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A B S T R A C T

Photovoltaics (PV) are a key technology for low-carbon power generation, especially in cities where rooftop 
systems are widely adopted. Despite the larger surface area and solar irradiation potential, building facades 
remain vastly underutilized compared to rooftops. Yet using them for solar electricity could substantially boost 
cities’ decarbonization efforts. Here, we analyze why solar facades lag behind rooftop PV, focusing on the 
financial and investment perspective in Switzerland, a country with among Europe’s largest solar facade 
deployment rates. Through interviews with 26 solar planners and architects, we analyze investment conditions – 
investment costs, operational costs, capacity factors, payback periods, and development timelines – for two 
facade types (facade-integrated and facade-mounted) and compare them to rooftop PV. Our findings reveal that 
compared to rooftop PV, solar facades feature three to five times higher investment costs, four times longer 
development, and 30 % less electricity per kWh output due to the vertical orientation and shading. These 
conditions result in mean 25 to 27-year payback periods for integrated facades versus 14 to 19 years for facade- 
mounted ones, depending on the size. We argue that future policies must simultaneously foster economic and 
aesthetic incentives to boost the adoption of solar facades, advancing sustainable urban decarbonization.

1. Introduction

Urban areas generate 70 % of energy-related CO2 emissions and will, 
until 2050, house 68 % of the global population [1,2], making their 
decarbonization critical. Consequently, numerous cities have adopted 
decarbonization plans [3] through joining networks such as the Global 
Covenant of Mayors [4], where photovoltaic (PV) projects feature 
prominently [5]. PV panels have low design complexity [6] and low 
costs [7,8], making them an attractive decarbonization technology. 
However, urban PV remains confined mainly to rooftops [9,10] despite 
facades having greater building surface area and substantial solar irra
diation potential [11–14]. Solar facades include a series of technologies 
that integrate PV into buildings, while having functions besides elec
tricity generation. Foremost, this includes aesthetics such as colored PV 
modules that integrate into the building design [15]. However, an 
increasing number of solar facade technologies has a thermal role, in 
addition to aesthetics, including PV double-skin facades [16–18], PV/ 
thermal curtain walls [19,20], adaptive PV louvers and shading devices 

[21,22] and semi-transparent PV glazing and PV windows [23,24]. In 
contrast, rooftop PV systems have uniform designs, and their primary 
function is electricity generation.

A key prerequisite for the widespread application of PV is the will
ingness of investors to finance the systems [25,26], mainly driven by 
risk-return considerations [27–31]. The cost of financing varies between 
technologies and investor types [32]. Because of this, governments enact 
policies to reduce investment risks, such as fixed electricity offtake 
prices and guaranteed sales [33,34]. These measures have driven rapid 
rooftop PV growth over the past two decades, reducing module and 
equipment costs [35]. In the building sector, rooftop PV with stan
dardized modules and a high degree of replicability were the main 
contributors to this growth, leaving the solar potential of the existing 
building envelopes underutilized. Despite applying similar policy in
struments for solar facades [36], their uptake lags significantly behind 
rooftop PV [37].

The lack of investments underscores the need to examine solar fa
cades from an investor perspective. To address this gap, we interviewed 
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26 PV experts, discussing differences in investment conditions and 
financing between rooftop PV and solar facades. This included their 
perceptions of risks and profitability drivers between the two PV ap
plications, reported investment costs, cost structures, and profitability 
metrics for 47 solar facades and 31 rooftop PV projects. To control for 
various country-specific cost and risk drivers – such as country risk [38]
– we focus on one representative case [39] – Switzerland, with one of the 
highest Building Integrated PV (BIPV) installation rates in Europe [36], 
and 277 projects developed in 2023 alone [40].

We contribute to the literature on solar facades in several ways. First, 
existing research on solar facades (and, more broadly, BIPV) focuses on 
examining drivers and barriers. For instance, several studies suggest that 
the main implementation obstacles include high initial costs, greater 
technical complexity, lower production per kW, lack of public support 
policies, and the reluctance of architects to adopt solar facades [41–47]. 
This research stream omits finance and investment-related issues, and 
any quantitative analysis. Our study is the first to focus exclusively on 
the solar facade investors’ standpoint and collect precise cost data to 
compare actual facade and rooftop projects. Second, while the literature 
discusses BIPV risks, it neglects the relative importance of financial risk 
and profitability drivers [41,43,45], or it focuses on merely technical 
risks [42,46]. We rank the relevance of investment risks and profitability 
drivers for facade PV, enabling policymakers to formulate de-risking 
policies [26].

Third, the literature on BIPV feasibility primarily focuses on the 
economic performance of case studies [48–54] or simulating investment 
conditions across countries [55–58]. Among this research, several 
studies provide detailed solar facade cost breakdowns, comparing them 
to conventional facades [48,49,57–60]. These studies usually cover in
vestment costs (CAPEX) in monetary units (such as EUR) per meter 
squared, a metric commonly used when designing buildings. However, 
research on energy systems usually expresses CAPEX as costs per kWp. 
While CAPEX values and component breakdowns are readily available 
for rooftop PV (for instance, see NREL (2022) [61]), data is lacking for 
solar facades, limiting more accurate forecasting of urban energy tran
sitions [62–64]. We provide CAPEX values for facade PV projects in 
Switzerland by components and further metrics relevant to energy sys
tem models, such as operational expenditures and expected production.

2. Research design

2.1. Research case

Our research centers on Switzerland, a representative case study 
with abundant experience in integrating PV into urban settings [39]. 
Switzerland is a forerunner in decarbonization, with plans to become 
carbon neutral until 2050 [65]. Solar energy is a cornerstone of this 
strategy, with a foreseen tenfold increase in solar electricity production, 
from 3.9 TWh in 2022 to 34 TWh in 2050 [66]. The addition of PV is 
meant to replace the existing nuclear power plant fleet, which covered 
36 % of domestic electricity consumption in 2022 and will be shut down. 
Consequently, PV is already a fast-growing market, with 8150 MW 
installed until 2024, which accounted for about 11 % of Swiss electricity 
consumption [67]. Because of legal limits to developing PV on the 
ground, most of the new capacity will be installed on existing infra
structure, highlighting the importance of PV integration into the built 
environment. Besides the nuclear energy phase-out, another challenge is 
closing the winter electricity import gap, equaling one fifth of Switzer
land's consumption in 2020 [66]. The import of electricity is a security 
concern and has gained relevance following the Ukraine war outbreak in 
2022. The resulting price increases triggered a shift in public opinion 
towards more self-reliance, as opposed to increasing electricity inter
connection to enhance trade [68]. Moreover, in a recent referendum, the 
Swiss confirmed with a 68 % majority vote the adoption of an Electricity 
Law [69], which intends to increase electricity production from 
renewables.

Existing regulations and support policies – including the newly 
accepted Electricity Law – greatly impact PV investment risks, profit
ability, and the overall financial attractiveness of rooftop PV and solar 
facades, which we study in our analysis. The new law mainly impacts 
federal regulations, although cantons and municipalities also apply their 
individual rules, leading to considerable fragmentation in support pol
icies [70]. On the federal level, Swiss rooftop PV projects are eligible for 
an investment subsidy that covers 380 CHF/kW (as of 2025) for con
ventional rooftop PV systems smaller than 100 kW. Solar facades benefit 
from this framework and receive additional support because of their 
steeper panel angles, varying between 580 CHF/kW and 820 CHF/kW 
depending on the level of aesthetic integration of the panels into the 
building design [71,72]. Furthermore, there are no long-term electricity 
offtake and price guarantees. Instead, there are more than 600 utility 
companies, each with its own PV and electricity tariff, which vary yearly 
based on their electricity production and procurement costs [73], 
leading to inconsistent returns during the plant's lifetime and across 
Switzerland. The Electricity Law aims to harmonize these offtake prices 
by implementing, as of 2026, a minimum price and a harmonized 
quarterly market price. Utility companies will have to remunerate solar 
electricity at least the quarterly market price, while systems smaller than 
150 kW will benefit from a minimum price triggered when the quarterly 
price drops below the minimum [74].

Apart from electricity market regulations, building-related laws also 
impact solar facades and rooftop PV in Switzerland. As of November 
2023, a federal regulation obliges buildings with an applicable area 
larger than 300 m2 to install PV systems, whose exact size depends on 
individual cantonal provisions, ranging from 10 % of the applicable area 
in the small canton of Zug in central Switzerland to 40 % in Valais in the 
Southwest [75]. Some cantons like Zurich are considering an even 
stricter mandate, requiring new and existing buildings to implement a 
PV plant during the first major roof renovation or until 2040 at the latest 
[76]. Specific fire hazard regulations have an additional impact on solar 
facade development. The Canton of Zurich Building Insurance Company 
started requiring, as of 2023, proof that solar facades taller than 11 m 
can withstand the spreading of fires [77], resulting in regulatory un
certainty. These region-specific regulations impact risk and profitability 
and are mirrored by our results.

2.2. Method

To understand the differences between facade PV and rooftop PV 
investments, we interviewed experts active in both rooftop PV and 
facade PV in Switzerland. Applying interviews enables collecting in- 
depth replies where the participants provide project context; however, 
they limit the study reach considering the larger effort to organize and 
undertake them [78]. We consider three types of PV projects (see Fig. 1), 
including i) facade-integrated solar facades – colored PV modules are 
encapsulated into the building design ii) facade-mounted solar facades – 
conventional PV modules are mounted onto building surfaces, and – as a 
reference point – iii) rooftop PV plants on flat rooftops. We categorize 
the projects as small (below 100 kW) and large (above 100 kW), 
following the Swiss federal subsidy scheme's definition of project sizes 
[72]. We omit analyzing the various solar facade technologies with a 
thermal function to simplify the comparison with rooftop PV, which 
only generates electricity.

We contacted 94 individuals from 77 organizations and interviewed 
26 (28 % response rate). The sample includes 54 % solar planners, 35 % 
architects, and 12 % academics (Table 1). The diverse respondent 
sample enabled the collection of varying perspectives. Architects and 
solar planners typically work together on building PV systems, but their 
focus is different. The solar planners in our sample usually develop the 
PV plant and understand the technical details and cost components. 
Architects, on the other hand, deal predominantly with the PV plants 
visual integration, especially for integrated plants. Hence, while the 
solar planners provided most of the cost data, the architects helped 
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elaborate on the visual perspectives of integrating PV into buildings and 
additional insights on design tradeoffs and investor risk perceptions. 
Further, both expert groups work with the building investors and un
derstand their risk drivers. Overall, we have collected specific cost data 
for 47 solar facades and 31 rooftop PV projects undertaken between 
2018 and 2025 (five of which are still in the planning process) ranging in 

sizes from 10 kW to 2500 kW. Interviewee acquisition consisted of 
contacting personal networks, leading to snowball sampling where an 
interviewee recommends further individuals [83] and reviewing the 
winners of the Swiss Solar Prize between the years 2017 and 2024 [84]. 
The interviews lasted between 30 and 60 min and were recorded and 
transcribed.

Our interview process consisted of semi-structured and structured 
questions [85] (see Table 2 in Supplementary Information (SI)). In the 
semi-structured section, we asked the interviewees to provide insights 
on the slower uptake of solar facades versus rooftop PV. We then pro
ceeded with the structured questions, asking them to identify specific 
projects they worked on (along categories i to iii), including the project 
size and commissioning year. Following this, they provided information 
on the projects' investment conditions, including the additional costs of 
the solar facade, the overall costs of the rooftop PV project, and a cost 
breakdown (see Table 3 in the SI for the cost categories).

The feasibility of solar facades is typically evaluated against the most 
likely alternative – a facade without PV components. The so-called extra 
cost approach assumes the CAPEX equals the difference between the two 
options [49]. Instead of this, we report on the full costs as defined by 
NREL or: 

CAPEXPV =
∑n

i=1
Ci (1) 

where Ci represents the individual cost components including modules, 
inverters, structural balance of system (BOS), electrical balance of sys
tem (EBOS), fieldwork, office work and other investment costs [61] −

where we also include scaffolding – and n is the total number of 
considered components. The full list of components is given in Table 3 in 
the Supplementary Information. We selected this CAPEX approach for 
several reasons. First, using the full costs instead of extra costs makes the 
analysis between rooftop PV and facade PV directly comparable. Sec
ond, the full cost approach is directly observable and based on actual 

Fig. 1. Exemplary solar facades. A. small facade-mounted (<100 kW) [79] B. small integrated (<100 kW) [80] C. large facade-mounted (>100 kW) [81] D. large 
integrated (>100 kW) [82].

Table 1 
List of interviewees by organization type and role.

Code Organization type Title

INT 1 Solar planer Head of Commercial Energy
INT 2 Energy company Head of Asset Management
INT 3 Solar planer CEO
INT 4 Energy company Head of Photovoltaics
INT 5 Solar planer Senior Technical Consultant
INT 6 Solar planer Head of Solar team
INT 7 Solar planer CEO
INT 8 University Professor
INT 9 Solar planer Head of Planning
INT 10 Solar planer CEO
INT 11 Architectural office Partner
INT 12 Architectural office Partner
INT 13 Architectural office CEO
INT 14 Solar planer CEO
INT 15 Solar planer CEO
INT 16 Architectural office Partner
INT 17 Architectural office Partner
INT 18 Solar planer Partner
INT 19 Solar planer CEO
INT 20 Solar planer Head of Photovoltaics
INT 21 Solar planer Partner
INT 22 University Professor
INT 23 Architectural office Partner
INT 24 Energy company Head of Solar Technologies
INT 25 University Senior researcher
INT 26 Solar planer CEO
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project costs, whereas the extra cost approach relies on a hypothetical 
alternative. For our analysis, using the full cost approach is more robust. 
Third, in energy economics and energy system modeling, it is conven
tional to use full costs. As such, the values for facade PV are directly 
applicable in studies that model urban decarbonization.

Further, our analysis collects OPEX estimates defined as: 

OPEXPV =
∑m

i=1
Oj (2) 

where Oj represents the different cost components and m is the total 
number of considered costs. For a full list of OPEX components, see 
Table 3 in the Supplementary Information.

Since the projects differ in their commissioning years, we aligned the 
CAPEX and OPEX data into 2024 real values using an inflation index for 
Switzerland [86]. The values exclude Value Added Tax. Besides invest
ment costs, we also asked the interviewees to provide estimated payback 
periods, which reflect the payback for installing solar components on the 
facade.

Further, the interviewees ranked profitability and risk drivers, 
comparing rooftop PV and solar facades. We include general profit
ability drivers like CAPEX, OPEX, and solar irradiation and drivers 
specific to Switzerland, including the investment subsidy for small-scale 
installations (KLEIV) [72] and specific municipal and cantonal subsidies 
[87]. Regarding the risk drivers, we included risk categories following 
existing literature [88]. These include i) price risk: changes in the 
municipal PV and electricity tariffs ii) technology risks: equipment 
failure iii) political risks: changes in the support system, for instance, the 
KLEIV iv) regulatory risks: project approval and permitting processes v) 
resource risks: solar irradiation variability. Considering our focus on PV 
technologies in buildings, we add vi) liability risk, representing the risk 
of damage to the property and its surroundings. We aggregate the 
rankings for each technology type using the Borda count method[89].1

3. Results

3.1. Capital expenditures, cost structure, and project timelines

Fig. 2A shows the CAPEX distribution of the projects along the three 
types. The first main observation is that smaller facade-integrated pro
jects are the most expensive, with a median CAPEX of 6.000 CHF/kWp, 
the lowest and highest values ranging between 3.500 CHF/kWp and 
12.700 CHF/kWp. This is more than six times the median value of large 
rooftop PV, which are the least expensive, with 850 CHF/kWp. The large 
gap results from the higher complexity of integrated solar facades and 
their high customization requirements to align aesthetically with the 
building. Interviewee (INT 23) provides an analogy to picture this: “I 
have a roof, and I hire a solar specialist to install a solar system. It's similar to 
buying a refrigerator or a car. But you can't buy a solar facade the same way 
[…] A solar facade can only be developed if you also engage thoroughly with 
the entire architectural integration.” Unlike rooftop PV that are replicable, 
“buildings are always prototypes and […] standardization is very difficult” 
(INT 21). Second, facade-mounted projects have much smaller costs 
than facade-integrated projects, with median values of 1450 CHF/kWp 
and 2500 CHF/kWp for large and small projects, respectively. Facade- 
mounted projects are usually composed of regular solar modules, and 

since they are primarily installed on commercial or industrial buildings, 
there are fewer aesthetics requirements, leading to lower costs and 
smaller cost variances.

We next delve into the detailed CAPEX drivers. As shown in Fig. 2B, 
solar modules drive integrated solar facade costs, composing a mean of 
45 % of overall CAPEX for small projects. In comparison, facade- 
mounted solar facades have cost structures where modules comprise 
27 % and 24 % of CAPEX, similar to small and large rooftop PV with 22 
% and 25 % of CAPEX, respectively. Facade-mounted projects and 
rooftop PV typically employ standardized modules, while facade- 
integrated projects apply customized modules with specific colors to 
fit the building's aesthetic design. Moreover, they come in various sizes 
to fit between the building elements, like windows, when the solar 
facade completely envelopes the building, as in Fig. 1B. To illustrate this 
point, INT 15 comments on having planned 40 kWp and 300 kWp in
tegrated solar facade projects, consisting of 80 and 35 different module 
sizes, respectively, as opposed to one standardized module for rooftop 
PV or facade-mounted projects, as illustrated in Fig. 1C. Moreover, only 
a few companies supply customized PV modules, which are primarily 
located in Switzerland, as in the case of our interviewee sample. Hence, 
unlike rooftop PV, where cheap modules from Chinese manufacturers 
contribute to low project costs, this is not the same for solar facades.

Furthermore, a primary CAPEX driver in all project categories is the 
structural (SBOS) and electrical balance of systems cost (EBOS), along 
with field work. While these cost categories comprise 38 % of overall 
CAPEX for small integrated projects, they comprise 52 % and 55 % for 
small and large rooftop PV. Unlike PV modules, the products and ser
vices underlying these cost categories are less scalable, especially field 
work. The manual labor involved in module installation and overall 
project construction increases costs one to one, irrespective of the 
project size.

Finally, in Fig. 2C, we show the estimated project timelines for solar 
facades and rooftop PV. Solar facades require four times longer 
conceptualization and feasibility than rooftop PV, as they are integrated 
into building designs. Permitting alone takes four times longer, largely 
because of fire hazard requirements, leading to additional project costs. 
To illustrate this point, INT 11 comments on conducting a successful fire 
test [91], contributing to a state-of-the-art document for planning solar 
facades [92]. However, the exercise cost over 100.000 CHF, leading to 
uncertainty in the sector. Interestingly, financing timelines are almost 
identical between the two project types, primarily because Swiss in
vestors typically invest through their balance sheets, requiring less time 
to arrange than project financing [32]. Finally, solar facades have longer 
installation times. Besides working on vertical surfaces, the extended 
installation stems from more prolonged waiting times to deliver 
customized modules (INT 26).

3.2. Operational costs and expected electricity production

The longer development timelines and higher costs compose some of 
the main reasons why solar facades are a slower developing market than 
rooftop PV. In addition to these factors, solar facades have higher ex
pected OPEX than rooftop PV plants, although the difference is smaller 
than in the case of CAPEX. Fig. 3A shows that small integrated solar 
facades have an expected median OPEX of 33 CHF/kWp. In comparison, 
rooftop PV projects have a median OPEX between 21 CHF/kWp and 31 
CHF/kWp for large and small projects, respectively. According to our 
interviewees, integrated solar facades have the highest OPEX because 
reaching and exchanging parts on a facade is more complex than on a 
rooftop, involving lifting equipment. These situations include 
exchanging standard parts like modules and inverters, but also opti
mizers for minimizing shading losses, which are more frequent with 
solar facades. However, some interviewees assign lower OPEX values to 
solar facades. For instance, INT 4 argues that these have to be cleaned 
less often and are easier to inspect, for example, when performing a 
thermography check. Unlike rooftop projects, they are not subject to 

1 The Borda Count [82] is a ranking-based voting method that assigns points 
to candidates based on their position in each voter's preference list. The total 
points are then summed to determine the winner. For instance, we asked the 
interviewees to rank eight profitability drivers. The driver with the most 
importance are ranked fist, receiving eight points, while the one ranked last 
only one point. The total points are then summed to determine the most 
important profitability driver. We chose the method because it accounts for the 
full preference order, and not just top choices.
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Fig. 2. A. Capital expenditures (CAPEX) estimates for small and large projects without Value Added Tax. The dots represent values for the individual projects. The 
box plots shows the range between the first and third quartiles, while the error bars are outliers within an interquartile range of 1.5. B. CAPEX structure along the 
main categories, following NREL (2022) [61]. Estimated mean project development timelines between rooftop PV and solar facades. The error bars represent one 
standard deviation from the mean. Timeline categorization according to Gumber et al. (2024) [90].
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yearly inspections of fall protection systems.
Another key factor in OPEX is annual electricity production, which is 

lower for solar facades than rooftop PV, as illustrated in Fig. 3B. This 
increases relative OPEX when expressed in monetary units per kilowatt- 
hour (kWh) (INT 15). For example, INT 15 notes that the cost of sending 
personnel to inspect a solar facade is higher relative to its output than for 
a rooftop PV system. Fig. 3B indicates that, on average, solar facades in 
our sample generate about 30 % less electricity than rooftop PV, 
although there are large differences depending on the single project. 
Several factors explain this reduced output. First, most solar facades 
feature vertically aligned modules, which are not optimized for peak 
summer solar irradiation. Instead, they produce relatively more elec
tricity during winter compared to rooftop PV systems. Second, solar 
facades are more prone to shading from surrounding structures. Third, 
due to aesthetic integration, some facades include north-facing building 
surfaces, which receive the least solar irradiation and therefore reduce 
the overall mean production. Facade orientation has a strong impact on 
output; for instance, one interviewee reported a project with 700 kWh/ 
kW on south-facing surfaces, 570 kWh/kW on east and west, and 300 
kWh/kW due north (INT 9).This roughly corresponds to the variations 
documented in the literature (for example, see [93–95]).

3.3. Profitability and risk drivers

The above-discussed investment conditions greatly impact the prof
itability of solar facades. As shown in Fig. 4A, the expected mean 
payback period for large and small integrated solar facades is 25 and 27 
years, respectively, and 14 and 19 years for facade-mounted systems. In 
comparison, rooftop PV systems have mean payback periods of between 

9 and 13 years. However, these results exhibit a large variation, indi
cating various possible outcomes depending on the assumed self- 
consumption rates and electricity and PV tariffs. These payback pe
riods do not consider the marginal costs of the solar facade over an 
alternative facade. Instead, we consider the full solar facade costs.

Fig. 4B further compares the most important profitability drivers 
between rooftop PV and solar facades. Most interviewees consistently 
ranked CAPEX as the most impactful profitability driver, followed by the 
electricity price and investment subsidies. OPEX ranked among the least 
impactful investment conditions for both technologies, corroborating 
the findings from Fig. 3A, showing the near equality in OPEX between 
the project types. The reason electricity price ranks second indicates the 
importance of self-consumption in PV project economics in Switzerland.

Moreover, the interviewees ranked solar irradiation as slightly more 
critical to the profitability of solar facades than rooftop PV. A facade's 
precise location and orientation play a more important role than they do 
for rooftops, as facades are particularly susceptible to shading from 
surrounding structures, an effect amplified in winter when the sun sits 
lower on the horizon. Unlike rooftop PV systems, solar facades 
encounter unique tradeoffs and limitations, as highlighted by our in
terviewees. For instance, north-facing facades, which generate the least 
electricity, are sometimes used. In contrast, south-facing facades often 
have more windows, reducing the surface area for panels and forcing a 
compromise between indoor sunlight and energy output − tradeoffs 
absent in rooftop setups (INT 8). Additionally, facades are fixed in a 
single direction, limiting adaptability, whereas rooftop systems offer 
greater flexibility in orientation (INT 13, INT 15). Finally, utility PV 
tariffs are less critical for facade PV projects, considering their primary 
business model relies on self-consumption, not electricity sales (INT 26).

Fig. 3. A. Operational costs (OPEX) estimates for small and large project categories B. Estimates of full load hours according to category. The error bars represent one 
standard deviation from the mean.
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Having explored the key profitability drivers, we now discuss in
vestment risks, as shown in Fig. 4C. According to the majority of the 
replies, price risk is the most important risk driver in Switzerland, pri
marily because utilities change their PV and electricity tariffs yearly. 
The current support system does not guarantee long-term price stability, 
such as via feed-in-tariffs, but instead decreases investors' upfront in
vestment costs via the investment subsidy [72]. However, this dynamic 
is set to evolve with recent regulatory changes. In the future, price 
changes will be more frequent, following the shift to quarterly tariff 
adjustments based on averaged market prices [74]. This shift aims to 
align remuneration more closely with market conditions, yet it amplifies 
price risk perception among some of our interviewees.

Regulatory risks are another major risk driver for solar facades, 

ranked second compared to sixth for rooftop PV. Inconsistent and fast- 
changing fire safety regulations across Switzerland are the main 
reason for high regulatory risks for solar facades, as explained in Section 
3.1. In contrast, rooftop PV systems face minimal regulatory risks, as 
Switzerland requires only notification to authorities rather than a formal 
construction permit. Technology risks rank equally, although some in
terviewees rank these higher for solar facades due to their relative 
novelty. Investors often discuss equipment failures and the difficulties of 
replacing components within a facade structure, unlike rooftop PV 
systems, where abundant technical experience reduces such concerns. 
Additionally, the absence of long-term operational data for solar facades 
creates greater uncertainty about their durability [97,98], unlike 
rooftop PV, where performance degradation is well-understood and 

Fig. 4. A. Expected mean payback periods by project category and size. The payback periods are compared to typical rooftop PV [96] and solar facade project 
lifetimes. The mounted solar facade lifetime equals the lifetime of regular PV projects. We here assume this is limited by module durability. Integrated facade PV 
projects have longer lifetimes because of more durable modules, typically of 4 mm thick glass-glass type. Error bars represent one standard deviation from the mean 
B. Comparison of profitability drivers between rooftop PV and solar facades. A change in the Sankey diagram flow shows how individual respondents changed 
responses when comparing the two technology types C. Comparison of risk drivers between rooftop PV and solar facades. The diagrams in B and C show Borda counts 
of the responses.
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predictable (INT 16). Finally, our interviewees perceive policy risks 
lower for solar facades than rooftop PV. Solar facades, especially smaller 
ones, prioritize aesthetics over profitability, while rooftop PV systems 
focus on profitability, making them more sensitive to changes in PV 
tariffs.

4. Discussion

Several findings stand out from our study. First, our results underline 
that the aesthetic integration of solar modules into building design is 
costly. Nevertheless, it's interesting to observe that despite the higher 
costs, such projects are continually being developed, albeit in much 
smaller numbers than conventional rooftop PV. The interviewees high
light three main arguments when asked about the motivations for 
engaging in such projects: i) building investors turn to facades when 
rooftops alone are insufficient to meet stringent sustainability standards, 
such as Minergie − a Swiss certification system that mandates buildings 
generate more electricity than they consume [99] ii) when an expensive 
alternative facade − such as one made of glass − is already planned, 
upgrading to a solar facade does not significantly increase the overall 
facade investment costs, as suggested by earlier research [49,60] iii) 
installing a solar facade is a visual statement. In the words of INT 22: 
“Why do people drive a Porsche when a Volkswagen can also get you from A 
to B?”. Integrated solar facades invoke values other than strict economic 
considerations. This corroborates earlier research that sustainable en
ergy investments involve emotions and not primarily cost-effectiveness 
[100–102] as conventional energy economics literature suggests by 
assuming investors are rational decision-makers [103,104]. Buildings 
are not subject to entirely rational investment decisions (INT 22), and 
investors are willing to pay extra if sustainability standards or visual 
preferences are satisfied [105]. The finding aligns with earlier research 
on PV adopters in Germany, who in part, invest for non-economic rea
sons [30], such as environmentalism.

These findings might suggest that only affluent investors can afford 
solar facades, leading us to our second point: the role of support policies 
and the types of solar facades they should prioritize. The current Swiss 
investment subsidies would cover between 14 % and 23 % of investment 
costs based on our median CAPEX results of 6.000 CHF/kW and 2.500 
CHF/kW for small integrated and facade-mounted solar facades, 
respectively. In comparison, small rooftop PV would receive 25 % in
vestment costs, given a median CAPEX of 1.500 CHF/kW, similar to 
facade-mounted facades. However, the latter has about 30 % more 
production potential (see Fig. 3B), meaning the remaining investment 
would be repaid faster than with solar facades. While in comparison to 
other profitability drivers like operational expenditures, taxation, and 
even irradiation (see Fig. 4B), investment subsidies play a more critical 
role, it is uncertain how much they increase the likelihood of investors 
opting for solar facades. The availability of capital is not a chokepoint 
for Swiss building investors. Instead, our interviewees highlight that 
electricity prices play a more critical role in shaping investment choices 
(see Fig. 4C). This supports the argument that hedging long-term reve
nues via electricity offtake agreements could be more effective than 
investment subsidies in mobilizing solar facade investments [16].

Finally, our findings on the higher complexity and customization 
needs of solar facades vis-à-vis rooftop PV projects highlight that – ac
cording to theory [6] – we should expect lower learning rates, slowing 
down their roll-out in addition to the higher CAPEX. Conventional 
rooftop PV systems are primarily composed of standardized compo
nents. In contrast, solar facades have high design complexity because a 
single project is composed of tens of individually sized modules, and 
each project can differ in module color, depending on the building 
design [15]. This high degree of customization increases project costs. 
Moreover, longer project timelines mean slower project turnover and 
less learning, i.e., a smaller scope for cost reductions. It is important to 
note that we observe a similar cost dynamic with other subvariants of PV 
technology, which hold large potential but currently have high costs. 

Examples include mountain PV systems and floating PV [106], which 
will take time to acquire experience and induce learning to decrease 
costs. Hence, as we decarbonize with PV, it will take continued policy 
support to roll out these PV niches and achieve scale.

5. Conclusions

Our results indicate that integrated solar facades cost three to five 
times more than rooftop PV. Because of their vertical angle and non- 
optimal orientation dictated by the building design, solar facades have 
about 30 % lower electricity generation than rooftop PV systems. Taken 
together, integrated solar facades have estimated mean payback periods 
that are about 15 years longer than conventional rooftop PV systems, 
compared to only 6 years longer for facade-mounted systems. From a 
purely economic standpoint, these results imply that fostering solar fa
cades on buildings where visual integration is less important is more 
cost-effective. However, in contradiction to this finding, our in
terviewees highlight that integrated solar facades undergo an invest
ment decision dynamic where cost considerations play a lesser role. 
Instead, making an aesthetic statement is more relevant. Such invest
ment dynamics question the rationale of conventional energy scenarios 
that assume rational and cost-optimizing decision-makers [103,104].

Despite the sizeable solar irradiation potential on building enve
lopes, solar facades rarely feature in cities' decarbonization plans 
[5,107,108]. Cities might be harvesting the low-hanging fruits first and 
prioritize rooftop PV over solar facades because the latter have lower 
CAPEX and fewer implementation challenges [109], leading to faster 
achievement of climate targets. However, despite this, two key argu
ments advocate implementing solar facades more proactively in decar
bonization plans. First, solar facades are especially suitable for winter 
PV production because of their steep panel angles, especially in locations 
with little winter fog cover. Cities prioritizing only rooftop PV optimized 
for summer production will struggle with the seasonal balancing of their 
clean electricity generation, considering the decrease in winter irradi
ation in seasonal climates [110]. Moreover, in wintertime, electricity 
prices tend to increase the most [111], potentially leading to energy 
security concerns in countries that import electricity during winter.

Second, solar facades feature prominently on buildings. Supporting 
their development could benefit the symbolic value of the energy tran
sition and increase the acceptance of renewable energy in urban envi
ronments. City governments could promote solar facades by raising PV 
tariffs in winter, which would also benefit other PV technologies or 
provide investment subsidies commensurate to their costs. Additional 
measures could include fostering building planning where fewer 
customized module sizes are needed to reduce solar facade costs.

Our study fills a critical research gap, integrating investment and 
finance considerations into the discussions on solar facades. Neverthe
less, the analysis has several limitations. First, we do not apply the extra 
cost approach [49] – commonly applied in facade PV. Instead, we apply 
the full cost approach, which has some limitations. Our approach dis
regards the fact that facade PV primarily serves as facade cladding and 
has other purposes besides electricity generation, like thermal insulation 
and aesthetics, unlike rooftop PV whose primary purpose is electricity 
generation. Second, we omit analyzing rooftop-integrated PV systems, 
which besides electricity generation also have an aesthetic value. We 
consciously omitted analyzing this PV type because of the time and 
attention constraints in interviews. Apart from this, such systems are not 
installed as frequently as non-integrated rooftop PV. Third, we apply 
monetary units per kW instead of square meters, a more common metric 
in building design. Fourth, by focusing on one case study country only, 
we omit possible nuances in solar facade investments, which a 
comparative study between multiple countries could provide.

Further research could expand our findings by assuming the extra 
cost approach as the main metric and applying this to a larger number of 
buildings. Also, an analysis of other markets besides Switzerland would 
provide more context, since the framework conditions are very different, 
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for instance, in neighboring Germany, Italy, France and Austria. Besides 
considering these countries, an analysis of the various types of solar PV 
technologies in the context of investment costs and risks – such as 
mountain PV, floating PV, and agricultural PV – would provide a deeper 
perspective on the role of PV in future decarbonization. Pursuing these 
research directions could shed light on how investment structures and 
risk perceptions can better align with solar facade deployment, ulti
mately bridging the gap between their potential and widespread 
adoption.
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