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Chapter 1

Introduction

The CROSS-v2025-06 scenarios provide an updated set of harmonized scenario definitions for the
Swiss energy system, building upon the CROSS-v2022-09 framework (Marcucci et al., 2022). They
establish a common set of assumptions for the participating energy system models, enabling consis-
tent assessments of Switzerland’s transition towards climate neutrality while facilitating meaningful
comparisons across modelling approaches.

The updated scenarios reflect recent developments in Swiss climate and energy policy, most notably
the adoption of the Climate and Innovation Act (KIG) and the revision of the Energy Act. Beyond
incorporating these legislative changes, the scenario framework explores alternative pathways that
capture key uncertainties affecting the Swiss energy transition, including renewable electricity de-
ployment and the pace of transport electrification.

This report documents the development of the CROSS-v2025-06 scenario framework and the harmo-
nized assumptions adopted across participating models. It describes the scenario development pro-
cess, therationale for the selected scenario dimensions, and the common assumptions used to ensure
consistency across modelling exercises. The underlying Swiss climate and energy policy framework
is presented separately in the companion report Swiss Climate and Energy Policy Framework and Tar-
gets (Marcucci, 2026).

Compared with CROSS-v2022-09, the updated framework introduces three main changes:

1. Climate policy assumptions have been revised to reflect the Climate and Innovation Act (Swiss
Federal Council, 2022), including the extension of greenhouse gas accounting to international
aviation and the updated treatment of residual emissions and carbon dioxide removal.

2. Energy policy scenarios now incorporate the renewable electricity generation targets and win-
ter electricity import guideline established under the revised Energy Act (UVEK, 2024), together
with counterfactual variants without such targets.

3. A third scenario dimension has been introduced to represent alternative rates of passenger ve-
hicle electrification resulting from different charging infrastructure deployment pathways.

In parallel, the harmonized assumptions have been expanded and updated to include common tech-
nology investment costs and efficiencies, revised socio-economic drivers and energy service demands,
and updated international fuel price assumptions. The principal differences between CROSS-v2025-
06 and CROSS-v2022-09 are summarized in Table 1.1.

Table 1.1: Updates in CROSS-v2025-06 scenarios
CROSS-v2022-09 CROSS-v2025-06

Scenario dimensions
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Table 1.1: Updates in CROSS-v2025-06 scenarios (continued)

CROSS-v2022-09

CROSS-v2025-06

Climate net-zero target

Years included

Aviation
Energy market integration
Renewable and imports target
Infrastructure development

Harmonising assumptions
Population
Historical

Projections

Number of households
Historical

Projections

Working population
Historical
Projections

GDP
Historical
Projections

Heating and cooling degree days

Projections
Energy reference area
Historical

Projections commercial and

residential
Projections industrial

2050
Not included
Included
Not included
Not included

Until 2021 (BFS, 2022a)
A-00-2020, B-00-2020, C-00-2020
(BFS, 2020a)

Until 2020 (BFS, 2021b)
AM-00-2020, BM-00-2020, CM-00-
2020 (BFS, 2021a)

Until 2022 (BFS, 2022b)
A-00-2020, B-00-2020, C-00-2020
(BFS, 2020b)

Until 2021 (BFS, 2022c)
BIP-A, BIP-B, BIP-C (SECO, 2022)

RCP 2.6, 4.5 and 8.5 (CH2018, 2018)

Until 2020 (BFE, 2021)

A-00-2020, B-00-2020, C-00-2020
(BFS, 2020a)

BIP-A, BIP-B, BIP-C (SECO, 2022)

2030, 2040 and 2050
Included
Not included
Included
Included

Until 2023 (BFS, 2024a)
A-00-2025, B-00-2025 , C-00-2025
(BFS, 2025b)

Until 2023 (BFS, 2024c)
AM-00-2020, BM-00-2020, CM-00-
2020 (BFS, 2021a)

Until 2025 (BFS, 2025a)
A-00-2025, B-00-2025 , C-00-2025
(BFS, 2025¢)

Until 2023 (BFS, 2024b)
BIP-A, BIP-B, BIP-C (SECO, 2025)

RCP 2.6, 4.5 and 8.5 (CH2018, 2018)

Until 2023 (BFE, 2024a)

A-00-2025, B-00-2025 , C-00-2025
(BFS, 2025b)

BIP-A, BIP-B, BIP-C (SECO, 2025)

Energy service demands for space heating, warm water, electricity from appliances

Historical

Until 2020 (BFE, 2021)

Projections commercial and  A-00-2020, B-00-2020, C-00-2020

residential
Projections industrial

(BFS, 2020a)
BIP-A, BIP-B, BIP-C (SECO, 2022)

Energy service demands for road transport

Historical
Projections
Demand aviation fuels
Historical
Projections
Technologies
Investment costs electricity
Efficiency heat pumps
Efficiency electric vehicles
Import prices of fuels

Other assumptions

Resources

Until 2020 (BFS, 2021d,¢)
Transport Outlook 2050 (ARE, 2021)

Not included
Not included

Not included
Not included
Not included
WEO2021 (IEA, 2021)

Until 2023 (BFE, 2024a)

A-00-2025, B-00-2025 , C-00-2025
(BFS, 2025b)

BIP-A, BIP-B, BIP-C (SECO, 2025)

Until 2023 (BFS, 2024e,d)
Transport Outlook 2050 (ARE, 2021)

Until 2023 (BFE, 2024b)
EASA (2022)

Meili et al. (2025)
Meili et al. (2025)
Meili et al. (2025)
WEO2024 (IEA, 2024)




Table 1.1: Updates in CROSS-v2025-06 scenarios (continued)

CROSS-v2022-09 CROSS-v2025-06
Solar PV Dujardin et al. (2021),Remund et al. (2019), BFE (2019), and Bauer et al. (2017)
Wind Dujardin et al. (2021),Bauer et al. (2017), and Cattin et al. (2012)

Biomass and waste Guidati et al. (2021) updated with population and GDP
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Scenario Development Process

2.1 Overview

The development of the CROSS-v2025-06 scenarios followed a structured three-stage process com-
bining stakeholder input, expert assessment, and model implementation. The objective was to iden-
tify a limited number of policy-relevant scenarios that address the most important uncertainties af-
fecting the Swiss energy transition while remaining implementable across the participating modelling
frameworks.

The process progressively translated qualitative stakeholder questions into harmonized quantitative
scenario assumptions. Figure 2.1 summarizes the overall workflow.

Stage 1 Stage 2 Stage 3
Participating
Stakeholders CROSS expert board
modellers
Y A \

Broad collection of questions Prioritisation of questions Definition of CROSS
Policy needs, uncertain- Assessment of policy rel- v2025-06 scenarios
ties, infrastructure con- evance, scientific value, Based on capabilities

cerns, and strategic interests and model suitability and scientific relevance

Structured assessment

using the SWEET-
CoSi 3x3 board Scenario dimensions

Y

Climate policy, renewable
electricity targets, and
transport electrification

Y

Harmonised quan-
titative assumptions
Common model inputs and
scenario-specific constraints

Figure 2.1: Scenario development process for CROSS-v2025-06. Stakeholders generated a broad set
of policy-relevant questions, the CROSS expert board prioritised these questions, and the participat-
ing modelling teams translated the selected priorities into harmonised and implementable scenario
dimensions.
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2.2 Identification of stakeholder questions

The starting point of the scenario development process was a broad collection of questions and inter-
ests gathered from stakeholders during the SWEET-CoSi project and previous SWEET activities. These
discussions generated a diverse set of potential research questions related to climate policy, energy
security, infrastructure development, technology deployment, and sector coupling.

Rather than defining scenarios directly, this first stage aimed to identify the policy questions for which
quantitative energy system modelling could provide useful insights. The resulting list therefore rep-
resented a broad set of stakeholder interests rather than a predefined scenario framework.

2.3 Prioritization of research questions

The collected stakeholder questions were subsequently evaluated by CoSi experts using a structured
prioritization process. Candidate questions were assessed according to their policy relevance, scien-
tific importance, and suitability for multi-model analysis. This step ensured that the selected scenar-
ios addressed questions of high relevance while remaining tractable within the available modelling
capabilities.

The prioritization resulted in three overarching research questions that define the scope of the CROSS-
v2025-06 scenario framework:

1. How does the Swiss energy system develop under the current climate and energy policy frame-
work? This question examines the transformation of the Swiss energy system under the targets
established in current legislation and national strategies. It provides the policy-consistent ref-
erence against which alternative developments are evaluated.

2. What are the effects of delayed infrastructure development? The successful implementation of
the Swiss energy transition depends not only on policy objectives but also on the timely deploy-
ment of enabling infrastructure. This question examines the implications of slower deployment
of key infrastructures, with a particular focus on carbon dioxide transport and storage infras-
tructure.

3. How would slower deployment of charging infrastructure and the associated delay in transport
electrification affect the Swiss energy transition? Electrification of passenger transport is ex-
pected to play a central role in reducing greenhouse gas emissions and increasing electricity
demand. This question investigates how slower deployment of charging infrastructure, and the
resulting delay in the adoption of battery electric vehicles, could influence the pace of the Swiss
energy transition.

The selected research questions formed the conceptual basis for the scenario design. In collaboration
with the participating modelling teams, they were subsequently translated into a limited set of har-
monized scenario dimensions and quantitative modelling assumptions, as described in the following
chapter.

2.4 Translation into modelling scenarios

The prioritized research questions were then discussed with the participating modelling teams to
determine how they could be represented consistently across the different modelling frameworks.
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During this stage, qualitative policy questions were translated into quantitative scenario dimensions
and harmonized model assumptions.

The discussions considered both the scientific relevance of the proposed scenarios and the practical
capabilities of the participating models. Where necessary, research questions were reformulated to
ensure that they could be implemented consistently while preserving their original policy intent.
The resulting scenario framework consists of three independent scenario dimensions that define the
CROSS-v2025-06 scenarios. Their implementation and the associated harmonized assumptions are
described in the following chapters.



Chapter 3

Scenarios definition

The CROSS-v2025-06 framework defines a set of harmonised scenarios for analysing alternative path-
ways for the Swiss energy transition. The scenarios combine a policy-consistent reference pathway
with counterfactual variants that relax selected climate or energy policy assumptions, as well as an
alternative pathway for the deployment of electric-vehicle charging infrastructure.

The Swiss climate and energy policy framework underlying the scenarios is documented in the com-
panion report Swiss Climate and Energy Policy Framework and Targets (Marcucci, 2026). The present
chapter describes how the relevant policy objectives and infrastructure uncertainties are translated
into quantitative scenario assumptions.

The CROSS-v2025-06 scenarios are defined along three dimensions:

1. Climate policy: 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.

2. Renewable and imports target: This dimension models the implementation of renewable elec-
tricity generation and winter electricity import targets.

3. Electrification (EV charging infrastructure availability): This dimension models the pace of
passenger-transport electrification resulting from the deployment of EV charging infrastruc-
ture.

Each dimension contains two variants. Their combination produces eight scenarios, as illustrated in
Figure 3.1. The dimensions are designed to be independent, allowing the effect of each assumption
to be examined individually and in combination with the others.

3.1 Climate-policy dimension

All CROSS-v2025-06 scenarios achieve the economy-wide GHG pathway defined in the companion
policy report (Marcucci, 2026). The scenarios do not vary the national GHG target itself. Instead, this
dimension varies the share of the required mitigation and CDR that is achieved within Switzerland or
abroad.

Two variants are considered:

¢ Abroad: A limited share of the mitigation required to achieve the national GHG target may be
provided through CDR and permanent storage abroad. The variant nevertheless maintains a
high minimum share of domestic reductions.

7
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R.enewables and Electrification
Climate policy imports target
Full law (abroad-RES-Full)
RES-target <
Net zero GHG — Limited abroad-RES-Lim
carbon removal abroad
NoRES-target < Full abroad-NoRES-Full
(Comiior ol Limited abroad-NoRES-Lim
Full domestic-RES-Full
RES-target <
Net zero GHG — domestic Limited domestic-RES-Lim
(counter-factual)
NoRES—target Full domestic-NoRES-Full
(counter-factual)
Limited domestic-NoRES-Lim

Figure 3.1: CROSS-v2025-06 scenarios overview. Counter-factual scenarios (i.e., those without policy
enforcement) are shown in red

» Domestic: Switzerland achieves the long-term net-zero objective through domestic mitigation
and carbon dioxide removal. By 2050, no compensation abroad is permitted.

The variants are modelling interpretations of the flexibility provided by the Swiss climate-policy frame-
work. They are not alternative national climate targets: both follow the same economy-wide emis-
sions pathway.

3.1.1 Net-zero target

Following the Climate and Innovation Act (Swiss Federal Council, 2022) and the Swiss Climate Strat-
egy (Swiss Federal Council, 2021), Switzerland’s net-zero target is defined —within the scope relevant
to energy system modelling— by the following key principles:

1. Definition of net-zero GHG target: Net-zero GHGs refers to balancing GHG emissions and CDR.

2. Carbon dioxide removal: Emissions must be reduced as much as technically possible in all sec-
tors before relying on CDR. Technologies such as carbon capture and storage (CCS) and other
forms of CDR are reserved for emissions that are technically hard-to-abate (Swiss Federal Coun-
cil, 2021, Principle 3).

3. Territorial scope: The target applies to all emissions within Swiss national borders;

4. Coverage of GHGs and sectors: It includes all GHGs (not just CO,) and covers all sectors in the
GHG inventory (energy, industrial processes and product usage, agriculture, land use, land use
changes and forestry (LULUCF), waste and others);

5. Inclusion of international transport: Emissions from international aviation and maritime ship-
ping attributable to Switzerland are included, based on the “point-of-sale” principle.
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6. Flexibility in international and domestic reduction shares: It does not determine specific do-

mestic and international shares for emission reductions.

7. Total and sectoral reduction targets: Total and sector-specific minimum reduction targets rela-
tive to 1990 are defined, as shown in Table 3.1. The 2030 target for the total GHG reduction and
the target for agriculture are not part of the Climate and Innovation Act. Instead, the 2030 target
is from the Switzerland’s First Nationally Determined Contribution (NDC) (BAFU, 2024) and the
one for agriculture is from the Climate Strategy for Agriculture and Nutrition 2050 [Abbildung

71(BLW, BLV and BFE, 2023).

Table 3.1: GHG inventory for 1990, 2000, 2010 and 2023 by category from BAFU (2025a,b); GHG emis-
sions reduction targets from the Climate and Innovation Act (Swiss Federal Council, 2022), Switzer-
land’s NDC for 2030 (BAFU, 2024) and the Climate Strategy for Agriculture and Nutrition 2050 (BLW,

BLV and BFE, 2023)

GHG Emissions Minimum reduction
(MtCO2 e) (relative to 1990)
Category 1990 2000 2010 2023 2030 2040 2050
Buildings 16.7 158 161 9.1 82%  100%
Households (1.A.4.b) 11.8 108 11.2 6.2
Services (1.A.4.a) 4.9 5.0 4.9 2.9
Industry 158 149 158 115 50% 90%
1.A.1. Energy industries 25 32 39 32
thereof: waste incineration plant (1.A.1.a.iv) 1.3 16 20 21
1.A.2. Manufacturing industries and construction 66 6.0 59 39
1.B. Fugitive emissions 0.17 0.16 0.15 0.07
2. Industrial processes 42 38 45 33
5. Waste 23 18 15 11
thereof: Solid waste disposal (5.A) 0.86 0.59 0.49 0.26
thereof: Wastewater treatment and discharge (5.D) 1.3 1.0 0.84 0.75
Transport 147 159 163 13.6 57%  100%
1.A.3. Transport 147 159 163 13.6
Agriculture 7.9 7.2 7.1 6.5 20% 30% 40%
1.A.4.c. Energy usage 0.83 0.81 0.71 0.54
3. Agriculture 70 64 64 6.0
Others 0.23 0.17 0.15 0.13
1.A.5. Others 0.22 0.15 0.14 0.12
6. Others 0.02 0.02 0.01 0.01
International aviation 31 47 43 51
Total 55.2 54.1 555 40.8
Total with aviation 58.3 58.8 59.8 459 50% 75% 100%

3.1.2 Hard-to-abate emissions

Some emissions in industry, agriculture and aviation sectors are considered technologically hard-to-
abate. The projections of residual emissions (emissions after using CCS) for these sectors are sum-

marized in Table 3.2.
The residual-emissions assumptions are derived as follows:
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Table 3.2: Sectoral residual emissions. Industry from BFE (2020b), agriculture
from BLW, BLV and BFE (2023), and aviation estimated from BAFU (2025)

Emissions (MtCO»)
Sector
2030 2040 2050
Industry 0.87 0.80 0.76
2. Industrial processes 2.67 1.30  0.24
5. Waste 096 0.68 0.51
Agriculture 6.30 551 4.72
Aviation 450 3.17 1.73
Total 14.42 1066 7.21

¢ Industry: The reduction pathway of the industry sector, as defined by the Climate and Inno-
vation Act (Swiss Federal Council, 2022) includes energy-related emissions (CRF sectors 1.A.1,
1.A.2, 1.B). However, these are addressed within the energy system models that evaluate the
CROSS scenarios. Therefore, we do not apply the 90% reduction target from the Act. Instead,
we use the 2050 emissions estimates from the Energy Perspectives 2050+ (BFE, 2020b) for the
non-energy related emissions:

- Cement (UNFCCC inventory category 2): The majority of hard-to-abate emissions are ge-
ogenic, originating from the chemical transformation of raw materials (e.g. limestone)
during clinker production. These emissions can be largely reduced with CCS. To estimate
residual emissions, we use projections from BFE (2020b) and assume a 90% carbon cap-
ture rate by 2050. Emissions are interpolated linearly between reported 2023 levels and
the estimated 2050 value, reflecting a gradual deployment of CCS over time.

— Waste water treatment and solid waste disposal (UNFCCC inventory category 5): These
hard-to-abate emissions are not easily reduced by CCS. We assume the residual emissions
in 2050 correspond to the emissions projected in BFE (2020b) and interpolate linearly be-
tween reported 2023 levels to the 2050 value.

o Agriculture:Residual agricultural emissions are derived from the sectoral reduction pathway in
the Climate Strategy for Agriculture and Nutrition 2050 (BLW, BLV and BFE, 2023). Emissions
are reduced by 20% by 2030, 30% by 2040, and 40% by 2050 relative to 1990 levels.

 International aviation: To estimate the residual emissions from international aviation, we use
the aviation fuel demand in Section 6.6. These account for the EU mandate for blending of
sustainable aviation fuels. Emissions are calculated using an emission factor of 72.8 tCO»/T]J,
as provided by the Swiss Federal Office for the Environment (BAFU, 2025, Tabelle 1).

3.1.3 Derivation of the energy-system emissions constraint

The emissions constraint applied to the participating energy system models is derived from three
components:

1. Economy-wide GHG reduction target: Defined by Switzerland’s NDC (BAFU, 2024) and the Cli-
mate and Innovation Act (Swiss Federal Council, 2022). The legally binding targets are:
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* 50% reduction by 2030
e 75% reduction by 2040

¢ 100% reduction by 2050, all relative to 1990 levels

2. Domestic and foreign emission reduction: The Long-Term Climate Strategy (Swiss Federal Coun-
cil, 2021) does not define a specific split between domestic and international emission reduc-
tions for the 2050 net-zero target. However, Article 2a of the CO, Ordinance (Swiss Federal
Council, 2025) establishes an interim rule for the 2030 target, requiring that at least 75% of the
necessary emissions reductions must be achieved within Switzerland. Accordingly, we define
two variants for the emissions reductions abroad. In both variants, by 2030 we follow the 75%
target from domestic emissions set by the CO, Ordinance. After 2030, each variant defines a
different development:

* Domestic variant: Assumes that the net-zero emissions target by 2050 is to be achieved
solely with domestic measures, i.e., a 100% domestic reduction quota.

o Abroad variant: Allows partial use of CDR measures abroad to reach net-zero in 2050,
while maintaining a minimum domestic reduction share of 85%.

3. Residual GHG emissions: the exogenous residual emissions described in Section 3.1.2.

For every year, the maximum domestic GHG emissions are first derived from the economy-wide tar-
get and the assumed domestic mitigation share. The exogenous residual emissions are then sub-
tracted from this quantity. The remainder defines the maximum emissions available to the modelled
energy system:

ener: domestic,max i
Et 8y _ Et _ Egemdual

)

energy . L. . .
where E; "' is the energy-system emissions constraint, Efomesuc’max

is the maximum permitted do-
mestic GHG emissions, and E'*1444! is the exogenously specified residual emissions in year ¢.

A negative value for E fnergy implies that the modelled energy system must deliver net carbon dioxide
removal sufficient to compensate for residual emissions outside the modelled energy sectors.

The resulting emission constraints for the energy sector are summarized in Table 3.3. In both variants,
we assume that Switzerland has access to carbon storage abroad (Section 3.1.4).

The cost of compensation abroad is represented using carbon-price estimates from global net-zero
scenarios. Riahi et al. (2021) report an interquartile range of 200-900 US2010/tCO, and an average of

approximately 500 US2010/tCOs.

3.1.4 Carbon transport and storage abroad

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
Switzerland has access to the storage potential in the North Sea. For the CROSS scenarios, the acces-
sible storage potential abroad is treated as unconstrained. CO, transport and permanent storage are
represented using an exogenous cost of 100 CHF/tCO, based on BFE (2020a, Abbildung 15).
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Table 3.3: Emissions reduction constraints

Domestic Abroad

2030 2040 2050 2030 2040 2050

GHG emissions reduction target (in % relative to 1990) 50 75 100 50 75 100
GHG Target (MtCO») 29.2 146 0.0 29.2 146 0.0
Domestic reduction quota (%) 75 85 100 75 80 85

Maximum GHG domestic emissions (MtCO2) 36.5 21.1 0.0 36.5 23.3 8.7
Maximum GHG compensation abroad (MtCO>) 7.3 6.6 0.0 7.3 8.7 8.7
Residual GHG emissions (MtCO2, Table 3.2) 144 10.7 7.2 144 10.7 7.2
Maximum energy-related emissions (MtCO>) 220 105 -7.2 220 12,7 15

3.2 Renewable electricity and winter-import dimension

This dimension examines the effect of the renewable electricity generation targets and winter elec-
tricity import guideline set out in the Swiss Energy Act (UVEK, 2024).
To assess the implications of these policy guidelines, we assess two variants:

o RES-target: The models implement the minimum generation levels for electricity from new
renewable sources and the winter net-import guideline.

+ NoRES-target: A counter-factual scenario that excludes these policy targets, allowing the sys-
tem to evolve without specific renewable or import constraints.

Table 3.4 summarizes the renewable electricity and winter-import constraints for the two variants in
this dimension.

Table 3.4: Variants for the renewable and imports targets. The targets for the RES-target
variant are from the Energy Act (UVEK, 2024)

RES-target NoRES-target

2035 2050 2035 2050

Minimum electricity generation from new renewables (solar, 35 TWh 45 TWh - -
wind, biomass, and geothermal; hydropower excluded)
Winter electricity net imports Up to 5 TWh - -

3.3 Passenger-transport electrification dimension

This dimension explores how slower-than-expected deployment of EV charging infrastructure and
the associated delay in passenger-transport electrification affect the Swiss energy transition. While
the electrification of passenger transport is progressing steadily, there are uncertainties regarding the
pace at which supporting infrastructure (e.g., public and private chargers, grid capacity) can be de-
ployed.
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The scenario does not impose different technological performance assumptions for electric vehicles.
Instead, it varies the maximum share of passenger-transport final energy demand that may be sup-
plied by EVs. This upper bound acts as a proxy for the availability of public and private charging
infrastructure and the associated grid connections.

Two variants are defined:

« Full: Charging infrastructure is deployed sufficiently rapidly to permit complete electrification
of private passenger transport by 2050.

e Lim: Charging infrastructure is deployed more slowly. The maximum contribution of EVs to
passenger-transport final energy demand is therefore limited to 40% in 2040 and 60% in 2050.
These limits are based on the findings from BFE (2023, p.16).

The upper bounds are reported in Table 3.5. The 2024'. value is based on the observed vehicle stock,

while the 2030 value assumes a continuation of the recent EV stock-development trend.

Table 3.5: Final energy demand by EVs as a share
of final energy demand in passenger transport

Maximum share (%)

2024 2030 2040 2050

Full infrastructure (Full) 6.3 15 60 100
Limited infrastructure (Lim) 6.3 15 40 60

3.4 CROSS-v2025-06 scenarios overview

The three binary dimensions generate eight scenarios. Each scenario combines one climate-policy
variant, one renewable and winter-import variant, and one passenger-transport electrification vari-
ant.

The policy-consistent reference scenario combines the Abroad climate-policy variant, the RES-target
variant, and the Full electrification variant. The remaining combinations are used to isolate the ef-
fects of alternative mitigation geographies, the removal of renewable and winter-import constraints,
and slower charging-infrastructure deployment.

Table 3.6 summarises the quantitative assumptions associated with each dimension. The complete
scenario matrix and scenario naming convention are presented in Figure 3.1.

IThe 2024 value is based on https://www.bfs.admin.ch/bfs/en/home/statistics/mobility-transport/
transport-infrastructure-vehicles/vehicles/road- vehicles- stock-level-motorisation.html


https://www.bfs.admin.ch/bfs/en/home/statistics/mobility-transport/transport-infrastructure-vehicles/vehicles/road-vehicles-stock-level-motorisation.html
https://www.bfs.admin.ch/bfs/en/home/statistics/mobility-transport/transport-infrastructure-vehicles/vehicles/road-vehicles-stock-level-motorisation.html
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Table 3.6: CROSS-v2025-06 scenarios

Climate policy Domestic

Abroad

2030 2040 2050

2030 2040 2050

Maximum GHG domestic emissions (MtCO2) 36.5 21.1 0.0 36.5 23.3 8.7
Maximum GHG compensation abroad (MtCO3) 7.3 6.6 0.0 7.3 8.7 8.7
Energy-related emissions target (MtCO2) 220 105 =72 220 127 15
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




Chapter 4

Macro-economic drivers

I These variables have been updated relative to the CROSS V2022-09 scenarios.

Population and economic growth are uncertain drivers that affect energy demand. In this chapter,
we present reference values and ranges for these variables which are based on official projections
(Table 4.1). We also include the assumptions of CROSS v2022 (Marcucci et al., 2022) the EP2050+
(BFE, 2020Db).

Table 4.1: Macro-economic drivers

2010 2020 2030 2040 2050 2010-20504 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, 20244, 2025b)
CROSS-2022-Ref 7.9 8.7 9.4 10.0 104 0.70% p.a. A-00-2020 (BFS, 2020a)
EP2050+ 7.8 8.7 9.5 10.0 10.3  0.68% p.a. EP2050+ (BFE, 2020b, Tabelle 1)
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, 2021a)
High 3.5 3.9 4.3 4.8 5.1 1.02% p.a. BM-00-2020 (BFS, 2024c, 2021a)
Low 3.5 3.9 4.2 4.4 4.5 0.65% p.a. CM-00-2020(BFS, 2024c, 2021a)
CROSS-2022-Ref 3.5 3.9 4.2 4.5 4.8 0.82% p.a. AM-00-2020 (BES, 2021a)
EP2050+ 3.5 3.8 4.2 4.5 46 0.76% p.a. EP2050+ (BFE, 2020d)
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 5.4 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)
CROSS-2022-Ref 3.7 4.3 4.4 4.6 4.7 0.59% p.a. A-00-2020 (BFS, 2020b)
EP2050+ 3.8 4.1 43 4.4 44 0.40% p.a. EP2050+ (BFE, 2020b, Tabelle 1)
GDP (BCHF2017)
Reference 611.3 703.6 875.0 10324 1190.6 1.68% p.a. BIP-A (BFS, 2024b, SECO, 2025)
High 611.3 703.6 895.7 1093.7 13053 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)
CROSS-2022-Ref  603.0 695.6 846.4 981.6 1125.1 1.57% p.a. BIP-A (SECO, 2022)
EP2050+ 603.0 713.0 8050 893.0 968.0 1.19%p.a. EP2050+ (BFE, 2020b, Tabelle 1)

“Average yearly growth rate between 2010 and 2050

I Data available at https://sweet-cross.ch/data/macroeconomic-drivers- cross/2025-06-06/
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4.1 Population

The CROSS-2025 population assumptions (Table 4.1) are based on the estimations from the BEFS
(2025b): a reference estimation (A-00-2025) and the 2 variants (B-00-2025 and C-00-2025). We use
historical data until 2024 from the BFS (2024a), and projections after 2025 from BFS (2025b). The
number of households is based on the projections of the BFS (2021a), we take the historical data from
BFS (2024c) and update with the growth rates in BFS (2021a). To calculate the working population,
we use the historical data from BFS (2025a) and the projections from BFS (2025c).

4.2 Gross domestic product

The CROSS GDP assumptions (Table 4.1) are based on the projections from the State Secretariat for
Economic Affairs (SECO, 2025), which are linked to the BES (2025b) population projections. We use
the historical data from BFS (2024b) for 2010-2023.



Chapter 5

Climate change

I These variables are consistent with those used in the CROSS V2022-09 scenarios.

We consider three variants for temperature change in Switzerland based on the CH2018 scenarios
(CH2018, 2018): No climate change mitigation (RCP 8.5), concerned climate change mitigation ef-
forts (RCP 2.6), and a mid of the way variant (RCP 4.5). In the RCP8.5, climate-influencing emissions
increase and hence global warming continues. The RCP 2.6 assumes immediate mitigation action
so that the Paris Agreement target of limiting temperature increase to 2 °C is achieved and the in-
crease of greenhouse gas emissions is halted within the next 20 years. The implications of these global
CO, pathways for temperature increase in Switzerland were estimated by CH2018 (2018). Figure 5.1
presents the yearly average temperature increase for the three RCPs including the range and median
of the 68 simulations available for each RCP.
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Figure 5.1: Temperature increase in three variants for global climate change. Based on CH2018 (2018),
Berger and Worlitschek (2019)

I Data available at https://sweet-cross.ch/data/climate-data-ch-2018/

We consider the effect of global climate change developments on heating and cooling demand and
hydropower.

17
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5.1 Effect on heating and cooling demand

Heating and cooling demands are directly affected by outside temperatures. We estimate the changes
in heating degree days (HDD)! and cooling degree days (CDD)? due to climate change. Berger and
Worlitschek (2019) calculated future HDDs and CDDs of the three RCP variants for the temperature
increase in all models in CH2018 (2018). They used a GIS-based approach combining the spatial
distribution of temperature (and therefore HDDs) and population. Figure 5.2 presents the median
and the first and third quartiles of the HDDs and CDDs calculated by Berger and Worlitschek (2019).
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Figure 5.2: Population weighted cooling and heating degree days in RCP 8.5, RCP 4.5 and RCP 2.6
(Berger and Worlitschek, 2019)

I Data available at https://sweet-cross.ch/data/climate-data-ch-2018/

In CROSS, we estimate HDDs by taking the historical measured data from Berger and Worlitschek
(2019) and applying the growth rates of the median values for each RCP variant. The resulting HDDs
are shown in Table 5.1, we also compare to the HDDs in the EP2050+ scenarios BAU (Business as
Usual) (BFE, 2020c) and Zero Basis (BFE, 2020d). Using these HDDs, we provide estimations for resi-
dential heating demand in Section 6.1.

1We use the most common definition of HDD 20/12. For every day at which the average temperature is below the heating
limit T; = 12 °C we compute the difference of that temperature to an assumed building interior temperature T; = 20 °C.

2Cooling degree days are the number of degrees that a day’s average temperature is above a certain threshold (Tyax =
18.3°C).


https://sweet-cross.ch/data/climate-data-ch-2018/
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Table 5.1: Heating degree days

Variant 2010 2020 2030 2040 2050 2010-2050
RCP2.6 3770 3351 3296 3248 3219 -0.39%p.a
RCP4.5 3770 3350 3255 3166 3080 —0.50% p.a
RCP8.5 3770 3353 3254 3141 2993 -0.57%p.a
EP2050+, Zero Basis (BFE, 2020d) 3586 3191 3105 3054 3030 —0.42% p.a.
EP2050+, BAU (BFE, 2020c¢) 3586 3182 3089 2997 2928 -0.51% p.a.

I Data available at https://sweet-cross.ch/data/heating-degree-days-cross/2022-09-30/


https://sweet-cross.ch/data/heating-degree-days-cross/2022-09-30/

Chapter 6

Energy service demands

From the harmonized drivers in Chapter 4, we calculate the future energy service demands in the
different end-use sectors with a reduced-form econometric model based ((Panos et al., 2021) and
Marcucci et al. (2021a)). We determine:

» space heating demand in the residential and commercial sectors from the future energy refer-
ence area (ERA), specific heating demand and climate change. We use population as explana-
tory variable to calculate the ERA in the residential and commercial sectors and GDP for indus-

try;
¢ process heat demand using its relationship with economic development (GDP);

« warm water and electricity demand (appliances, motors, etc., without heat pumps or electric
vehicles) follows population in the residential sector and GDP for the industrial and commercial
sectors;

» passenger and freight transport demand based on the Transport Outlook 2050 (ARE, 2021); and
 aviation demand based on population and the projections from the (EASA, 2022).

All the demands estimated in this section correspond to end-use energy demand (EUD). These de-
mands should not be confused with final energy consumption (FEC). FEC is defined as "the energy
which reaches the final consumer’s door". In other words, the FEC is the amount of input fuel needed
to satisfy the (EUD) in energy services. As an example, in the case heat production with a gas boiler,
the FEC is the amount of gas consumed by the boiler; the EUD is the amount of heat produced by the
boiler, i.e. the heating service needed by the final user.

6.1 Space heating end-use demand

I These variables have been updated relative to the CROSS V2022-09 scenarios.

To estimate the space heating demand in the building sector, we require development of the building
stock, energy efficiency improvements and climate change. In this section, we calculate the space
heating demand and possible changes due to climate change. However, we do not account for energy
efficiency improvements which are normally modelled as investment decisions in the energy system
models.

20
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6.1.1 Building stock

The ERA is the effective heated surface of a building. In CROSS, we use the historical data from BFE
(2024a, Tables 11 and 19). We subtract the ERA of second homes and holiday houses from the resi-
dential sector and added them to the commercial sector!. To extrapolate the residential ERA to the
future, we assume an increasing ERA with population with a logarithmic function for both residential
and commercial sectors. For the industrial sector, we use the GDP as the explanatory variable. The
resulting ERAs are shown in Table 6.1.

Table 6.1: Energy Reference Area by sector (Mm2)

2010 2023 2030 2040 2050 2010-2050

Residential (Mmz2)

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.
CROSS-2022-Ref 423.6 535.5 573.9 600.5 0.88% p.a.

EP2050+ (BFE, 2020d) 423.8 501.7 537.9 573.8 594.1 0.85% p.a.
Commercial (Mm2)

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.
CROSS-2022-Ref 206.1 2443 257.3 266.2 0.64% p.a.
EP2050+ (BFE, 2020d) 205.9 235.1 243.7 250.9 251.6 0.50% p.a.
Industry (Mm?2)
Reference 874 95.1 100.5 106.6 111.8 0.62% p.a.
High 874 951 101.4 108.7 115.1 0.69% p.a.
Low 874 951 99.7 1042 107.8 0.53% p.a.
CROSS-2022-Ref 87.4 98.5 104.1 109.2 0.56% p.a.

EP2050+ (BFE, 2020d) 75.7 65.6 654 65.0 64.3 —0.41% p.a.

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

Since the heating demand depends on the age of the buildings, we distribute the total ERA in Table 6.1
across building types and ages. For this, we use historical values from Schluck et al. (2019), in the
residential sector; and Wiiest Partner (2019), Jakob et al. (2019), in the commercial sector. Following
Miiller (2006), Sandberg et al. (2016) and Sartori et al. (2016), we assume that the survival rate of
the buildings follows a Weibull distribution (See Marcucci et al. (2021b) for details on the estimation).
The projected building stock for the residential sector including single family houses (SFHs) and multi
family houses (MFHs) and the different construction periods are shown in Table 6.2. Since the current
building stock is same for all variants, the only difference between them is for the buildings built after
2017. Each building type has a specific demand. We use the specific demand for the existing stock
from Schluck et al. (2019) and Streicher et al. (2020). For the future building stock, we assume that
the buildings will comply with current minenergie standards? with a specific energy demand that
decreases with time as shown in last column in Table 6.2.

1Al second homes are treated as holiday houses.
2Norm SIA 380/1
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Table 6.2: Residential ERA (Mmz2) 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. 93.0
1920-1945 220 218 20.6 19.0 17.0 -0.82% p.a. 104.4
1946-1960 208 206 199 188 17.3 -0.59% p.a. 110.3
1961-1970 188 18.7 182 173 16.2 -0.48%p.a. 109.2
1971-1980 249 249 243 235 222 -0.38%p.a. 89.8
1981-1990 276 276 272 26,5 254 -0.28%p.a. 76.2
1991-2000 245 245 242 237 227 -0.25%p.a. 75.3
2001-2010 23.7 237 235 231 221 -0.23%p.a. 62.5
2011-2017 136 136 13.6 134 13.1 -0.13%p.a. 44.5
>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. 77.4
1920-1945 21.8 218 21.7 216 214 -0.06% p.a. 81.4
1946-1960 279 279 278 273 255 -0.30% p.a. 73.1
1961-1970 378 378 378 375 36.3 -0.14%p.a. 78.5
1971-1980 34.1 34.1 34.1 340 33.5 -0.06% p.a. 73.0
1981-1990 276 276 276 276 274 -0.02%p.a. 72.5
1991-2000 25.7 257 257 257 25.6 -0.01%p.a. 60.3
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. 29.5
>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/

6.1.2 Space heating end-use demand - before energy efficiency measures

The specific demands is the last column in Table 6.2 assume a theoretical constant climate. To esti-
mate the heating demand in the different climate scenarios, we assume a linear relationship between
the HDD (Table 5.1) and the heating demand. Table 6.3 presents the end-use demand? for space
heating for the constant climate cases and the three RCP scenarios. We also include an estimation of
the end-use demand from the final energy consumption in the BAU and Zero Basis scenarios of the
EP2050+ (BFE, 2020c,d), assuming an efficiency of 86%.

3We calculate end-use demand from the final energy statistics (BFE, 2024a), assuming an efficiency of 86%.


https://sweet-cross.ch/data/era-cross/2025-06-06/
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Table 6.3: Space heating end-use demand (TWh)

Climate 2010 2023 2030 2040 2050 2010-2050

Residential (TWh)

Residential
Reference Constant 46.4 32.7 383 385 379 -0.50%p.a.
RCP2.6 464 327 372 36.8 359 -0.63%p.a.
RCP45 464 327 369 36.0 345 -0.73%p.a.
RCP85 464 327 36.7 356 334 -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.
CROSS-2022-Ref Constant 46.0 37.3 38.3 37.8 —-0.49% p.a.
EP2050+, BAU 458 379 36.0 333 31.0 -0.97%p.a.
EP2050+, Zero Basis 458 379 357 320 293 -1.11%p.a.
Commercial (TWh)
Reference Constant 21.1 143 17.0 172 17.2 -0.51%p.a.
RCP26 21.1 143 165 16,5 163 -0.64%p.a.
RCP 4.5 21.1 143 163 16.1 15.7 -0.74% p.a.
RCP 8.5 21.1 143 163 159 15.2 -0.82% p.a.
High Constant 21.1 143 17.2 17.8 18.0 -0.39% p.a.
Low Constant 21.1 143 16.7 16.6 16.3 —0.64% p.a.
CROSS-2022-Ref Constant 21.7 160 16.2 16.5 16.4 —-0.69% p.a.
EP2050+, BAU 194 147 129 11.2 10.1 -1.62% p.a.
EP2050+, Zero Basis 194 141 118 95 8.2 -2.13%p.a.
Industry (TWh)
Reference Constant 46 25 28 26 24 -1.65%p.a.
Reference RCP 2.6 4.6 2.5 2.7 2.4 2.3 -1.78% p.a.
Reference RCP 4.5 46 25 27 24 22 -1.88%p.a.
Reference RCP 8.5 4.6 2.5 2.7 2.4 2.1 -1.96% p.a.
High Constant 4.6 25 28 26 25 -1.58%p.a.
Low Constant 4.6 2.5 2.8 2.5 23 -1.74% p.a.
CROSS-2022-Ref Constant 5.6 3.2 3.1 2.9 2.8 -1.72% p.a.
EP2050+, BAU 52 30 25 20 1.6 -2.90% p.a.
EP2050+, Zero Basis 5.2 2.9 2.3 1.7 1.3 -3.41% p.a.

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

6.2 Warm water end-use demand
I This variable has been updated relative to the CROSS V2022-09 scenarios.

The drivers for the projection of warm water demand are population for the residential and commer-
cial sectors and GDP for the industrial sector. We use the historical final energy statistics (BFE, 2024a)
to calibrate the model and we calculate useful energy demand assuming an efficiency of 80%. Table
6.4 presents the resulting demand. We also include an estimation of the end-use demand from the
BAU and Zero Basis scenarios of the EP2050+ (BFE, 2020c,d), assuming an efficiency of 80%.


https://sweet-cross.ch/data/end-use-energy-demand-cross/2025-06-06/
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Table 6.4: Warm water end-use demand (TWh)

2010 2023 2030 2040 2050 2010-2050

Residential (TWh)

Reference 70 7.1 70 6.8 6.6 -0.13%p.a.
High 70 71 72 72 72  0.10%p.a.
Low 7.0 7.1 6.8 6.4 6.0 -0.39% p.a.
CROSS-2022-Ref 6.9 7.0 6.9 6.8 —0.04% p.a.
EP2050+, BAU 6.7 7.1 7.3 7.3 7.3 0.21% p.a.

EP2050+, Zero Basis 6.7 7.0 6.8 6.6 6.4 -0.11%p.a.
Commercial (TWh)

Reference 3.3 2.5 2.3 2.1 1.9 -1.30% p.a.
High 3.3 2.5 2.3 2.2 2.1 -1.08% p.a.
Low 3.3 2.5 2.2 1.9 1.7 -1.57% p.a.
CROSS-2022-Ref 2.7 2.3 2.2 21 -0.67%p.a.
EP2050+, BAU 2.5 2.0 1.8 1.8 1.9 -0.68% p.a.
EP2050+, Zero Basis 2.5 1.9 1.8 1.9 1.9 -0.68% p.a.
Industrial (TWh)
Reference 0.69 052 048 045 042 -1.23%p.a.
High 0.69 0.52 050 047 046 -1.00% p.a.
Low 069 052 047 042 037 -1.50% p.a.
CROSS-2022-Ref 0.65 0.39 037 0.37 -1.44%p.a.
EP2050+, BAU 0.81 047 039 031 0.25 -2.90% p.a.

EP2050+, Zero Basis 0.81 0.46 0.36 0.26 0.20 -3.44% p.a.

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

6.3 Process heat end-use demand
I This variable has been updated relative to the CROSS V2022-09 scenarios.

Process heat is thermal energy supplied at alevel higher than space heating of warm water. It is mostly
used in specific industrial sectors with a small contribution in the commercial sector. We relate pro-
cess heat demand to GDP. We use the historical final energy statistics (BFE, 2024a) to calibrate the
model. We assume that industrial process heat corresponds to the categories Prozesswdrme, Sonstige
and Antriebe, Prozesse in BFE (2024a, Table 28) and we calculate useful energy demand assuming an
efficiency of 70%. Table 6.5 presents the resulting demand.

Table 6.5: Process heat end-use demand (TWh)

2010 2023 2030 2040 2050 2010-2050

Commercial (TWh)
Reference 058 063 066 070 0.75 0.65% p.a.
High 0.58 063 0.67 075 0.82 0.88%p.a.
Low 0.58 063 064 0.66 0.67 0.38%p.a.
CROSS-2022-Ref 0.47 0.58 0.65 0.73 1.13%p.a.
EP2050+ 0 0 0 0 0 -

Industrial (TWh)
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Table 6.5: Process heat end-use demand (TWh) (continued)

2010 2023 2030 2040 2050 2010-2050

Reference 183 163 156 149 144 -0.60% p.a.
High 183 163 16.0 157 158 -0.38% p.a.
Low 183 163 152 139 129 -0.87%p.a.
CROSS-2022-Ref 17.7 16,5 17.0 179 0.03% p.a.
EP2050+, BAU 176 168 16,5 164 162 -0.21% p.a.

EP2050+, Zero Basis 17.6 163 152 140 13.0 -0.75% 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 100 °C, 25% between 100-200 °C, and 50% above 200 °C.

6.4 FElectricity demand from electric appliances

I This variable has been updated relative to the CROSS V2022-09 scenarios.

In the electricity demand from electric appliances we include cooking, lighting, ICT, cooling, pro-
cesses (refrigerators, dishwashers, etc), electric motors, air conditioning and other appliances 4 Ttis
important to note that this electricity demand does not include electricity use to produce the end-use
demand of space heating, industrial heat or transport, it only accounts for appliances.

The drivers used for the projections are population in the residential and commercial sectors and
GDP in the commercial and industrial sectors. Table 6.6 presents the resulting demand.

Table 6.6: 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 13.2 121 120 11.8 11.7 -0.31% p.a.
Low 13.2 12.1 114 104 9.6 —0.80% p.a.
CROSS-2022-Ref 12.7 11.5 11.2 109 -0.38% p.a.
EP2050+, BAU 122 114 11.6 123 127 0.10% p.a.

EP2050+, Zero Basis 12.2 114 11.3 11.6 11.6 —0.13% p.a.
Commercial (TWh)

Reference 159 142 14.0 13.7 133 -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.
CROSS-2022-Ref 16.3 158 151 14.1 -0.35% p.a.
EP2050+, BAU 16.7 168 17.0 16.6 15.1 -0.25% p.a.

EP2050+, Zero Basis 16.6 16.2 15.1 13.2 11.5 -0.91% p.a.

4From the Analyse des schweizerischen Energieverbrauchs 2000 — 2023 nach Verwendungszwecken (BFE, 2024a) we in-
clude the following categories by sector. Residential: Klima, Liiftung, HT; I&K, Unterhaltung; iibrige Haustechnik, Kochen;
Beleuchtung; Waschen & Trocknen,Kiihlen & Gefrieren;Geschirrspiilen; and sonstige Elektrogerdite. Commercial: Beleuch-
tung; Klima, Liiftung, HT; I&K , Unterhaltung; Antriebe, Prozesse; and sonstige. Industrial: Beleuchtung; Klima, Liiftung,
HT; I&K, Unterhaltung; Antriebe, Prozesse; and sonstige
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Table 6.6: Electricity demand from electric appliances (TWh) (continued)

2010 2023 2030 2040 2050 2010-2050

Industrial (TWh)

Reference 151 134 132 129 12.7 -0.42% p.a.
High 151 134 13,5 13.7 14.0 -0.19% p.a.
Low 151 134 129 121 11.4 -0.69% p.a.
CROSS-2022-Ref 15.4 135 129 123 -0.55%p.a.
EP2050+, BAU 155 13.8 13.7 134 129 -0.46% p.a.

EP2050+, Zero Basis 15.5 13.2 12.1 10.8 9.7 -1.16% p.a.

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

6.5 Transportdemand

I This variable has been updated relative to the CROSS V2022-09 scenarios.

The transport demand is based on the Transport Outlook 2050 (ARE, 2021). To calculate the three
variants of the transport demand, we use the historical data from the BFS (2024e,d) and the ARE
growth rates in the reference, high and low variants. Tables 6.7 and 6.8 present the passenger and
freight transport projections from the different scenarios. Motorized personal transport corresponds
to the categories personal cars, motorcycles, mopeds and fast e-bikes and other private.; Passenger
rail corresponds to trams, trolleybuses and trains; and Road freight corresponds to trucks and light
duty vehicles.

Table 6.7: Passenger transport demand (Billion passenger-kilometer)

2010 2023 2030 2040 2050 2010-2050

Motorized personal transport

Reference 909 93.8 957 945 912 0.01%p.a.
High 90.9 938 982 1005 100.2 0.24% p.a.
Low 90.9 938 932 886 824 -0.25%p.a.
CROSS-2022-Ref  90.9 107.4 107.7 104.8 0.36% p.a.
EP2050+ 90.9 106.0 109.3 113.5 1152 0.59% 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 40 1.17%p.a.
Low 2.5 2.9 3.0 3.2 3.3 0.67%p.a.
CROSS-2022-Ref 2.5 3.2 3.6 39 1.10%p.a.
EP2050+ 3.0 3.7 3.9 4.2 43 0.90% p.a.
Passenger rail
Reference 21.1 243 255 280 299 0.87%p.a.
High 21.1 243 262 298 328 1.11%p.a.
Low 21.1 243 249 263 270 0.62%p.a.
CROSS-2022-Ref  21.1 25.6 28,5 30.7 0.94%p.a.
EP2050+ 202 252 267 288 301 1.00%p.a.

I Data available at https://sweet-cross.ch/data/end-use-energy-demand- cross/2025-06-06/
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Table 6.8: Freight transport demand (Billion ton-kilometer)

2010 2023 2030 2040 2050 2010-2050

Road
Reference 169 16.2 17.0 187 20.2 0.45%p.a.
High 169 162 174 19.8 222 0.68% p.a.
Low 169 16.2 16.6 17.5 18.1 0.18% p.a.
CROSS-2022-Ref  16.9 180 196 21.2 0.57%p.a.
EP2050+ 169 186 19.5 21.2 225 0.72%p.a.
Freight rail
Reference 9.8 99 109 119 128 0.66% p.a.
High 9.8 99 112 126 140 0.89%p.a.
Low 9.8 99 107 11.1 114 0.39%p.a.
CROSS-2022-Ref 9.8 11.7 125 13,5 0.80% p.a.
EP2050+ 99 128 13.7 141 147 0.99%p.a.

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

6.6 Aviation demand
I This variable is newly defined and was not part of the CROSS V2022-09 scenarios.

We estimate aviation demand based on the consumption of aviation fuels, using historical data from
the Swiss Energy Statistics (BFE, 2024b, Table 17e). For the future projections, presented in Table 6.9,
we consider the following:

o Traffic growth scenarios from the European Aviation Environmental Report (EASA, 2022, p. 7),
which provide projections for arrival and departure flights across EU27+EFTA airports. The
report outlines three scenarios with respective annual growth rates from 2019 to 2050 of 0.897%,
1.572%, and 0.284%.

« Aircraft efficiency improvements as assumed by the Swiss Federal Office of Civil Aviation, which
projects an annual increase in fuel efficiency of 0.5% (Swiss Federal Council, 2024).

« Sustainable Aviation Fuel (SAF) blending obligations as set by the ReFuelEU Aviation Regula-
tion (European Parliament, 2023). We assume that aviation fuels will not be produced domesti-
cally in Switzerland but will be imported in accordance with this regulation. The SAF blending
mandate begins at 2% in 2025 and increases progressively to 70% by 2050.

Table 6.9: 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 171 225 197 198 195 19.1 187 0.22% p.a.

Demand of sustainable aviation fuels (TWh)
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Table 6.9: Aviation fuel demand (TWh) (continued)

2010 2019 2023 2025 2030 2040 2050 2010-2050

Reference 0 0.40 3.2 9.1 154
High 0 040 3.3 10.1 18.4
Low 0 0.39 3.0 8.2 13.1

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

7.1 Solar PV and wind

I These variables are consistent with those used in the CROSS V2022-09 scenarios.

In CROSS 2025, we consider three variants for solar PV and wind as shown in Table 7.1. Those poten-
tials were estimated in the CROSS 2022-09 scenarios (Marcucci et al., 2022). The potentials for solar
PV are based on Dujardin et al. (2021),Remund et al. (2019), BFE (2019) and Bauer et al. (2017). The
potentials for wind are based on Dujardin et al. (2021),Bauer et al. (2017), and Cattin et al. (2012).

Table 7.1: 2050 solar PV and wind potentials

2050 potential (TWh/a)

Reference High Low

Solar PV
Rooftop 40 50 30
Facades 4 8
Mountains 3 30
Total 47 88 30
Wind 4.3 15 1.7

7.2 Biomass and waste potentials

I These variables have been updated relative to the CROSS V2022-09 scenarios.

We updated the biomass and waste potentials with the CROSS 2025 assumptions on GDP and popu-
lation described in Chapter 4 (Table 7.2 depicts the reference variant).

Table 7.2: Energy potential of biomass and waste categories in the reference variant (PJ])

Energy Potential (PJ)

Category Feedstock 2015 2023 2025 2030 2040 2050

(A) Wood Forest wood
Continued stock increase 17.1 21.9 23.0 26.0 26.0 26.0
Moderate stock reduction 17.1 29.0 31.9 394 39.4 39.4
Large stock reduction 171 252 272 323 323 323
Wood from landscape 23 37 40 48 48 48
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Table 7.2: Energy potential of biomass and waste categories in the reference variant (P]) (continued)

Energy Potential (PJ)
Category Feedstock 2015 2023 2025 2030 2040 2050
Wood residues 74 76 76 77 77 17
Waste wood 9.1 125 133 154 16.1 16.6
(B) Manure Animal manure (dry) 25 152 184 263 26.3 26.3
(C) Green waste  Collected organic waste 33 43 44 51 6.7 83
Agricultural byproducts 009 14 18 26 26 26
(D) Sewage sludge Fresh sewage sludge (dry) 49 52 53 55 58 6.0
(E) Mixed fossil/  Imports 42 20 14 0.00 0.00 0.00
organic waste Exports 59 25 1.8 0.00 0.00 0.00
Other waste fraction 228 239 252 288 34.0 39.2
Municipal waste 314 31.8 303 304 299 289

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

7.2.1 Waste incineration plants (IPCC category 1.A.1.a.iv)

Waste incineration plants are a special category where we need special considerations.

* Emissions from waste in 2050: 4 MtCO, are emitted by waste incinerators, 1.5 MtCO, (37%) of
biogenic origin and the remaining 2.5 MtCO, is fossil-based (Swiss Federal Council, 2021, p. 49).
Since carbon capture and storage can be used in waste incinerators, assuming 90% capture rate,
3.6 MtCO; can be captured. Given that the biogenic portion is captured by the biomass while
growing, the net emissions (when using CCS) are the fossil fraction minus the total CO; captured:
-1.1 MtCOs.

o Lower heating value (LHV): According to the VBSA (2020) the LHV for waste is between 11 and
12 MJ/kg. We assume a LHV of 11.5 MJ /kg.

* Amount of waste in 2050: The CO, content of waste (VBSA, 2020, Eq. 1) is calculated following:
Ciotal [8/kgl = 264 + (LHV[M]/kg] — 10) x 98/5,

we can, therefore, estimate the total amount of waste that goes to the waste incinerators (from the
4 MtCO, in BFE (2020b)) to 3.7 Mt (or 42.8 PJ]).
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7.3 Imports and exports
7.3.1 Oil, gas, biofuels and hydrogen
I These variables have been updated relative to the CROSS V2022-09 scenarios

Table 7.3 presents the assumptions for import prices of oil, gas, biofuels and hydrogen. The import
price of oil and gas are based on the 2024 World Energy Outlook (WE02024) (IEA, 2024). Hydrogen
prices are from Meili et al. (2025).

Table 7.3: Import price of energy carriers (CHF/G]J). Prices are based on the WEO 2024 (IEA, 2024).
The table also includes the prices in the CROSS-v2022-09 (Marcucci et al., 2022) and the BAU and
Zero basis scenarios in the EP2050+

2017 2020 2023 2030 2040 2050 2020-2050 Reference
0il
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)
CROSS-2022-Ref 6.9 9.6 9.0 8.3 0.64%p.a. Marcucci et al. (2022)
EP2050+, BAU 8.2 11.7 15.0 17,5 219 2.10%p.a. BFE (2020c¢)
EP2050+, Zero Basis 8.2 11.4 11.3 10.1 7.0 —-1.60% p.a. BFE (2020d)
Gas
Reference 11.5 57 4.9 4.9 -3.08% p.a. Announced pledges (IEA, 2024)
High 11.5 6.2 7.2 7.3 —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)
CROSS-2022-Ref 4.0 5.0 4.9 49 0.7 %p.a. Marcucci et al. (2022)
EP2050+, BAU 5.5 6.8 7.8 8.5 9.6 1.20% p.a. BFE (2020c)
EP2050+, Zero Basis 5.5 6.7 7.2 7.3 5.1 —-0.92% p.a. BFE (2020d)
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/

7.3.2 Electricity imports

These variables have been updated relative to the CROSS V2022-09 scenarios and were provided
by SWEET-Recipe

Net transfer capacities (NTCs) indicate how much physical line capacity is available to transfer elec-
tricity across the interconnector tie lines between two countries after taking security aspects into
account; thus, NTCs are less than the built capacity.

Table 7.4 depicts the net transfer capacities between Switzerland and its neighboring countries from
the European Network of Transmission System Operators for Electricity (ENTSO-E). 2020 values from
the 2022 European Resource Adequacy Assessment (ENTSO-E, 2022, Target year 2024) are estimated
based on the 2030-2050 projections from the Ten Year Network Development Plan (TYNDP), 2024
edition (ENTSO-E, 2024).
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Table 7.4: 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 1.4 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 6.0 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/
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Technologies

I These variables are newly defined and were not part of the CROSS V2022-09 scenarios.

In the CROSS scenarios v2025-06, we harmonise the investment costs and efficiencies of selected
technologies.

8.1 Investment costs

The investment costs were estimated based on historical data and learning rates derived from mul-
tiple studies. A comprehensive description of the estimation methodology and the investment costs
for 2020, 2030, 2040 and 2050 can be found in Meili et al. (2025).

Table 8.1 reports the 2050 values used in the harmonisation dataset. The reference case represents
the central estimate, while the low and high cases characterize the uncertainty range.

Table 8.1: 2050 Investment costs for electricity, heat and hydrogen technologies (Meili et al., 2025)

A 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
300-1000kWp 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 6027 3170 4462
10 kWth 3355 1766 2488
20 kWth 2432 1284 1806
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Table 8.1: 2050 Investment costs for electricity, heat and hydrogen technologies (Meili et al., 2025)
(continued)

Inv. cost (CHF/KW)

Technology Size
Reference Low High
70 kWth 1372 722 1019
Ground source heat pump 5 kWth 6257 4384 8761
10 kWth 4255 2974 5957
20 kWth 3481 2437 4874
70 kWth 2598 1817 3634
100 kWth 2581 1809 3617
200-500 kWth 1749 1222 2452
Wood-pellets boiler 5kWth 4957 3467 6943
10 kWth 3682 2577 5154
20 kWth 1921 1340 2680
70 kWth 684 478 956
100 kWth 704 487 984
200 kWth 505 352 713
350 kWth 388 271 551
500 kWth 343 244 487
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 kWth 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 5kWth 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
Electrolyser (CHEF/KWAC) 5 MWAC 1222 855 1711

100 MWAC 890 623 1246
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Table 8.1: 2050 Investment costs for electricity, heat and hydrogen technologies (Meili et al., 2025)
(continued)

A Inv. cost (CHF/kW)
Technology Size

Reference Low High

Steam reforming with CCS (CHF/kWH2) 1490 1043 2086

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

8.2 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 8.2 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 8.2 presents an average seasonal performance
factor.

Table 8.2: 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 2.7 23 34

Ground-source heat pump 4.42 4 4.8

Water-source heat pump 4.6 43 4.9
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