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Overview
Switzerland has committed to a transition to a low-carbon energy system through the Energy Strategy 2050. One of
the pillars of the strategy is phasing-out of nuclear power (OFEN, 2013). It means that the country will have to face
the challenge of replacing nearly 30% of its domestic power generation (31.7% in 2017) (OFEN, 2018). In the long
run, it should be compensated by the development of renewable energies and reduction in consumption, the two other
pillars of the strategy. Currently, imports from the European Union are used when indigenous production is unable to
meet demand. Indeed, for the last years, the use of electricity inflows from neighbouring countries has been growing,
particularly in winter. The Federal Electricity Commission (ElCom) has warned about this winter dependency, among
other things, about the fact that the majority of imports during this period are of fossil fuel origin (ElCom, 2018).
These imports probably have an important impact on the carbon footprint of the electricity consumed in Switzerland
as around 20% of the European Union’s electricity production came from coal (21.5% in 2017) (IEA, 2019). Having
the lowest combustion carbon intensity of the three major fossil fuels (IPCC, 2006), natural gas is sometimes presented
as the fossil fuel of the transition, notably as a power generation solution (IEA, 2011). Combined Heat and Power
(CHP), an internal combustion engine coupled to an electric generator, is a highly efficient energy conversion process.
It produces both electricity and heat and can be fuelled by natural gas. From a thermodynamic point of view, this
approach allows a more efficient use of natural gas compared to its direct combustion for heating purposes.
Furthermore, this decentralized approach is also more efficient than other conventional gas-fire power plant where the
heat generated cannot be recovered. As a result, this project intends to evaluate the environmental impact of a shortmedium run solution allowing to produce electricity on the Swiss territory during winter : the development of
decentralized power generation through natural gas-fired combined heat and power plants. More precisely, this study
aims to answer the two following research questions :
1) What is the impact of the electricity inflows from neighbouring countries on the hourly carbon footprint of
the electricity consumed in Switzerland ?
2) How the replacement of a part of the inflows from neighbouring by Combined Heat and Power (CHP)
fuelled by natural gas impacts the hourly carbon footprint of the electricity consumed in Switzerland ?

Methods
For this study, the hourly granularity has been chosen in order to be closer to
the real constraints of the electricity market. To answer the two research
questions, four different parts were necessary (see figure 1).
Assessing hourly GHG emission from electricity consumption and the
impact of imports
This part has been realized by a combination of data from the ecoinvent
database on Life Cycle Inventory technology and electricity related data from
the ENTSO-E transparency platform (Frischknecht & Rebitzer, 2005; Hirth et
al., 2018). The hourly carbon footprint of the electricity consumed in
Switzerland has been assessed in accordance with the consumption principle
(Vuarnoz & Jusselme, 2018; Bai et al., 2014; West et al., 2016). It means that
the country’s own electricity generation mix has been taken into account as well
as the country’s electricity cross-border physical flows (imports and exports).
In this study, the GHG content of the electricity imports has been considered
as being the same as the generation mix of the country of origin of the imports.
Figure 1 : The four parts of the research process
Modelling hourly gas consumption for heating purposes
Natural gas consumption for heating purposes has been modelled by means of the heating degree-hours method
(Guttman & Lehman, 1992; Durmayaz et al., 2000). Hourly natural gas delivery data and outside temperature data
have been made available thanks to the collaboration with the company which supplies and transport high-pressure
natural gas to Western Switzerland.

Simulating hourly electricity production with natural gas CHP-plants
This part has been realized using the results of the previous part. The simulation has been conducting in order to
maximize efficiency according to the second law of thermodynamics. Different scenarios have been made regarding
CHP efficiency and the proportion of natural gas consumption convertible to the CHP technology.
Assessment of the hourly GHG emission from electricity consumption with the new solution
This part has been assessed based on the results of the previous parts. Various scenarios have been developed, such
as concerning the proportion of biogas that can be found in the Swiss gas grid.

Results
The results show that, imports impact strongly and negatively the GHG footprint of the electricity consumed in
Switzerland. More precisely, it is heavily impacted by imports from Germany and its coal-based power production.
The results of the last part show that the development of decentralized power generation through natural gas-fired
CHP plants can substantially lower the GHG footprint of the electricity consumed in Switzerland. Indeed, in all the
scenarios, the natural-gas CHP solution is a less-GHG-emitting alternative to imports.

Conclusion
This study demonstrates that the Swiss growing dependency on electricity imports during winter has, indeed, a nonnegligible impact on the environment. This tendency will probably continue as Germany intend to reach its total coal
phase out only by 2038 (BMWi, 2019). The natural gas-fired CHP solution examined in this study represents a lesscarbon intensive alternative. In addition, being based on existing technology and infrastructure (gas grid), this solution
could be deployed in a very short span. This aspect is of particular importance because CO2 emissions shall start to
diminish before 2030 if we want to limit global warming to 1.5C° (IPCC, 2018). The necessity to act before 2030 is
an aspect that has been neglected in the Energy Strategy 2050 whose objectives are more farsighted. Policy makers
should examine the fact that natural gas could play a temporary role in the energy transition. Further research in this
area could be carried out in order to investigate the feasibility and the costs of deploying such a solution.
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