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1 Introduction

This modelling protocol summarizes the assumptions for the CROSS scenarios version CROSS-v2025-
06 (Marcucci and Guidati, 2025). It includes:

1. The assumptions related to the scenario definition, i.e. CO, and renewable targets and limits
to electrification (Section 2);

2. Harmonising assumptions and and reference values and ranges for other variables that are rele-
vant for the development of the future Swiss energy system (Section 3). Table 1 lists all variables
covered in this document. Variables marked in the harmonising column are those expected to
be aligned across models for the CROSS model comparison v2025.

Table 1: Harmonising assumptions

Variable Harmonising
Population and GDP (Table 3) X
Heating degree days (Table 3) x
ERA (Tables 4 and 5) X
Energy service end use demands

Space heating (Table 6) X

Warm water (Table 7) X

Process heat (Table 8) x

Electricity from appliances (Table 9) x

Passenger and freight demand (Table 10) X

Fossil and sustainable aviation fuels demand (Table 11) X
Resources (Table 12)

Hydropower

Solar photovoltaics

Wind

Biomass

Import prices (Table 13)
0Oil
Gas
Hydrogen x
Net transfer capacities (Table 14)
Investment costs technologies (Table 15)
Solar PV x
Wind x
Other electricity generation technologies
Efficiencies heat pumps and EVs (Table 16) X

2 Scenarios definition

The CROSS scenarios v2025-06 are defined along three key dimensions: climate policy, renewables
and imports targets and fallibility of charging infrastructure for electric vehicle (EVs).
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Climate policy dimension

This dimension is shaped by the Climate and Innovation Act (Swiss Federal Council, 2022), which
legally mandates net-zero GHG emissions by 2050, covering all sectors and GHGs, including aviation
but does not specify a required share of domestic reductions. We, therefore, consider two variants
based on the geographic source of emissions reductions:

* Abroad variant: Allows a share of emissions reductions to be achieved via carbon dioxide re-
moval (CDR) abroad, with a minimum of 90% domestic reductions by 2050. For the cost of
using Internationally transferred mitigation outcomes (ITMOs), the carbon price calculated by
global models in achieving the net-zero target can be used: an interquartile range of 200-900
US$2010 and an average of 500 US$2010 (Riahi et al., 2021).

¢ Domestic variant: Assumes that Switzerland meets its net-zero target solely through domestic
efforts, i.e., 100% of emissions reductions occur within the national territory.

Table 2 summarizes the values for each variant. The details on the current regulation and the estima-
tion of the emissions targets can be found in the CROSSv2025-06 scenario description (Marcucci and
Guidati, 2025).

Renewable and imports target

This dimension models the policy mandates on renewable electricity production and winter electric-
ity import constraints as well as a counter-factual scenario without such targets.

e RES-target variant: Implements the Energy Act targets (UVEK, 2024), requiring at least 35 TWh
of electricity produced with new renewables (solar, wind, biomass, and geothermal. Excluding
hydropower) by 2035 and 45 TWh by 2050, and limiting winter electricity net imports to 5 TWh.

* NoRES-target variant: A counter-factual case with no binding targets on renewable genera-
tion or restrictions to winter electricity imports, letting the system evolve based on techno-
economic optimization.

EV charging infrastructure availability (Electrification)

This dimension captures uncertainty around the pace of the deployment of EV charging infrastruc-
ture:

e Full variant: Assumes unrestricted rollout of EV charging infrastructure, enabling EVs to meet
up to 100% of private passenger transport energy demand by 2050.

e Limited variant: Reflects potential bottlenecks in infrastructure deployment, limiting the EV
share of passenger transport energy demand to 60% by 2050.
Scenario overview

Figure 1 depicts the overview of the scenarios, resulting by combining the three dimensions previ-
ously described. Table 2 presents the values needed to implement the CROSSv2025-06 scenarios.
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Figure 1: CROSS-v2025-06 scenarios overview. Counter-factual scenarios (i.e., those without policy
enforcement) are shown in red. The priority level of the scenarios is indicated as follows: % high, »

medium and V¥ low.

Table 2: CROSS-v2025-06 scenario

S

Climate policy Domestic Abroad

2030 2040 2050 2030 2040 2050

Maximum GHG domestic emissions (MtCO»2) 36.5 21.1 0.0 36.5 233 8.7
Maximum GHG compensation abroad (MtCO>) 73 6.6 0.0 73 87 87
Energy-related emissions target (MtCO>) 239 109 -8.0 239 131 0.8
Renewable and imports target RES-target NoRES-target
2035 2050 2035 2050
Minimum electricity produced with new renewables (solar, wind, 35 45 - -
biomass, and geothermal. Excluding hydropower) (TWh)
Winter electricity net imports (TWh) 5 - -
Electrification Full Limited

2030

2040 2050 2030 2040 2050

Maximum share of EVs in final demand of passenger vehicles (%) 15

60 100 15 40 60

3 Reference values for model input parameters

This section summarizes values for different input parameters of

energy system models. The com-

plete description of the estimation can be found in Marcucci and Guidati (2025).

3.1 Population, GDP and HDDs
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Table 3: Population, GDP and HDDs

2010 2020 2030 2040 2050 2010-2050 Reference

Population (Million)
Reference 7.9 8.7 9.4 9.9 10.2 0.66% p.a.  A-00-2025 (BFS, 2024a, 2025b)
High 7.9 8.7 9.7 10.5 11.2 0.89% p.a. B-00-2025 (BFS, 2024a, 2025b)
Low 7.9 8.7 9.2 9.3 9.2 0.40% p.a. C-00-2025 (BFS, 2024a, 2025b)
Number of households (Million households)
Reference 3.5 3.9 4.3 4.6 4.8 0.84%p.a. AM-00-2020 (BFS, 2024c, 2021)
High 3.5 3.9 4.3 4.8 5.1 1.02% p.a. BM-00-2020 (BFS, 2024c, 2021)
Low 3.5 3.9 4.2 4.4 4.5 0.65%p.a. CM-00-2020(BFS, 2024c, 2021)
Working population (full-time equivalent)
Reference 3.7 4.2 4.6 4.9 5.0 0.71%p.a.%p.a. A-00-2025 (BFS, 2025a,c)

High 3.7 4.2 4.7 5.1 54 0.94%p.a. B-00-2025 (BFS, 2025a,c)

Low 3.7 4.2 4.5 4.5 44 0.43%p.a. C-00-2025 (BFS, 2025a,c)
GDP (BCHF2017)

Reference 611.3 703.6 875.0 1032.4 1190.6 1.68% p.a. BIP-A (BFS, 2024b, SECO, 2025)

High 611.3 703.6 895.7 1093.7 1305.3 1.91%p.a. BIP-B (BFS, 2024b, SECO, 2025)

Low 611.3 703.6 8544 967.6 1068.0 1.40% p.a. BIP-C (BFS, 2024b, SECO, 2025)

Heating degree days (HDDs)
RCP2.6 3770 3351 3296 3248 3219 -0.39%p.a Berger and Worlitschek (2019)
RCP4.5 3770 3350 3255 3166 3080 —0.50% p.a Berger and Worlitschek (2019)
RCP8.5 3770 3353 3254 3141 2993 -0.57%p.a Berger and Worlitschek (2019)

Data available at https://sweet-cross.ch/data/macroeconomic-drivers-cross/2025-06-06/ and
https://sweet-cross.ch/data/heating-degree-days-cross/2022-09-30/

3.2 Building stock - Energy reference area (ERA)

The total ERA for the different sectors is shown in Table 4 and the ERA for the residential sector by age
and building type in Table 5.

Table 4: Energy Reference Area by sector (Mm?2)

2010 2023 2030 2040 2050 2010-2050

Residential (Mm?2)
Reference 428.4 509.2 546.1 576.1 597.7 0.84% p.a.
High 428.4 509.2 562.8 616.1 659.2 1.08% p.a.
Low 428.4 509.2 528.7 533.1 530.2 0.53% p.a.
Commercial (Mm?2)
Reference 213.0 248.6 264.3 277.5 287.0 0.75% p.a.

High 213.0 248.6 271.7 295.1 313.9 0.97% p.a.

Low 213.0 248.6 256.7 258.6 257.4 0.47% p.a.
Industry (Mm2)

Reference 87.4 95.1 100.5 106.6 111.8 0.62% p.a.

High 87.4 951 1014 108.7 115.1 0.69% p.a.

Low 874 951 99.7 104.2 107.8 0.53% p.a.

I Data available at https://sweet-cross.ch/data/era-cross/2025-06-06/
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Table 5: Residential ERA (Mm2) and specific useful energy demand (kWh/m2/year) by building type
and construction period

Energy reference area (Mm2) Specific demand
Construction period 2018 2020 2030 2040 2050 2020-2050 (kWh/m2/year)

Single family houses

<1920 41.7 414 396 373 34.6 -0.60% p.a. 92.9
1920-1945 220 218 20.6 19.0 17.0 -0.82% p.a. 104.3
1946-1960 208 20.6 199 188 17.3 -0.59% p.a. 110.1
1961-1970 188 18.7 182 173 16.2 -0.48%p.a. 109.1
1971-1980 249 249 243 235 222 -0.38%p.a. 89.7
1981-1990 276 276 272 26,5 254 -0.28%p.a. 76.1
1991-2000 245 245 242 237 227 -0.25%p.a. 75.2
2001-2010 23.7 237 235 231 221 -0.23%p.a. 65.2
2011-2017 136 136 136 134 13.1 -0.13%p.a. 44.4
>2017 40 in 2020, 25 in 2050

Reference 1.7 1.8 16.8 26.7 36.3 10.57% p.a.

High 1.7 1.8 21.0 36.8 51.7 11.88%p.a.

Low 1.7 1.8 124 16.0 19.5 8.30% p.a.

Multi family houses

<1920 377 377 375 372 36.6 -0.10% p.a. 77.3
1920-1945 21.8 218 21.7 216 214 -0.06% p.a. 81.3
1946-1960 279 279 278 273 255 -0.30% p.a. 73.0
1961-1970 378 378 378 375 36.3 -0.14%p.a. 78.4
1971-1980 34.1 34.1 34.1 340 33.5 -0.06% p.a. 72.9
1981-1990 276 276 276 276 274 -0.02% p.a. 72.4
1991-2000 25.7 257 257 257 25.6 -0.01%p.a. 60.2
2001-2010 30.3 303 303 303 30.3 0.00% p.a. 47.3
2011-2017 253 253 253 253 253 0.00%p.a. 294
>2017 35in 2020, 20 in 2050

Reference 70 53 504 80.2 109.0 10.57% p.a.

High 7.0 53 62.9 110.3 155.1 11.88% p.a.

Low 7.0 53 373 48.0 584 8.30%p.a.

I Data available at https://sweet-cross.ch/data/era-cross/2025-06-06/

3.3 Energy service demands

From the harmonized drivers in Table 3 and the ERA in Table 4, we calculate the future energy ser-
vice demands in the different end-use sectors (see details of the estimation in Marcucci and Guidati
(2025)). All the demands estimated in this section correspond to end-use energy demand (EUD).

Table 6: Space heating end-use demand (TWh)

Climate 2010 2023 2030 2040 2050 2010-2050

Residential (TWh)
Residential
Reference Constant 46.4 32.7 383 385 37.9 —-0.50% p.a.
RCP2.6 46.4 327 372 36.8 359 -0.63%p.a.
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Table 6: Space heating end-use demand (TWh) (continued)

Climate 2010 2023 2030 2040 2050 2010-2050

RCP 4.5 46.4 327 369 36.0 345 -0.73% p.a.
RCP 8.5 46.4 327 36.7 356 33.4 -0.81%p.a.

High Constant 46.4 32.7 38.8 39.6 39.5 -0.40% p.a.
Low Constant 46.4 32.7 37.7 372 36.0 —0.63% p.a.
Commercial (TWh)

Reference Constant 21.1 143 17.0 172 17.2 -0.51%p.a.
RCP26 21.1 143 165 16,5 16.3 -0.64% p.a.
RCP45 211 143 163 16.1 157 -0.74%p.a.
RCP85 211 143 163 159 152 -0.82%p.a.

High Constant 21.1 143 17.2 17.8 18.0 —0.39% p.a.
Low Constant 21.1 14.3 16.7 16.6 16.3 —0.64% p.a.
Industry (TWh)

Reference Constant 4.6 2.5 2.8 2.6 24 -1.65%p.a.
Reference RCP 2.6 4.6 2.5 2.7 2.4 23 -1.78% p.a.
Reference RCP 4.5 4.6 2.5 2.7 2.4 2.2 -1.88% p.a.
Reference RCP 8.5 4.6 2.5 2.7 2.4 2.1 -1.96% p.a.
High Constant 46 25 28 26 25 -158%p.a.
Low Constant 4.6 2.5 2.8 2.5 2.3 -1.74% p.a.

I Data available at https://sweet-cross.ch/data/end-use-energy-demand- cross/2025-06-06/

Table 7: Warm water end-use demand (TWh)

2010 2023 2030 2040 2050 2010-2050

Residential (TWh)
Reference 7.0 7.1 7.0 6.8 6.6 -0.13% p.a.
High 70 7.1 7.2 7.2 7.2 0.10% p.a.
Low 7.0 7.1 6.8 64 6.0 -0.39%p.a.
Commercial (TWh)
Reference 3.3 2.5 2.3 2.1 1.9 -1.30% p.a.
High 3.3 25 23 22 21 -1.08%p.a.
Low 3.3 25 22 1.9 1.7 -1.57%p.a.
Industrial (TWh)
Reference 0.69 052 0.48 0.45 042 -1.23%p.a.
High 0.69 052 050 047 0.46 -1.00% p.a.
Low 069 052 047 042 037 -1.50% p.a.

I Data available at https://sweet-cross.ch/data/end-use-energy-demand- cross/2025-06-06/

Table 8: Process heat end-use demand (TWh)

2010 2023 2030 2040 2050 2010-2050

Commercial (TWh)
Reference 0.58 0.63 0.66 0.70 0.75 0.65% p.a.
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Table 8: Process heat end-use demand (TWh) (continued)

2010 2023 2030 2040 2050 2010-2050

High 0.58 063 067 075 0.82 0.88%p.a.

Low 0.58 063 064 066 0.67 0.38% p.a.
Industrial (TWh)

Reference 18.3 163 156 149 144 -0.60% p.a.

High 183 163 16.0 15.7 15.8 -0.38%p.a.

Low 183 163 152 139 129 -0.87%p.a.

I Data available at https://sweet-cross.ch/data/end-use-energy-demand- cross/2025-06-06/

For models that disaggregate process heat demand by temperature ranges, the following distribution
can be applied: 25% below 1000 °C 25% between 100-2000 °C and 50% above 2000 °C

Table 9: Electricity demand from electric appliances (TWh)

2010 2023 2030 2040 2050 2010-2050

Residential (TWh)
Reference 13.2 121 11.7 11.1 10.6 —-0.54%p.a.
High 13.2 121 12.0 11.8 11.7 -0.31%p.a.
Low 13.2 121 114 104 9.6 —0.80% p.a.
Commercial (TWh)
Reference 159 142 14.0 13.7 13.3 -0.44%p.a.
High 159 142 143 145 146 -0.21%p.a.
Low 159 142 13.7 128 12.0 -0.71% p.a.
Industrial (TWh)
Reference 15.1 134 132 129 12.7 -0.42%p.a.
High 151 134 135 13.7 14.0 -0.19% p.a.
Low 151 134 129 121 114 -0.69% p.a.

I Data available at https://sweet-cross.ch/data/end-use-energy-demand- cross/2025-06-06/

Table 10: Transport demand

2010 2023 2030 2040 2050 2010-2050

Passenger transport demand (Billion passenger-kilometer)
Motorized personal transport
Reference 90.9 93.8 957 945 91.2 0.01%p.a.

High 90.9 93.8 982 100.5 100.2 0.24% p.a.

Low 90.9 938 932 886 824 -0.25% p.a.
Buses

Reference 2.5 2.9 3.1 3.4 3.6 0.93% p.a.

High 2.5 2.9 3.2 3.6 4.0 1.17% p.a.

Low 2.5 29 3.0 3.2 3.3 0.67% p.a.

Passenger rail
Reference 21.1 243 255 28.0 299 0.87%p.a.
High 21.1 243 262 298 328 1.11%p.a.
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Table 10: Transport demand (continued)

2010 2023 2030 2040 2050 2010-2050
Low 21.1 243 249 263 27.0 0.62% p.a.
Freight transport demand (Billion ton-kilometer)
Road
Reference 169 16.2 17.0 187 20.2 0.45%p.a.
High 169 162 174 198 222 0.68%p.a.
Low 169 16.2 166 175 18.1 0.18%p.a.
Freight rail
Reference 9.8 99 109 119 128 0.66% p.a.
High 9.8 99 11.2 126 14.0 0.89%p.a.
Low 9.8 99 107 11.1 114 0.39%p.a.

I Data available at https://sweet-cross.ch/data/end-use-energy-demand- cross/2025-06-06/

Table 11: Aviation fuel demand (TWh)

2010 2019 2023 2025 2030 2040 2050 2010-2050

Total demand of aviation fuels (TWh)

Reference 17.1 225 199 198 203 21.2 220 0.63%p.a.

High 17.1 225 202 198 213 23.7 263 1.08%p.a.

Low 17.1 225 197 198 195 19.1 187 0.22% p.a.
Demand of sustainable aviation fuels (TWh)

Reference 0 040 3.2 9.1 154

High 0 040 33 10.1 184

Low 0 039 3.0 8.2 13.1

I Data available at https://sweet-cross.ch/data/end-use-energy-demand- cross/2025-06-06/

3.4 Resources

Table 12: 2050 potential of renewable resources

Resource Variant Reference
Reference High Low
Hydropower (TWh/a) 36.4 38.4 34.8 Boesetal. (2021)
Solar photovoltaics (TWh/a)
Rooftop 40 50 30 High: BFE (2019), Low: Bauer et al. (2019)
Facades 4 8 High: Remund et al. (2019)
Mountains 30 Reference: Remund et al. (2019), High: Dujardin et al. (2021)
Total 47 88 30
Wind (TWh/a) 4.3 15.0 1.7 Reference: BFE (2020b), High: Dujardin et al. (2021), Low: Cat-

Biomass (PJ/a)
Wood

tin et al. (2012)
Guidati et al. (2021)
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3.5 Imports and exports

Table 12: 2050 potential of renewable resources (continued)

Resource Variant Reference
Reference High Low
Forest Wood
Continued stock increase 26.0 26.0 26.0
Moderate stock reduction 32.3 323 323
Large stock reduction 394 394 394
Wood from landscape 4.8 48 4.8
Wood residues 7.7 77 1.7
Waste wood 16.6 18.2 15.0
Animal manure (dry) 26.3 26.3 26.3
Green waste
Collected organic waste 8.3 9.1 75
Agricultural bioproducts 2.6 26 2.6
Fresh sewage sludge (dry) 6.0 65 58
Mixed fossil / organic waste (PJ/a) Guidati et al. (2021)
Other waste fraction 39.2 43.0 35.1
Municipal waste 28.9 31.7 26.1

I Data available at https://sweet-cross.ch/data/biomass-potentials-cross/2025-06-06/

3.5 Imports and exports

Table 13: Import price of energy carriers (CHF/GJ). Prices are based on the WEO 2024 (IEA, 2024)

2017 2020 2023 2030 2040 2050 2020-2050 Reference
(0)11
Reference 134 11.8 10.3 9.5 -1.27% p.a. Announced pledges (IEA, 2024)
High 134 13.0 12,6 123 -0.33%p.a. Stated policies (IEA, 2024)
Low 13.4 6.9 4.9 4.1 -4.3 %p.a. Net zero (IEA, 2024)
Gas
Reference 11.5 5.7 4.9 49 -3.08% p.a. Announced pledges (IEA, 2024)
High 115 62 72 73 -1.66%p.a. Stated policies (IEA, 2024)
Low 11.5 4.2 3.9 3.8 —4.02% p.a. Net zero (IEA, 2024)
Hydrogen
Reference 94.4 77.2 62.8 —1.35%p.a. Meili et al. (2025)
High 131.9 108.1 87.8 —1.35%p.a. Meili et al. (2025)
Low 66.1 54.2 43.9 -1.36%p.a. Meili et al. (2025)

I Data available at https://sweet-cross.ch/data/import-prices-cross/2025-06-06/

3.6 Carbon sequestration

Recent studies found that CO, storage potentials in Switzerland are low (Diamond et al., 2019) and

to achieve net zero emissions, storage alternatives must be found abroad. Estimates for the storage
potential in the North Sea amount to more than 100 GtCO, (IOGP, 2019). In CROSS, we assume that


https://sweet-cross.ch/data/biomass-potentials-cross/2025-06-06/
https://sweet-cross.ch/data/import-prices-cross/2025-06-06/
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Table 14: Annual net transfer capacities (GW) from ENTSO-E (2022, 2024)

TYNDP24 scenario

Historical Referencegrid  Distributed Energy Global Ambition

From-to 2020 2030 2035 2040 2050 2035 2040 2050
Switzerland-Austria 1.2 1.2 1.4 1.5 1.7 1.2 1.2 1.2
Switzerland-Germany 4.0 4.2 53 6.3 6.3 50 5.0 5.0
Switzerland-France 14 2.2 2.2 3.2 3.2 2.2 3.2 3.2
Switzerland-Italy 3.9 5.8 5.8 5.8 5.8 5.8 5.8 5.8
Austria-Switzerland 1.2 1.2 1.4 1.5 1.7 1.2 1.2 1.2
Germany-Switzerland 2.7 44 60 7.0 7.0 57 57 57
France-Switzerland 3.7 4.5 4.5 5.5 5.5 4.5 5.5 5.5
Italy-Switzerland 1.9 3.1 3.1 3.1 3.1 3.1 3.1 3.1

I Data available at https://sweet- cross.ch/data/net-transfer- capacities/2025-06-06/

Switzerland has access to the storage potential in the North Sea. This potential is unlimited and has a
prices of transport and storage of 100 CHF/tCO, for transport (BFE, 2020a, Abbildung 15).

4 Technologies

4.1 Investment costs

Table 15: 2050 Investment costs for electricity, heat and hydrogen technologies (Meili et al., 2025)

Inv. cost (CHF/KW)

Technology Size
Reference Low High

Electricity production (cost per kWe)

Solar PV 0-10kWp 1526 825 2227
10-30kWp 1024 603 1446
30-100kWp 654 325 983
100-300kWp 690 371 1009
300-100kWp 568 350 786
Wind onshore 1871 1497 2246
Hydropower RoR <10MW 6337 3931 8743
Gas turbine 100-500MW 1089 717 1750
Geothermal Binary cycle 3365 2356 4711
Flash steam 3780 2402 5159

Electricity storage (cost per kWe)

Li-Ion battery Large scale 76 53 106
Small scale 670 469 938
Utility scale 969 396 1542

Heat production (cost per kWth)
Air source heat pump 5 kWth 4462 6027 3170



https://sweet-cross.ch/data/net-transfer-capacities/2025-06-06/
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Table 15: 2050 Investment costs for electricity, heat and hydrogen technologies (Meili et al., 2025)

(continued)

Inv. cost (CHF/KW)

Technology Size
Reference Low High
10 kWth 2488 3355 1766
20 kWth 1806 2432 1284
70 kWth 1019 1372 722
Ground source heat pump 5 kWth 6257 8761 4384
10 kWth 4255 5957 2974
20 kWth 3481 4874 2437
70 kWth 2598 3634 1817
100 kWth 2581 3617 1809
200- 500 kWth 1749 2452 1222
Wood-pellets boiler 5 kWth 5290 7410 3700
10 kWth 3930 5500 2750
20 kWth 2050 2860 1430
70 kWth 730 1020 510
100 kWith 780 1090 540
200 kWth 560 790 390
350 kWth 388 551 271
500 kWth 343 487 244
Wood-chips boiler 70 kWth 932 653 1305
100 kWth 825 571 1270
200 kWth 590 417 1152
350 kWth 417 290 590
500 kWth 390 272 553
Gas boiler 5 kWth 4800 3360 6720
10 kW th 2570 1800 3600
20 kWth 1320 920 1850
70 kWth 480 340 680
100 kWth 430 300 600
200~ 500 kWth 240 170 340
Oil boiler 5 kWth 6110 4280 8550
10 kWth 3290 2300 4600
20 kWth 1700 1190 2380
70 kWth 620 430 860
100 kWith 600 420 840
200-500 kWth 370 260 520
Solar thermal 10 m2 1562 1091 2189
50 m2 897 627 1253
100 m2 791 552 1111
200 m2 727 504 1015
District heating 5 kWth 1752 1230 2450
10 kWth 1416 988 1984
20 kWth 1388 969 1938
70 kWth 1146 801 1602
100 kWth 1086 760 1520
200-500 kWth 995 697 1384

Hydrogen production (cost per kKWAC or KWH2)
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Table 15: 2050 Investment costs for electricity, heat and hydrogen technologies (Meili et al., 2025)
(continued)

Inv. cost (CHF/KW)

Technology Size
Reference Low High
Electrolyser 5 MWAC 1222 855 1711
100 MWAC 890 623 1246
Steam reforming with CCS 1490 1043 2086

I Data available at https://sweet-cross.ch/data/technologies-investment- costs-cross/2025-06-06/

4.2 Efficiencies

For the CROSS scenarios v2025-06 we harmonise the efficiencies of heat pumps and electric vehicles.
Efficiencies of both heat pumps and electric vehicles depend on various parameters.

* The efficiency of EVs depends on the external temperature. In winter, the efficiency is reduced
due to heating needs, lower recuperation and higher rolling resistance. The efficiencies pro-
vided in Table 16 are for EVs at moderate ambient air temperatures with summer tyres.

* The coefficient of performance (COP) of heat pumps is strongly affected by the temperatures
of the heat source and the heat sink. Meili et al. (2025) presents a detailed methodology to
calculate the electricity needs for air source and ground source heat pumps depending on the
temperature of the heat source and sink. In Table 16 presents an average seasonal performance
factor.

Table 16: Efficiencies in CROSS scenarios (Meili et al., 2025)

Efficiency

Technology
Reference Low High
Passenger vehicles (kWh/100 km)

Small private EVs at moderate temperature and with summer tyres 19 14 23
Heat pumps — Average COP

Air-source heat pump 2.3 27 34

Ground-source heat pump 4.42 4 4.8

Water-source heat pump 4.6 43 49



https://sweet-cross.ch/data/technologies-investment-costs-cross/2025-06-06/

REFERENCES 13

References

Bauer, C., Cox, B., Heck, T., Zhang, X, 2019. Potentials, costs and environmen-
tal assessment of electricity generation technologies — An update of electricity gen-
eration costs and potentials. Paul Scherrer Institut. URL: https://www.bfe.admin.

ch/bfe/de/home/news-und-medien/publikationen/_jcr_content/par/externalcontent.
external.exturl.pdf/aHROcHM6Ly9wdWJkYi5iZmUuYWRtaW4uY2gvZGUvcHVibGljYX/
Rpb24vZG93bmxvYWQvOTgyNi5wZGY=.pdf.

Berger, M., Worlitschek, J., 2019. The link between climate and thermal energy demand
on national level: A case study on Switzerland. Energy and Buildings 202, 109372.
URL: http://www.sciencedirect.com/science/article/pii/S037877881931120X, doichttps://doi.
org/10.1016/j.enbuild.2019.109372.

BFE, 2019. Schweizer Hausd4cher und -fassaden kénnten jahrlich 67 TWh Solarstrom produzieren.
URL: https://www.bfe.admin.ch/bfe/de/home/news-und-medien/medienmitteilungen/
mm-test.msg-id-74641.html.

BFE, 2020a. Energieperspektiven 2050+ — Exkurs Negativemissionstechnologien und CCS -
Potenziale, Kosten und Einsatz. BFE. URL: https://www.bfe.admin.ch/bfe/en/home/policy/
energy-perspectives-2050-plus.html.

BFE, 2020b. Energieperspektiven 2050+. Kurzbericht. BFE. URL: https://www.bfe.admin.ch/bfe/en/
home/policy/energy-perspectives-2050-plus.html.

BFS, 2021. Anzahl Privathaushalte nach dem Szenario AM-00-2020, 2020-2050. Bundesamt fiir
Statistik. URL: https://www.bfs.admin.ch/asset/de/16344849.

BFS, 2024a. Demographic balance by canton, 1971-2023. Bundesamt fiir Statistik. URL: https://www.
bfs.admin.ch/asset/de/px-x-0102020000_101.

BFS, 2024b. Gross domestic product: production approach (1995-2023). Bundesamt fiir Statis-
tik. URL: https://www.bfs.admin.ch/bfs/en/home/statistics/catalogues-databases.assetdetail.
32257464.html.

BES, 2024c. Private households by canton and household size, 2010-2023. Bundesamt fiir Statistik.
URL: https://www.bfs.admin.ch/bfs/en/home.assetdetail.32408794.html.

BFS, 2025a. Employed persons (domestic concept) total number and in full-time equivalents
by gender and nationality, gross and seasonally adjusted values. Quarterly and yearly averages
(1960-1974, 1975-2025). Bundesamt fiir Statistik. URL: https://www.bfs.admin.ch/bfs/de/home/
statistiken/arbeit-erwerb/erhebungen/ets.assetdetail.35367422.html.

BFS, 2025b. Szenarien zur Bevolkerungsentwicklung der Schweiz und der Kantone 2025-2055. Bun-
desamt fiir Statistik. URL: https://www.bfs.admin.ch/asset/de/px-x-0104000000_101.

BES, 2025c. Szenarien zur Entwicklung der Erwerbsbevolkerung 2020-2055 — Erwerbsquote und Er-
werbsbevolkerung nach Staatsangehorigkeit (Kategorie), Jahr, Geschlecht, Beobachtungseinheit,
Alter und Szenario-Variante. Bundesamt fiir Statistik. URL: https://www.bfs.admin.ch/asset/de/
px-x-0301000000_101.


https://www.bfe.admin.ch/bfe/de/home/news-und-medien/publikationen/_jcr_content/par/externalcontent.external.exturl.pdf/aHR0cHM6Ly9wdWJkYi5iZmUuYWRtaW4uY2gvZGUvcHVibGljYX/Rpb24vZG93bmxvYWQvOTgyNi5wZGY=.pdf
https://www.bfe.admin.ch/bfe/de/home/news-und-medien/publikationen/_jcr_content/par/externalcontent.external.exturl.pdf/aHR0cHM6Ly9wdWJkYi5iZmUuYWRtaW4uY2gvZGUvcHVibGljYX/Rpb24vZG93bmxvYWQvOTgyNi5wZGY=.pdf
https://www.bfe.admin.ch/bfe/de/home/news-und-medien/publikationen/_jcr_content/par/externalcontent.external.exturl.pdf/aHR0cHM6Ly9wdWJkYi5iZmUuYWRtaW4uY2gvZGUvcHVibGljYX/Rpb24vZG93bmxvYWQvOTgyNi5wZGY=.pdf
https://www.bfe.admin.ch/bfe/de/home/news-und-medien/publikationen/_jcr_content/par/externalcontent.external.exturl.pdf/aHR0cHM6Ly9wdWJkYi5iZmUuYWRtaW4uY2gvZGUvcHVibGljYX/Rpb24vZG93bmxvYWQvOTgyNi5wZGY=.pdf
http://www.sciencedirect.com/science/article/pii/S037877881931120X
http://dx.doi.org/https://doi.org/10.1016/j.enbuild.2019.109372
http://dx.doi.org/https://doi.org/10.1016/j.enbuild.2019.109372
https://www.bfe.admin.ch/bfe/de/home/news-und-medien/medienmitteilungen/mm-test.msg-id-74641.html
https://www.bfe.admin.ch/bfe/de/home/news-und-medien/medienmitteilungen/mm-test.msg-id-74641.html
https://www.bfe.admin.ch/bfe/en/home/policy/energy-perspectives-2050-plus.html
https://www.bfe.admin.ch/bfe/en/home/policy/energy-perspectives-2050-plus.html
https://www.bfe.admin.ch/bfe/en/home/policy/energy-perspectives-2050-plus.html
https://www.bfe.admin.ch/bfe/en/home/policy/energy-perspectives-2050-plus.html
https://www.bfs.admin.ch/asset/de/16344849
https://www.bfs.admin.ch/asset/de/px-x-0102020000_101
https://www.bfs.admin.ch/asset/de/px-x-0102020000_101
https://www.bfs.admin.ch/bfs/en/home/statistics/catalogues-databases.assetdetail.32257464.html
https://www.bfs.admin.ch/bfs/en/home/statistics/catalogues-databases.assetdetail.32257464.html
https://www.bfs.admin.ch/bfs/en/home.assetdetail.32408794.html
https://www.bfs.admin.ch/bfs/de/home/statistiken/arbeit-erwerb/erhebungen/ets.assetdetail.35367422.html
https://www.bfs.admin.ch/bfs/de/home/statistiken/arbeit-erwerb/erhebungen/ets.assetdetail.35367422.html
https://www.bfs.admin.ch/asset/de/px-x-0104000000_101
https://www.bfs.admin.ch/asset/de/px-x-0301000000_101
https://www.bfs.admin.ch/asset/de/px-x-0301000000_101

14 REFERENCES

Boes, R., Burlando, P, Evers, EM., Farinotti, D., Felix, D., Hohermuth, B., Schmid, M., Stihli, M.,
Miinch-Alligné, C., Weigt, H., Avellan, E, Manso, P, 2021. Swiss Potential for Hydropower Gen-
eration and Storage. Synthesis TechReport. SCCER Supply of Electricity. Zurich. doi:10.3929/
ethz-b-000517823.

Cattin, R., Schaffner, B.,, Humar-Maegli, T., Albrecht, S., Remund, J., Klauser, D., Engel, J.J., 2012.
Berechnung der Energiepotenziale fiir Wind- und Sonnenenergie. Meteotest - commissioned by
Bundesamtes fiir Umwelt (BAFU).

Diamond, L., Herwegh, M., Holliger, K., Madonna, C., 2019. Deep underground heat reservoirs, Joint
NRP70 project “Hydropower and geo-energy”. Universitdt Bern, University of Lausanne and ETH
Zurich. URL: https://nfp-energie.ch/en/projects/960/.

Dujardin, J., Kahl, A., Lehning, M., 2021. Synergistic optimization of renewable energy installations
through evolution strategy. Environmental Research Letters 16, 064016. URL: https://doi.org/10.
1088/1748-9326/abfc75, doi:10.1088/1748-9326/abfc75.

ENTSO-E, 2022. European Resource Adequacy Assessment. ENTSO-E. URL: https://www.entsoe.eu/
eraa/2022/.

ENTSO-E, 2024. TYNDP 2024 Final Scenario Report. ENTSO-E. URL: https://2024.
entsos-tyndp-scenarios.eu.

Guidati, G., Marcucci, A., Damartzis, T., Burg, V.,, Schildhauer, T., Giardini, D., Krocher, O., 2021.
Biomass and waste potentials and conversion pathways for energy use in Switzerland. JASM and
WSL. doi:10.3929/ethz-b-000540915.

IEA, 2024. World Energy Outlook. IEA. URL: https://www.iea.org/reports/
world-energy-outlook-2024.

IOGP, 2019. The potential for CCS and CCU in Europe. TechReport to the thirty second meeting of the
European Gas Regulatory Forum 5-6 June 2019. International association of oil and gas producers.
URL: https://ec.europa.eu/info/sites/info/files/iogp_-_TechReport_-_ccs_ccu.pdf.

Marcucci, A., Guidati, G., 2025. CROSS scenarios and drivers definition, scenario version: CROSS-
v2025-06. SWEET-CoSi.

Meili, K., Philippen, D., Haller, M., Bohara, K., Dimri, N., 2025. CoSi Modelling assumptions. OST.

Remund, J., Albrecht, S., Stickelberger, D., 2019. Schweizer PV-Potenzial basierend auf jedem einzel-
nen Gebdude. Meteotest and Swissolar. URL: https://www.swissolar.ch/fileadmin/user_upload/
Tagungen/PV-Tagung 2019/Medien/190325Solarpotenzial CH_JanRemund_lang.pdf.

Riahi, K., Bertram, C., Huppmann, D., Rogelj, J., Bosetti, V., Cabardos, A.M., Deppermann, A.,
Drouet, L., Frank, S., Fricko, O., Fujimori, S., Harmsen, M., Hasegawa, T., Krey, V,, Luderer, G.,
Paroussos, L., Schaeffer, R., Weitzel, M., van der Zwaan, B., Vrontisi, Z., Longa, ED., Després, ]J.,
Fosse, E, Fragkiadakis, K., Gusti, M., Humpendoder, E, Keramidas, K., Kishimoto, P, Kriegler, E.,
Meinshausen, M., Nogueira, L.P, Oshiro, K., Popp, A., Rochedo, PR.R., Unlii, G., van Ruijven,
B., Takakura, J., Tavoni, M., van Vuuren, D., Zakeri, B., 2021. Cost and attainability of meet-
ing stringent climate targets without overshoot. Nature Climate Change 11, 1063-1069. URL:
https://doi.org/10.1038/s41558-021-01215-2, doi:10.1038/s41558-021-01215-2.


http://dx.doi.org/10.3929/ethz-b-000517823
http://dx.doi.org/10.3929/ethz-b-000517823
https://nfp-energie.ch/en/projects/960/
https://doi.org/10.1088/1748-9326/abfc75
https://doi.org/10.1088/1748-9326/abfc75
http://dx.doi.org/10.1088/1748-9326/abfc75
https://www.entsoe.eu/eraa/2022/
https://www.entsoe.eu/eraa/2022/
https://2024.entsos-tyndp-scenarios.eu
https://2024.entsos-tyndp-scenarios.eu
http://dx.doi.org/10.3929/ethz-b-000540915
https://www.iea.org/reports/world-energy-outlook-2024
https://www.iea.org/reports/world-energy-outlook-2024
https://ec.europa.eu/info/sites/info/files/iogp_-_TechReport_-_ccs_ccu.pdf
https://www.swissolar.ch/fileadmin/user_upload/Tagungen/PV-Tagung_2019/Medien/190325Solarpotenzial_CH_JanRemund_lang.pdf
https://www.swissolar.ch/fileadmin/user_upload/Tagungen/PV-Tagung_2019/Medien/190325Solarpotenzial_CH_JanRemund_lang.pdf
https://doi.org/10.1038/s41558-021-01215-2
http://dx.doi.org/10.1038/s41558-021-01215-2

REFERENCES 15

SECO, 2025. Szenarien zur BIP-Entwicklung der Schweiz, 18.03.2025. Staatssekretariat fiir Wirtschaft.
URL: https://www.seco.admin.ch/seco/de/home/wirtschaftslage- - -wirtschaftspolitik/
wirtschaftspolitik/Wachstumpolitik/szenarien_bip-entwicklung_schweiz.html.

Swiss Federal Council, 2022. Bundesgesetz iiber die Ziele im Klimaschutz, die Innovation und die
Starkung der Energiesicherheit. URL: https://www.fedlex.admin.ch/eli/fga/2022/2403/de.

UVEK, 2024. Vorlage fiir eine sichere Stromversorgung mit erneuerbaren Energien. URL: https:
/ lwww.uvek.admin.ch/uvek/de/home/uvek/abstimmungen/vorlage-sichere-stromversorgung.
html.


https://www.seco.admin.ch/seco/de/home/wirtschaftslage---wirtschaftspolitik/wirtschaftspolitik/Wachstumpolitik/szenarien_bip-entwicklung_schweiz.html
https://www.seco.admin.ch/seco/de/home/wirtschaftslage---wirtschaftspolitik/wirtschaftspolitik/Wachstumpolitik/szenarien_bip-entwicklung_schweiz.html
https://www.fedlex.admin.ch/eli/fga/2022/2403/de
https://www.uvek.admin.ch/uvek/de/home/uvek/abstimmungen/vorlage-sichere-stromversorgung.html
https://www.uvek.admin.ch/uvek/de/home/uvek/abstimmungen/vorlage-sichere-stromversorgung.html
https://www.uvek.admin.ch/uvek/de/home/uvek/abstimmungen/vorlage-sichere-stromversorgung.html

16

Abbreviations

BCHFyg;7 ....... Billion Swiss Franc 2017

CDR ............ Carbon dioxide removal

CHF ............ Swiss Franc

COP ............ Coefficient of performance

ERA ............. Energy reference area

EUD ............ End-use demand

EV ... Electric vehicle

GDP ............ Gross Domestic Product
HDD............ Heating degree days

ITMO ........... Internationally transferred mitigation outcome
MFH ............ Multi family house

RCP............. Representative concentration pathway

SFH............. Single family house

ABBREVIATIONS
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