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 Abstract. The current study presents the CO2-eq emissions of the operational energy use of 

a single-family house, equipped with a micro-cogeneration unit. A back-up boiler and electricity 
from the grid cover the remaining energy demand, not covered by the micro-CHP.  Two different 
technologies are evaluated, i.e. ICE and fuel cell systems, operating with a variable share of 
biomethane, while two different substrates were considered for the biomethane generation. A 
dynamic LCA was applied for the electricity mix, coming from the grid, using different time 
steps. The results show that producing biomethane from biowaste compared to conventional 
natural gas is beneficial, in terms of CO2-eq emissions, independently of the micro-CHP 
technology, while the total CO2-eq emissions of the fuel cell technology are higher than those of 
the ICE, independently of the substrate and the biomethane share.  

1. Introduction 
The revised Swiss Federal Energy Act in 2017, concerning the building sector, aims at promoting the 
energy efficiency of buildings and appliances, the decentralized renewable energy production in parallel 
with the nuclear energy phase-out [1]. An efficient energy technology, also promoted at the EU level 
[2], which is consistent with the aforementioned goals are the residential micro-cogeneration units that 
provide a combined production of electricity and heat. The benefits linked with this technology are: (i) 
the avoided environmental impacts linked to the separate heat and power production [3], (ii) the primary 
energy savings, due to the high exergy efficiency [4], [5], (iii) the stability of the power of the grid [6], 
[7] since the micro-CHP units operate in a flexible way, contributing, thus, to the reduction of the winter 
peaks [8] and the electricity imports, (iv) the introduction of power-driven systems in urban zones [9], 
(v) the optimal management of the existing natural gas grids and the future network’s convergence [10], 
[11].   

The residential micro-CHPs, typically, have a maximum electrical capacity of 50kWe, [2] and they 
can be separated in two categories, depending on the power production modes, i.e. using thermodynamic 
cycles or other mechanisms [5], [12]. The most used technologies, belonging to the first group are the 
internal combustion engines (ICE), the microturbines and the Stirling engines, [5], while the most used 
type of the second category include the fuel cells micro-CHP. These micro-CHP systems mostly 
function with natural gas (around 45% of the energy carriers used in micro-CHPs in EU [13]), while the 
renewable sources, such as biomass, biogas, solar or geothermal, cover around 30% in EU, [13]. 

Martinez et al. [5] argues that combining the micro-CHP technology with renewables is an ‘efficient 
way to introduce renewables to residential buildings’. Different studies discuss the environmental gains 
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of the micro-CHP units, combined with renewables, as for example [14], [15]. In [16] the authors 
concluded that using a micro-turbine with biogas can lead to a 20% reduction of CO2-eq emissions 
compared to a gas boiler. Biomethane can be a favourable solution, combined with the cogeneration 
systems, while different studies discuss the direct and indirect CO2 emissions of the biogas [17],[18]. 
However, there are multiple discussions in the scientific community, concerning the allocation method 
for its production, as summarised in [19]. 
Thus, the aim of this study is to continue in this direction and position the micro-CHP systems in terms 
of their environmental performance, by comparing the CO2-eq emissions of an ICE and a fuel cell micro-
CHP, with a traditional gas boiler, using different shares of biomethane and by considering additionally 
the impacts of the electricity consumption mix, using a dynamic LCA (i.e. hourly, daily, monthly and 
yearly time steps) for the electricity imports and the domestic production. The CO2-eq emissions of the 
biomethane were calculated for two substrates, used in Switzerland for its production, i.e. biomethane 
produced from manure and biowaste. 

2. Methodology  
2.1. System configuration of the case studies 
The case study concerned an SFH, located in the canton of Neuchâtel (NE). The measured annual heat 
and electricity demand profiles were provided by Viteos [20], for 2018. The system configuration of the 
case study is presented in Figure 1. The scenarios examined include a) a traditional gas boiler covering 
100% of the heating and domestic hot water (DHW) needs, while 100% of the electricity needs were 
covered by the grid (reference scenario), b) an ICE micro-CHP, which covered on average 69% and 
70% of the heating and electricity demand, respectively and c) a fuel cell unit that covered 13% and 
99.5% of the heating and electricity demand, respectively. The design of the ICE micro-CHP was based 
on the following two criteria, 1) it should cover at least 60% of the energy for heating and DHW, 
according to the standard solution of the CHP technology, as set by the MuKEn, [21] and 2) it should 
operate for approximately 3500 hours [22], so that the overproduction during the 3500 hours is equal to 
the heat demand beyond the 3500 hours limit. Concerning the fuel cell system, it was designed for 
covering 3500 hours of the annual electricity demand. The remaining electricity and heating demand are 
covered by the grid and a back-up gas boiler, respectively.  

 

 
2.2. Life cycle analysis of the operational energy of the case studies  
The perimeter for the LCA calculation, concerning the operational energy of the case study is presented 
in Figure 2. Hence, it is necessary to determine the CO2 impacts of a) the biogas production, taking two 
different substrates (manure and biowaste), b) the biogas purification, for the biomethane production, 
so that it can be injected to the gas network, c) the network of natural gas, d) the losses of the conversion 
from high to low pressure gas, e) the electricity mix, f) the heat production of the gas back-up boiler, g) 
the two micro-CHP systems.  
 

Figure 1: System configuration of the case study, for the micro-CHP scenario 
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2.2.1. LCA of gas, biogas and biomethane  
The ecoinvent database v3.4 [23] was used to define the CO2-eq impacts of the case study. In Switzerland, 
there are five ways for the biogas production, i.e. from sewage sludge, manure, biowaste, industrial 
waste water and landfills, while the biggest part of the production (more than 90%) comes from the three 
first substrates, [24]. The impacts of the biogas are defined differently for these substrates, according to 
the ecoinvent v3.4. The biogas from sewage sludge and biowaste are considered as waste and have thus 
no upstream impacts, while the biogas produced from manure has a 1.92 kgCO2eq/m3, since manure is 
considered as a recyclable co-product [25]. The assumption, concerning the biogas allocations strongly 
influences the results, as shown in [26]. Thus, it was decided to take both of these assumptions into 
consideration, in order to evaluate the allocation method of the biogas for two different substrates, i.e., 
manure and biowaste, using a micro-CHP technology.  

The chosen biogas purification procedure was the Pressure Swing Adsorption (PSA), modelled in 
the ecoinvent database, in order that the biogas reaches a 96% methane in volume, for its injection to 
the gas network. Concerning the gas network, it was assumed that it operates with different shares of 
biomethane, namely 0% (i.e., 100% natural gas), 10%, 20% and 100%. The losses from the high to low 
pressure were also taken into account, i.e. leakage rate of 0.72%, [23].  

 
Figure 2: LCA perimeter of the case studies 

2.2.2. LCA of the electricity mix  
The Swiss electricity mix for four time steps (annual, monthly, daily, hourly) was built by gathering 
data for the national production, the imports-exports among the neighboring countries, the grid 
distributions and conversion losses. The transparency platform ENTSO-E, which provides hourly data 
of the electricity production for the European countries, was combined with the gross exchanges 
provided by Swissgrid (separating imports and exports) and the grid losses provided by the Swiss 
Federal Office of Energy (SFOE) so that the Swiss electricity consumption mix at the building level 
could be defined. A temporal aggregation was performed, in order to calculate the different time steps, 
while a matrix-based calculation procedure was applied, in order to calculate the impacts of the different 
electricity production means (i.e. nuclear, fossil fuels, hydro, etc.) and the different imports from the 
neighboring countries.  In the end, the CO2-eq emissions of the Swiss consumption mix were calculated 
for 2017 and 2018, Figure 3. 

2.2.3. LCA of the ICE, fuel-cell micro-CHP and back-up boiler 
The impacts of these two technologies are based on ecoinvent v3.4. The factors of the exergy allocation 
of the micro-CHP units have been adapted, according to the technical characteristics of the micro-CHP, 
i.e. their corresponding thermal and electricity efficiencies. In addition, the CO2-eq emissions of the 
micro-CHP were calculated for the different shares of biomethane, i.e. 0%, 10%, 20% and 100%. 
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Concerning the back-up gas boiler, it was considered that it operates with the same variable share of 
biomethane. Hence, its CO2-eq were calculated, considering the aforementioned shares. More details of 
the current methodology can be found in [27]. 

   
Figure 3: CO2-eq emissions of the Swiss electricity mix per country and energy source, monthly time step (‘Other’ 

includes other countries and other energy source).   

3. Results and Discussion  
The CO2-eq emissions of the reference scenario (gas boiler for heating and DHW and electricity from the 
grid) were 1’460 gCO2-eq/kWh and 10’470 gCO2-eq/kWh, for the electricity and heating demand, 
respectively. The LCA of the operational energy for the two micro-CHP technologies and the two 
assumptions of the biogas production are presented in Figure 4. These results correspond to the annual 
CO2 emissions of the electricity, heating and total energy demand of the case study, under an hourly 
time step. Comparing the biogas allocations, it can be noted that the impacts strongly depend on the 
assumptions, concerning the allocations. As expected the most favourable biogas production, for both 
micro-CHP technologies and the different energy demands is the biogas produced from biowaste, as the 
allocation method in ecoinvent v3.4 considers it as a waste. For both technologies, the total CO2-eq 
emissions for the biogas coming from biowaste are approximately 70% lower than those when using 
biogas from manure, that is considered as a co-product in ecoinvent v3.4.  

 
Figure 4: CO2 emissions of the Swiss electricity mix, monthly time step 

Concerning the fuel cell micro-CHP, the CO2-eq emissions of the total energy demand, when using 
biogas from manure with 100% biomethane are approximately 50% higher than those from 100% natural 
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gas. On the contrary, looking at the ICE, this difference is less pronounced for the manure substrate, i.e. 
27% higher CO2-eq emissions than those coming from 100% natural gas. For the biogas coming from 
biowaste, the CO2-eq emissions between the biogas with 100% biomethane are approximately 65% lower 
than the 100% natural gas, independently of the micro-CHP technology. Comparing the two micro-CHP 
technologies, it can be concluded that the ICE presents a better performance than the fuel-cells micro-
CHP, looking at the total CO2-eq emissions. The CO2-eq emissions of the ICE are 20% and 15% lower 
than those of the fuel-cells, for the biogas coming from manure and biowaste, respectively. Concerning 
the CO2-eq of the electricity, for the case of the fuel-cells, the CO2-eq emissions are 21% lower than for 
the ICE, for the biowaste substrate and 100% biomethane. For the heating demand the CO2-eq emissions 
of the ICE for 100% biomethane and both substrates are approximately 38% lower than those of the fuel 
cell system.  

By comparing the impacts of the micro-cogeneration units for the electricity demand, to those of the 
grid, it can be seen that the annual carbon emissions of the grid are lower, independently of the 
biomethane share. This result can be explained, by the low annual carbon intensity of the Swiss 
electricity mix,  [27]. However, it should be noted that during the winter months, when the electricity 
imports are higher (mainly from Germany and from its fossil fuel thermal plants, see Figure 3) the 
difference of the CO2-eq impacts between the grid and the micro-CHP generated power significantly 
diminishes, for the biowaste substrate and both micro-CHP technologies. Thus, depending on the period 
of the year, the micro-CHP technology can become competitive, compared to other technologies, a fact 
that can be revealed only when a dynamic LCA is used for the electricity of the mix. Concerning, heating 
the micro-CHPs (0% biomethane) perform better, in terms of CO2-eq emissions, with the ICE technology 
having approximately 50% less impacts than the gas boiler.  

4. Conclusions 
In this study, two micro-CHP technologies were examined, for an SFH case study, operating with 
different biomethane shares, i.e. 0, 10%, 20% and 100%. Additionally, two biogas substrates were 
examined, i.e. biowaste and manure. The following conclusions could be drawn: a) evaluating the                 
CO2-eq emissions of the biomethane, using biowaste as substrate, is always beneficial, compared to the 
natural gas for both micro-CHP technologies, b) evaluating the CO2 emissions of the biomethane, using 
a manure substrate, is more beneficial for the ICE system than for the fuel cell system, c) the overall 
performance of the ICE for the different biomethane shares and both substrates is better than that of the 
fuel cell. However, the latter presents a slightly better environmental performance for the electricity 
demand than the ICE, d) both micro-CHP technologies present a better environmental performance than 
the traditional gas boiler, in terms of CO2 emissions for the heating demand.  
 
Acknowledgements  
The authors wish to acknowledge the support of this work by the Swiss Federal Office of Energy (SFOE, 
Ecodynbat, SI/501814-01). In addition, the authors wish to thank the energy distribution company                 
Viteos SA, for the additional financial support, the measured data of the case study and the technical 
advice.  

5. References  
[1] Bundesamt Für Energie (BFE), “Energy Strategy 2050,” [Online]. Available: 

https://www.uvek.admin.ch/uvek/en/home/energy/energy-strategy-2050.html. 
[2] European Comission, “Cogeneration of Heat and Power.” 

https://ec.europa.eu/energy/topics/energy-efficiency/cogeneration-heat-and-power_en. 
[3] M. Badami, F. Camillieri, A. Portoraro, and E. Vigliani, “Energetic and economic assessment of 

cogeneration plants: A comparative design and experimental condition study,” Energy, vol. 71, 
pp. 255–262, 2014, doi: 10.1016/j.energy.2014.04.063. 

[4] T. Tereshchenko and N. Nord, “Uncertainty of the allocation factors of heat and electricity 
production of combined cycle power plant,” Appl. Therm. Eng., vol. 76, pp. 410–422, 2015, doi: 
10.1016/j.applthermaleng.2014.11.019. 

[5] S. Martinez, G. Michaux, P. Salagnac, and J. L. Bouvier, “Micro-combined heat and power 



CISBAT 2021
Journal of Physics: Conference Series 2042 (2021) 012105

IOP Publishing
doi:10.1088/1742-6596/2042/1/012105

6

 
 
 
 
 

systems (micro-CHP) based on renewable energy sources,” Energy Convers. Manag., vol. 154, 
no. September, pp. 262–285, 2017, doi: 10.1016/j.enconman.2017.10.035. 

[6] Bundesant Für Energie (BFE), https://www.bfe.admin.ch/bfe/en/home/supply/energy-
efficiency/cogeneration.html. 

[7] T. Zobel, C. Schürch, K. Boulouchos, and C. Onder, “Reduction of cold-start emissions for a 
micro combined heat and power plant,” Energies, vol. 13, no. 8, pp. 1–18, 2020, doi: 
10.3390/en13081862. 

[8] D. Willi, “Residential Micro Combined Heat and Power : Possible Solution for Swiss Electricity 
Shortage ? Energy Economics and Policy , 351-0514-00L,” no. April, 2011. 

[9] M. Fesefeldt, M. Capezzali, M. De Lapparent and M. Bozorg, “Evaluation of Future Scenarios 
for Gas Distribution Networks under Hypothesis of Decreasing Heat Demand in Urban Zones,” 
Energy, 2021. 

[10] V. M. Soltero, R. Chacartegui, C. Ortiz, and R. Velázquez, “Evaluation of the potential of natural 
gas district heating cogeneration in Spain as a tool for decarbonisation of the economy,” Energy, 
vol. 115, pp. 1513–1532, 2016, doi: 10.1016/j.energy.2016.06.038. 

[11] G. Westner and R. Madlener, “Development of cogeneration in Germany: A mean-variance 
portfolio analysis of individual technology’s prospects in view of the new regulatory 
framework,” Energy, vol. 36, no. 8, pp. 5301–5313, 2011, doi: 10.1016/j.energy.2011.06.038. 

[12] D. Kryzia, M. Kuta, D. Matuszewska, and P. Olczak, “Analysis of the potential for gas micro-
cogeneration development in poland using the monte carlo method,” Energies, vol. 13, no. 12, 
2020, doi: 10.3390/en13123140. 

[13] Eurostat, “Data on Energy.” https://ec.europa.eu/eurostat/web/energy/data. 
[14] F. Ruzzenenti, M. Bravi, D. Tempesti, E. Salvatici, G. Manfrida, and R. Basosi, “Evaluation of 

the environmental sustainability of a micro CHP system fueled by low-temperature geothermal 
and solar energy,” Energy Convers. Manag., vol. 78, pp. 611–616, 2014, doi: 
10.1016/j.enconman.2013.11.025. 

[15] P. K. Cheekatamarla, “Decarbonization of Residential Building Energy Supply : Impact of 
Cogeneration System Performance on Energy ,”  Energies, 2021, vol. 14, issue 9. 

[16] G. E. Valencia, L. G. Obregón, and Y. E. Cardenas, “Multi-Objective analysis of a CHP system 
using natural gas and biogas on the prime mover,” Chem. Eng. Trans., vol. 65, pp. 313–318, 
2018, doi: 10.3303/CET1865053. 

[17] J. Crevant, M.-H. de Sède-Marceau, M. Capezzali, G. Montagnole, and S. François, “Intégration 
territoriale de la production et de la consommation de biométhane,” Aqua & Gas, 2021. 

[18] K. A. Lyng and A. Brekke, “Environmental life cycle assessment of biogas as a fuel for transport 
compared with alternative fuels,” Energies, vol. 12, no. 3, 2019, doi: 10.3390/en12030532. 

[19] O. Hijazi, S. Munro, B. Zerhusen, and M. Effenberger, “Review of life cycle assessment for 
biogas production in Europe,” Renew. Sustain. Energy Rev., vol. 54, pp. 1291–1300, 2016, doi: 
10.1016/j.rser.2015.10.013. 

[20] Viteos SA, energy utility based in the Canton of Neuchâtel (Switzerland),  https://viteos.ch/. 
[21] EnDK, “Modèle d’encouragement d’harmonisation des cantons, ModEnHa.” 

https://www.endk.ch/fr/documentation/modele-dencouragement-harmonise-des-cantons-
modenha. 

[22] Private communication with CoGen, Sàrl, Le Mont-Pèlerin, Switzerland. 
[23] “Ecoinvent 3.4.” https://www.ecoinvent.org/database/older-versions/ecoinvent-34/ecoinvent-

34.html. 
[24] IEA Bioenergy, “Switzerland – 2018 update,” 2018. [Online]. Available: 

https://www.ieabioenergy.com/wp-
content/uploads/2018/10/CountryReport2018_Switzerland_final.pdf. 

[25] N. Jungbluth et al., “Life Cycle Inventories of Bioenergy. ecoinvent report No.17,” 2007. 
[26] M. Berglund, “Environmental systems analysis of biogas systems — Part I : Fuel-cycle 

emissions,” vol. 30, pp. 469–485, 2006, doi: 10.1016/j.biombioe.2005.11.014. 
[27] P. Padey et al., “Dynamic Life Cycle Assessment of Buildings - Upcoming report.” 


