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Introduction 
A secure, affordable and sustainable electric-
ity supply is fundamental to the functioning 
of Swiss society and the economy. Today, 
Switzerland benefits from very good condi-
tions for a reliable supply thanks to hydro-
power, nuclear power, new renewable ener-
gies and its central location in the European 
power grid.

In the coming decades, this comfortable situ-
ation will come under pressure if no suitable 
countermeasures are put in place. The electri-
fication of mobility and heating, and popula-
tion growth are likely to increase electricity de-
mand significantly. In addition, data centres, 
cloud services and generative AI require in-
creasing energy. At the same time, the planned 
phase-out of nuclear power means that a sub-
stantial part of domestic electricity production 
will be lost in the long term. 

The winter half-year in particular are becom-
ing more and more important. Switzerland 
already consumes more electricity in winter 
than it produces. In the darker months of the 
year, there is more demand for heat and peo-
ple generally spend longer indoors, which in-
creases the power consumption of electronic 
devices and lighting. In addition, hydropower 
produces more electricity in the summer half-
year due to the seasonal runoff profile with a 
high proportion of run-of-river water. The 
current expansion of renewable energies in 
Switzerland and neighbouring countries is 
also based to a large extent on solar energy, 
which produces mainly in the summer half-
year. The seasonal difference between the 
summer surplus and the winter deficit is in-
creasing, making it increasingly difficult to se-
cure winter supplies. 

In addition to close cooperation with neigh-
bouring countries and the EU, securing the 
supply of electricity in the future also requires 
secure, affordable and sustainable domestic 
electricity production to be developed. As part 
of Axpo Energy Reports, we look at four tech-
nologies that can substantially increase do-
mestic electricity generation in winter: wind 
energy, new nuclear power plants, solar ener-
gy and gas-fired power plants.

The report specifically shows which regulato-
ry and social framework conditions are need-
ed to expand solar energy. The report is not 
to be understood as a position paper and 
does not assess whether solar energy should 
be expanded. It merely describes the condi-
tions that must be met in order for solar en-
ergy to make a substantial contribution to 
winter electricity generation by 2050.

This report deals 
with the expansion 
of solar energy 
in Switzerland by 
2050. 
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Photovoltaics have been extensively expanded in Switzerland for a number of 
years. At the end of 2025, around 9.7 GW of installed PV capacity was in ope­
ration, which covered around 14 percent of national electricity consumption in 
2025. The installation takes place almost exclusively on rooftops and façades. 
Ground-mounted, agricultural and alpine PV plants have played only a minor  
role so far. PV production is strongly seasonal. Around three quarters of annual 
electricity generation occurs in the summer half-year with around only 25 to  
30 percent occurring in the winter half-year.

	 1	DETEC, 2026, Secure electricity supply

The SFOE estimates that the long-term usa-
ble photovoltaic potential in Switzerland is 
around 100 TWh per year and therefore sig-
nificantly exceeds the 2050 expansion tar-
gets set by the Energy Act (45 TWh). The ma-
jority of this potential is on rooftops and 
facades (around 75 TWh), while the rest is 
distributed between agricultural PV (14 TWh), 
alpine PV (6 TWh) and infrastructure PV (4 
TWh). Alpine and facade PV plants and, de-
pending on their orientation and location, 
other types of plant typically have a higher 
proportion of winter generation. As with the 
SFOE, we do not identify any potential for 
ground-mounted PV because it is not clear 
how the relevant areas should be defined. 
This depends heavily, for example, on the ex-

tent to which agricultural land is included. 
However, the potential for ground-mounted 
PV is very high.

The strong expansion of decentralised PV 
plants is posing new challenges for distribu-
tion grids as they have historically been de-
signed for a one-sided flow of electricity and 
a strong increase in local production can lead 
to grid bottlenecks. Potential solutions for in-
tegration include feed-in limits, flexibility 
measures that benefit the grid (e.g. battery 
storage and controllable demand) and target-
ed grid expansion, whereby feed-in limits of-
ten cause only minimal losses in production. 
From 2026, new regulatory framework condi-
tions with dynamic and locally differentiated 

grid tariffs will enable flexibility that benefits 
the grid to be activated in a more targeted 
manner. Analyses carried out with ETH Zurich 
show that demand-driven grid expansion 
alone incurs costs of CHF 40–50 million per 
year and that these costs can rise to as much 
as CHF 230 million annually in the event of sig-
nificant PV expansion and limited flexibility.

Social acceptance varies greatly depending on 
the investment type. Photovoltaics on roof-
tops, facades and existing infrastructure en-
joys a very high level of approval in Switzer-
land and has the highest acceptance values of 
all electricity generation technologies. This is 
also reflected in the strong expansion of these 
power plants in recent years.

The legal framework conditions for PV also 
vary greatly depending on the type of plant. 
rooftops and façade plants are generally sub-
ject only to notification as they already com-
ply with zoning regulations and have no sig-
nificant impact on the environment or land 
use. This enables rapid and largely con-
flict-free implementation. On the other hand, 

ground-mounted, agricultural and alpine PVs 
are subject to more complex spatial planning 
requirements and complex approval proce-
dures. These represent a major hurdle for ex-
pansion. The Acceleration Decree, which was 
passed by the Swiss Parliament during the au-
tumn session of 2025 and will come into force 
in stages from April 20261, provides for the 
consolidation of the current authorisation 
process for larger PV plants of national inter-
est into a cantonal planning approval proce-
dure. This simplification and simultaneous 
limitation of the number of possibilities for 
appeals should shorten the duration of ap-
proval. However, from a structural planning 
perspective, the basic prerequisite is the defi-
nition of suitable areas, i.e. areas that the can-
tons proactively designate for the construc-
tion of large-scale PV plants. At the end of 
2025, the cantons had not yet identified any 
suitable areas. In the meantime, however, in-
itial technical principles have been drawn up 
to assist the cantons in examining and defin-
ing suitable areas. In particular, areas with lit-
tle or no conservation value – as identified in 
studies by the ARE, among others – can serve 
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as an important starting point in this regard. 
In order to enable the expansion of 
ground-mounted PV, it is now essential that 
the cantons comprehensively examine these 
spaces and identify suitable areas. In addition, 
communes can also go ahead in their use 
planning and provide special zones for small-
er plants, e.g. on pre-contaminated areas.

These are often easier to implement, eco-
nomically attractive and well accepted.

Like any other generation technology, both 
rooftop and ground-mounted PV cannot be 
operated economically without financial sup-
port. Financial support for solar power in 
Switzerland is now comprehensive and repre-

sents a key driver for its further expansion. 
Various subsidy schemes are available de-
pending on the size and type of the plant, as 
well as the potential for own use. Investment 
grants, which cover part of the investments, 
are available for both small- and large-scale 
plants. Larger plants can also choose between 
an investment grant and a sliding-scale mar-
ket premium. At present, however, the invest-
ment grant is the most commonly used op-
tion. Investments without own use can receive 
subsidies of up to 60 percent of the invest-
ments, while investments with own use re-
ceive lower subsidies of up to 30 percent. PV 
plants of less than 150 kW also benefit from a 
statutory minimum remuneration for the 
feed-in. In addition, there are various specific 
bonuses, such as a tilt angle bonus for steep 
installations, a parking bonus for covered 
parking spaces and a winter electricity bonus 
for installations with particularly high winter 
production. The winter electricity bonus is in-
tended to specifically promote installations 
that make an above-average contribution to 
electricity production during the winter half-
year. Both alpine facilities and facilities in the 
Swiss Mittelland region with a suitable orien-

tation can benefit from this (provided they are 
not covered by the ‘Solarexpress’ scheme, i.e. 
Article 71a of the Energy Act). In addition to 
this direct subsidy, PV plants with own use are 
also implicitly subsidised as they do not have 
to pay grid fees for electricity they use them-
selves and can therefore reduce their contri-
bution to grid costs. The resulting shortfall 
must be borne by the other end customers via 
higher grid charges. This results in a redistri-
bution of grid costs that does not reflect the 
principle of ‘the polluter pays’.

Taking into account current financial support, 
many PV plants are economical, but the dif-
ferences between the types of plants are sig-
nificant (see Figure 1). The levelised cost of 
electricity for PV plants consist of modules, 
assembly, planning, inverters, substructure, 
cabling and transport. The modules them-
selves now account for only a small propor-
tion of the costs, whereas installation and the 
supporting structures in particular can make 
up a large part of the costs. The costs vary 
considerably depending on the plant type and 
location. Economies of scale play a key role. 

Figure 1: Figure 1: Profitability of PV plants in 2035 less fair value and implicit subsidy for own use.
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Small-scale rooftop plants benefit only to a 
limited extent from economies of scale and 
lower module costs as the proportion of fixed 
costs for planning, installation and manage-
ment is comparatively high. As a result, their 
levelised cost of electricity is significantly high-
er than that of other types of plant and is, as 
a rule, two to three times higher than that of 
ground-mounted plants. On the one hand, 
large rooftop plants are increasingly able to 
achieve economies of scale. As the size of the 
plant increases, the specific costs fall, so their 
levelised cost of electricity gradually ap-
proaches that of ground-mounted plants. 
Ground-mounted plants generally have the 
lowest levelised cost of electricity. On the oth-
er hand, alpine PV plants have the highest lev-
elised cost of electricity.

Implicit subsidies in the form of reduced grid 
cost contributions is crucial to the economic 
viability of rooftop PV as it covers 45–83 per-
cent of the generation costs depending on the 
type of plant. Without this support, many 
smaller plants would not be profitable. Over 

the next 30 years, market revenues from roof-
top and ground-mounted PV will cover an av-
erage of around 39 CHF / MWh, i.e. 30–65 per-
cent of production costs, while alpine PV can 
cover only around 26 percent of costs on the 
market despite slightly higher revenues of 
around 42 CHF / MWh. 

If a plant is expanded to include a battery 
storage system, this increases revenue 
through higher own use and more timely 
marketing. However, due to production costs 
that are 50–80 percent higher, this does not 
always result in improved cost-effectiveness. 

Accordingly, the demand for subsidies varies 
greatly between the plant types. The subsidy 
for rooftop PV consists of direct and implicit 
subsidies. For 2035, there will be a funding re-
quirement of around 95 CHF / MWh for roof-
top PV below 30 kW and around 20 CHF / MWh 
for ground-mounted PV, while larger rooftop 
plant have no additional funding require-
ments. At around 107 CHF / MWh, alpine PV re-
mains by far the most dependent on subsidies. 

Rooftop PV plants in Switzerland account for 
a high proportion of domestic value creation 
in the total costs. Over the entire life cycle, 
around 84 percent of the total costs remain in 
Switzerland as planning, financing, construc-
tion, installation and operation take place pre-
dominantly in Switzerland, while only around 
16 percent of the expenses – mainly for mod-
ules and inverters – go abroad. Value creation 
varies over time as a large proportion is gen-
erated during the construction phase, fol-
lowed by a smaller but long-term contribution 
to domestic value creation during operation, 
meaning that 75 percent of the total costs 
over the entire lifespan are channelled into 
domestic value creation. Investments in roof-
top PV plants also make a substantial contri-
bution to employment, creating around 650 
full-time jobs per terawatt-hour generated 
over the plant’s lifetime. The integration of 
battery storage changes this picture in that 
the proportion of costs incurred abroad rises 
due to higher manufacturing costs, while at 
the same time the absolute domestic value 

creation of the overall system continues to in-
crease.

Both rooftop PV and ground-mounted PV pro-
duce very low greenhouse gas emissions and 
negligible amounts of radioactive waste. The 
relevant environmental impacts of rooftop PV 
arise predominantly indirectly in the up-
stream stages of the life cycle. Ground-mount-
ed PV requires a large amount of domestic 
land and generates a comparatively high vol-
ume of hazardous waste from manufacturing 
processes due to the high demand for copper 
in transformation, cabling and substructures.
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Technology
Rooftop solar PV is undergoing significant expansion in Switzer-
land, yet contributes only marginally to domestic electricity 
generation during the winter months. While roofs offer consider
able potential, other surfaces present opportunities as well. 
Grid integration remains a challenge as rooftop PV capacity grows 
substantially.

02



2.1 	
Technological development

Photovoltaics (PV) refers to the direct conver-
sion of solar energy into electricity. In recent 
decades, extensive subsidies, technological 
innovations, optimised manufacturing pro-
cesses and economies of scale have trans-
formed what was once a niche technology 
into a globally expanded form of energy gen-
eration. The cost of PV modules has fallen 
over the past 50 years from over CHF 100 000 
per kW to well below CHF 1000 per kW. An-
other reason for the fall in costs was the in-
crease in efficiency, depending on the tech-
nology used.2, 3, 4 Today, monocrystalline PV 
cells dominate the global market, with an ef-

2	 IRENA, 2023, Renewable power generation costs in 2023
3	 Nemet, 2009, Interim monitoring of cost dynamics for publicly supported energy technologies
4	 NREL Photovoltaic Research, 2025, Best Research-Cell Efficiency
5	 IEA, 2025, Global Energy Review 
6	 IEA International Energy Agency, 2024, Trends in Photovoltaic Applications
7	 Shockley-Queisser limit of the maximum achievable efficiency without concentration of irradiation or stratification of the cells.

ficiency of between 20 percent and 25 per-
cent5, 6. This means that standard modules 
such as those used in Switzerland have an 
output of around 200 W / m2. However, these 
figures are already close to the physically 
possible efficiency limit for a single cell, which 
is around 33 percent7. Having said this, per-
formance improvements beyond this are 
possible through further developments such 
as tandem cells or concentration of radiation.

This cost reduction, combined with increased 
efficiency, was driven by a global push to ex-
pand PV. In 2024, PV plants accounted for 
7 percent (2100 TWh) of global electricity gen-
eration, and this figure is set to rise.6

In brief

•	•	 As of 2025, PV plants with a total ca-
pacity of around 9.7 GW are installed 
in Switzerland. Electricity produced 
from PV covered around 14 percent of 
Switzerland’s electricity consumption 
in 2025. Almost 99 percent of plants 
are installed on rooftops. Other plant 
types, such as ground-mounted PV or 
alpine PV, remain rare.

•	•	 The usable potential of solar energy in 
Switzerland is substantial; the SFOE 
estimates the potential on rooftops to 
be 55 TWh per year by 2050, and as 
much as 99 TWh including other are-
as. Experience with ground-mounted 
installations in Switzerland remains 
limited, meaning their full potential is 
not yet known.

•	•	 PV production is highly seasonal: only 
about 25 percent of the solar power is 
generated in the winter half-year. 
However, thanks to their location and 
orientation, alpine PV, façade PV and 
plants above the fog line in general 
can reach a winter electricity share of 
up to 50 percent.

•	•	 The decentralised expansion of PV 
production poses challenges in terms 
of grid integration. Grid expansion 
and flexibility measures can reduce 
the impact. Depending on this and the 
future PV expansion, annual expan-
sion costs could increase significantly. 
In scenarios with high PV expansion 
and only moderate use of these meas-
ures, the annual costs for distribution 
grid expansion rise to up to CHF 180 
million.
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2.2 	
Current buildout

At the end of 2025, installed PV capacity in 
Switzerland was around 9.7 GW. This gener-
ated slightly more than 8 TWh of electricity in 
the year, which was around 14 percent of na-
tional electricity consumption8. 

The expansion of photovoltaics received a 
strong boost from 2009 with the introduction 
of cost-covering feed-in remuneration (KEV), 
which guaranteed a long-term fixed remuner-
ation for fed-in solar power. As a result, the 
expansion increased rapidly at first, but came 
to a standstill due to capped funding and 
years of waiting lists. In order to secure the fi-
nancing of the subsidy, the grid surcharge 
was gradually increased in subsequent years 
and now stands at 2.3 centimes / kWh. In ad-
dition, the federal government introduced the 
one-off remuneration (EIV) in 2014, which was 
a one-off investment grant that gradually re-

	 8	Swiss Federal Office of Energy SFOE, 2025, Electricity statistics
	 9	Swissolar, 2025, Solarmonitor
	10	Swiss Federal Office of Energy, 2025, Electricity statistics
11 Swissolar, 2025, Solarmonitor
12	 pvXchange, 2025
13 NREL Photovoltaic Research, 2025, Best Research-Cell Efficiency

placed the KEV and made it easier to access 
support. 

There was a significant growth spurt from 
2020 onwards, due in part to falling costs and 
improved framework conditions. A new record 
was set in 2024 with an expansion of around 
1.8 GW9. The expansion was carried out al-
most entirely on the rooftops of existing and 
new buildings. By 2025, approximately 99 per-
cent of the plants will be installed on the roof-
tops of industrial and commercial buildings, as 
well as on residential and agricultural build-
ings, or on building facades. Ground-mount-
ed, agricultural and alpine PV together make 
up only a small part of the portfolio10, 11.

However, electricity production from PV 
plants in Switzerland is highly seasonal (see 
Figure 4). The largest share comes from the 
sunny summer half-year, which accounts for 
around 75 percent of production. The share 
of electricity generated during the winter 

Figure 2: Figure 2: Historical progression of the costs of commercially available PV modules12 in CHF (2025) per 
watt (top) and maximum efficiencies13 in percent (bottom).
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half-year has averaged 25.7 percent in recent 
years14. In the winter half-year of 2024/25, 
Swiss PV plants generated 1.8 TWh, thereby 
covering around 6 percent of electricity de-
mand during this period. However, approxi-
mately half of this was generated in October 
and March, whilst in December, for example, 
the figure was only 5 percent.

	14	Swiss Federal Office of Energy SFOE, 2025, Electricity statistics

The construction of PV plants in the alpine re-
gion is seen as an important option for in-
creasing the share of winter electricity. At 
higher altitudes, solar power plants benefit 
from increased irradiance due to snow reflec-
tion, less fog and higher module efficiency 
due to lower temperatures. Overall, this 
means significantly more winter electricity is 

available. The Solarexpress scheme launched 
in 2022 enabled the federal government to 
support the expansion of such alpine PV 
plants up to a total annual electricity genera-
tion cap of 2 TWh. For plants with a high pro-
portion of winter electricity, planning and ap-
proval procedures outside the building zone 
were simplified and a one-off remuneration 

of up to 60 percent of the investment was in-
troduced. For a project to benefit from the 
subsidy, the planning application had to be 
made available for public consultation by the 
end of 2025. Despite varying levels of imple-
mentation efficiency across the cantons and 
ongoing debates regarding landscape and 
nature conservation, several large-scale pro-

Figure 3: Figure 3: Annual electricity production from photovoltaic plants in Switzerland. In 2025, 
around 99 percent of production comes from plants on the rooftops of industrial and commercial 
buildings as well as residential and agricultural buildings, or on façades. 

Figure 4: Figure 4: Monthly distribution of electricity production from PV in Switzerland as a percentage of the 
annual production volume of PV. On average, around 25.7 percent of production falls in the winter half-
year between October and March. 
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jects were initiated, such as Grengiols-Solar 
in Valais. By the end of 2025, however, only 
four plants with a planned annual output of 
around 0.07 TWh were in partial operation, 
while 25 plants had been approved or were 
subject to public consultation. If all approved 
and publicly consulted plants were to be 
built, this would amount to approximately 
0.66 TWh per year15. The expansion target of 
2 TWh originally envisaged by the Solarex-
press will therefore be clearly missed, even if 
all current projects are fully realised. The 
main reason for this is the very high construc-
tion and development costs in alpine terrain, 
which leads to insufficient economic viability 
despite high subsidies and increased winter 
electricity production.

Plants in subalpine locations could represent 
a more cost-effective alternative to alpine PV 
for increasing the share of winter electricity 
generated by PV. They would benefit from 

	15	Swiss Federal Office of Energy SFOE, 2026, Alpine solar power plants
16	 Swiss Federal Office of Energy SFOE, 2024, Photovoltaic funding policy and usage strategy of photovoltaic potential
	17	Prognos, 2021, Energy Perspectives 2050+, Technical Report
	18	�The background to this lies in the requirements of the Federal Act on Spatial Planning (SPA), as described in Section 4.3.4, according to which solar power plants located within agricultural land are considered site-specific provided that, in addition to generating electricity,  

they do not impair agricultural interests and either bring benefits to agricultural production or serve agricultural experimental and research purposes.
	19	Markstaler, M., 2023, Agricultural photovoltaics for specialist crops
	20	Federal Office for Spatial Development ARE, 2025, Freestanding photovoltaic plants

some of the advantages of alpine PV plants, 
such as significantly fewer foggy days than in 
lowland areas, while challenges such as snow 
loads and access are likely to be easier to re-
solve than at alpine sites. This could lead to 
significantly lower construction costs.

2.3 	
Usable potential

The Swiss Federal Office of Energy (SFOE) es-
timates the long-term usable potential of PV 
in Switzerland at around 100 TWh per year.16 
The potential determined clearly exceeds the 
EnA target of 45 TWh of renewable electricity 
generation by 2050.17 The theoretical long-
term potential defined by the SFOE relates 
mainly to rooftop and façade installations (74 
TWh) and, to a lesser extent, to agricultural 
PV (14 TWh), alpine PV (6 TWh) and infrastruc-
ture PV (4 TWh).

The usable potential on rooftops is typically 
divided into different size classes: plants of 
< 30 kW (29 TWh), 30–100 kW (13 TWh) and 
> 100 kW (12 TWh). As large rooftop areas for 
plants of > 100 kW are already heavily devel-
oped, available space in this segment is be-
coming increasingly scarce. This phenome-
non is well known in practice and follows an 
economic logic because larger plants are 
cheaper than smaller ones, so they offer the 
highest returns and, therefore, better profit-
ability (see Section 5). Consequently, these ar-
eas were prioritised for development. As a re-
sult, the remaining development potential is 
increasingly shifting towards small and medi-
um-sized roof areas, which, while less cost-ef-
fective, are available in significantly greater 
numbers.

For agricultural PV, the definition used by the 
Federal Office for Spatial Development (ARE) 
is applied here, which covers only PV plants 

that lead to an improvement in agricultural 
productivity18. Although it has not yet been 
conclusively established on which agricultur-
al land a guaranteed increase in productivity 
can be achieved, this is most likely to apply 
to permanent crops. Accordingly, the poten-
tial identified by the Swiss Federal Office of 
Energy (SFOE) relates exclusively to perma-
nent crop areas. Initial trials, for example 
with berries, fruit and vines, show that tar-
geted shading can stabilise or increase pro-
duction, although this depends heavily on 
the crop, location and plant design.19

Both we and the SFOE do not identify any po-
tential for ground-mounted PV. An assess-
ment of the potential depends in particular 
on the extent to which agricultural land 
should be included. In July 2025, the ARE pub-
lished a methodological framework designed 
to help the cantons identify suitable areas for 
ground-mounted PV20. This marks the federal 
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government’s first step towards assessing the 
potential for ground-mounted PV. Among 
other things, the report states that, from the 
federal government’s perspective, around 6 
percent of the country’s land area (240 000 
ha) comprises areas worthy of consideration 
and should therefore be investigated by the 
cantons (including agricultural and alpine 
land21). However, the potential of these areas 
for electricity generation is not defined as this 
would require further assessment of the sites 
– for example, regarding electrical infrastruc-
ture – additional cantonal interests, and a com-
prehensive weighing of interests, particularly 
in the case of agricultural land. The theoreti-
cally possible production that could be 
achieved through ground-mounted PV on 
these areas can, however, be roughly estimat-
ed at 222–485 TWh using the assumptions of 
the ARE and SFOE22.

	21	�These areas also include alpine regions. These areas, or a subset thereof, are explicitly identified by the SFOE as having a potential of 6 TWh. It is possible that the areas in the alpine region taken into account by the ARE have a higher potential than the 6 TWh identified by the 
SFOE. Parts of the agricultural PV potential could also overlap with the estimated ground-mounted PV potential. Installations on crop rotation areas (FFF) and ILNM (Federal Inventory of Landscapes and Natural Monuments of National Importance) are not taken into account. 
Including them would increase the area under consideration to 483 000 ha. The partial overlaps between the various ground-mounted categories make it difficult to determine the potential precisely.

	22	0.25–0.87 GWh of winter electricity production per hectare (ARE), combined with 27–43 percent of production in the winter half-year (SFOE)
	23	The proportion of winter electricity is subject to many influencing factors such as location, slope and orientation, and should be regarded as an average value across the different types of installations.

Table 1 provides an overview of the potential 
and its share of electricity generation during 
the winter half-year for various types of PV, 
though without specifying the potential for 
ground-mounted PV. Compared with the cur-
rent expansion (Section 2.2), it can be as-
sumed that the share of electricity generation 
during the winter half-year will increase as 
the potential is increasingly exploited.

Table 1: Table 1: Potential and share of electricity generation in the winter half-year for different PV types

Technology Potential Of which in the  
winter half-year23 

In percent

Rooftop PV 55 TWh 14.9 TWh 27%

< 30 kW 29 TWh
30 – 100 kW 13 TWh
> 100 kW 12 TWh

Façade PV 20 TWh 7 TWh 35%

Infrastructure PV 4 TWh 1.1–1.4 TWh 27–35%

Alpine PV 6 TWh 2.4–3 TWh 40–50%

Agriculture PV 14 TWh 3.8 TWh 27%

Ground-mounted PV 222–485 TWh – –

Total 99 TWh 29.2–30.1 TWh ~30 percent

Potential of PV in Switzerland
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Rooftop PV plants make use of existing 
space, are usually easy to install and can be 
easily integrated into existing infrastructure. 
They do not require any additional land use 
and usually allow a significant proportion of 
the electricity generated to be utilised through 
direct own use. The SFOE estimates the po-
tential at 55 TWh per year, 27 percent of 
which is generated during the winter half-year 
(it is assumed that the winter share can be in-
creased from the current level of 25.8 percent 
by optimising orientation, for example).

Facade PV plants are similar in use to roof-
top lants, except that they are mounted ver-
tically on building facades. The steep angle of 
inclination means that the annual output per 
installed kWp is lower, but the proportion 
generated during the winter half-year is often 
significantly higher than with rooftop PV 
plants. Rooftop and façade plants can be eas-
ily combined. The SFOE estimates the poten-
tial at 20 TWh, 35 percent of which is gener-
ated during the winter half-year.

Infrastructure PV plants are installed on ex-
isting structures in a similar way to rooftop or 
façade plants. They are installed, for exam-
ple, on noise barriers, above car parks or 
along railway lines and motorways. As these 
areas are used for multiple purposes, no new 
land is required, and there is often little or no 
conflict of use. Infrastructure PV plants are 
generally not intended for use in combina-
tion with own use. The SFOE estimates the 
potential at 4 TWh, 27–35 percent of which is 
generated during the winter half-year.

Alpine PV plants are ground-mounted plants 
in alpine regions above 1500 metres. These 
benefit from less fog, additional sunlight due 
to snow reflection, and colder (= more effi-
cient) modules. However, the installation and 
maintenance of such plants is more challeng-
ing due to the alpine location, and the impact 
on sensitive ecosystems as well as changes to 
the landscape are often viewed critically. The 
SFOE estimates the potential at 6 TWh, 40–50 
percent of which is generated during the win-
ter half-year.
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Agricultural PV plants are designed in 
such a way that the agricultural use of the 
land is preserved. However, they are signif-
icantly more complex to plan than conven-
tional ground-mounted PV plants. In this re-
port, we use the term agricultural PV for 
plants that enhance agricultural produc-
tion, which is possible with permanent 
crops. The SFOE estimates the PV potential 
on permanent crop land at around 14 TWh 
per year, approximately 27 percent of 
which is generated during the winter half-
year.

Ground-mounted PV plants are plants on 
open land outside the alpine region, such as 
on meadows, fallow land, gravel pits, landfill 
sites and former industrial or military sites. 
These plants allow for simple alignment, op-
timised module layout and economies of 
scale, which can help to reduce costs. As de-
scribed above, it is not yet fully clear to what 
extent agricultural land (excluding perma-
nent crops or crop rotation areas) can be in-
cluded, so the usable potential cannot cur-
rently be reliably quantified. 

2.4 	
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2.4 	
Innovation

Today’s PV plants almost exclusively use crys-
talline silicon modules. While no disruptive 
breakthroughs are expected, innovations in 
cell materials and module designs could in-

crease efficiency, expand solar potential and 
reduce costs. In particular, tandem modules 
made of silicon perovskite and thin-film per-
ovskite cells are expected to become leading 
technologies in the next ten years.

In addition to innovations in the field of PV 
cells, there are also approaches to using solar 
energy in a different way or at other loca-
tions. In Switzerland, floating PV plants are 
being tested in alpine regions, promising sim-
ilar benefits to those of alpine PV. However, 

suitable space is scarce and early demonstra-
tion plants present significant technical chal-
lenges. Floating PV plants could also be in-
stalled on lakes such as quarry lakes in the 
Swiss Mittelland region, as has proven a suc-
cessful application in France. Alternatives 
such as concentrated PV have no significant 
potential in Switzerland due to insufficient so-
lar radiation levels and are also less compet-
itive internationally than conventional PV 
technologies.

2.5 	
Battery storage for PV plants

Batteries make it possible to store electricity 
over a certain period of time, typically for 
seconds up to a maximum of a few days. 
They are already technologically advanced 
and have found their way into the electricity 
system thanks in part to a sharp decline in 
costs in recent years. They can take on a 
wide range of tasks in this field as they stabi-
lise grids, shift supply to demand and are 
increasingly being used as storage units in 
private households or businesses in combi-
nation with PV plants. However, they are not 
suitable for seasonal storage, i.e. shifting 

Category Perovskite-silicon tandem modules Thin-film perovskite cells

Technology Multilayer module structures with both silicon  
as well as perovskite cells

Perovskite solar cells as semiconductors

Technology readiness level * 7 to 8 7 to 8

Potential •	•	 Up to 20 percent higher current yield per m²  
than crystalline silicon modules 

•	•	 Higher output in diffuse light, which could slightly 
increase winter production (not quantified)

•	•	 Expected production cost reduction of  
30 percent 

•	•	 Can be used on flexible and lightweight substrates, 
enabling new applications

Challenges •	•	 Uncertainty regarding shelf life and  
stability of the technology 

•	•	 Production costs currently higher than for  
crystalline silicon modules

•	•	 Rapid degradation due to moisture and  
UV radiation 

•	•	 Production costs currently higher than for  
crystalline silicon modules

Opportunities for large-scale deployment High High

Impact on the energy system Insignificant Insignificant

Innovations in PV modules

Table 2: Table 2: Potential and challenges of innovations in PV cells and modules 
*TRL: Technology readiness level, scale from 1 conceptual to 9 implemented
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electricity from summer to winter. This re-
port focuses on storage in combination with 
PV plants. 

A battery storage system makes it possible to 
consume more of the electricity generated by 

24	 SFOE, 2024, 2022 and 2020, solar energy statistics
25	 Swissolar, 2026, Battery storage
	26	The data for 2025 is not yet available, but the proportion can be estimated.

the PV plant yourself, rather than feeding it 
into the grid. As soon as the sun shines 
strongly, the PV plant often produces more 
electricity than the household needs at that 
very moment. Without a battery, this surplus 
would be fed into the grid. A home storage 

system can absorb this energy and store it for 
later use – for example, for the evening when 
the PV plant is no longer supplying electricity. 
This means the solar power generated during 
the day can be used at a later time, and the 
own use of a PV plant can be optimised.

In recent years, the proportion of PV plants 
that are installed or retrofitted with batteries 
has risen steadily.25 By the end of 2025, the 
proportion of PV plants with battery storage 
stood at around 25 percent26. In its Energy 
Perspectives 2050+, the SFOE assumes that 

Figure 5: Figure 5: Example of progression of electricity demand and PV production of a household with home 
storage. A considerable part of the electricity produced during the sunny hours can be shifted to  
later hours, which increases the share of own use. 

Example of household consumption with PV plant and battery

Figure 6: Figure 6: Historical development of installed PV plants equipped with battery storage.  
The SFOE is aiming to reach around 70 percent by 2050.
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around 70 percent of PV plants in Switzerland 
will be equipped with battery storage by 
2050. 

For a battery storage system, the efficiency 
indicates how much energy can be reused af-
ter a full charge and discharge cycle, once 
conversion losses have been deducted.27 Cur-
rent battery storage systems achieve values 
between 70 and 90 percent (round-trip).

There are currently no national subsidy 
schemes for battery storage in Switzerland.28 
Support measures were in place in some 
cantons, but these have been discontinued 
since 2025.29 However, a significant change 
will be implemented from 2026 when the 
grid usage fee will be refunded for electricity 
that is first stored temporarily in the battery 
and later fed back into the grid.30

	27	Neoom, 2026, Efficiency of the battery system
	28	An exception to this is the reduced grid cost contribution for own use, which can be increased through the use of battery storage systems (see Section 4.2)
29	 Swissolar, 2025, Battery storage with photovoltaics 2025. Some communes, such as Meilen in the canton of Zurich, still offer subsidy schemes for battery storage systems.
30	 Art. 14a(4) Electricity Supply Act, cf. Swissolar, 2025, Battery storage with photovoltaics 2025
31	 Bucher, 2025, Incentives for system-friendly network connection of photovoltaic plants, implementation proposal to relieve the burden on distribution networks
	32	Art. 17c Electricity Supply Act

2.6 	
Grid integration

The large expansion of many decentralised 
PV plants, especially on rooftops, is placing 
new demands on the grid infrastructure. His-
torically, the grids were designed for a pre-
dominantly one-sided flow of electricity: from 
large, central generators via the transmission 
and distribution grid to end customers. With 
decentralised feed-in, this flow is reversed 
depending on the situation. If local PV gener-
ation exceeds consumption, the surplus elec-
tricity is fed into the distribution network. 
This is then supplied to other consumers or, 
in the event of sustained overproduction, 
transferred to higher-level grid tiers.

Until now, the distribution grid was designed 
primarily according to the demand for elec-
tricity and the peak load to be served. As long 

as the PV feed-in capacity remains below the 
local grid capacity, integration is not critical. 
However, if the cumulative feed-in exceeds 
the local absorption capacity, measures are 
required. Three key measures are explained 
in more detail below: feed-in limits, flexibility 
measures (e.g. battery storage, controllable 
demand) and targeted grid expansion.

Feed-in limit: The feed-in capacity of PV 
plants can be specifically limited in order to 
protect the grid from overloading and ensure 
stability. In this process, the inverter is con-
trolled in such a way that power can be fed 
into the grid only up to a defined level. From 
the perspective of the PV plant operator, the 
energy remains available for own use. This is 
efficient because power peaks contribute lit-
tle to annual generation but place a dispro-
portionate strain on the grid. For example, if 
the feed-in capacity is limited to 70 percent, 

only around 3 percent of the annual produc-
tion is lost, whereas if the feed-in capacity is 
limited to 50 percent, just under 20 percent 
is lost.31 In the case of a PV plant with an east-
west orientation and own use, the decline in 
annual production is reduced to just 6 per-
cent despite halving the feed-in capacity, and 
it is even more pronounced at 70 percent. 
The loss of production also occurs predomi-
nantly during periods of very high solar pow-
er production, when electricity market prices 
are typically particularly low – that is the value 
of unused electricity is typically low.

The Electricity Supply Act32 already allows dis-
tribution network operators to limit solar 
power plants at the grid connection point. 
However, according to the ordinance, this 
limit must not exceed 3 percent of the energy 
generated annually, which corresponds to a 
nominal power limit of around 70 percent. 

19Axpo Energy Reports | Solar energy 02 | Technology

https://wissen.neoom.com/wirkungsgrad-des-batteriesystems
https://www.swissolar.ch/02_markt-politik/batteriesmonitor/130525_batteriespeicher_bericht_sws.pdf
https://www.bfh.ch/dam/jcr:9d37cc75-150d-4c07-9478-e8c76e4d2e50/paper-umsetzungsvorschlag-anreize-systemdienlichen-netzanschluss.pdf


The use of this so-called guaranteed con-
sumption for load curtailment is restricted 
solely to purposes that benefit the grid and is 
not designed to reduce long-term electricity 
overproduction. However, the distribution 
network operator or other stakeholders 
could  – in addition to the guaranteed con-
sumption – also access the flexibility of PV 
plants (particularly in the form of load curtail-
ment) on a contractual basis.

Flexibility measures: Flexibility measures, 
such as battery storage, and controllable de-
mand, such as heat pumps and electric vehi-
cles, are gaining in importance with the in-
creasing expansion of distributed power 
generation. If they are used in a ways that 
benefit the grid, electricity consumption, gen-
eration and storage can be postponed or con-
trolled in a targeted manner to reduce load 
peaks in the distribution grid. This can help to 
limit the impact on the grid infrastructure, es-
pecially with high PV feed-in. A key factor in 
behaviour that benefits the grid is that flexi-
bility is activated specifically during the hours 

	33	�Eiche, A., Hirth L., Mühlenpfordt, J., 2024,  
Added value of decentralized flexibility

Background: Composition of electricity tariffs and dynamic components  

Generally speaking, the electricity tariff in 
Switzerland consists of three components: 
the energy tariff (procurement and distribu-
tion), the grid usage tariff and charges and 
fees (e.g. grid surcharge and cantonal 
charges). The subsidies for renewable ener-
gies (7 percent of the costs) are financed by 
the grid surcharge, which currently stands 
at 2.3 cents/kWh. Dynamic energy tariffs 
apply exclusively to the energy component 
and dynamic grid usage tariffs apply exclu-
sively to the grid component, while charges 
continue to be predominantly fixed at a giv-
en time. 

Dynamic energy tariffs send short-term 
price signals from the electricity market di-
rectly to end customers and are therefore 
fundamentally different from traditional 
fixed or high/low tariffs. While there is al-
ready a clear regulatory framework for dy-
namic grid tariffs, there is currently no 
such framework for energy tariffs. Never-
theless, the first electricity supply compa-
nies (e.g. EKZ) have begun to offer dynamic 
energy tariffs for basic supply customers 

as well. Dynamic energy products are al-
ready largely established for large-scale 
consumers with a free choice of suppliers 
and are available in a variety of versions.

The key benefit of dynamic energy tariffs is 
that end customers with flexible consumers 
– such as heat pumps, electric vehicles or 
battery storage – can shift their electricity 

consumption to times when prices are low 
and thus reduce their energy costs. At the 
same time, there is systemic added value, 
as electricity procurement becomes cheap-
er for electricity utilities and thus for the 
whole of Switzerland. In addition – more 
than a mere side effect – the load on the 
distribution grid can be reduced, particular-
ly during peak periods33. 

Figure 7: Source: Swissgrid, 2026, The electricity price in focus
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and at the points in the grid where critical bot-
tlenecks arise from the grid’s perspective. This 
requires suitable control mechanisms and in-
centives that are based on the actual state of 
the grid.

The regulatory changes coming into force 
from 2026 will create a regulatory framework 
for more incentives that benefit the grid. 
Based on the Federal Act on the Supply of 
Electricity (StromVG, Omnibus Bill) and the 
revised Electricity Supply Ordinance (Strom-
VV), dynamic and locally differentiated grid 
tariffs will be made possible. For the first 
time, these explicitly allow distribution net-
work operators to structure grid usage fees 
according to time and location, thereby send-
ing targeted price signals to activate flexibility 
that benefits the grid. The first distribution 
network operators, including CKW34, intro-
duced dynamic grid tariffs in 2026. However, 
it remains to be seen exactly how dynamic 
and local grid tariffs should be structured to 
effectively and reliably harness flexibility for 
the benefit of the grid. This will become clear 

34 CKW, 2026, Electricity products

only through practical implementation and 
the accompanying learning processes.

Grid expansion: The expansion of the distri-
bution grid is another key measure. However, 
it is complex to implement this because ca-
bles and transformers have to be reinforced 
and transformers adapted or expanded, 
which requires significant investment, time 
and specialised personnel. In addition, many 
of these measures are subject to lengthy ap-
proval and planning procedures (including 
multiple levels of appeal). It may also be nec-
essary to follow the authorisation procedures 
and expropriation proceedings in certain cir-
cumstances. There are also uncertainties re-
garding planning. For example, it is not clear 
how widespread PV, heat pumps and electric 
mobility will become among end customers, 
and when and in what form will they be used.

Historically, the expansion of the distribution 
grid was primarily driven by growth in elec-
tricity demand. In future, too, increasing elec-
trification – particularly through heat pumps 

and electric mobility – is likely to necessitate 
demand-driven grid expansion. The in-
creased roll-out of decentralised PV plants 
may also trigger further PV-driven grid expan-
sion, particularly in grid sections with high si-
multaneous feed-in and limited capacity. In-
tegrating electricity generation from PV 
plants into the electricity grid may therefore 

incur additional grid costs beyond the expan-
sion already required to meet demand.

ETH Zurich collaborated on a comprehensive 
analysis of the expansion of the distribution 
grid for this project (see box below). The re-
sults show that growing electricity demand 
(e.g. from heat pumps and e-mobility) in par-

Figure 8: Figure 8: Additional grid expansion costs depending on PV power generation and available flexibility. 
Modernisation of the existing grid is not taken into account here.

0
40
80

120
160
200
240
280
320
360

Grid expansion cost and PV buildout

N
et

za
us

ba
uk

os
te

n 
(m

CH
F/

Ja
hr

)

0 10 20 30 40 50 60

Mittlere Flexibilität Hohe FlexibilitätKeine Flexibilität

PV Stromerzeugung (TWh / Jahr)

21Axpo Energy Reports | Solar energy 02 | Technology

http://www.ckw.ch/energie/strom/stromprodukte


ticular requires a largely demand-driven grid 
expansion of around CHF 40 to 50 million per 
year35 at grid levels 4–7, across Switzerland 
as a whole. Depending on future PV expan-
sion and the extent to which flexibility meas-
ures such as feed-in limits, flexible load con-
trol and battery storage are utilised, annual 
expansion costs could rise significantly. In 
scenarios with high PV expansion (around 50 
GW by 2050) and only moderate use of these 
measures, the annual costs for distribution 
grid expansion rise to up to CHF 230 million. 
The calculated expansion costs are in addi-
tion to the costs that network operators incur 
annually for routine investments to address 
wear and tear, as well as for regular mainte-
nance and replacement measures.

	35	�This scenario assumes a modest expansion of PV capacity as  
a complete halt to PV expansion by 2050 is not realistic. Howev-
er, expansion is falling sharply as the rate of expansion is only 
around 15 percent of that seen in recent years. Demand is 
growing by around 24 TWh. The range in the figures stems from 
the fact that two scenarios with different degrees of flexibility 
in demand and PV were calculated.

Methodological note

The Research Center for Energy Networks 
FEN at ETH Zurich was commissioned to 
quantify the necessary expansion of the dis-
tribution grid under various development 
scenarios for the electricity system in Swit-
zerland. FEN worked with EBP to regionalise 
scenarios and create time series for end us-
ers. The focus here was on the effects of var-

ious expansion scenarios for rooftop PV. Spe-
cifically, the total costs (CAPEX+OPEX) of 
network expansion were to be quantified. 
The integration measures mentioned above 
were taken into account: Feed-in limits, bat-
tery storage and controllable demand. The 
study examined the necessary grid expan-
sion on the CKW grid, which comprises 20 

high-voltage medium-voltage substations 
and downstream grids (NE4–7), supplies over 
70 communes with more than 57 000 grid 
connection points (building connection box), 
and handles an annual load of around 1 TWh. 
The national impact was determined by ex-
trapolation to the whole of Switzerland. The 
calculation encompasses the following steps:

Table 3: Included measure in “medium flexibility” and “high flexibility”

Explanation of ETH grid study

Feed-in limit Demand flexibility
Electromobility Heat pumps Battery storage

No flexibility 100% at the building 
connection box

No flexibility No flexibility No batteries

Moderate flexibility 70% at the building 
connection box

Reduction of charging 
sessions for private charg-
ing (home + work) in the 
evening by 20%

No flexibility 0.8 kWBESS / kWpPV  
for new plants 
C rate (kWh / kW): 2

High flexibility 50% at the building 
connection box

Reduction of charging 
sessions for private charg-
ing (home + work) in the 
evening by 50%

Group-by-group deac
tivation of HP between  
6 p.m. to 10 p.m.  
(compensation afterwards)

1 kWBESS / kWpPV  
for new plants 
C rate (kWh / kW): 1.5
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•	•	 Development of the power system  
(scenarios) and flexibility  
(sensitivities): Six scenarios were ana-
lysed; in four of them, the expansion of 
PV differs. Demand development is the 
same in all scenarios and includes an 
increase in electricity demand mainly 
due to the electrification of mobility and 
heating as well as population growth, 
mitigated by efficiency gains. Each of 
the four expansion scenarios is exam-
ined with “medium flexibility” and “high 
flexibility” – which differ in feed-in limits, 
demand flexibility and the number of 
battery storage units (see table below). 
In addition, a more theoretical sensitivi-
ty analysis was carried out without flexi-
bility (i.e. without demand flexibility, 
PV feed-in limits and without batteries) 
in order to determine the maximum 
grid demand for the scenarios.

•	•	 Regional breakdown of electricity de-
mand and generation and greater 
flexibility: the scenario parameters are 
defined at the national level and broken 
down regionally at the municipal level by 

calibrating the bottom-up approach for 
the modelled spread of e-mobility, heat 
demand and PV. The bottom-up ap-
proach makes it possible to distribute 
the scenario parameters at building-level 
spatial resolution for the entire study 
area (CKW supply area). A variety of pa-
rameters are taken into account for each 
load and generation type to distribute 
demand. Subsequently, annual load pro-
files with a temporal resolution of 15 
minutes up to the year 2050 are calculat-
ed. In order to investigate the impact of 
flexibility on grid expansion require-
ments, the load profiles for e-mobility 
and heat pumps, as well as the genera-
tion profile for PV, were modified by the 
following measures: the probability of 
charging electric vehicles in the private 
sector was reduced in the evening hours 
(peak household load) and the heat 
pump load was reduced more restrictive-
ly during this period. The generation pro-
file for PV was throttled at the grid con-
nection point, i.e. at the building 
connection box (after the inverter and 
the coverage of the building demand). 

The time series are generated for the 
whole year for each scenario and each 
sensitivity analysis. The result: a clear, lo-
cation- and time-specific picture of de-
mand and feed-in as the basis for target-
ed grid planning.

•	•	 Power flow calculation in the grid 
(CKW): Grid planning is carried out on 
the basis of these time series: Coupled 
MV/LV load flow analyses per substation 
and time step identify thermal over-
loads and voltage violations. Costs for 
traditional measures (cable/transformer 
amplification, underground cabling, etc.) 
as well as for NOVA options (grid opti-
mization such as PV Q(U) regulation and 
curtailment) are calculated and com-
pared. The costs are calculated as annu-
al annuities with a WACC of 5 percent 
and O&M costs (2 percent); ancillary 
structural services (e.g. civil engineering, 
transformer buildings) are taken into ac-
count on a rule-based basis. Result: Grid 
expansion costs for the CKW grid for 
each grid level.

•	•	 Upscaling: The investment results of 
the CKW network for NE4–7 are used to 
extrapolate the results to Switzerland 
using a scaling methodology. Each re-
gion supplied by a CKW high-voltage 
medium-voltage substation is treated as 
an energy supplier and the ElCom clus-
tering method for 630 energy suppliers 
is used for extrapolation. This is based 
on energy density and population den
sity (calculated on the basis of cable /
line lengths and annual energy volume). 
This results in an overall estimate of 
grid expansion costs and the measures 
for each scenario at the national level.

23Axpo Energy Reports | Solar energy 02 | Technology



Acceptance 
PV on rooftops and infrastructure clearly preferred,  
alpine installations controversial03



There is a very high level of acceptance in Swit-
zerland for PV plants on roofs, facades and 
infrastructure. Surveys show that a large pro-
portion of the population supports the expan-
sion of renewable energies, with particular 
emphasis on the desire for security of supply 
and climate-friendly domestic energy produc-
tion. National surveys regularly confirm that 
there is over 92 percent approval for PV plants 
on roofs, facades and infrastructure, which is 
the highest value of all energy generation 
technologies.36 This is evident not least in the 
rapid expansion of PV plants in Switzerland in 
recent years (see Section 2.2).

Public acceptance of alpine PV is lower than 
that of rooftop PV. The same national survey 
shows a level of support of around 50 per-
cent for ‘large solar power plants in the 
mountains on open meadows’. Although this 
approval rate is lower than for wind energy 
or new nuclear energy, it is higher than for 
new gas-fired power stations. At the local lev-

36	 gfs.bern, 2025, Final report – Wave 4 energy supply security study
37	 Alpine PV competence, 2026
38	 SRF, 2026, The Solarexpress delivers remarkable insights
	39	Agrivoltaics can reduce political polarization and local opposition to solar energy on land, Lukas Fesenfeld et al., 2026
	40	Agrivoltaics can reduce political polarization and local opposition to solar energy on land, Lukas Fesenfeld et al., 2026	

el, the requirement for alpine PV set out by 
Solarexpress for the approval of the host 
commune (Energy Act Art. 71a (3)) is a deci-
sive hurdle. Where a vote took place – typical-
ly in a municipal parliament – more than half 
of the projects were approved.37 As of January 
2026, only four projects with a total expected 
annual production of 0.07 TWh were under 
construction or had been partially commis-
sioned.38

To date, there are hardly any reliable studies 
on social acceptance of agricultural PV in 
Switzerland. The technology is new, and there 
are only a few installations. Furthermore, the 
definition of agricultural PV is inconsistent in 
the literature and in practice due to the range 
of possible installation types and, in particu-
lar, the distinction from ground-mounted PV. 
In general, however, it can be stated that Ag-
ricultural PV that does not impair agricultural 
production (see Section 2.3, SFOE definition) 
enjoys a very high level of support. This is 

also confirmed by recent surveys. If the im-
pact on agricultural use increases, accept-
ance decreases accordingly. The same survey 
found that installations that are well integrat-
ed into existing infrastructure (such as green-
houses or polytunnels) are significantly bet-
ter accepted. Smaller installations are also 
better accepted than medium-sized to large 
projects. Local ownership further increases 
approval. Acceptance of agricultural PV is 
highest among urban and left-wing popula-
tion groups, although it also enjoys majority 
support among right-wing and rural popula-
tion groups.39

Similarly, there is currently only limited scien-
tific / empirical data available regarding the 
acceptance of ground-mounted PV in Swit-
zerland. A recent survey shows approval rat-
ings on a similar scale to those for alpine PV, 
at around 50 percent.40 The survey reveals 
differences between political groups as 
around 60 percent of people on the right are 

opposed to ground-mounted PV plants, and 
slightly more than 50 percent of the central 
parties do not support ground-mounted PV 
plants. Around 60 percent of the people on 
the left support ground-mounted installa-
tions. However, acceptance is likely to vary 
greatly depending on the location. Installa-
tions on land that has already been used for 
other purposes (e.g. landfill sites, brownfield 
sites) and with low visibility are likely to enjoy 
greater acceptance than installations in un-
spoilt landscapes. This interdependence 
means that the SFOE also classifies potential 
suitable areas for ground-mounted PV ac-
cording to different conservation and land-
use interests. Accordingly, sites with little or 
no conservation interest and high land-use 
interest can be identified; such installations 
are likely to enjoy higher levels of acceptance.
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Legal and regulation
Rooftop PV is only subject to notification requirements,  
while ground-mounted, alpine, and agri-PV face regulatory 
challenges. Current subsidy scheme is comprehensive.04



In brief

•	•	 The current subsidy scheme is com-
prehensive and varies according to 
the type of plant. PV plants receive 
investment grants of up to 30–60 per-
cent of the investment costs (depen
ding on own use) or a sliding-scale 
market premium of up to 9 centimes /  
kWh (for plants larger than 150 kW 
without own use), as well as various 
bonuses (tilt angle, winter electricity 
and car park bonuses). Alpine PV is 
subsidised at up to 60 percent of the 
investment. Plants with a capacity of 
less than 3 MW and an annual output 
of less than 5 GWh also benefit from 
an obligation on the part of the distri-
bution network operator to purchase 
and pay for their electricity. A statu
tory minimum remuneration also ap-
plies to solar power plants up to 
150 kW (up to 6 or 6.2 centimes / kWh). 

•	•	 Implicit support in the form of a re-
duced share of grid costs for own use 
is a key economic advantage, but this 
depends on the tariff structure of the 
respective distribution network ope
rator. Own use enables savings of 
(currently on average) around 14.5 
centimes / kWh. However, this advan-
tage is made possible by a redistribu-
tion of network costs to non-PV 
households that is not based on the 
polluter-pays principle. Tariff changes 
such as dynamic network tariffs or 
performance-related components 
could (partially) reduce these benefits. 

•	•	 Under the Spatial Planning Act, roof-
top and façade PV plants on existing 
buildings generally do not require 
planning permission but only a notifi-
cation. In contrast, ground-mounted, 
alpine and agricultural PV must under-
go planning permission procedures, 
the complexity of which varies de-
pending on the location and size of 
the installation. 

•	•	 The Acceleration Decree is intended 
to streamline these procedures but 
has not yet been implemented nation-
wide. It provides for combined can-
tonal planning approval procedures 
that bring together land-use planning 
and building permits. However, the 
cantons still need to transpose the 
new requirements into cantonal law.

•	•	 Unlike in the field of wind energy, for 
example, there are no cantonal suita-
ble areas for ground-mounted PV at 
the start of 2026.

4.1 	
Current subsidies

Today, PV plants can rely on various funding 
instruments (see Figure 9). Investment grants 
and a sliding-scale market premiums are 
available depending on the performance 
class and the potential for own use. There are 
also individual bonuses for tilt angles, winter 
electricity and installation space. In addition 
to this support, the current regulations pro-
vide further benefits through own use, which 
are described in the next section.
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4.1.1 �
Investment grants

Under the Energy Act, PV plants are eligible 
for an investment grant41. With regard to the 
maximum subsidy rates, the Act distinguish-
es between plants with and without own use. 
For plants without own use, the rate is higher, 
at a maximum of 60 percent of the invest-
ment costs; for plants with own use, which 
also benefit from savings on grid tariffs, the 
rate is lower, at 30 percent.

The Federal Council determines the specific 
subsidy level for plants with own use by de-
cree. For example, in 2026, plants larger than 
150 kW with own use will receive 250 CHF /  
kW, whereas auctions will be held for those 
without own use. For plants smaller than 150 
kW, the one-off remuneration ranges from 
250 CHF / kW to 450 CHF / kW42.

The Solarexpress scheme has also created a 
subsidy of up to 60 percent of investment 

41	 Art. 25 Energy Act
42 Annex 2.1 Renewable Energy Ordinance 
43	 Art. 25a of the Energy Act, Art. 38a of the Renewable Energy Ordinance, Art. 30c of the Renewable Energy Ordinance 
	44	The reference market price corresponds to the weighted average of the day-ahead price. The weighting is based on the nationwide feed-in of the relevant technology (see Art. 15 REO).

costs for alpine PV plants, provided their 
planning application was made public by the 
end of 2025. Unlike the investment grants for 
other types of plants, a site-specific cost-ben-
efit analysis is carried out, rather than setting 
flat-rate amounts per kW.

4.1.2 �
Sliding market premium

When the revised Energy Act comes into 
force in 2025, PV plants larger than 150 kW 
that do not generate electricity for own use 
will be able to apply for a sliding-scale market 
premium as an alternative to an investment 

grant. The remuneration rates are deter-
mined by auction43. The SFOE also sets a max-
imum permissible rate in advance, which 
stands at 9 centimes per kWh as of 2025. If 
the reference market price44 falls below this 
remuneration, the plants receive the differ-
ence as a subsidy; if it exceeds it, they must 
repay the excess.

Figure 9: Figure 9: Overview of different subsidy mechanisms for PV in relation to plant sizes and own use

Overview of PV subsidy mechanisms

Output class Own use? Subsidy Other benefits 
Own use/ 

local consumption

> = 150kW

< 150kW

Investment contribution  
(fixed non-recurrent remuneration)

Investment contribution  
(fixed non-recurrent remuneration)

Sliding feed-in premium 
(auction) Plus bonuses:

• Tilt angle
• Winter electricity
• Parking spaces

Implicit subsidisation 
through reduced grid 
cost contribution for 

own use / ZEV

Opportunity for  
sales in LEG

Investment contribution 
(auction)

No

Yes

Yes / No
Minimum remuneration  

in accordance  
with Art. 15 EnA
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The sliding-scale market premium provides 
ongoing income security over a fixed period 
of 20 years by offsetting fluctuations in mar-
ket prices. On the other hand, the investment 
grant is a one-off grant provided at the start 
of the project and is intended to directly re-
duce investment costs. However, previous 
auction rounds suggest that the sliding-scale 
market premium has met with only limited 
interest among project developers, who pre-
fer the investment grant.45

4.1.3 �
Bonuses

The Federal Council has introduced various 
bonuses for specific types of plants at the or-
dinance level. In addition to the basic subsidy 
(flat rates or auction), project developers can 
claim the following bonuses: 

45	 �In the three auctions conducted by Pronovo in 2025, the sliding-scale market premium resulted in awards of just 2.5 MW, despite a total auction volume of 80 MW. In contrast, for the investment grant, contracts were awarded for over 120 MW, with an auction volume of 160 MW.
46	 Art. 15 Energy Act
47	 Art. 12 Energy Ordinance, Art. 15 Renewable Energy Ordinance; However, plant operators and distribution network operators can also agree on a different remuneration.
48	 plants with an output of less than 30 kW receive 6 cents / kWh, larger plants only receive these on a pro rata basis (Art. 12 EnV)

•	•	 A tilt angle bonus of 200–400 CHF / kW 
for plants with an inclination of 75° or 
more. 

•	•	 Winter electricity bonus for large installa-
tions with a specific winter electricity 
production of more than 500 kWh per 
kW of installed capacity. 

•	•	 Car park bonus of 250 CHF / kW for un-
covered car park areas

The winter electricity bonus is intended to 
promote the expansion of photovoltaic 
plants that generate a particularly high 
amount of electricity in winter. The amount 
of the bonus depends on the specific winter 
production and is available to all types of 
plants. The relevant electricity production 
(specific additional winter electricity produc-
tion) corresponds to the amount of energy 
that a plant delivers per kilowatt of capacity 
during the winter half-year and exceeds the 

threshold of 500 kWh / kW. The resulting spe-
cific winter electricity surplus production di-
vided by the total specific winter electricity 
production is then multiplied by 17.5 cen-
times / kW to obtain the actual winter electric-
ity bonus. This is paid out only for electricity 
fed into the grid during the winter half-year 
and cannot be combined with the tilt angle 
bonus. 

4.1.4 �
Obligation to purchase and pay

Solar power plants with a maximum output 
of less than 3 MW and an annual production 
(after own use) of less than 5 GWh also ben-
efit from the statutory obligation to purchase 
and pay for electricity46. Under this obligation, 
distribution network operators must pur-
chase the electricity. In general, remunera-
tion is based on the nationally harmonised 
price, which corresponds to the quarterly 
technology-weighted market price47. With the 

implementation of the Acceleration Decree, 
remuneration for electricity from renewable 
energy sources will in future be based on the 
market price at the time of feed-in. The remu-
neration does not take into account either 
balancing energy costs or marketing costs, 
which are incurred by the distribution net-
work operator and result in additional costs. 
Furthermore, installations smaller than 150 
kW receive a minimum remuneration; for in-
stallations without own use, this is 6.2 cen-
times / kWh, while installations with own use 
receive up to 6 centimes / kWh48. 

The distribution network operator will pass 
on the above-mentioned additional costs in 
the basic supply tariff. This results in in-
creased basic supply costs for consumers. 
Conversely, however, consumers on the basic 
supply tariff do not benefit from regulated 
solar power remuneration when market pric-
es are high as it must be remunerated at the 
high market price during such periods.
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As part of the Acceleration Decree, the Swiss 
Federal Parliament has decided to introduce 
remuneration at market prices at the time of 
feed-in and to allow for the potential suspen-
sion of the minimum remuneration in the 
event of negative prices. Accordingly, the 
minimum remuneration will in future be paid 
as the difference between the quarterly ref-
erence market price and the actual price. Ac-
cording to the consultation draft, the Federal 
Council wishes to refrain from suspending 
the minimum remuneration in the event of 
negative prices for the time being.

Future remuneration at market prices at the 
time of feed-in represents a necessary incen-
tive for system-oriented control of produc-
tion. However, as long as the minimum remu-
neration is not suspended in the event of 
negative prices, the market price signal will 
be distorted, and installations will continue to 
have an incentive to feed in against market 
signals. 

	49	Provided they achieve a minimum of 10 percent generation output relative to the connected load (sum of the connected loads of the participants)
50	 Art. 17d & 17e Electricity Supply Act
51	 The discount on the grid usage fee covers not only the active energy component but also the basic tariff and any power component. Art. 19h Electricity Supply Ordinance
	52	A voltage transformation is necessary when, although all the parties involved are on the same grid level (e.g. 7), the electricity must be routed via a different grid level in order to be exchanged.
53	 DETEC, 2026, Federal Act on a Secure Electricity Supply from Renewable Energy Sources Amendment to the Electricity Supply Ordinance with entry into force on 1 January 2026 Explanatory report

The revision of the feed-in tariff therefore 
represents an important step towards mar-
ket-oriented incentives and, therefore, better 
integration of (small-scale) PV. At the same 
time, however, suspending the minimum re-
muneration in the event of negative prices 
would be important in order to completely 
remove the perverse incentives.

4.2 	
Implicit subsidies through reduced 
grid cost contribution for own use

In the case of own use, i.e. the consumption 
of one’s own electricity on-site, the energy 
price of the grid usage fee and levies – grid 
surcharge (in accordance with Art. 35 EnA and 
Art. 35 REO: 2.3 centimes / kWh), specific can-
tonal and municipal levies, electricity re-
serve – can be saved on this electricity. As grid 
usage fees and levies currently account for 
around half of the total electricity price (see 
Section 2.6 Grid integration), this is highly lu-

crative. Rooftop PV plants in particular can 
benefit from own use as they are often locat-
ed in places where electricity is consumed. 
The reduced grid cost contribution for own 
use constitutes an implicit subsidy. The ef-
fects on economic viability are explained in 
more detail in Section 5.2.

It is now also possible for several parties to 
reduce their grid cost contribution through 
own use by forming a so-called (virtual) own 
use community (ZEV) (in accordance with the 
Energy Act). The ZEV is characterised by the 
fact that various consumers with generation 
capacity connected to a single grid connection 
join forces vis-à-vis the distribution network 
operator49. Since 2026, the option for local 
electricity communities (LEG) has also been 
introduced50. LEGs enable end consumers, 
producers and storage facilities that are con-
nected in the same commune, within the 
same grid area and at the same voltage level 
(either all grid level 5 or all grid level 7) but at 

different grid connection points to exchange 
self-generated electricity amongst them-
selves. For this electricity exchanged within 
the LEG, they benefit from a reduced grid tar-
iff. According to the current regulation, the 
discount amounts to 40 percent of the grid 
tariff51; if voltage transformation52 is required 
for the exchange, it is only 20 percent. As with 
own use from individual installations, this can 
reduce the grid cost contribution.

The problem here is that own use leads to a 
reduced contribution to grid costs. This under-
mines a central principle of grid tariffing: the 
allocation of grid costs according to the pollut-
er pays principle53. A contribution should be 
made to cover the cost structure for the use 
of the grid. To this end, it is important to un-
derstand that around 60 to 70 percent of grid 
costs depend purely on the structural re-
quirements of the grid, in particular the num-
ber and location of grid connection points, 
which largely determine the necessary line 
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length.54 The maximum simultaneous power 
drawn or fed into the grid (peak grid load) 
and the amount of energy transmitted ac-
count for a significantly smaller proportion of 
grid costs, at around 30 to 40 percent. Grid 
tariffs are therefore designed to enable end 
consumers to refinance grid costs. Whilst 
avoiding grid charges represents an econom-
ic advantage for PV plants, meaning they con-
tribute less towards covering grid costs, the 
expansion of PV – even with own use – leads 
to an increase in grid expansion costs (see 
Section 2.6).

The reduced grid cost contribution through 
own use therefore leads to a redistribution 
of grid costs that is not based on the user 
pays principle as higher grid costs must be 
spread across the remaining, lower con-
sumption.55 Households without the option 

54	 Swiss Federal Office of Energy SFOE, 2021, Further development of grid and energy pricing
55		Cf. also Hirth, 2025; Bardt, Chrischilles, Growitsch, Hagspiel, & Schaupp, 2014; Schill, Zerrahn, & Kunz, 2017
56		This effect is also highlighted by ACER, 2025, Getting the signal right: Electricity network tariff methodologies in Europe
57	 �Semmelmann, Konermann, Dietze, & Staudt, 2024, Empirical field evaluation of self-consumption promoting regulation of household battery energy storage systems
	58	�DETEC, 2025, Demand for energy storage in Switzerland
	59	Art. 14 Electricity Supply Act: Grid tariffs must take account of the objectives of efficient use of electricity. Art 18a Electricity Supply Ordinance: Non-dynamic standard tariffs must include a non-degressive energy component (centimes per kWh) of at least 50 percent.
60		Unlike energy-saving measures, for example, own use does not result in a net reduction in energy consumption.

of PV, in particular, end up paying more.56 
Empirical studies also show that own use 
leads only to slightly positive or even nega-
tive economic effects57. For instance, a recent 
study commissioned by the SFOE demon-
strates that battery storage for own use is 
not economically viable from a plant per-
spective and is not economically efficient for 
grid-oriented purposes.58

In Switzerland, therefore, adjustments to grid 
tariffs are being discussed and gradually in-
troduced. This is also to encourage behaviour 
that benefits the grid. Since 2026, dynamic 
grid tariffs have been increasingly used, sup-
plemented by demand-based components 
(e.g. peak prices per kW). This shifts the cost 
allocation away from fixed energy prices 
(CHF / kWh) towards actual grid usage (out-
put, time of use). A higher fixed / output-relat-

ed component in the grid tariff would be con-
sistent with the grid’s cost structure. However, 
grid tariffs should also have an incentive ef-
fect59, i.e. provide incentives for efficient be-
haviour (peak shaving, load shifting, storage 
operation)60 that benefits the grid rather than 
simply allocating fixed costs on a flat-rate ba-
sis.

Ultimately, many of the current economic ad-
vantages of own use are tariff-related and 
work against a user pays allocation of grid 
costs. An adjustment to grid tariffing could 
lead to an increase in the grid cost contribu-
tion for PV plants with own use as well, there-
by (partially) eliminating the implicit subsidy. 
The economic feasibility analysis therefore 
presents the subsidy requirement with and 
without implicit subsidies (see Sections 5.3 
and 5.4).

4.3 	
Spatial planning and approval

The requirements for the planning permis-
sion process and the likelihood of obtaining 
building permission vary depending on the 
type of PV plant. 

4.3.1 �
Rooftop and façade PV:  
notification procedure is usually  
sufficient

Under Article 18a(1) of the Spatial Planning 
Act (SPA), solar power plants on existing 
buildings in the building and agricultural 
zones do not require planning permission 
(with exceptions, for example, relating to cul-
tural and natural monuments; see Article 
18a(3) SPA). The owner therefore generally 
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only needs to notify the planning authority of 
the building of a suitably adapted solar pow-
er plant. The legislature has stipulated that 
the interest in energy generation takes prec-
edence over other interests, in particular aes-
thetic interests (Art. 18a(4) SPA). 

4.3.2 �
Infrastructure PV: diversity requires 
individual consideration

The wide range of applications for PV plants 
on infrastructure structures is reflected in the 
diversity of the relevant legal frameworks 
and planning permission procedures. This 
makes it essential to consider each individual 
case on its own merits. As a result of this di-
versity, it is not discussed further here.

4.3.3 �
Ground-mounted PV: classification by 
category is necessary

The procedures and the possibility of obtain-
ing planning permission for ground-mounted 

	61	�in the version according to the Parliamentary Drafting Committee, see EnA; SR 730.0 and final voting text EnA

PV plants can be broadly categorised accord-
ing to two criteria:

•	•	 The size of the plant or its contribution 
to the energy supply (threshold of na-
tional interest: average expected produc-
tion from October to March of at least 
5 GWh) 

•	•	 Planning classification of the site in ques-
tion (zoning compliance)

To illustrate the aforementioned aspects of 
spatial planning and authorisation, the fol-
lowing cases are considered:
 
1st Case 
Plants of national interest located in a 
designated area and included in the 
cantonal structure plan 
If a PV plant meets the requirements relating 
to the national interest, the proposed site is 
included in the cantonal structure plan and 
the land-use plan is in place, the prospects of 
obtaining planning permission are consid-

ered to be good to very good. The communal 
planning authority is generally responsible 
for granting planning permission. 

The cantons are tasked with designating suit-
able areas for stand-alone solar power plants 
of national interest (see Art. 10 of the Energy 
Act61). In future, such PV plants of national in-
terest are to be exempt from the planning ob-
ligation under the Spatial Planning Act (Art. 10 
(1ter) nEnG). The cantons are then required 
to ensure, to the extent necessary, that spe-
cific land-use plans are adopted or amended. 
In doing so, they may provide for a (com-
bined) cantonal planning approval procedure 
that includes, amongst other things, the nec-
essary land-use planning provisions and the 
building permit (Art. 10 (2) EnA and, for instal-
lations of national interest, Art. 14a nEnG). For 
the provisions in the structure plan as well as 
for specific requirements at the land-use 
planning level, the cantons must, as part of 
their energy strategy, consider how much ad-
ditional photovoltaic capacity they aim to 
achieve and what role freestanding solar pow-
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er plants should play in this. To assist with 
this, the Federal Office for Spatial Develop-
ment (ARE) has published a background doc-
ument intended to facilitate the identification 
of suitable areas.62 However, at the time of 
publication of this technology report, no can-
ton had yet set out specific targets for ground- 
mounted PV or a corresponding plan for suit-
able sites. Experience with the designation of 
suitable sites for wind power shows that this 
process can take several years.

The Acceleration Decree provides that, in fu-
ture, the cantons will be able to combine 
land-use planning provisions with the actual 
building permit (so-called cantonal planning 
approval, Art. 10(2) nEnG). As the cantons 
have considerable discretion in implementa-
tion and must first transpose the relevant 
provisions into cantonal law, it is not yet pos-
sible to comment on the (acceleration) effects 
of these forthcoming changes in practice.
 

62	 �Federal Office for Spatial Development ARE, 2025, Freestanding photovoltaic plants

Background: Legal framework for spatial planning with a focus on ground-mounted PV 

In order to assess the chances of success of 
a planning application for a photovoltaic 
plant, particularly outside the construction 
zone, it is advisable to first take a look at 
the legal framework conditions for spatial 
planning. This overview focuses on ground- 
mounted PV plants. 

According to Art. 22 (1) of the Federal Act on 
Spatial Planning (SPA), buildings and instal-
lations, including photovoltaic plants, may 
only be constructed or modified with official 
approval (construction ban subject to ap-
proval).

The building permit procedure, which is 
usually administered by the local authority, 
checks, firstly, whether the building project 
is zoning-compliant; secondly, whether the 
requisite infrastructure is in place; and third-
ly, that it complies with all other legal re-

quirements, particularly those relating to 
building regulations and environmental law. 
If these prerequisites are met, the project is 
generally eligible to have the building permit 
granted. 

The first step towards fulfilling the planning 
requirements of the SPA is the cantonal 
structure plan. In the structure plan, each 
canton must indicate how it intends to de-
velop in terms of spatial planning and con-
struction. According to Art. 6 (2)(3) SPA and 
Art. 8a SPA, the cantonal structure plan 
must specify the areas that are suitable for 
the production of renewable energies (so-
called suitable areas). According to Art. 10 
(1) of the Energy Act (EnA), the cantons must 
ensure that such suitable areas are defined 
in the cantonal structure plan for solar 
plants of national significance.

According to Art. 12 (2) of the EnA and Art. 
9a of the Energy Ordinance (EnO), solar 
plants are of national significance if the av-
erage expected production from October to 
March is at least 5 GWh. In our view, this na-
tional interest must be taken into account in 
all assessments of competing interests re-
quired under spatial planning law (particu-
larly when drawing up and issuing cantonal 
structural plans, municipal use plans and in 
the building permit procedure). 
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2nd Case 
Plants that do not meet the threshold for 
national interest but are consistent with 
the intended use of the relevant zone 
(usually a building zone) 
For plants that are typically smaller and do 
not meet the threshold for national interest, 
there is generally no entry in the cantonal 
structure plan. However, the cantons may in-
clude sites for PV plants that do not meet the 
criteria for national interest in the structure 
plan. Such an entry forms an essential basis 
for implementation in the (usually commu-
nal) land-use plan.

The communes (and, where applicable, the 
cantonal authorities, depending on the regu-
lations in the canton concerned) may also 
provide for and designate special zones 
(building zones) in the land-use plan for such 
smaller plants, even without an entry in the 
cantonal structure plan. When making these 
planning-law determinations, the interests 

	63	�According to the explanatory memorandum to the Acceleration Decree (draft by the drafting committee), Article 14c(1)(a) of the New 
Energy Act provides that only the highest (single) cantonal authority shall be responsible for solar power plants of national interest.

	64 �Under Article 14c(1)(a) of the New Energy Act, the only remedy available against such a combined planning approval decision is an 
appeal to a cantonal court.

must be weighed up in a way that is appro-
priate to the level of planning.

The designation of such special zones (build-
ing zones) lays the groundwork for develop-
ing a specific building project (see in particu-
lar Art. 22 SPA). Apart from special cases (e.g. 
the presence of protected areas), the chances 
of obtaining a building permit in such a spe-
cial zone remain intact.

It is not currently possible to assess wheth-
er and how the provisions of the Accelera-
tion Decree will affect ‘smaller’ plants. As ex-
plained, these must be transposed into can-
tonal law.
 
3rd Case 
Plants outside the building zone 
If an ground-mounted PV plant is to be erect-
ed at a site outside the building zone, the re-
quirement for zoning compliance is not met. 
In such cases, a building permit is typically 

Excursus: Appeals and complaints 

If a building permit is required, a building 
application for a PV plant must be made 
publicly available. As a rule, affected parties 
(neighbours, environmental protection or-
ganisations, etc.) can lodge an objection 
within the consultation period. In most can-
tons, appeals are decided within the build-
ing permit procedure. This can be followed 
by an appeal procedure under cantonal 
law, in which case the cantons must provide 
for a competent court. The differences be-
tween the cantons are considerable: Lu-
cerne, for example, only provides for an ap-
peal to the cantonal court, whereas in other 
cantons the appellants must first go to the 
Construction Appellate Court and then to 
the cantonal Administrative Court (e.g. in 
the canton of Zurich)63.

Subsequently, the ruling of the Cantonal Su-
preme Court can be appealed to the Feder-
al Supreme Court. It should be noted that 
the Federal Supreme Court exercises a cer-
tain restraint when handling such com-
plaints – as planning and construction law 

are largely governed by cantonal regula-
tions. 

Provisions in (local) land-use plans are bind-
ing on the landowner, which is why canton-
al remedies are also available against these 
provisions – including, as a last resort, an 
appeal to the Federal Supreme Court. The 
legislation on accelerated procedures pro-
vides for a cantonal planning approval pro-
cedure which, among other things, summa-
rises the planning specifications and the 
building permit in a (combined) decision by 
a cantonal authority (Art. 14a nEnA)64.

In simplified terms, a rule of thumb for the 
duration of proceedings can be assumed to 
last around six to twelve months per (ap-
peal) instance.
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granted in the form of an exemption under 
Article 24 SPA. The requirements regarding 
the documentation and the level of justifica-
tion provided by the project developer, par-
ticularly in view of the strict balancing of in-
terests required in this case, are considerable. 
The prospects of obtaining an exemption are 
rather slim. In addition, there is a significant 
risk that an exemption granted may be suc-
cessfully challenged by an appeal.

4.3.4 �
Agricultural PV plant

Freestanding agricultural PV plants are usu-
ally located in agricultural areas (outside the 
building zone). They are therefore dependent 
on an exemption under Article 24 SPA. As far 
as can be ascertained, there is a relaxation of 
the approval requirements in that such agri-
cultural PV plants connected to the electricity 
grid may be site-specific if they bring benefits 
to agricultural production in less sensitive ar-
eas or serve corresponding experimental and 
research purposes. A significant complication 
for project developers is that such plants are 
subject to the strict requirements of agricul-
tural land law. There is little practical experi-
ence regarding the associated authorisation 
procedures. 

 

Excursus: Permitting of grid infrastructure 
 

If additional lines have to be built for the 
connection, this entails additional permit-
ting procedures for the grid installations 
concerned. In Switzerland, a specific per-
mitting procedure is required for the con-
struction of high-voltage installations (from 
1 kV) (Art. 16 of the Electricity Act (ElecA)). 
In principle, this procedure is managed by 
the Federal Inspectorate for Heavy Current 
Installations (ESTI), which reviews the sub-
mitted documents. In the event of any dif-
ferences or inconsistencies, the ESTI refers 
the matter to the Swiss Federal Office of 
Energy (SFOE).

In addition to the (building) permit, the grid 
operators are also dependent on acquiring 
the necessary private legal rights for their 
construction and operation (namely trans-
mission rights for electricity) from the land-
owners concerned and compensating them. 
Since an amicable settlement cannot be 
reached in every case, the grid operators 

have the legal right to expropriate the 
transmission rights (Art. 43 ElecA). Licensing 
and expropriation procedures (according to 
ElecA and the Expropriation Act) must be 
combined. Even in the event that only the 
expropriation point is disputed, the ESTI will 
refer the combined application for approv-
al to the SFOE for a decision. 

An appeal against the planning approval de-
cision can be lodged with the Federal Ad-
ministrative Court. However, appeals to the 
Federal Supreme Court are only permissi-
ble under certain conditions.

There is no legal regulation that provides 
for the coordinated approval of production 
plants and the associated grid infrastruc-
ture. The municipal and cantonal authori-
ties are only obliged to coordinate the re-
spective permitting processes (production 
plant or grid installation) with the federal 
authorities.
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Economic viability
Expensive rooftop PV becomes economically viable thanks  
to own use, ground-mounted PV is considerably cheaper05



In brief

•	•	 The profitability of PV depends heavily 
on the type of plant. Under current regu-
lations, many PV plants are already prof-
itable, although there are significant 
differences between plant types and a 
strong reliance on the implicit subsidy 
provided by the reduced grid cost 
contribution for own use.

•	•	 Costs vary significantly depending on 
the type of plant and location, as instal
lation and substructure are the main 
cost drivers (>50 percent), while module 
costs account for only around 16–28 per-
cent. Economies of scale play a key role 
as small rooftop PV plants of <30 kW 
achieve levelised cost of electricity (LCOE) 
of 105–202 CHF / MWh, while large roof-
top plants of >100 kW fall to 48–119 
CHF / MWh thanks to economies of scale, 
approaching the levels of ground-
mounted plants (49–109 CHF / MWh). 
Alpine PV has the highest generation 
costs at 110–247 CHF / MWh.

•	•	 The reduced grid cost contribution for 
own use is crucial to the economic via
bility of rooftop PV as it covers up to  
45–83 percent of the levelised costs. 
Without this implicit subsidy, many small 
plants would be unprofitable.

•	•	 Market revenue for rooftop and ground- 
mounted PV is expected to cover 
39 CHF / MWh over the next 30 years, 
i.e. 30–65 percent of the levelised costs. 
Market revenue from alpine PV is slightly 
higher at 42 CHF / MWh, but cover only 
26 percent of the levelised costs. 

•	•	 The need for subsidies varies greatly 
depending on the type of plant.  
The subsidy for rooftop PV consists  
of direct and implicit subsidies. In 
2035, the subsidy requirement for 
rooftop PV plants of <30 kW will be 
95 CHF / MWh, and for ground-mount-
ed PV plants it will be 20 CHF / MWh. 
Larger rooftop PV plans of 30–100 kW 
and >100 kW with own use actually 
have no additional direct subsidy re-

quirement thanks to reduced a grid 
cost contribution. Alpine PV has the 
highest subsidy requirement at 
107 CHF / MWh.

•	•	 The market value of a PV plant with 
battery storage is higher than that 
of a comparable plant without stor-
age, as own use is increased and a 
higher market price can be achieved. 
However, the production costs are 
50–80 percent higher, which means 
that plants with battery storage are 
not always economically viable.

5.1 	
Costs and revenues

5.1.1 �
Cost and revenue assumptions

The levelised cost of electricity for PV plants 
consist of modules, assembly, planning, in-
verters, substructure, cabling and transport. 
The modules themselves now account for 
only a small proportion of the costs, whereas 
installation and the supporting structures in 
particular can make up a large part of the 
costs. Costs and revenue are influenced in 
particular by:

•	•	 Plant type and associated installation 
work: The installation work varies great-
ly depending on the type of plant. For 
rooftop or façade plants, integration into 
existing buildings is often complex and 
labour-intensive, particularly in the case 
of older roofs or unusual roof shapes. 
Ground-mounted plants benefit from 
simpler, standardised workflows, while 
alpine plants incur significantly higher in-
stallation costs due to difficult access, 
weather conditions and longer transport 
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routes. These factors are directly reflect-
ed in the costs and make installation the 
most significant cost driver.

•	•	 Choice of location: The choice of loca-
tion and orientation affect installation 
and grid connection but also have a di-
rect impact on solar radiation and, there-
fore, on the number of full-load hours a 
PV plant can achieve. This affects the 
plant’s specific output and determines 
how large the plant needs to be. To pro-
duce the same amount of energy, a plant 
with lower solar radiation must be larger 
than one with high solar radiation.

•	•	 Plant size: As the plant size increases, 
the specific costs (CHF / kW) decrease as 
economies of scale can be utilised in 
terms of materials, planning and installa-
tion. Rooftop plants are generally smaller 
and benefit only to a limited extent from 
these effects. However, complex projects 
such as alpine PV also place greater de-

	65	�Weighted average cost of capital: corresponds to the cost  
of capital rate / return on capital.

Cost of PV plants in 2025

Table 4: Table 4: Cost assumptions for various PV plants with commissioning in 2025. Showing the reference assumption as well as low and high costs of rooftop, 
alpine and ground-mounted.

Roof < 30 kW Roof 30–100 kW Roof > 100 kW Alpine Ground-mounted

With battery With battery

CAPEX  
in million,  
CHF / MW

Low costs 1.8 3.2 1.1 2.6 0.8 3.2 0.8

Reference assumption 2.1 3.3 1.4 2.6 1.0 4.4 1.0

High costs 2.5 3.5 1.7 2.8 1.4 6.0 1.2

of which Labour and  
administrative costs

12%  6%  4%

PV panels 16%  21%  28%

Inverters, electrical etc. 16%  16%  17%

Construction site security  
and transport

56%  57%  51%

OPEX  
in CHF/MWh

Low costs 23 40 14 32 10 19 10

Reference assumption 33 52 23 41 16 29 15

High costs 44 62 31 49 24 44 23

FLH in h/a Low costs 1200 1200 1200 1200 1200 1650 1200

Reference assumption 950 950 950 950 950 1500 1000

High costs 850 850 850 850 850 1350 800

Own use in % 40% 60% 50% 70% 0% 0% 0%

Years of operation in years 30 30 30 30 30 60 30

WACC65 in %, real 3.5% 3.5% 3.5% 3.5% 4% 4% 4%
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mands on logistics and project manage-
ment, which can offset the cost benefits. 

•	•	 Regulatory framework and the ‘Swiss 
finish’: The regulatory requirements for 
PV plants in Switzerland are high, par-
ticularly when compared to neighbour-
ing countries. Strict guidelines apply to 
all types of installations, for example re-
garding earthquake safety, earthing or 
snow load. These regulations lead to 
more complex approval procedures and 
additional construction and safety meas-
ures, which are directly reflected in the 
investment costs.

•	•	 Batteries: Smaller rooftop plants in par-
ticular, but increasingly also larger indus-
trial rooftop plants, are supplemented 
with batteries for the temporary storage 
of the solar power generated. This in-
creases the own use of the PV plant. The 
additional costs of the battery increase 
the levelised cost of the combined sys-
tem. 

66	 Swiss Federal Office of Energy SFOE, 2024, Photovoltaic market: Price monitoring study

The wide variety of different plant types, pos-
sible locations and sizes means the costs and 
revenues of PV can vary significantly. In this 
analysis, we distinguish between rooftop PV, 
ground-mounted PV and alpine PV, and cal-
culate plants with low, medium and high cost 
assumptions for each. As infrastructure 
plants, façade PV and agricultural PV involve 
highly project-specific costs, they are not cov-
ered in this section. For rooftop PV, we also 
distinguish between small, medium and large 
plants. For rooftop PV plants of under 30 kW 
and between 30–100 kW, the case of a com-
bined plant with battery storage is also 
shown as an example.

The costs of PV plants are based on the fol-
lowing assumptions:
 
CAPEX
The quality and availability of the data used 
for investment decisions (CAPEX) vary signif-
icantly according to the type of photovoltaic 
plant. For rooftop plants, the data in Switzer-
land is sound as the Swiss Federal Office of 

Energy (SFOE) conducts an annual survey of 
the costs of completed PV plants and analy-
ses them by plant size66. For rooftop PV plants 
of under 30 kW, current data from 2025 is 
available. For the remaining rooftop PV sizes, 
only the figures for 2024 are available. For the 
sake of comparability, we use the 2024 fig-
ures for all plants, adjusted for long-term cost 
degression (see below: learning curve and 
cost trends). However, the updated 2050 fig-
ures for rooftop PV plants of under 30 kW are 
close to the assumed costs of the learning 
curve.

The data also highlights the increasing econ-
omies of scale for larger plants. For rooftop 
PV plants of up to 30 kW, modules account 
for only around 16 percent of total costs. A 
further 16 percent is spent on inverters and 
additional electronics. Labour and adminis-
trative costs, as well as site safety and trans-
port, account for a good two-thirds of total 
costs. The comparatively high labour costs in 
Switzerland have a significant impact here. 
These cost components rise much less sharp-

ly in larger plants, meaning that module costs 
account for a relatively larger share of the to-
tal. Consequently, modules account for a 
good fifth of the total costs in plants with a 
capacity of 30–100 kW, and more than a quar-
ter in plants with a capacity of over 100 kW. 
Larger plants are therefore more cost-effec-
tive overall.

Our reference assumption, as well as the high 
and low values, correspond to the median 
and quantiles of the price monitoring study, 
i.e. not the most expensive and cheapest 
plants or offers observed. 

The CAPEX assumptions for battery storage 
are also based on the 2024 price monitoring 
study, supplemented by preliminary results 
from the SFOE regarding price levels in 2025. 
The study distinguishes between three bat-
tery categories: 0–10 kWh, 10–20kWh and 
20–30 kWh, for which the CAPEX in 2025 av-
erages 687 CHF/kWh, 571 CHF/kWh und 510 
CHF/kWh. These values are used for the low, 
medium and high costs as the cost ranges for 
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the respective categories are not known. To 
calculate the key figures shown below, it is 
assumed that the battery capacity is 1.5 kWh 
per installed kWp of PV capacity. 

For alpine PV plants, initial empirical data 
from projects already completed and esti-
mates of future cost trends are currently 
available. As these are currently ‘first-of-a-
kind’ plants, the initial investment costs are 
high. The reported CAPEX figures are based 
on Axpo’s experience and on publicly availa-
ble information regarding comparable pro-
jects. Alpine PV faces several specific cost-re-
lated challenges. The location means that 
transport and installation are logistically de-
manding, while increased requirements for 
the substructure resulting from high snow 
and wind loads further drive up costs. In ad-
dition, regulatory requirements, particularly 
regarding protection against earthquakes, av-
alanches and severe weather, and the design 
of substructures and ancillary buildings drive 
up costs.

Excursus: Development of rooftop PV prices 2018–2024  

The report “Photovoltaikmarkt: Preisbeo-
bachtungsstudie 2024” [Photovoltaics mar-
ket: Price observation study] shows the 
cost developments of rooftop PV plants 
since 2018: It is striking that prices first fell 
between 2018–2021 but then rose again  
until 2023. The price increase can be seen 

as the result of a unique combination of 
supply chain disruptions, strong demand 
growth, higher labour and financing costs 
and the energy crisis in Europe. Prices fell 
significantly again in 2024 – roughly to 
their lowest level in 2020. 

There is therefore no clear trend towards 
a short-term decline in costs that could 
be reliably projected. However, it can be 
assumed that the price will continue to 
normalise in 2025 and be below that 
of 2024.
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Figure 10: Development of rooftop PV prices 2018–2024� SFOE, Preisbeobachtungsstudie 2024
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To date, there is little reliable empirical data 
available in Switzerland for ground-mount-
ed PV. Consequently, the assumptions are 
currently based on Axpo’s internal estimates 
until a broader empirical data set becomes 
available. In principle, however, larger ground- 
mounted plants can be implemented more 
efficiently as they are easier to install. This 
leads to lower labour and material costs and 
enables significant economies of scale.

Grid connection is a key cost factor, regard-
less of the plant type. The location and the 
distance to the nearest connection point are 
particularly decisive. Rooftop PV typically uses 
existing house or distribution network con-
nections (which may need upgrading). Alpine 
PV and ground-mounted PV, on the other 
hand, often require a dedicated grid connec-
tion, the fixed costs of which can be spread 

	67	DETEC, 2025, Federal Act on a Secure Electricity Supply from Renewable Energy Sources Amendment of the Energy Ordinance – Explanatory report
	68	Fraunhofer Institute for Solar Energy Systems ISE, 2025, Photovoltaics Report
	69	Swiss Federal Office of Energy SFOE, 2024, Photovoltaic funding policy and usage strategy of photovoltaic potential
70	 Swissolar, 2025, Battery storage with photovoltaics
	71	Swiss Federal Office of Energy SFOE, 2024, Solar Energy Statistics
72	 Swissolar, 2025, Battery storage

more effectively across larger, scaled-up 
plants. These connection costs are included in 
the respective CAPEX.

OPEX
Various national and international studies on 
the levelised cost of electricity were evaluat-
ed and the respective ratio of CAPEX to OPEX 
was analysed to determine operating costs 
(OPEX)67, 68, 69. These studies indicate annual 
OPEX in the region of around 1–2 percent of 
CAPEX. Against this background, we assume 
an OPEX of 1.5 percent of CAPEX. For alpine 
plants, a lower figure of 1 percent of CAPEX is 
applied as a comparatively large proportion 
of the investment costs is attributable to 
long-lasting components such as the sub-
structure.
 

Full load hours (FLH)
The full load hours assumed here for PV 
plants are based on Axpo’s internal esti-
mates. 
 
Own use
The assumed own use rate of 40 percent for 
plants of < 30 kW and 50 percent for plants of 
between 30 and 100 kW is based on analyses 
by the SFOE from 202567. Battery storage in-
creases the average own use by 20 percent in 
both cases 70.
 
Years of operation
The operating period of 30 years is based on 
Axpo’s internal experience and is supported 
by current studies71. For alpine PV plants, a 
lifespan of 60 years is assumed as the sub-
structure is designed to last 60 years. After 30 
years, it is repowered by replacing the PV 

modules. The costs for this are factored into 
the CAPEX on a discounted basis. One of the 
main factors determining the lifespan of bat-
teries is the number of charge and discharge 
cycles they have undergone. For simplicity, an 
average lifespan of 15 years is assumed 
here72. As PV plants are designed for 30 years 
of operation, battery replacement after 15 
years is taken into account. For retrofitting, 
we factor in a corresponding cost reduction 
plus discounting to the time of investment in 
the PV plant.
 
Cost of capital (WACC)
We distinguish between two categories: for 
smaller rooftop PV plants (under 100 kW) we 
use a WACC of 3.5 percent, and 4 percent for 
larger plants. These figures correspond to the 
cost of capital for general and large-scale PV 
plants used by the SFOE in its subsidy calcu-
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lations73. To determine the WACC, the consul-
tancy firm IFBC carries out a detailed analysis 
specifically for Switzerland. To this end, ex-
perts and companies in the sector in Switzer-
land whose main activity is electricity gener-
ation are surveyed74. Based on this expert 
feedback, the SFOE determines the cost of 
equity and derives the weighted average cost 
of capital (WACC) from this.

	73	DETEC, 2025, Federal Act on a Secure Electricity Supply from Renewable Energy Sources Amendment of the Energy Ordinance – Explanatory report
	74	�In the absence of empirical data, this survey is the best available proxy for deriving the WACC. In theory, it would be derived from the correlation between the overall market return and the share returns of several technology-specific operators.  

To calculate the WACC for ground-mounted PV plants, the share returns of several operators specialising exclusively in ground-mounted PV plants in Switzerland would be needed; however, such operators do not exist.
	75	International Energy Agency IEA, 2024, Trends in Photovoltaics Applications. The IEA expects a price reduction of around 25 percent for each doubling of the globally installed PV capacity.

Learning curve and cost trends
To determine cost degression, a separate de-
gression assumption up to 2050 is made for 
each CAPEX category (labour and administra-
tive costs, modules, inverters and electrical 
components, as well as site security and 
transport). The current cost shares of these 
categories is then used to derive the aggre-
gate cost reduction for the various types of PV 

plant. For module costs, a learning curve of 25 
percent per doubling of global capacity is de-
rived from empirical data in the literature. 
This results in a reduction of 55 percent by 
205075. A cost reduction of 20 percent is as-
sumed for inverters and electrical compo-
nents. The evidence regarding labour, trans-
port and site safety costs is less clear. Here, a 
reduction of 10 percent by 2050 is assumed.

Table 5 shows the resulting CAPEX for the 
years 2035 and 2050 by plant type. It is clear 
that the higher the proportion of modules in 
the CAPEX, the greater the economies of 
scale. Accordingly, the economies of scale are 
more pronounced in larger PV plants than in 
smaller ones as the relative cost share of the 
modules increases as the size of the plant in-
creases, as described above.

Cost progression of PV plants  
in 2035 and 2050

Table 5: Table 5: Cost development of various PV plants with commissioning in 2035 and 2050. Showing the reference assumption as well as low and high costs of rooftop, alpine and ground-mounted.

2035 2050

Roof < 30 kW Roof 30–100 kW Roof > 100 kW Alpine Ground- 
mounted

Roof < 30 kW Roof 30–100 kW Roof > 100 kW Alpine Ground- 
mounted

with  
battery

with  
battery

with  
battery

with  
battery

with  
battery

with  
battery

CAPEX  
in million  
CHF/MW

Low costs 1.5 2.9 1.0 2.4 0.7 2.6 2.9 0.6 1.5 2.8 0.9 2.2 0.6 1.9 2.8 0.6

Reference assumption 1.8 3.0 1.2 2.4 0.8 2.7 4.0 0.8 1.7 2.8 1.1 2.2 0.8 1.8 3.8 0.7

High costs 2.1 3.1 1.5 2.4 1.1 2.9 5.4 1.0 2.0 3.0 1.4 2.3 1.1 2.0 5.2 0.9

Cost decline vs. 2025 –14% –17% –16% –18% –19% –13% –10% –20% –19% –21% –21% –23% –25% –25% –13% –27%
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Feed-in limit
As described in Section 2.6, the feed-in capac-
ity of PV plants can be specifically limited in 
order to protect the grid from overloading 
and ensure stability. This leads to a reduction 
in revenue; however, the loss of revenue 
mainly occurs during periods of very high so-
lar power generation, when electricity market 
prices are typically particularly low (see Sec-
tion 5.1.3). For example, if the feed-in capac-
ity is limited to 70 percent, only around 3 per-
cent of the annual production is lost, whereas 
if the feed-in capacity is limited to 50 percent, 
just under 20 percent is lost.76 Depending on 
the technical implementation (restriction at 
the connection point, e.g. via an EMS, or at 
the inverter), the energy remains available for 
own use77. The effects of feed-in limits are not 
taken into account here.

	76	�Bucher, 2025, Incentives for system-friendly network connection 
of photovoltaic plants, implementation proposal to relieve the 
burden on distribution networks

	77	VSE, 2025, Industry recommendation

Where do electricity prices come from? 

Nobody knows the future price of electricity. 
To gain insight into the question, we work 
with different scenarios, outlines a possible 
direction in which the markets might devel-
op. As a rule, fundamental models are used 
for the long-term perspective – they are not 
based on historical data, but explicitly map 
future power plants and load development 
and simulate today’s market mechanisms 
and pricing. Since we do not know the fu-
ture, we work with different scenarios and 
estimate a range of possible developments, 
prices and thus also revenue.

Our fundamental model simulates the elec-
tricity market of European countries, includ-
ing Switzerland, for the period 2025–2060. 
The development of renewable energies, 
demand, cross-border import and export 
opportunities and other important market 
factors such as future prices for gas and CO2 

emissions are taken into account. This can be 
used to derive hour-by-hour future price 
scenarios, as well as power plant operations 
and hourly imports and exports per country. 

Two scenarios are considered for other Eu-
ropean countries. From this, we determine 
a range of possible revenues. The average 
revenue is the average of the results. The 
two scenarios differed as follows: 

•	•	 In the first scenario, decarbonisation 
of the global economy makes progress, 
but is not yet fully achieved. The elec-
tricity sector in Europe will achieve 
90 percent decarbonisation by 2050. 
Thermal power plants will serve as a 
backup. Carbon capture and storage 
and hydrogen will be used, but only 
to a limited extent. Electricity demand 
will grow moderately.

•	•	 In the second scenario, global climate 
policy adopts a new pragmatism and 
will achieve 80 percent decarbonisation 
by 2050. Renewable energies will domi-
nate power generation; gas will be the 
most important backup power source. 
Electricity demand will rise less than in 
scenario 1, due to lower demand from 
hydrogen electrolysis.

For Switzerland, a net zero scenario is as-
sumed in which decarbonisation increases 
demand; for gas-fired power plants, various 
decarbonisation options are available. De-
tails can be found in the Gas Report and the 
Synthesis Report.

The prices for gas, CO2 emissions and other 
primary energy sources are based on the 
Announced Pledges (AP) and Stated Policies 
(SP) of IEA’s World Energy Outlook.

Validation was carried out in a study togeth-
er with the FEN Research Center for Energy 
Networks at ETH Zurich. 
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5.1.2 �
Levelised cost of electricity

The LCOE resulting from the cost assump-
tions in 2025 are shown in Figure 11. 

Small-scale rooftop plants benefit only to a 
limited extent from economies of scale and 

lower module costs as the proportion of fixed 
costs for planning, installation and manage-
ment is comparatively high. As a result, their 
levelised cost of electricity is significantly 
higher than that of other types of plant and 
is, as a rule, two to three times higher than 
that of ground-mounted plants. Large roof-
top plants are increasingly able to achieve 

economies of scale. As the size of the plant 
increases, the specific costs fall, so their lev-
elised cost of electricity gradually approaches 
that of ground-mounted plants. Ground- 
mounted plants generally have the lowest 
levelised cost of electricity. This is primarily 
due to simple installation, standardised pro-
cesses and significant economies of scale. In 

Switzerland, however, such plants are chal-
lenging due to regulatory frameworks. Alpine 
PV plants, on the other hand, are associated 
with high levelised costs of electricity. The 
reasons for this are the complex logistics, in-
stallation, expensive grid connection in diffi-
cult terrain, and increased material and con-
struction costs, particularly for robust 
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Figure 11: Figure 11: Range of levelized cost of electricity (LCOE) for different PV installations in 2025. The orange 
lines show the costs under reference assumptions, while the lower and upper limits of the bars are 
determined by low and high cost scenarios.
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Figure 12: Figure 12: Development of levelized cost of electricity for different types of PV installations for the 
years 2025, 2035, and 2050. The blue lines show the costs under reference assumptions, while the 
lower and upper limits of the bars are determined by low and high cost scenarios.
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substructures that must withstand heavy 
snow loads. The addition of a battery increas-
es the levelised cost of the combined system. 

The learning curve described above is as-
sumed for cost trends in 2035 and 2050. By 
2050, costs for rooftop plants will fall by be-
tween 19 percent and 25 percent depending 
on the PV type, by 27 percent for ground- 
mounted plants and by 13 percent for alpine 
plants. Rooftop PV plants of under 30 kW and 
alpine PV plants continue to have the highest 
levelised costs, while larger rooftop PV plants 
of over 100 kW and ground-mounted plants 
remain the most cost-effective in 2050 due to 
economies of scale.

5.1.3 �
Market revenue

The market revenue generated by a photo-
voltaic plant is determined by the electricity 
price achieved on the market. Detailed Eu-
rope-wide fundamental market simulations 
were carried out in order to calculate future 
electricity prices (see info box p. 44). 

	78	DETEC, 2025, Federal Act on a Secure Electricity Supply from Renewable Energy Sources Amendment of the Energy Ordinance – Explanatory report

During sunny hours, electricity prices on the 
market are often low. The reason for this is 
the already high level of electricity generation 
from photovoltaic plants, which leads to a 
large simultaneous supply of electricity and 
has a dampening effect on prices as a result. 
As PV penetration continues to rise, the sup-
ply of electricity during these hours increases 
further, putting additional pressure on mar-
ket prices and reducing the achievable reve-
nues. This effect is referred to as cannibalisa-
tion.

In Switzerland, it should be noted that canni-
balisation does not depend solely on domes-
tic PV penetration but is significantly influ-
enced by developments in neighbouring 
countries. This is due to the Swiss electricity 
system’s strong interconnection with other 
countries, as well as the relatively low volume 
of electricity generation and demand com-
pared to neighbouring countries. Pro-
nounced cannibalisation, such as that already 
observed in Germany today, therefore also 
spills over into the Swiss market. Conversely, 

surplus Swiss solar power can, in principle, be 
absorbed without difficulty by the significant-
ly larger neighbouring countries, thereby mit-
igating domestic cannibalisation, provided 
there is no simultaneous surplus of produc-
tion in those countries.

If PV feed-in exceeds electricity demand and 
cannot be curtailed, this may lead to negative 
prices. If the regulatory framework is de-
signed such that feed-in is remunerated even 
at negative prices, e.g. through a minimum 
remuneration or a fixed feed-in remunera-
tion, then the plants will continue to operate 
even in the event of a generation surplus, 
thereby triggering negative prices. Without 
this regulatory requirement, controllable PV 
plants would be curtailed. However, the ma-
jority of negative prices in Switzerland over 
the coming years will be driven by the price 
structure from abroad, in particular by nega-
tive prices from Germany.

Revenue from guarantees of origin 
(GoOs) 

Since the introduction of the fuel mix dis-
closure in 2009, a guarantee of origin (GoO) 
has been issued for every kWh of electric-
ity produced. The GoO is a certificate that 
shows the origin and any quality charac-
teristics (e.g. electricity from renewables). 
The certificates are traded independently, 
decoupled from the physical flow of elec-
tricity. All PV plants receive the same GoO, 
regardless of the plant type. 

Unlike the obligation to purchase and pay 
for electricity pursuant to Article 15 of the 
Energy Act, grid operators are not obliged 
to purchase the GoOs for installations 
with a capacity of less than 150 kW. How-
ever, most grid operators in Switzerland 
voluntarily remunerate the GoO for the 
electricity fed in from these plants. Larger 
plants sell their certificates on the market. 
To enable comparability between the dif-
ferent plant types, the market value of the 
GoO for PV is used here. This is currently 
estimated by the SFOE to be 0.5 cents/
kWh.78
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The resulting revenue is shown in Figure 13. 
The aforementioned cannibalisation causes 
revenues from PV plants to be below the 
base price, i.e. the annual average of electric-
ity prices. The annual market prices achieved 
for PV plants in the 2030s range between 30 

and 40 CHF / MWh and rise to levels above 40 
CHF/MWh in the 2040s, before falling slightly 
again towards the end of the 2040s. Alpine PV 
plants are increasingly able to command 
higher market prices than rooftop and 
ground-mounted plants in lower-altitude lo-

cations due to their higher proportion of elec-
tricity generated in winter. Even PV plants 
with less temporal overlap with the rest of 
the PV generation – for example, due to an 
east or west orientation – tend to generate 
higher revenue as their output increasingly 
occurs during periods of lower supply, par-
ticularly during the off-peak hours in the 
morning and evening.

If a battery storage system is added to the PV 
plant, the market revenue of the combined 
system change significantly. During hours of 
high solar production, electricity prices are 
typically low, as described above. If the solar 
power generated can be temporarily stored 
and then consumed by the user or fed into 
the grid at a later time when prices are high-
er, the average market price achieved in-
creases. The market value of a PV plant with 
battery storage is therefore higher than that 
of a comparable plant without storage. Fur-
thermore, the battery storage system can 
generate additional revenue through arbi-
trage, provided spare capacity is available. Ar-
bitrage refers to the storage system drawing 
electricity from the grid during low-price 
hours, regardless of its own PV production, 

and feeding it back into the grid during high-
price hours. The extent to which arbitrage is 
possible depends primarily on the ratio of 
battery capacity to PV output. In addition, ei-
ther the price dynamics must be passed on 
to the customer (e.g. via dynamic tariffs) or 
the battery must be bundled with other 
plants, such as in a virtual power plant, so 
that trading and optimisation can be imple-
mented effectively.

The market value of the battery storage sys-
tem is therefore derived from the combina-
tion of revenue shifting (time-shifting) and 
arbitrage potential, both of which are largely 
determined by the daily maximum price 
spread. The 2-hour price spread currently 
stands at just over 50 CHF/MWh and is set to 
fall to below 45 CHF / MWh by 2035. It will 
then rise significantly to over 65 CHF / MWh 
by 2045, before showing a slight downward 
trend until 2060.

Figure 13: Figure 13: Market revenue from alpine and non-alpine photovoltaic plants and base price  
(average annual price)
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Battery storage systems can also supply or 
absorb balancing power (when activated to 
correct deviations from the schedule). Today, 
uncertainty in feed-in forecasts increases the 
demand for balancing energy. In future, 
greater flexibility, better forecasts and an 
adapted market design are likely to reduce 
these inefficiencies. 

5.2 	
Economic viability under current 
regulations

In the following, we analyse the economic vi-
ability of PV plants under the current regula-
tions and market conditions.

From the perspective of a rational investor, 
Figure 14 compares the production costs with 
the various sources of income (incl. subsidies) 
for different PV plant types. The results show 
that investments in PV plants today are in 
many cases economical from an investor’s 
perspective. For almost all PV types consid-
ered, the expected revenue including subsi-
dies exceeds the average production costs – 

	79	Individual projects may deviate from the assumptions made here. For example, there have been cases of PPAs that were above the expected fair value for alpine PVs in which revenues exceeded those shown here.

with the exception of some battery storage 
systems and some alpine PV plants.79 Large 
rooftop PV plants with own use and ground- 
mounted PV plants are particularly lucrative. 
Own use plays a key role in the economic vi-
ability of rooftop PV plants, particularly for 
smaller plants. The key factor here is the im-

plicit subsidy through reduced grid cost con-
tribution with own use, which significantly in-
creases revenues. Given the assumptions 
made here, if PV plants are combined with 
battery storage, this raises costs more than it 
boosts revenue. Thus, investments in battery 
storage are often not economical for inves-

tors under the assumptions made here. (Nev-
ertheless, around half of all smaller rooftop 
PV plants are now built with battery storage; 
see explanation in the box “Background: Bat-
tery storage despite a lack of profitability for 
investors?”).

Figure 14: Figure 14: Comparison of income and costs for different PV plants commissioned in 2025.
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The revenue is comprised of:
 
Fair value of PV and GOs
The market revenue of a photovoltaic plant is 
determined by the electricity price achieved 
on the market, which is known as the “cap-
ture price” (see section 5.1.3 Market reve-
nue). This applies to both the electricity con-
sumed and the electricity fed into the grid. 
We are therefore assuming a dynamic energy 
tariff that passes on price signals from the 
electricity market to end customers. In addi-
tion, revenue from certificates of origin, 
which is usually paid by the energy supplier, 
must be taken into account. As described in  
section 5.1.3, a GO value of 0.25 cents / kWh80 
is used for all plant types. The actual payment 
from the energy supplier may be higher. As 
described above, revenue from balancing pow-
er is not taken into account.
 
Implicit subsidy through reduced grid 
cost contributions 
PV plants do not have to pay grid connection 
and usage charges for the PV electricity they 

80		Reference scenario; scenario high uses 0.50 cents/kWh, scenario low uses 0.00 cents/kWh.
81	 ElCom, 2025, Swiss electricity prices

consume themselves (see section 4.2) and are 
therefore implicitly subsidised in this respect 
as well. In the current tariff design for custom-
ers in the basic supply, this corresponds to 
around half of the electricity tariff – an average 
of 14.5 out of 29 cents / kWh81 in 2025 – and 
consists of the grid usage fee and grid sur-
charge. Savings on municipal charges are not 
taken into account here, but would also rep-

resent avoided costs. Other implicit subsidies 
such as the LEG discount are likewise not con-
sidered here. However, they do tend to repre-
sent additional income for small systems.
 
Investment subsidy 
The subsidies are comprised of the non-re-
current remuneration and the minimum re-
muneration (see section 4.1 Current subsi-

dies). The amounts for the investment 
subsidies for the different PV types are based 
either on the non-recurrent remuneration 
rates or, for installations larger than 150 kW, 
on the results of the high non-recurrent re-
muneration auction (Pronovo AG, 2025). Due 
to the currently low level of participation in 
the sliding feed-in premium system, only the 
non-recurrent remuneration auction is used 

Revenue from various different PV plants in 2025

Table 6: Table 6: Comparison of the revenue streams of different PV plants in 2025.

Roof < 30 kW Roof < 100 kW Roof > 100 kW Alpine Ground-mounted

CHF / MWh With battery With battery

Non-recurrent remuneration 21 21 17 17 27 78 32

Minimum remuneration 14 9 4 2 5 0 0

Tax benefit 20 33 13 26 7 10 5

Implicit subsidy 58 87 72 101 0 0 0

Market revenue (incl. GO) 41 59 41 59 42 45 42

% of production costs covered  
by implicit subsidy

38% 36% 69% 53% 0% 0% 0%
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at this point. Potential finding bonuses are 
being overlooked. For alpine solar energy sys-
tems, a subsidy amounting to 60 percent of 
the investment cost is applied.
 
Minimum remuneration subsidy
To calculate the additional revenue resulting 
from the minimum remuneration, the differ-
ence between the quarterly capture prices 
and the minimum remuneration is deter-
mined each quarter.
 
Tax benefit
Like other technologies, PV plants also bene-
fit from tax relief (depreciation or tax deduc-
tions). We assume that this amounts to 20 
percent of investment costs after deduction 
of the investment subsidies 82, 83. For the sake 
of comparability, the tax benefit is assumed 
to be the same across the board for all PV 

82	 Swissolar, cantonal and federal tax practices
83	 Swiss Federal Office of Energy SFOE, 2024, Photovoltaic funding policy and usage strategy of photovoltaic potential
84	 Schröder, C., 2025, Integration of future PV expansion into the energy system

types under consideration. However, it is still 
unclear whether rooftop PV will still be tax–
advantaged after the loss of the imputed 
rental value. Additional costs in the form of 
profit taxes are not considered here.
 
Battery storage
Upgrading a PV plant with a battery storage 
system increases the market revenue of the 
combined system by allowing producers to 
store the generated power temporarily and 
then either use it themselves or feed it into 
the grid at a later point in time when prices 
are higher (see section 5.1.3 Market revenue). 
This also increases own use, which can fur-
ther reduce the grid cost contribution. How-
ever, as less PV electricity is fed into the grid, 
revenue from the minimum remuneration 
and GO is accordingly lower. 

These revenues are shown on a sales-weight-
ed basis, which means, for example, that 
guarantees of origin are only counted for the 
electricity that is fed in (example calculation 
for roof PV < 30 kW: CHF 2.50 / MWh GO * (1–
40 percent own use) = CHF 1.50 / MWh). The 
overview shows that a large part of the reve-
nue from rooftop PV is attributable to the im-
plicit subsidisation of own use84 – up to 69 
percent for rooftop PV < 100 kW without bat-
tery storage. Larger roof systems without 
own use or ground-mounted and alpine PV 
plants do not enjoy this advantage. If an ad-
justment to the tariff design – for example 
through increased fixed costs – were (in part) 
to eliminate the implicit subsidy for own use, 
this would significantly reduce the profitabil-
ity of systems with own use.
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Background: Battery storage despite a lack of profitability for investors? 

85	 ElCom, 2025, Swiss electricity prices

Under the assumptions made here, smaller 
PV plants with battery storage are, despite 
the subsidies, seldom economically viable 
from an investor’s point of view. Neverthe-
less, around half of all smaller rooftop PV 

plants are now built with battery storage. 
This apparent paradox can primarily be ex-
plained by different assumptions about the 
development of retail tariffs.

One important factor here is that investment 
decisions are often made on the basis of cur-
rent or historical retail tariffs. The Swiss av-
erage energy tariff for customer group H4 
(typical household with higher electricity 
consumption) is 12.1 cents / kWh in 2026 
(2025: 13.7 cents / kWh)85 and thus well 
above the assumptions about the long-term 
development of electricity market prices 
used in this analysis. Based on the current 
price level, our market models assume that 
electricity market prices will continue to fall, 
with an average market price of around 4 
cents / kWh through 2050.

However, there are several reasons why en-
ergy tariffs are likely to fall again compared 
to today’s levels: the energy tariff reflects 
the  average electricity procurement costs 
of  energy suppliers. They either procure 
their electricity on the market or generate it 
in their own plants; the latter is valued at 
cost, which is largely stable over time. The 
current tariff is still heavily influenced by the 
price distortions on the electricity markets 
during the 2022 / 23 energy crisis. Before 

the energy crisis, the average energy tariff 
throughout Switzerland was significantly 
lower, at around 7 cents / kWh.

Figure 15 shows the profitability calculation 
if the fixed 2026 energy tariff of customer 
group H4 is used as the basis for calculation 
for the entire service life of the PV plant. This 
increases the revenues for own use of the PV 
plant, as the fixed energy tariff is saved rath-
er than the market price (shown in yellow on 
the left). The electricity fed into the grid con-
tinues to be remunerated at fair value, tak-
ing the minimum remuneration into ac-
count. Under these assumptions, it is clear 
that PV plants with battery storage are eco-
nomical from an investor’s point of view in 
times of high energy tariffs, as they reduce 
the amount of electricity consumed at these 
high cost levels. 

Figure 15: Comparison of income and costs for different PV plants commissioned in 2025. In yellow: 
Savings through own use taking into account the current energy tariff.
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5.3 	
Development of subsidy requirements 
in 2035 and 2050

Looking ahead to 2035, the cost and revenue 
structures will change. Costs will fall due to 
the assumed economies of scale for PV 
plants, while the average market revenues 
over the lifetime of new systems in 2035 will 

remain roughly at the level of new systems in 
2025. We disregard the current subsidies and 
show the subsidy requirements instead. The 
subsidy requirement is defined as the differ-
ence between average electricity generation 
costs and market revenue, supplemented by 
implicit subsidy from reduced grid cost con-
tributions for rooftop PV.

Figure 16 shows that, under the aforemen-
tioned assumptions, none of the systems con-
sidered will be able to cover their costs solely 
from market revenue in 2035. As is currently 
the case with all other electricity production 
technologies in Switzerland, government sub-
sidies are therefore indispensable for the eco-
nomic viability of PV plants. Due to the falling 
costs and continuing high revenue from im-

plicit subsidisation of own use, rooftop PV 
plants between 30 and 100 kW do not require 
subsidies. The subsidy requirement is lowest 
for ground-mounted systems (and large roof-
top PV plants) – more than 60 percent of the 
costs are generated on the market. For roof-
top PV < 30 kW, only around 30 percent of the 
costs can be covered by market revenue; the 
rest must be financed through implicit subsi-

Figure 17: Figure 17: Profitability of PV plants under reference assumptions in 2050Figure 16: Figure 16: Profitability of PV plants under reference assumptions in 2035
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disation (reduced grid cost contribution, 45 
percent) and subsidies (investment subsidies, 
minimum remuneration, 25 percent). Alpine 
PV continues to have a very high need for 
subsidies due to high specific costs.

It is unclear whether the implicit subsidy re-
mains in place in 2035. In the event of tariff 
changes (e.g. dynamic grid tariffs), this implic-
it subsidy could be partially or completely 
eliminated. The direct subsidy requirement 
would increase accordingly.

The pattern for 2050 is similar to that of 2035. 
The cost level is declining overall, but market 
revenues remain more or less constant. Re-
sult: the subsidy requirement will be reduced 
for all PV types without the fundamental de-
pendence on subsidies being completely 
eliminated (except for rooftop PV 30–100 kW).

5.4 	
Subsidy requirements for the  
winter half-year

In addition to the fundamental economic vi-
ability, the Axpo Energy Report is particularly 
interested in the meaningful contribution a 
technology can make to the electricity supply 
in the winter half-year. The decisive factor 
here is how subsidy-dependent a technology 
is for the electricity generated in the winter 
half-year.

Figures 18 and 19 show the subsidy require-
ments for winter power generation in 2035 
and 2050. The subsidy requirements shown 
in the previous section are allocated to winter 
power generation – this amounts to 27 per-
cent for rooftop PV, 30 percent for ground- 
mounted PV and 45 percent for alpine PV. 
Also shown is how much the subsidy require-
ment would increase if the implicit subsidy 
for own use were eliminated due to tariff 
changes.

Winter power generation can vary consider-
ably depending on the type of system and 
accordingly influences the subsidy require-
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ment per MWh in the winter half-year. Sys-
tems with higher winter electricity genera-
tion require lower specific incentives per 
MWh in the winter half-year. A good example 
here is ground-mounted systems, which can 
generate an increased share of winter elec-
tricity even outside the alpine region, given 
sufficient elevation, thanks to their signifi-
cantly higher winter electricity production. 
Another example is east / west-facing PV 

plants, which, thanks to their generation 
characteristics, produce more uniform elec-
tricity throughout the day, particularly in the 
winter half-year, thus increasing the usable 
winter electricity.

Depending on the type of PV, the subsidy re-
quirement for winter electricity ranges be-
tween CHF 0 and over CHF 200 / MWh. Roof-
top PV 30–100 kW has no subsidy requirement 

and therefore requires no subsidies for win-
ter electricity. Despite higher winter elec
tricity generation, alpine PV has the highest 
winter subsidy requirement due to high elec-
tricity generation costs.

Without the implicit subsidy for own use, the 
picture shifts considerably. Rooftop PV would 
then be between CHF  270 and 500 / MWh, 
which is higher than alpine PV. In this case, 

large roof plants and ground-mounted PV 
would have the lowest winter subsidy re-
quirement at around CHF 70–100 / MWh.

A similar picture emerges for 2050. The low 
subsidy requirement for the systems with 
batteries is notable, but only if the implicit 
subsidy through reduced grid cost contribu-
tions remains in place.

Figure 19: Figure 19: Subsidy requirement of PV plants based on reference assumption in 2050,  
where the required subsidies are distributed across the amount of electricity produced in winter.

Figure 18: Figure 18: Subsidy requirement of PV plants based on reference assumption in 2035,  
where the required subsidies are distributed across the amount of electricity produced in winter.
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Value creation and 
employment
Rooftop PV plants have a domestic value-added share of  
75 percent and create approximately 650 full-time jobs per TWh06



In brief

•	•	 Most of the expenditures remain in 
Switzerland; the main investments 
flowing to other countries are for 
electronic components (modules, in-
verters), which account for only 
around 17 percent of the total costs.

•	•	 Over its entire lifetime, the domestic 
value added of a rooftop PV plant in 
Switzerland is around 75 percent of 
the total cost.

•	•	 Investments in rooftop PV plants cre-
ate around 650 full-time equivalents  
per TWh.

	86	A domestic share equal to the manufacturing share is used for this purpose. In the future, however, recycling could increasingly take place domestically.

6.1 	
Value chain

The value chain for rooftop PV plants can be 
split up into planning, financing, manufactur-
ing, construction / installation and operation 
(see Table 7). For each of these steps, the re-
spective share of costs can be recorded and 
split up into domestic and imported shares: 
Planning, financing, construction / installation 
and operation take place predominantly in 
Switzerland and account for 83 percent of the 
costs. The production of key components, 
such as modules and inverters, primarily takes 
place abroad and accounts for 17 percent of 
the costs. Throughout the entire service life, 
84 percent of the total costs are incurred in 
Switzerland. The costs of dismantling, dispos-
al and recycling are taken into account in the 
investments and thus in the manufacture of 
the components86. 

When it comes to the value-added stage of 
manufacturing, there is considerable depend-
ence on foreign countries. A significant share 
of the modules and solar cells as well as nu-

merous electrical components, such as invert-
ers, are produced predominantly in China. 

6.2 	
Value creation from rooftop PV plants 
in Switzerland

To calculate domestic value added, all costs 
incurred within Switzerland are assigned a 
suitable multiplier based on the stage of the 
value chain. This makes it possible to deter-

mine how much value is created from an ex-
penditure. The multiplier subtracts the ex-
pected foreign inputs of a company in the 
respective sector. Depending on how many 
foreign inputs are needed in a sector, more or 
less domestic added value is generated for 
the same amount of Swiss francs. For a new 
rooftop PV plant in Switzerland, a domestic 
value-added share of around 75 percent of 
the total costs is generated over its entire op-
erating period.

Methodological note 

The macroeconomic aspects of the gener-
ation technologies considered in the Axpo 
Energy Reports were analysed and pro-
cessed by Swiss Economics. For detailed 
information, please refer to the analysis, 
available separately.

For the analysis, we examine a rooftop PV 
plant with an installed capacity of around 
10 kW and an annual output of around 

10 MWh as a reference. The costs of this 
investment correspond to the assump-
tions described in section 5. In order to 
keep the presentation of value-added 
effects as clear as possible, other types 
of installations – in particular ground-
mounted installations and alpine PV 
plants – were not used. These plant types 
have similar value chains, but have 
different cost allocations. 
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Table 7: Table 7: The value chain and associated cost breakdowns (Switzerland/abroad) for rooftop PV plants in Switzerland.� ZHAW (2017), Huemer (2016), Hirschl (2010), SFOE (2020), IEA (2021), IEA (2021),  
� pv-barometer.ch (2025), Solaranlage-ratgeber.de (2025), SFOE (2025)

Planning Financing Production Construction/installation Operation

Value-added steps •	•	 Planning

•	•	 Engineering

•	•	 Feasibility and environ
mental studies

•	•	 Financing  
(equity and debt)

•	•	 Depreciation and 
amortization

•	•	 Modules

•	•	 Inverters

•	•	 Installation material

•	•	 Transport

•	•	 Installation

•	•	 Grid connection

•	•	 Inspection rounds

•	•	 Metering

•	•	 Inverter replacement

•	•	 Insurance

Cost share 3% 56% 17% 19% 5%

of which national 92% 99% 26% 94% 71%

Provider Predominantly Swiss 
engineers and planning 
offices, operators

Financing by Swiss banks  
and operators (50:50%)

Specialist European provid-
ers, first Swiss providers with 
a low market share

Local solar and electrical 
installers

Maintenance, operation 
and marketing by operator, 
repairs by Swiss companies, 
spare parts from abroad, 
low energy share

Significant dependencies  
abroad

Modules and solar cell in
verter production mainly in 
China, wafer production 
mainly in China

Most spare parts  
from China

Value chain

  Local	   Foreign	
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87 	The domestic value added by PV is comparable to the turnover values of the Swiss solar industry as reported by Swissolar (CHF 2.8 billion in 2024)

As shown in Figure 20, value creation is 
spread over different phases of the system’s 
life cycle. To put it simply, it is assumed that 
all expenditures for planning, manufacturing 
the power plant components, construction 
and installation are incurred in the one-year 
construction phase. This is followed by the 
operational phase for the life of the system, 
during which the operating and financing 
costs (capital costs and depreciation) are in-
curred. The added value is unevenly distrib-
uted over the service life. The high value cre-
ation in the first year is followed by lower 
value creation in subsequent years while the 
system is in operation. For the rooftop PV ref-
erence system with an installed capacity of 10 
kW, assumed total costs of 50 000 CHF would 
result in a domestic value added of 36 500 
CHF – broken down into 9 100 CHF for con-
struction and 27 400 CHF for operation.87

Figure 20: Figure 20: Value creation of a typical rooftop PV plant seen over 25 years,  
divided into domestic and foreign shares.
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Government subsidies typically cover a 
significant proportion of electricity gen-
eration costs in Switzerland. If the neces-
sary subsidies are subtracted from the 
reported value added, the actual mar-
ket-driven share of value added is corre-
spondingly lower. 

In other words: a significant part of value 
creation is made possible only by gov-
ernment support. If the corresponding 
subsidies are deducted from the value 
added, the domestic value added of the 
reference investment under considera-
tion is reduced by around 36 500. CHF  
to 13 500 billion. The share of domestic 
value added in the total costs then falls 
from 75 percent to 28 percent. 
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6.3 	
Employment from rooftop PV plants  
in Switzerland

Investments in rooftop PV plants create jobs, 
measured in full-time equivalents (FTEs), 
which are needed over the entire life cycle of 
the system. A reference rooftop PV plant in 
Switzerland generates a total of around 0.16 
FTEs per year over its lifetime, which corre-
sponds to 646 FTEs per TWh. Employment is 
unevenly distributed across construction and 
operations. During the one-year construction 
phase, an average of 0.07 FTEs are required 
per year, while operations require 0.004 FTEs 
per year. Or converted to a TWh basis, around 
6900 FTEs for construction and around 370 
FTEs per year for operations.88 

88	 �These employment figures are comparable with the demand for skilled workers in the PV sector according to Swissolar (around 10 600 FTEs for the installation of 1.8 GW in 2024). 

6.4 	
Impact of batteries 

As described in section 2.5, rooftop PV plants 
in Switzerland are increasingly being in-
stalled together with batteries. As with PV, 
the value added from manufacturing the 
components is predominantly abroad, while 
the remaining stages of the value chain tend 
to be produced domestically. However, since 
the share of manufacturing costs, at 34 per-
cent of total costs, is higher than for PV at 17 
percent, more of the spending on battery 
storage goes abroad. 

A PV plant with a battery therefore also has 
different effects on value creation and em-
ployment than a PV plant without a battery. 
The exact impact depends on how large and 
expensive the battery is compared to the PV 
plant. If a reference rooftop PV plant also has 
an integrated battery in line with the as-

sumptions in section 5.2 (here, for example, 
13.5 kWh), the domestic value added of the 
overall system increases by 8.3 to a total of 
CHF 44 800.
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Table 8: Table 8: Value chain and the associated Swiss/foreign cost shares of home storage in Switzerland.� NREL (2024), Highjoule.com (2025), SFOE (2025)

Planning Financing Production Construction/installation Operation

Value-added stage •	•	 Planning •	•	 Financing  
(equity and debt)

•	•	 Depreciation and 
amortization

•	•	 Battery modules and BMS

•	•	 Inverters

•	•	 Balance of system

•	•	 Transport

•	•	 Installation

•	•	 Energy losses

•	•	 Maintenance

•	•	 Spare parts

•	•	 Insurance

Cost share 2% 39% 34% 6% 19%

of which national 95% 99% 8% 80% 72%

Provider Planning by Swiss installers 
and operators

Financing by Swiss banks 
and operators (50:50%)

Electronic components 
mainly from abroad

Local installers Maintenance and operation 
by Swiss operators, spare 
parts from abroad, energy  
from Switzerland

Significant dependencies  
abroad

Manufacture of battery 
modules and inverters main-
ly in China 

Impact of batteries on the value chain

  Local	  Abroad	
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Environmental impact
Ground-mounted PV has higher land requirements and  
more hazardous waste than other technologies, but produces 
little greenhouse gas emissions and radioactive waste.07



Methodological Note 

The environmental impacts of the ge
neration technologies examined were 
analyzed and processed by the Paul 
Scherrer Institute (PSI). For detailed in-
formation, please refer to the separa
tely available analysis. The environmen-
tal impacts are calculated using life 
cycle assessment (LCA) methodology 
over the entire lifecycle of the power 
plants. The analysis distinguishes be-
tween ground-mounted and rooftop PV. 

The analyzed ground-mounted PV in
stallations are located in the Swiss 
Midlands. The assumed lifespan for 
both installation types is 30 years, and 
the full-load hours correspond to the 
assumptions in Chapter 5.

7.1 	
Environmental impacts compared  
to other technologies 

A prospective life cycle assessment89 is used 
to assess the environmental impact of power 
plants over their entire life cycle. All phases 
are considered, from the extraction of raw 
materials, construction and operation to dis-
mantling and recycling. The analysis encom-
passes six environmental indicators: green-
house gases, land requirements, damage to 
ecosystems, hazardous waste, radioactive 
waste and the need for critical metals.

The environmental impacts covered by this 
occur both at home and abroad. This geo-
graphical distribution differs from the cost al-
location used in the value-added analysis. En-
vironmental impacts throughout the supply 
chain are also taken into account, such as im-
pacts from the mining of raw materials used 
in the power plant components. The prospec-
tive nature of the life cycle assessment also 

	89	�A prospective life cycle assessment (LCA) is a life cycle analysis that assesses environmental impacts with a forward-looking approach under future conditions rather than retrospectively using current data.  
It combines traditional LCA methodology with scenarios or projections to assess how the environmental footprint of a product / process will develop in the future.

allows future developments up to the year 
2050 to be taken into account. This approach 
also factors in the expected decarbonisation 
of the Swiss and global economy, for example 
by reflecting the future electricity mix, with an 
increasing share of renewable energy, in the 
calculations.

Figures 21 and 22 show the environmental 
impact of rooftop and ground-mounted PV in 
2035. The maximum values for the other 
technologies considered (wind, nuclear pow-
er plants and gas-fired power plants) are also 
illustrated here for the sake of comparison. 
Rooftop PV plants have a comparably low 
environmental impact across all technolo-
gies. Ground-mounted PV plants have high 
land requirements and generate significant 
amounts of hazardous waste, with the high-
est levels in both categories compared to oth-
er technologies. 

Key findings: 

•	•	 The main source of greenhouse gas 
emissions for all power generation tech-
nologies is the combustion of fossil fuels. 
In the case of gas-fired power plants, 
direct CO2 emissions from combustion 
during operation are the predominant 
factor. For all other technologies, emis-
sions are mainly generated indirectly 
when fossil fuels are used in the differ-
ent stages of the life cycle, such as for 
the manufacture of power plant compo-
nents. Although it is assumed that the 
share of fossil fuels in the energy system 
as a whole will decline in the future and 
that such indirect emissions will also de-
cline accordingly, it will not fall all the 
way to zero globally by 2050. Both roof-
top and ground-mounted photovoltaics 
have low greenhouse gas emissions over 
the life cycle. Ground-mounted PV sys-
tems have slightly higher emissions,  
as more building materials, and particu-
larly steel, are used for the substructure 
and installation.
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Figure 22:  Environmental impact of a ground-mounted PV plant in 2035, broken down into domestic 
and foreign shares, compared to the highest values, or second-highest value, of other technologies. The 
values for gas are based on operation with natural gas; the values for nuclear power correspond to a 
new nuclear power plant in 2050.

Figure 21: Figure 21: Environmental impact of a rooftop PV plant in 2035, broken down into domestic and foreign 
shares, compared to the highest values, or second-highest value, of other technologies. The values for 
gas are based on operation with natural gas; the values for nuclear power correspond to a new nuclear 
power plant in 2050.
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•	•	 The land requirement is the total area 
that a technology occupies directly on 
site or in the upstream stages of its life 
cycle. Due to the installation of the sys-
tem on land otherwise used for other 
purposes, ground-mounted PV has the 
highest domestic land requirement com-
pared to other technologies. As module 
efficiency improves, this space require-
ment is likely to decrease slightly in the 
future. The domestic land requirement 
for rooftop PV is low, as the area used 
represents a dual use and is not report-
ed as an additional land requirement. 
Foreign land requirements for ground- 
mounted PV and roof-mounted PV are 
comparable, as they mainly occur within 
the stages of the life cycle. However, 
due to the materials used, it is slightly 
higher than that of wind, nuclear or gas 
(powered with natural gas).

•	•	 Damage to ecosystems is caused by a va-
riety of pressures and impacts, including, 
for example, pollutant emissions into air, 
soil and water, land and water use, and 

the effects of climate change. The sourc-
es of these impacts and damage are of-
ten spread over the entire life cycle of 
power generation technologies. Natural 
gas-fired power plants are at the upper 
end due to high emissions from opera-
tions. Ground-mounted PV plants have 
higher emissions than roof-mounted PV 
plants, as the domestic space require-
ment is higher. 

•	•	 Hazardous waste includes non-radioac-
tive waste that must be disposed of in 
underground landfills due to its hazard-
ous properties and cannot be disposed 
of through waste incineration plants, for 
example. Here, ground-mounted PV 
ranks worst due to the high proportion 
of copper in the components. This is 
largely down to the copper requirement 
in the transformer for higher voltage lev-
els, but also to cabling and the substruc-
ture. The hazardous waste from rooftop 
PV is considerably lower, as the grid con-
nection is already available and a pro-
portionally smaller transformer can be 

used (lower voltage level). In addition, 
the cabling and substructure are less 
complex. The copper requirements of 
grid expansion due to rooftop PV were 
not taken into account, but could in-
crease the associated hazardous waste. 
In both cases, the hazardous waste does 
not arise in Switzerland, but in the up-
stream stages of the life cycle (disman-
tling and processing the copper).

•	•	 Radioactive waste comprises highly radi-
oactive residues that have to be stored 
at deep geological repositories. Nuclear 
power generates the largest amount of 
such waste; for PV, on the other hand, 
the amount of radioactive waste is negli-
gibly small and results only indirectly 
from the supply chain – e.g. from the 
share of nuclear energy in the electricity 
mix of the countries where components 
are manufactured.

•	•	 Overall, the demand for critical raw ma-
terials for power generation technologies 
is low. Cobalt and nickel are required in 

special steel alloys as well as in electrical 
installations; the greatest demand is for 
ground-mounted photovoltaic plants and 
wind power plants, as these technologies 
require a particularly large number of 
these special steels.

Recycling was not taken into account in the 
environmental analysis as the environmental 
impacts under consideration are deliberately 
based on the use of primary resources. By 
2050, as a result of the extensive electrifica-
tion of the economy, the demand for metals 
and minerals is expected to rise sharply, sig-
nificantly exceeding the available supply from 
recycling. As long as the construction of new 
infrastructure remains the dominant factor, 
secondary raw materials can only cover the 
additional material requirements to a limited 
extent. It is only in the distant future, when 
large parts of this infrastructure reach the 
end of their service life, that recycling could 
make a significant contribution to reducing 
the environmental impact.
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7.2 	
Focus: Environmental impact  
of batteries

The environmental impact of stationary bat-
teries mainly occurs during the manufactur-
ing phase and is highly dependent on the bat-
tery technology used. Key pressures result 
from the extraction and processing of metals 
and minerals, and particularly critical raw ma-
terials such as lithium, nickel and cobalt, 
whose extraction is associated with compar-
atively high greenhouse gas emissions, land 
use, ecosystem damage and toxic waste. The 
analysis considers different types of station-
ary batteries, including lithium-ion batteries 
with nickel-manganese-cobalt (NMC) cath-
odes, lithium iron phosphate batteries (LFP) 
and sodium-ion (Na-ion) batteries. 

Depending on the technology, greenhouse 
gas emissions from battery production are 
currently around 40–100 kg CO2 equivalents 
per kWh of storage capacity, but are expected 
to fall significantly to 20–30 kg CO2 equiva-
lents per kWh of storage capacity by 2050. 
This development is largely driven by techno-

logical advances and the resulting higher en-
ergy densities, but also by the increasingly 
decarbonised electricity supply in global sup-
ply chains. 

The requirement for critical raw materials dif-
fers significantly between the battery technol-
ogies considered and is largely determined by 
the respective chemical composition of the 
electrodes. The cobalt requirement is particu-
larly pronounced for NMC batteries, while the 
lithium requirement is highest for both lithi-
um-ion batteries examined. Nickel is mainly 
needed for NMC batteries, but also for the so-
dium-ion battery. By comparison, neodymium 
plays a minor role in terms of quantity. De-
mand is around three orders of magnitude 
lower overall and is at a similar level across all 
three battery technologies. The results for co-
balt, lithium and nickel are largely determined 
by the direct metal requirement for the bat-
tery electrodes.

Among the battery storage systems evaluated 
here, sodium-ion batteries perform better 
than lithium-ion batteries across almost all 
environmental indicators under considera-

    

Greenhouse gases 
Mt CO2-eq/TWh

Land use 
km2 yearr/TWh

Damage to ecosystems  
species/kWh

Hazardous waste  
t /TWh

Radioactive waste  
m3/TWh

Critical raw  
materials  
t /TWh

Figure 23: Figure 23: Environmental impact of lithium iron phosphate batteries (LFP), lithium ion batteries with 
nickel manganese cobalt cathodes (NMC) and sodium ion batteries (Na-ion). All values are per installed 
capacity in TWh for the year 2035.
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tion. This is mainly due to the fact that sodi-
um-ion batteries contain less critical raw ma-
terials. Their extraction and processing is 
often associated with significant environmen-
tal impacts as well as heightened supply risks. 
However, the expected technological efficien-
cy gains, which are expected to be more pro-
nounced for lithium-ion batteries than for 
sodium-ion batteries, as well as more envi-
ronmentally friendly processes for raw mate-
rial extraction and processing in the future, 
should reduce the environmental advantage 
of sodium-ion batteries in the future.

90	 SENS eRecycling, 2026, Strong industry solution for the recycling of photovoltaic modules
91	 Swissolar, 2026, Disposal and recycling
92	 INOBAT, 2026, Battery recycling

7.3 	
Focus: Recycling of PV modules  
and batteries

In Switzerland, the recycling of PV modules is 
organised through a system established by 
Swissolar and SENS eRecycling in 2013. 
Thanks to an upfront recycling fee charged at 
the time of purchase, disused PV modules 
can be handed in at collection points free of 
charge. The collected modules are transport-
ed to specialised, certified facilities in Germa-
ny and France for processing. There are no 

such facilities in Switzerland.90 PV modules 
consist mainly of glass (90 percent); silicon wa-
fers; composite films; metals such as copper, 
silver and aluminium; and a backing film, de-
pending on the module type. The glass and 
silicon wafers can be reprocessed. Composite 
and backing films are incinerated, generating 
electricity and heat.91 A similar system exists 
for batteries, operated by INOBAT, which can 
recycle up to 95 percent of the raw materials92. 
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Conclusion 08



Rooftop PV plants are currently being signifi-
cantly expanded in Switzerland and are the 
fastest-growing power generation technolo-
gy. To date, they have benefited from a high 
level of social acceptance, simplified approv-
al (as a rule, only a reporting obligation in-
stead of a building permit93) and solid profit-
ability, also due to the direct subsidy and the 
reduced grid cost contribution for own use – 
an implicit subsidy. This combination makes 
rooftop PV currently the only technology with 
significant annual expansion in Switzerland. 
In addition to rooftop PV, there are other PV 
plants with great potential in Switzerland, 
such as ground-mounted PV, alpine PV and 
agri-PV, but their expansion to date has been 
minimal. 

Rooftop PV generates little electricity 
in the winter half-year, which makes the 
technology very expensive for the ex
pansion of domestic winter electricity 
generation.

	93	Art. 18a (3) SPA, solar installations on cultural and natural monuments of cantonal or national importance always require a building permit. They must not significantly impair such monuments.
	94	Swiss Federal Office of Energy, 2025, Total electricity generation and charges in Switzerland

In the case of rooftop PV plants, only around 
a quarter of the annual production is attrib-
utable to the winter half-year, and only 8 per-
cent to the meteorological winter (December 
to February).94 In addition, smaller rooftop PV 
plants in particular – which account for more 
than half of the available roof potential – 
have high electricity generation costs com-
pared to other generation technologies. 
These plants have hardly any economies of 
scale and benefit little from falling module 
prices, as most of the costs are incurred 
through assembly.

Rooftop PV expansion can lead to addi-
tional distribution grid expansion; 
measures such as feed-in limits, control-
lable demand and battery storage 
should reduce this need for expansion.

A significant expansion of rooftop PV makes 
it probable that significant investments will 
be made in the distribution grid. In addition 
to the already increasing demand-driven grid 

expansion, high simultaneous PV feed-in on 
sunny days leads to additional strains. If local 
grid capacities are exceeded, the installation 
of additional PV plants at such feed-in points 
leads to “PV-driven” grid expansion, which 
can be very cost-intensive.

Decentralised integration measures can mit-
igate this need for expansion. They reduce 
both demand-driven and PV-driven peaks. 
These include targeted feed-in limits, control-
lable demand such as the charging of electric 
vehicles, and battery storage. If demand and 
battery storage are used in a ways that ben-
efits the grid, electricity consumption, gener-
ation and storage can be postponed or con-
trolled in a targeted manner to reduce load 
peaks in the distribution grid. However, these 
measures come at a cost. While feed-in limi-
tation and load shifting typically address grid 
expansion in a cost-effective manner, home 
storage systems are not cost-effective for 
avoiding grid expansion from a system per-
spective.
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Today’s tariff design increases the 
cost-effectiveness of PV plants with own 
use, but undermines the principle of allo-
cating grid costs on a user-pays basis.

Under the current tariff structure, the eco-
nomic appeal of PV plants with own use 
stems not only from the energy costs saved 
but also from the fact that no grid fees or na-
tional and municipal charges have to be paid 
for self-consumed electricity. These lower 
grid cost contributions play a major role in 
ensuring that plants with own use can be op-
erated economically despite high electricity 
generation costs.

However, the problem is that end-users with 
PV plants do not contribute enough to cover 
the grid costs in relation to the costs they in-
cur. The resulting shortfall must be borne by 
the other end customers via higher grid charg-
es. This results in a redistribution of grid costs 
that is contrary the user-pays principle and 
that acts as an implicit subsidy for PV plants. 
Two aspects are key to understanding this 
problem. Firstly, 60 to 70 percent of the grid 

	95	Federal Assembly, 2025, Creating transparency in the subsidy efficiency of all renewable technologies

costs are structural in nature – they depend 
on the necessary cable lengths, which are de-
termined by the number and location of the 
grid connection points. These costs are not in-
fluenced by own use. In contrast, only 30 to 40 
percent of grid costs are attributable to the 
grid maximum load and the amount of energy 
transported. Secondly, scientific models show 
that PV expansion – even with own use – leads 
to rising grid expansion costs overall.

The implicit subsidy in the form of reduced 
grid cost contributions for own use therefore 
means that higher overall grid costs have to 
be allocated to fewer remaining end custom-
ers. The consumers wind up having to pay 
disproportionately for the grid. This implicit 
subsidy of PV plants is therefore borne by 
other end customers through higher grid 
charges.

Necessary adjustments to the tariff de-
sign would reduce the implicit subsidies 
for plants with own use; direct subsidies 
would have to be increased accordingly 
to ensure the viability of these plants.

The existing grid tariff design should be 
adapted to ensure that grid costs are distrib-
uted in line with the user-pays principle – and 
to promote behaviour that benefits the grid. 
Dynamic grid tariffs came into use for the 
first time in 2026, in some cases supplement-
ed by performance-related components. As 
a result, the distribution of costs is shifting 
away from fixed labour prices (CHF / kWh) to 
actual grid usage, differentiated according to 
output and time. A higher proportion of fixed 
or performance-related components would 
be consistent with the cost structure of the 
grid. The optimal design of grid tariffs – which 
both allocates grid costs according to the us-
er-pays principle and activates flexibility in a 
way that benefits the grid – remains to be 
conclusively determined. This will only be-
come apparent in the practical implementa-
tion and through the accompanying learning 
processes.

Consistent implementation of such tariff ad-
justments would reduce the profitability of 
PV plants with own use, as the implicit subsi-
dy would be eliminated, at least to some ex-

tent. The resulting direct subsidy require-
ments would have to compensate for this 
and would be correspondingly higher. It is es-
sential to understand the following here: 
higher subsidy requirements would not lead 
to an additional burden on end customers. 
Instead of the current implicit redistribution 
via higher grid usage tariffs, the subsidy re-
quirement would then be explicitly financed 
by the grid surcharge and thus rendered 
transparent. As a result, the subsidy require-
ment would be met by all end customers. 
This significantly increases transparency in 
assessing subsidy efficiency. 

The SFOE plans to publish the subsidy effi-
ciency based on the funds provided by the 
grid surcharge and the expansion achieved 
from 2027 onwards.95 This is to be welcomed. 
However, it should be ensured that the cur-
rent redistributive effects through savings 
with own use are taken into account accord-
ingly. 
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Ground-mounted plants are the cheap-
est PV option and have the lowest  
subsidy requirements for electricity gen-
eration in the winter half year.

Compared to all other types of PV plants, 
ground-mounted PV has the lowest electrici-
ty generation costs and the lowest subsidy 
requirement for electricity generation in the 
winter half-year. These cost advantages are 
primarily due to simplified assembly pro-
cesses and pronounced economies of scale. 
In addition, ground-mounted PV offers the 
advantage that the winter share of electrici-
ty can be increased without significantly in-
creasing costs. As they are not tied to a roof 
pitch and orientation, ground-mounted 
plants can be optimally aligned and achieve 
a slightly higher share of winter electricity 
than rooftop PV plants. Installations in sub-
alpine locations could further increase the 
share of winter electricity. They would take 
advantage of some of the benefits of alpine 
PV plants, such as significantly fewer foggy 
days than in the lowlands, while challenges 
such as snow loads and development would 
likely be less problematic than in high-al-

pine locations. This could lead to significant-
ly lower construction costs.

In addition, ground-mounted PV is generally 
connected to the grid at a higher grid level 
than roof-mounted PV (GL5 or higher, in-
stead of GL7), which means that the impact 
on the distribution grid is smaller and ex-
pansion costs can be reduced accordingly. 

Ground-mounted PV has high potential; 
however, expansion is critically de
pendent on the cantonal implementa-
tion of suitable areas and approval 
procedures as well as the resolution of 
use conflicts.

The potential of ground-mounted PV 
throughout Switzerland is generally great, 
but it is difficult to quantify, as potential lo-
cations are subject to thorough assessment 
of competing interests. Use conflicts affect 
agriculture, the environment and landscape 
conservation in particular. Combined land 
uses, such as concurrent agricultural pro-
duction in agri-PV scenarios, can partially al-
leviate these conflicts, but are often associ-

ated with higher costs and regulatory 
requirements.

Unlike in the field of wind energy, for exam-
ple, there are no cantonal suitable areas for 
ground-mounted PV at the start of 2026. In 
the meantime, however, initial technical 
principles have been drawn up to assist the 
cantons in examining and defining suitable 
areas. In particular, areas with little or no 
conservation value – as identified in studies 
by the ARE, among others – can serve as an 
important starting point in this regard.

In order to enable the expansion of ground- 
mounted PV, it is now essential that the 
cantons comprehensively examine these 
spaces and identify suitable areas. The ac-
celerated approval procedure in accordance 
with the legislation on accelerated proce-
dures has improved the initial situation for 
ground-mounted PV in suitable areas. The 
cantons must now consistently implement 
both the provisions of the legislation on 
accelerated procedures and the require-
ments for defining suitable areas and weigh 
up use conflicts in a clear and transparent 

manner. In this way, they create the ne
cessary prerequisites for the expansion of 
ground-mounted PV in terms of the dura-
tion and chances of success of the approval 
process. 

In addition, communes can also go ahead 
in their use planning and provide special 
zones for smaller systems, e.g. on pre-con-
taminated areas. These are often easier to 
implement, economically attractive and well 
accepted.
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