combustion of natural gas generates water 

emissions that are counted as reducing the total water requirements. When considered 

separately, the water requirements for the power plant cooling during the operation phase 

represent 126% of CHP’s total impact, and the water emissions from natural gas combustion 

represent a negative impact of 61%.  

On contrary to CHP, most of the impacts generated by natural gas and light fuel oil occur 

during the production stage (63% and 66% respectively) due mostly to the production of fuels. 

The remaining impact is caused by electricity consumption during use.  

Likewise, about two-thirds of the wood chips’ impact is generated during the production stage 

and one-third during operation due to electricity consumption. The production phase impact is 

mostly attributable to the production of wood chips. Finally, the pipeline network’s impact stems 

mostly from the production of polyurethane for foam insulation (37%), steel pipes manufacture 

(30%), steel production (14%) and polyethylene production for plastic pipes (12%).  

5 Discussion  
 

Our study is the first to conduct a LCA to assess the environmental impacts of the current 

heating mix and of the four possible heat mix scenarios that are considered for 2035 in the 

Canton of Geneva. It can therefore bring valuable insights to inform decision-making on the 

suitability of each scenario, notably regarding environmental impacts and objectives on GHG 

emissions that the State of Geneva has set for 2030 and 2050.  

5.1 Heat demand  

Based on existing bottom-up models for Switzerland, our study estimated the total heat 

demand for space heating and domestic hot water for residential buildings in the Canton of 

Geneva at 2.2TWh of useful energy. This value is slightly higher than a previous study 

estimation at 1.7TWh [4]. However, the gap between the two values can be explained by the 

difference in the energy reference area between the two studies (4 mio. sq. meters difference). 

When applying the results of [4] to the same energy reference area as used in this study, the 

total heat demand is similar to our results.   

 

The total heat demand for the four future scenarios in 2035 varies from 1.7TWh (EE+ scenario) 

to 2.2 TWh (BAU), which represents a decrease between 1% to 21% compared to the baseline. 
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These values are close but slightly inferior to the ones estimated by [9] who had calculated a 

decrease from 6% to 24% compared to the baseline. The calculated average specific heat 

demand of existing residential buildings after retrofit resulted in values between 

288MJ/m2/year and 368MJ/m2/year, thus only two scenarios (EE+ and EE&RE) reach the 

target set by the State of Geneva in its Energy master plan (<350MJ/m2/year). However, these 

results were calculated with a retrofit rate of 2% and 2.5% per year from the reference year 

(2014) to 2035, hence over a period of 21 years. As showed in [48], the actual retrofit rate 

between the years 2011-2019 reached an average of 0.52% per year, thus insufficient 

compared to the modelled 2-2.5% per year for the EE+ and EE&RE scenarios. In order to 

reach the expected decrease in energy consumption from the EE+ and EE&RE scenarios, the 

retrofit rate would then have to be higher than modelled for the remaining years until 2035.  

 

Moreover, the literature shows that there is a performance gap between the theoretical 

expected energy savings and the actual specific heat demand after retrofit [49, 50], especially 

for buildings with a specific heat demand below average (<400MJ/m2/year). As the average 

specific demand in this study has been found to be 378MJ/m2/year, it could be expected from 

the literature that the actual energy savings would be very inferior to the theoretical expected 

values (1.3% decrease in buildings lower than 400MJ/m2/year). Thus, the results for energy 

savings shown in this study could be extremely over-estimated if the performance gap 

demonstrated in the literature is not addressed.  

5.2 Environmental impacts of heating mixes  

Our results indicate that every scenario modelled for 2035 would decrease the impact on global 

warming compared to the current heat mix. The BAU scenario would reduce the impact only 

by 15%, while the other three scenario would reduce the impact by up to 50% (RE+). These 

results are thus similar to the CO2 emissions reductions calculated in [9]. In addition, every 

future scenario would decrease the impact on fine particulate matter formation compared to 

the current heat mix, particularly the EE+ and EE&RE scenarios. Hence, our results suggest 

that all future scenarios except BAU could bring substantial benefits in reaching the carbon 

emission targets set by the State of Geneva for 2030.   

Nevertheless, our results also showed that some scenarios lead to an increased impact on 

mineral resource scarcity and water consumption compared to the current heat mix. Hence, 

no scenario achieves better results than others in all the assessed impact categories. The RE+ 

scenario would decrease the most global warming impacts compared to the current heat mix 

but would also create the highest impact on mineral resource scarcity and water consumption. 

The EE+ scenario is the only scenario that would significantly reduce the impacts on fine 

particulate matter formation (-59%) and global warming (-44%) without increasing the impacts 

on mineral resource scarcity and water consumption. The EE&RE scenario would reduce the 

impacts on fine particulate matter formation and global warming almost as much as the 

previous two scenarios, but it would also lead to an increase in mineral resource scarcity and 

water consumption. Since the overall impact results for the scenarios are linked to their 

respective total heat demand, we also analysed the impacts of each scenario per unit of heat 

delivered. The impact results per unit of heat were found to be slightly different from the total 

impacts. In fact, in the fine particulate matter formation impact category, the RE+ scenario has 

the lowest impact per unit of heat, as opposed to EE+ in the total impact results. The EE+ 

impact reduction on global warming compared to the current heat mix is lower when calculated 

per unit of heat (-29%) than when calculated for the total impact. Moreover, the EE+ scenario 
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leads to an increased impact on mineral resource scarcity and water consumption compared 

to the current heat mix per unit of heat. This indicates that the impact reductions of the EE+ 

scenario compared to the current heat mix would not be as high if its total heat demand was 

higher. This is an important factor to consider for decision-making, since as mentioned 

previously, there is a gap between theoretical and actual energy consumption reduction and 

retrofit rates.   

 

These findings also show the importance of analysing both the heating mix and total heat 

demand when comparing energy scenarios. In fact, the potential for impact reduction of a 

scenario over another will not necessarily be the same if assessed per unit of heat or for the 

whole heat demand. However, most of the LCA literature on comparing heating sources 

reviewed in the frame of this study compared heat sources or energy scenarios based on their 

impacts per unit of heat and only a few analysed impacts for the total heat demand.  We would 

thus suggest that future LCA studies would analyse both the impacts per unit of heat and total 

heat demand when comparing potential heating mixes.  

5.3 Impact results per scenario  

This study also analysed the impacts of each heating source within the current heat mix and 

every future scenario. As each future scenario was modelled with a different heat mix, the most 

impactful heating sources vary depending on the scenario and the impact category. Despite a 

reduction of the proportion of oil in the future heating mixes of at least 50% compared to the 

baseline, it was found to have the highest impact on fine particulate matter formation in every 

future scenario except for the RE+ scenario. In the RE+ scenario, district heating has the 

highest impact on fine particulate matter formation, almost twenty times more than in the 

current heat mix. However, those results can be expected since the share of district heating in 

the heat mix increased substantially, from 3% in the current heat mix to 40% in the RE+ 

scenario. On the other hand, wood, which is the energy source with the highest impact on fine 

particulate matter formation per unit of heat, has one of the lowest impacts overall in the current 

heat mix and future scenarios since it contributes by maximum 2% to the heat mixes.    

In the global warming impact category, oil has the highest impact in the current heat mix, while 

natural gas has the highest impact in every future scenario. Natural gas has a higher impact 

than district heating even in the RE+ scenario in which district heating delivers twice the heating 

demand compared to natural gas. In the mineral resource scarcity impact category, renewable 

energy sources, especially solar thermal systems and heat pumps, have the highest impacts 

in every future scenario except for BAU. In both BAU and the current heat mix, fossil fuels have 

the highest impact on mineral resource scarcity given their high shares in the heat mixes, even 

though heat pumps and solar thermal systems have higher impacts per unit of heat. In the 

water consumption impact category, electric heating has the highest impact in the current heat 

mix, while heat pumps and district heating have the highest impact in future scenarios, due to 

electricity consumption. Hence, fossils fuels still contribute substantially to environmental 

impacts despite the higher integration of renewable energy in the heat mixes.  

5.4 District heating  

Compared to the renewable energy sources used in the heat mixes, every district heating mix 

analysed in this study is less impactful per unit of heat delivered than air-water heat pumps 

(10kW) on fine particulate matter formation, mineral resource scarcity and water consumption, 
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but more impactful on global warming. Our results for the impacts of the current district heating 

mix of Geneva on global warming (193 tCO2-eq/GWh) are however higher than indicated in 

the scientific literature (132.6tCO2-eq/ GWh)[32], which can partially be explained by the 

inclusion of the impacts over the whole lifecycle instead of the use phase only.  

The district heating mixes are less impactful than wood on fine particulate matter emissions, 

but more impactful on global warming. However, the scientific literature has shown that the 

impact of wood on global warming can be higher than fossil fuels when biogenic emissions are 

included[51]. Hence, depending on whether biogenic emissions are considered carbon neutral 

or not, the impacts on global warming will vary.  

 

Regarding district heating mixes, the current district heat mix is slightly less impactful than all 

four scenarios for 2035 per unit of heat in the fine particulate matter impact category but has a 

higher impact on global warming. Hence, the integration of more renewable energy in the future 

district heating mixes allowed to decrease the global warming impact per unit of heat by up to 

33% for EE&RE scenario. However, since the share of heat demand from district heating is 

much lower in the current heat mix than in the future scenarios, every scenario leads to an 

increase in global warming impact from district heating. On the other hand, the current heat 

mix is less impactful per unit of heat than all four scenarios on mineral resource scarcity and 

water consumption. The district heating mixes with higher renewables are more impactful than 

BAU and EE+ on mineral resource scarcity and water consumption.  

5.5 Life cycle stages impacts  

The analysis of the contribution of the life cycle stages to the impacts showed that in every 

scenario the most impactful phases are the production phase in the fine particulate matter 

formation and mineral resource scarcity categories, the use phase for global warming and 

electricity consumption during use phase for water consumption.   

 

While it was expected that the use phase would be the most impacting on the global warming 

impact category, the detailed life cycle results showed some important factors to take into 

consideration in the context of the strategy for GHG emission reduction set by the State of 

Geneva. In fact, the results showed that the production phase of every scenario has 

nonetheless a significant impact (11-18%) and thus should not be neglected. In particular, the 

impact of wood on global warming is mostly due to the production phase, hence while its 

combustion might be considered carbon neutral, its production could lead to increased 

impacts. Likewise, the leakage of refrigerant used in the heat pumps represent 30% of its 

impact on global warming, which increases significantly its impact per unit of heat (63g 

CO2eq/kWh) compared to values calculated considering electricity consumption only. 

Moreover, as confirmed by the literature, the results show that electricity consumption during 

use of heat pumps contributes substantially to several impact categories including mineral 

resource scarcity and water consumption[33], notably in the scenarios with higher shares of 

renewable energy. Therefore, these are important factors to take into consideration to mitigate 

the potential impacts stemming from an increase of renewable energy in the heating mixes.   

5.6 Results limitation and future work 

Our study was the first to assess environmental impacts through a life cycle assessment of the 

current heating mix and of several possible future heating scenarios for the Canton of Geneva. 
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It can thus give useful insights to inform the decisions and measures taken within the 

framework of Geneva Energy Master plan. Nevertheless, our methodology presents some 

limitations that could be addressed in future research to improve the accuracy of the model 

and give a better forecast of future impacts generated by heat production for residential 

buildings in the Canton of Geneva. First, the energy demand was calculated only for residential 

buildings and did not consider other types of buildings, which gives thus only a partial overview 

of the impacts of heating for the building stock in Geneva. This could also be a potential 

explanation as to why the calculated share of district heating in the current heat mix (3%) is 

below the value of 10% from [9]. The impacts of district heating could therefore be 

underestimated and require further assessment.   

  

Moreover, the models used for the life cycle assessment included limitations that could be 

addressed to improve the accuracy of results, notably regarding the district heating network. 

For instance, due to limited data, our model did not include circulation pumps and heat 

exchangers for the district heating network, although those elements could have a significant 

contribution to the district network’s impact[19]. Moreover, the thermal density of the main 

network was applied to the totality of the district heating network, even though smaller networks 

have a lower thermal density than the main network[52]. Hence, modelling several district 

heating networks with corresponding lengths, thermal densities and fuels could improve the 

accuracy of the results. Moreover, a reduction in heat demand has been shown to decrease 

the potential of high temperature district heating networks in Switzerland[53], while LTDH could 

decrease environmental impacts compared to HTDH[54]. Hence the future scenarios analysed 

in this study could be refined by including a distinction between existing HTDH and LTDH (used 

by Genilac) as well as LTDH for new buildings. Similarly, the geothermal heat pumps and 

centralized heat pumps were modelled with a comparable configuration, with diameter and 

depth of the wells for the boreholes estimated from existing literature[33],   without considering 

flow rates, temperatures and heat exchangers. A comparison between our results for these 

two energy sources with results from [33] seems to indicate the need for a more precise 

modelling of those heat sources. The impacts for the geothermal and centralized heat pumps 

within the district heating mix might therefore lack accuracy.  

Furthermore, this study used the electricity mix for Switzerland already existing from ecoinvent 

database, which could be refined by using the actual hourly electricity mix since the carbon 

content of the swiss electricity mix varies significantly between summer and winter[32]. 

Similarly, the scenarios for 2030 were modelled with the same electricity mix and were not 

adjusted for a potential increase in renewable energy share in the electricity mix for 2030. As 

suggested in [33], the impacts of heating scenarios with an electricity mix more reliant on 

renewable energy might result in decreased impacts for fine particulate matter and global 

warming, but higher impacts on mineral resource scarcity.  Our model could thus be further 

improved when taking into account future electricity mix. Finally, other factors that could 

influence impact results could be integrated in the model to give a more comprehensive 

overview of environmental impacts of energy mixes, such as the impacts of building renovation 

[34] or the energy required for cooling demand, which is expected to increase substantially in 

Switzerland by 2050 [55].   
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6 Conclusion  
 

In this study, we used an existing bottom-up model for the heat consumption of residential 

buildings in Switzerland to calculate the total useful energy demand of residential buildings in 

Geneva. Using those results as a baseline, we also estimated the total heat demand according 

to four possible future scenarios for the heating sector in Geneva in 2035, taking into account 

retrofit rates, population growth and climate correction. We also modelled the respective 

heating mixes for each scenario. Our results found that the total heat demand in the four 

scenarios would decrease by maximum 20% compared to the baseline. We also conducted a 

life cycle assessment to evaluate the impacts of providing heat to residential buildings for a 

year under the current heat mix and in the four scenarios. We found that every scenario except 

BAU would decrease carbon equivalent emissions by 40-50%, thus showing promising 

potential to support the State of Geneva targets for GHG emissions reduction by 2030. On the 

other hand, the scenarios with emphasis on renewable energy would lead to increased impacts 

on mineral resource scarcity and water consumption compared to the baseline. The EE+ 

scenario is the only scenario that would significantly reduce the impacts on fine particulate 

matter formation (-59%) and global warming (-44%) without increasing the impacts on mineral 

resource scarcity and water consumption. However, we highlighted that these results are 

sensitive to the quantity of heat delivered, since the EE+ scenario impact reduction on global 

warming per unit of heat (-29%) is lower than for the total heat demand.  This is an important 

factor to consider for decision-making, especially given performance gaps in building retrofits. 

The results also showed that, despite a higher share of renewable energy in the future 

scenarios compared to the baseline, fossil fuels still contribute substantially to environmental 

impacts. On the other hand, the increased share of renewable energy fuel in future district 

heating mixes could decrease the global warming impact of district heating by up to 33% per 

unit of heat. Finally, this study has highlighted the significant environmental impacts occurring 

over the life cycle of renewable energy sources besides the combustion phase, notably during 

the production phase of wood, heat pumps and solar thermal systems, as well as the emissions 

released by heat pumps refrigerant, which have a significant impact on global warming. These 

elements ought to be considered when planning for an increase in renewable energy in heating 

mixes.    
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