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What is IEA PVPS TCP?

The International Energy Agency (IEA), founded in 1974, is an autonomous body within the framework of the Organization
for Economic Cooperation and Development (OECD). The Technology Collaboration Programme (TCP) was created with
a belief that the future of energy security and sustainability starts with global collaboration. The programme is made up of
6.000 experts across government, academia, and industry dedicated to advancing common research and the application
of specific energy technologies.

The IEA Photovoltaic Power Systems Programme (IEA PVPS) is one of the TCP’s within the IEA and was established in
1998. The mission of the programme is to “enhance the international collaborative efforts which facilitate the role of
photovoltaic solar energy as a cornerstone in the transition to sustainable energy systems.” In order to achieve this, the
Programme’s participants have undertaken a variety of joint research projects in PV power systems applications. The
overall programme is headed by an Executive Committee, comprised of one delegate from each country or organisation
member, which designates distinct ‘Tasks,” that may be research projects or activity areas.

The IEA PVPS participating countries are Australia, Austria, Belgium, Canada, Chile, China, Denmark, Finland, France,
Germany, Israel, ltaly, Japan, Korea, Malaysia, Mexico, Morocco, the Netherlands, Norway, Portugal, South Africa, Spain,
Sweden, Switzerland, Thailand, Turkey, and the United States of America. The European Commission, Solar Power
Europe, the Smart Electric Power Alliance (SEPA), the Solar Energy Industries Association and the Cop- per Alliance are
also members.

Visit us at: www.iea-pvps.org

What is IEA PVPS Task 15?

Building-integrated PV (BIPV) is seen as one of the five major tracks for large market penetration of PV, besides price
decrease, efficiency improvement, lifespan, and electricity storage. IEA PVPS Task 15 is an international collaboration to
create an enabling framework and to accelerate the penetration of BIPV products in the global market of renewables and
building envelope components, resulting in an equal playing field for BIPV products, Building-Applied PV (BAPV) products
and regular building envelope components, respecting mandatory, aesthetic, reliability and financial issues.

To reach this objective, an approach based on five key developments has been developed, focused on growth from
prototypes to large-scale producible and applicable products. The key developments are dissemination, business
modelling, regulatory issues, environmental aspects, and research and development sites.

This Task contributes to the ambition of realizing zero energy buildings and built environments. The scope of this Task
covers new and existing buildings, different PV technologies, different applications, as well as scale difference from single-
family dwellings to large-scale BIPV application in offices and utility buildings.

Michiel Ritzen (operating agent IEA PVPS Task 15 Phase 1)

June 2020
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EXECUTIVE SUMMARY

Over recent years, continuous price decreases of PV system components and technological
improvements, leading to better efficiency and reliability, contributed to reinforce the
attractiveness of this technology [1]. This is a trend that also benefitted building-integrated
photovoltaic (BIPV) systems, which have become more affordable [2]. In addition, it appears
that the sector is dynamic and able to gain traction, as the significant number of competitors
on the market tends to demonstrate [3] [4]. Nevertheless, in spite of this multiplicity of existing
integrated PV products and the apparent market opportunities, deployment of BIPV solutions
remains limited. Among the explanatory factors for this observation, one can cite the lack of
appropriate business models or, at least, the lack of business models with a clear value
proposition for BIPV systems.

Possible drivers for BIPV system installation are crucial in order to define a value proposition
that is as efficient as possible, as well as a business model. To refine the understanding of
these drivers, the first chapter of this report explores these aspects in depth in section 2. The
value of BIPV is not purely the economic value from electricity generation; it can also be
connected to contributing to the local transition of the energy system, locally produced
electricity, sustainability and marketing. The value of BIPV can be leveraged by companies
willing to highlight a vision or mission that reaches beyond profit-oriented goals. Also, as a
building component, BIPV can provide the same or better building functionalities as other
building materials and help at the same time to meet legal requirements in terms of energy
performance of buildings. Finally, the ability of BIPV solutions to improve real estate value is
evoked as well, increasing the attractiveness of such investments, provided that the involved
stakeholders can take advantage of this value.

Different stakeholders involved in the business models are highlighted. They constitute the
focus of section 3, in which they are characterized by their specific interests and role in BIPV
projects, to guarantee the efficiency of the designed business models.

In the following section, the framework used to conduct the analysis and frame the discussion
on business models is presented. It is directly followed by the main section of the report, where
examples of business models related to different building typologies and central stakeholders,
i.e. product or service providers, are presented. The first examples are based on projects for
residential buildings, while the second is based on a product for commercial buildings and the
third is a service for commercial buildings. Each example is followed by discussions regarding
key values and stakeholders, the main touchpoints of the business model as well as the pitfalls
to avoid. Remaining challenges to the implementation of such business models are also listed.
This section demonstrates that BIPV business models, with various degrees of innovation, can
be designed, even if implementation remains to be tested for some of them. Specific business
models can be developed with the help of, or with ideas from, the generic versions in this
report.

Ultimately, the purpose of this report is to provide a guide for design and application of business
models to be used by stakeholders involved in the design process, for example existing and
new businesses in the energy and construction sectors or housing and real estate companies.
The guide aims at helping by highlighting the critical points of attention, allowing stakeholders
to ask the relevant questions, but also by providing some ideas and answers on business
model design and on how to maximize value creation and recognition. Some technical aspects
are included but they are not the focus of this report.
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1 INTRODUCTION

This report, which has been developed within IEA PVPS Task 15 Subtask B, aims at providing
elements to tackle the lack of business models with a clear value proposition for BIPV systems,
for example, by helping all interested stakeholders in designing profitable business models for
various applications of BIPV, in different situations. To do so, it is first crucial to understand
that BIPV solutions, as construction materials, are — or can be — included in business models
that differ greatly from those applicable to building-applied PV (BAPV) systems. Then, a clear
understanding of values linked to BIPV solutions is necessary, completed by a vision of how
these values can be quantified, if possible, and captured by the involved stakeholders. In
previous work of Subtask B, ten BIPV case studies were collected and analysed. The results
showed added value other than electricity generation as a drive behind installations. Examples
include aesthetics, BIPV contributing to an environmental sustainability profile, and
multifunctionalities of BIPV. Results showed a difficulty in fully assessing the added value
linked to the passive characteristics of BIPV systems, i.e. linked to functionalities of building
components. It also demonstrated that it is even more challenging to quantify and capture the
values through an appropriate business model. The difficulty to fully assess the BIPV added
value can be caused by a misperception of the risk associated with BIPV and lack of knowledge
of the involved stakeholders, from investors to occupants and property managers [5].

To stimulate the development of these BIPV applications, attractive business models, with an
ensured added value for all stakeholders, are required. As a business model is a way to
describe how value can be created for the customer together with economic sustainability for
the company delivering the product or service, some elements first need to be analysed. First,
values linked to BIPV are discussed. These are key elements of business models, and can be
of many types, as demonstrated in the following section. They vary according to the function
of the stakeholder considered, and so does the possibility to quantify them, which directly
impacts the ability to include them in business models. Moreover, the stakeholders to be
potentially involved are also inventoried, and their interest and role in BIPV business models
identified. These analyses allow discussion of the potential business models to be created, in
order to develop attractive business cases and promote BIPV development. These are
presented in section 5 of this report, using a well-established business tool.
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2 ADDED VALUE WITH BIPV

The company values can be expressed in a vision or a mission and these values go beyond
the economic goals of a company, for example a vision to create a fossil-free business. The
framework used for business model development in this report is based on values.

A core question affecting decisions for an increased implementation of BIPV is: Which added
values do the different features of a BIPV system potentially have and how do different
stakeholders perceive them? The purpose of this chapter is to shed light on the major values
of BIPV systems and to discuss their role for actual valuation.

It is worth pointing out that the value of a BIPV system strongly depends on the actor
considered. The investor, who takes the decision of whether to apply a BIPV system or not,
has of course the highest interest among all stakeholders in identifying the values created.
Nevertheless, the investor acts in a context where knowledge exchange, e.g. through
consultation processes with architects, technical planners, installers and manufacturers, may
affect investment decisions. Thus, the values discussed here are of relevance for all groups
involved in the decision-making process and ultimately in the system establishment. This is
also reflected in the subsequent chapter on business models for different stakeholders and
building segments.

2.1 Values specific for BIPV

A major feature of BIPV is its multi-functionality, which results in a range of potential value
perceptions and assessments. Specifically, BIPV systems:

e Provide building functionalities by replacing other building elements or materials

o Produce electricity with improved architectural design as compared to building-applied PV
(BAPV)

e Result in marketing aspects and an attractive living or office place.

2.1.1 Values relating to building functionalities

As shown in a previous IEA PVPS Task 15 report [1], profitability of BIPV systems is already
given in specific cases, in particular due to the replacement of alternative construction
elements. BIPV systems can take over a range of building functionalities which would
otherwise need to be provided by conventional building components. If BIPV results in
improved functionalities compared to conventional material, an additional value is provided.
These functionalities primarily relate to the resistance, safety and stability of the building, its
water and air tightness, noise protection, shading, insulation, daylight and comfort. An example
of added value is that solar energy transmittance (g value) and thermal transmittance (U value)
are reduced in the case of semi-transparent PV glazing compared to standard glazing, thereby
lowering the need for heating in winter and cooling in summer [6] [7] [8]. At the same time, it
also has an impact on the daylight factor, that must be taken into account when designing
semi-transparent PV and lighting systems. In addition, privacy can be mentioned as a function,
for instance in the case of balconies where BIPV elements can serve as view protection as
well as serving as fall protection.

BIPV underlies potential challenges such as safety (e.g. fire risk, wiring) that do not apply to
the same extent to the conventional alternative. Therefore, standardisation and certification
are crucial elements to facilitate the use of BIPV as a replacement of conventional building
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components. A deeper analysis on building functionalities and BIPV system requirements and
standardisation is presented in the IEA PVPS Task 15 reports on user needs for BIPV and
BIPV functions [8] as well as on standardisation [9].

2.1.2 The aesthetic value — improved design with BIPV

The aesthetic value in combination with marketing value is recognised as a driving factor
behind BIPV installations today [1]. BIPV provides a broad range of design options, since BIPV
products with a variety of colours and sizes are available and under further development [10].
BIPV products are compatible with existing building components and processes in the
construction industry. Aesthetics may materialize in two fundamentally different ways. Either
BIPV is explicitly made visible in order to highlight its presence or it is visually integrated to an
extent that it may not be recognizable anymore. Both features have their value, depending on
the specific user needs. Depending on the specific case, one or the other may be favoured in
order to harvest, e.g., an increased reputational impact. In the case of complete visual
integration, it may for example be more difficult to leverage in the corporate communication.

BIPV gives an even better opportunity to introduce solar cells into the building from the
beginning. The possibility of adjustments in colour and shape can facilitate acceptance, in
comparison to BAPV, which can be perceived as not meeting aesthetic expectations. The PV
function becomes an added value of BIPV to the building and design, especially if the starting
point is no solar cells.

Improvements in aesthetic integration are often due to the visual adaptability and flexibility of
specific products or PV technologies, a feature that is demanded of BIPV manufacturers. A
transition is expected from customized BIPV products to commodity products for the building
skin [11]. The development towards commodity products may be focused on different
attachment systems and methods for manufacturing the products, not necessarily that they will
have the same size or colour as other parts of the building skin, at least not when it comes to
facade solutions.

It is also worth highlighting that facades are significantly more important in terms of design and
image than roofs. Therefore, the higher aesthetic value of facades gives an advantage to BIPV,
compared to BAPV.

2.1.3 Energy performance regulations

It has been emphasized that the future main driving factor for the BIPV market will be taken
over by energy performance regulations, such as the European Directive [12], when BIPV
products go from being visible and supporting an image to becoming invisible and regular
building components [11]. In Europe, this is in line with the European Strategic Energy
Technology (SET) Plan, which recognises that “Building-integrated PV offers huge potential to
exploit roofs and facades as a local energy source, also enabling the electrification of heating
and cooling, and transport.” [13] and foresees “mass realisation of ‘(near) Zero Energy
Buildings’ by Building-Integrated PV (BIPV)” being enabled [14]. BIPV will have a benefit when
BAPV or energy efficiency alone are no longer enough to cost-efficiently meet energy-related
requirements. This may be the case when BAPV is not in line with the design requirements of
the owner or when roof surface areas are not large enough or not available for PV.

BIPV is better adapted to utilize larger parts of the surfaces of a building, compared to BAPV
using standard module sizes. Even if BIPV is less efficient per unit area, a larger area can be
covered, resulting in a higher electricity yield in total.

10
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2.1.4 Land use

Local PV electricity generation on buildings has the advantage of not exploiting new land,
which is a benefit from an environmental point of view. Assuming a yearly energy yield of 1
000 kWh/kWp for a PV plant, this corresponds to a module area of 5.6-5.9 km2 per TWh, with
a module efficiency of 17-18%. Besides the energy yield at the location and the PV module
efficiency, the land area needed for ground-mounted PV plants also depends on the design
and technology used for the PV system. A study in the US gave the result of 11-22 km2 land
area per TWh, depending on the technology used [15]. This can be compared with PV on
buildings where no new land is exploited. In this context, BIPV has a clear advantage over
BAPV as a larger surface area of the building can be used for electricity production in cities or
areas lacking suitable land areas for ground-mounted PV plants.

2.2 Values common to BIPV and BAPV

Added values, such as locally produced renewable energy, are common to BIPV and BAPV.
These values do not provide a specific benefit for BIPV compared to BAPV, but they contribute
to the evaluation of the profitability of BIPV and should therefore be mentioned. These values
include:

e Environment and resource efficiency, contributing to energy system transition and
mitigation of climate change

e Economic value
o Savings and proceeds from electricity generation
o Possibly higher property value and increased income from rents

e Generation of renewable electricity on site, thereby reducing distribution losses in the
electricity grid, without exploiting new land

¢ A feeling of more independence from the electricity grid, e.g. “cut the wires” campaign in
Spain [16]

e A greater insight into the energy demand / energy production balance at the building level,
hence the possibility to encourage a prosumer attitude

e Contribution to grid services, either utility grid or micro-grid, e.g. supply of reactive power
e Services by smart hybrid inverters are becoming more multifunctional

o Management of PV and batteries

o Solutions of power-to-heat and smart homes

o Coupling with e-mobility and demand side management

2.2.1 Economic values relating to renewable electricity generation

In Bullier's analysis of green value [2], energy was the most important criterion for several
market value components, not only due to the cost of energy. Self-consumed PV electricity will
reduce the electricity bill, so it can be valued in a similar way to energy efficiency measures for
the property owner. The value of energy is supported by diverse studies focusing on the
valuation of energy efficiency in the building sector. For instance, Eichholtz et al. [5] found that
office buildings with environmental or energy-related certification generate economic
premiums, and that among green buildings, increased energy efficiency is fully capitalized into
rents and asset values. At the same time, an increasing supply of green buildings may reduce

11
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their relative premium on rent and asset value if the demand for green buildings does not follow
the supply [3].

The most obvious monetary value of BIPV and BAPV installations refers to electricity
generation. Locally produced renewable energy can be delivered by both BIPV and BAPV. If
the electricity generation is the only required value, then BAPV may be the obvious choice.
However, if other values such as aesthetics are of importance, then BIPV can be the preferred
solution.

BIPV can generate value by replacing conventional materials and, possibly, by improving one
or more building functionalities, making alternative investment to meet energy performance
requirements unnecessary. As opposed to BAPV, the electricity value is not necessarily the
most important consideration in investment decisions for BIPV. For example, marketing could
be a major driving factor today. If the value of electricity generation is easy to quantify, the
usual PV approach for calculation of LCOE (levelized cost of electricity) allows the profitability
to be assessed from self-consumption or sale of the produced electricity on a kWh basis. If the
PV electricity is used to replace electricity from the public grid, the value of this self-consumed
PV electricity corresponds to the cost for purchasing electricity, minus fees that may apply to
the self-consumption, or with a bonus for tax exemption for avoiding use of the grid (the case
in France for direct self-consumption of small generators). If all or part of the PV electricity is
fed into the grid, the PV electricity value corresponds to e.g. the spot price or feed-in tariff. The
value of self-consumed electricity and electricity fed into the grid can be very different from
country to country. The key to the highest value in the long term is to maximize the share of
self-consumed electricity since its value is generally much higher than the market value of
excess electricity fed into the grid, sometimes even when financial incentives such as feed-in
tariffs are given. This trend might be strengthened if subsidies are gradually taken away and
net-metering or net-billing schemes are no longer supported.

When electricity is produced at the same location as it is consumed, the distribution losses in
the electric grid are reduced. Maximum reduction of losses can be obtained with generation
located close to consumption. This is of value for the grid operator and could possibly be
monetized by the PV owner. For example, the electricity losses in the distribution network
varied between ~1% and ~9% in year 2015 in a survey including 24 European countries, with
an average of close to 4% [17].

In addition, locally produced electricity may have an additional value due to potential on-site
marketing. This includes charging stations for electric vehicles. In the future, marketing options
are also expected to go beyond the property boundaries, at least in Europe, based on the
currently developed set of European regulations and directives. Such cases potentially lead to
strongly different proceeds as compared to feeding the electricity into the public grid or using
the electricity on-site for other purposes. Energy generation can thus go hand in hand with
different products and services such as the delivery of locally produced electricity to inhabitants
and broader consumer groups. In order to make this possible, it may be necessary to change
laws regarding trade of electricity.

2.2.2 Property value

When solar electricity self-consumption reduces the need for purchased electricity, the future
operation cost of a building is reduced, since the electricity bill is reduced. Three interviews
were conducted with the Swedish property owners Klévern, Vasakronan and Orebrobostader,
which own and deal with properties. They each have a property stock valued at 2-13 billion
Euro and all have a common view of how property value is affected when making an
investment that results in a lower operation cost. Here is an example presented by
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Vasakronan, also published in Dagens Industri, the largest business newspaper in the Nordic
countries [18]. The impact on the property value is estimated as:

Added property value = Reduced yearly running costs / Expected return on PV investment (%)

¢ Investment for a PV system (50 kWp) 60 000 EUR (1 200 Euro/kWp)
e Annual net savings on electricity bill 4 500 EUR

e Expected return on PV investment 5%

e Added property value 90 000 EUR (4 500 /0.05)

Hence, the added property value is 30 000 EUR higher than the investment, and it can
therefore be considered directly profitable for the company.

The annual savings on the electricity bill are based on the assumptions of a specific energy
yield of 900 kWh/kWp, 100% self-consumption that can be appropriate in larger buildings with
daytime activities and an added net value of running electricity cost of 0.1 Euro/kWh, including
the cost of ownership associated with a PV system.

The expected return on the investment in a property varies between buildings and locations.
In attractive city centres, a lower expected return on investment can be used than at the
outskirts of a city. Figures from Sweden of 2.5-3% (city centre of Stockholm) to 5-6.5% (other
parts of Stockholm and in the city Orebro) were mentioned as expected return on investments.

The increased property value is realized when the property is sold. For a company actively
selling property, and with no lack of capital, such an investment is directly profitable. Other
types of property owners, not dealing with properties, do not have the same possibilities to
utilize a higher property value due to selling of the building. However, the decreased running
costs may, in addition to a potentially increased attractiveness of the building, allow higher
rents to be demanded. Another benefit from a higher property value could be lowered capital
costs, using the properties as security [19]. As the capital costs of the property have increased
due to the additional cost of PV, the extra cost of financing could be compensated with a lower
interest rate for loans. Even if the property owners are not dealing with properties, they can
still benefit from a lowered capital cost.

Meeting future energy standards for buildings may also be valued quantitatively in terms of
decreased risk premiums and lower anticipated maintenance or retrofitting costs. Energy
efficiency gains can reduce the need for heating/cooling and/or lighting [6] [7].

Nevertheless, an increased property value might be less easy to capture if the building owner
sources income from rents. Indeed, if the investor or owner does not occupy the building,
benefitting from reduced operating costs, directly or indirectly, might be difficult, especially as
many regulations still do not allow the sharing of PV electricity production. This non-alignment
of incentives is a key issue. The triangle "property owner - property manager - property
occupant" (quite typical in the case of office buildings) is sometimes difficult to manage, with
contradictory objectives. If the building owner allows the tenant to benefit from electricity
savings, the owner will need to increase the rent as it would be the only way to recover his
investment. Assuming that, globally, operating costs including electricity bills and the rent
would not vary for the tenant or would slightly decrease, this might work and be a win-win
situation. However, the administrative and legal burden might be so heavy for non-experts that
it would discourage the involved stakeholders.

A price premium analysis of solar homes was carried out in the USA. In total, 22 822
transactions of homes, of which 3 951 had host-owned PV systems, were investigated in eight
states during the years 2002—-2013. The average premium that a buyer was willing to pay was

13



1
.
Task 15 Enabling Framework for the Development of BIPV — Development of BIPV Business Cases “
TTue

approximately $4 per Wp or $15 000 for an average-sized 3.6 kWp PV system [20]. The price
premium could also be calculated with the method used earlier in this chapter for added
property, where specific energy yield, running cost of electricity and expected return on PV
investment, which in turn is affected by the attractiveness of the location, affect the expected
price premium. In an article in a Swedish business newspaper, it was stated that PV could
raise the selling price of residential homes, according to interviewed brokers [21].

It is stated in Bullier et al. [2] that environmentally performing buildings are better valued on
the real estate market. A study in the United States showed that commercial buildings with
environmental labelling tend to have higher rents, occupancy rates and higher resale value
than non-certified offices, all other things being equal [2].

2.2.3 Environmental and resource efficiency

The generation of renewable energy contributes to mitigating climate change and is a value
for both BIPV and BAPYV that also relates to the Sustainable Development Goals adopted by
the UN [22], for example affordable and clean energy. As the BIPV market phase is still with
early adopters, the environmental sustainability and marketing values are common drivers for
BIPV installations [1].

A predominant value of PV, according to stakeholders, is to reduce the world’s dependence
on fossil fuels and thus mitigate climate change. This is acknowledged by individuals and
organizations as an emotional value and drive [1]. BIPV systems can thus display the
environmental commitment of a company to the public and thereby enhance its reputation. In
this context, a PV installation has the potential to bring a certain green status to the buildings
and their stakeholders. The green status of a building can attract customers willing to pay for
this, allowing the building owner to increase the rent. Potential customers would be companies
with a sustainability profile [5] [1].

Environmental sustainability is not only about renewable electricity generation. Besides land
conservation, when BIPV replaces other building materials, a life cycle analysis (LCA) may
inform about the comparative material consumption, and environmental manufacturing and
transportation impacts regarding, e.g. CO2 emissions. Since the CO2 emissions are zero
during the operation of a PV system, the energy mix during manufacturing plays a crucial role
on the emissions, in addition to the emissions related to the choice of solar technology, which
affect the energy payback time. Comparative environmental assessment of a BIPV system
compared to a BAPV one in the same location has shown that BIPV has less negative impact,
thanks to its unique ability to replace conventional building components, in addition to energy
generation [1]. Nevertheless, a more in-depth analysis will have to be conducted to evaluate
the environmental footprint of BIPV and whether it can constitute a competitive advantage.
This is investigated in the framework of initiatives such as IEA PVPS Task 15 Subtask D or the
Horizon 2020 project, BIPVBOOST.

As discussed in the previous report from IEA PVPS Task 15 Subtask B [1], the aesthetics as
well as the green status and potentially resulting market value can be expected to be higher
for BIPV than for BAPV. Indeed, the green status was ranked higher than electricity revenue
as the major factor for the installation of BIPV systems from years 2010-2016 in six out of ten
case studies analysed in that report. However, if broken down to harder facts such as green
building certification (e.g. LEED, BREEAM and Passive House standards) and low net energy
demand, the marketing value becomes more apparent.
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The potential marketing value from other elements of the green status of a building such as
reputation and marketing aspects may equally play an important role for larger scale
implementation. Overall, in a broader context of sustainable buildings, their green status is not
yet sufficiently acknowledged quantitatively by the market, as building valuers and financial
experts tend to take a proven perspective rather than anticipating future trends and
environmental values [2] [4].

2.3 Conclusions on values

Until now, for most investors of BIPV systems, the marketing value has been a major reason
for corresponding investments. BIPV in many cases has a “showcase” function, including a
marketing value that is not primarily based on direct profitability of the electricity generation.
However, as the BIPV market will expand, it is reasonable to assume that more easily
quantifiable aspects will become more important. This includes, for example, compliance with
energy regulations for buildings.

In the future, BIPV should be considered as a building component challenging conventional
building envelope solutions, offering the same functionality and, as an added value, producing
energy, which results in lower operation cost and higher property value for the building.

In particular, changing regulatory conditions may foster BIPV market development. From the
perspective of regulation as a driver, tightening energy requirements for buildings may be an
important trigger for BIPV when BAPV alone is not sufficient to meet coming energy regulations
and requirements. This may occur when the available roof surface is limited or when energy
efficiency of the building has reached a plateau and cannot be further improved in a cost-
effective way.

In economic evaluations such as LCOE, the investment cost in BIPV should be based on the
additional cost for BIPV compared to avoided costs such as for:

Alternative building elements, including installation cost,
Alternative measures to meet energy performance requirements,
Energy, due to energy efficiency gains,

BAPV not in line with the design requirements of the owner.

BIPV is valued very differently by different actors. Pure economic valuation is hard to achieve
and is not necessarily required when “soft” values such as reputation linked to the “green
status” dominate. Some actors such as building valuers and financial experts do not broadly
take environmental values into account but valuation by stakeholders is progressing.

A summary of potential BIPV values, examples of customers and applications is given in the
table below.
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Table 1: BIPV — a combination of values

Value

requirement

Potential customer

Aesthetics — high

Private persons
Companies
Politicians

~»

'

Potential application
Single-family full roof

Office and
facades

commercial

Public facades

Green status —

Private persons

Single-family full roof

Environmental Companies Office and  commercial
comm_ltment, Politicians facades
sustainable goals Public facades
Marketing value, in | Companies Facades
connection to green Solar shading
status
Balconies
Entrances

Atrium seen from inside
Carports

Fences

Art installations

Building
regulations -
facades if roof not
sufficient

Building developers

Office facades
Public building facades

Multi-family full roof/facade
Single-family full roof

Property value —
Energy savings,

building label
certification

Property owner, building developers

Electricity
generation

Building developers

Already expensive facades
Already expensive roofs
Solar shading

Privacy balconies

‘=
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2.4 Discussion on values

Due to the multi-functionality of BIPV, the capital expenditures used in the analysis of its
economic profitability are not as clear as for BAPV. A possible approach to deal with this is to
assess profitability based on the additional cost of the BIPV system as compared to the
alternative, conventional building envelope solution. For instance, if the alternative is a glass
facade without PV, the investment cost used should be the cost difference between the BIPV
facade and the glass facade. This additional investment can then be evaluated as a separate
project to be assessed. On this basis, standard PV investment indicators such as the levelized
cost of electricity (LCOE), payback time, net present value or internal rate of return (IRR) can
be undertaken.

The European SET plan set as a target to “develop BIPV elements, which at least include
thermal insulation and water protection, to entirely replace roofs or facades and reduce their
additional cost by 50% by 2020, and by 75% by 2030 compared to 2015 levels, including with
flexibility in the production process” [14]. The suggested approach can be pushed even further
by including more values in the calculation, as suggested in Table 2. The net investment cost
is then used as the basis for LCOE calculations and other indicators. In addition, the impact of
the BIPV system on the property value is discussed in section 2.2.2.

Table 2 Extended approach to calculate the net investment of a BIPV system

Budget component How hard to Potential
quantify ? impact on net
investment?
+ Total investment for BIPV system Easy High
- Investmgnt 'subsidies (if any) o Easy High
— Alternative investment for standard building
functionality Medium High
— Value of improved building functionality (if any) Medium Medium
— Alternative investment to meet energy performance _ _
— Value of improved image and marketing Hard Low — High

A price comparison between BIPV roofs and facades on one hand and regular building
materials on the other was conducted within the BIPVBOOST project and showed that, as a
construction material or a building envelope solution, BIPV can hardly compete on a pure cost
basis with regular building components. Nevertheless, when evaluating the net present value
of BIPV projects, focusing on the additional cost mentioned here above, economic
attractiveness was demonstrated in multiple countries under various business models [23].

When evaluating the competitiveness of BIPV, revenue from electricity play a central role.
However, the electricity valuation requires assumptions which are subject to high uncertainties.
These uncertainties concern the development of electricity prices over a long period of time or
the availability of subsidies. Whereas available subsidies may be known for a project that is
close to realization, they can hardly be anticipated for the future. In addition, the future
development of electricity prices and subsidies strongly depends on the national or even sub-
national context. Therefore, no quantitative data on the economics of the electricity value of
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BIPV systems is used in this report. Specific business cases in different countries were
presented in the previous report from this subtask [1].

The value of electricity generation can also be assessed in the context of regulatory
frameworks, e.g. the shift towards nearly zero energy buildings (nZEB) required by the recently
amended EU Energy Performance of Buildings Directive (EU 2018/844) [13] that will come
into force for all new buildings in 2021. In addition, we see the establishment of ZEB policies
and goals in the USA, Japan and Korea [24]. Such regulatory requirements are anticipated to
be one of the most important driving forces for future implementation of local electricity
generation units [11]. Furthermore, they represent a major opportunity for the building sector
and PV sector to work together. If new building requirements on energy cannot be achieved
with BAPV because of limited available roof area, for instance for multi-storey buildings, this
can naturally lead to the use of BIPV facades. Regulatory pressure thus has the potential to
be a strong driver of the BIPV market.

However, in its current state, the nZEB regulation in EU is not always restrictive enough to
really trigger a BIPV market. In some countries, the directive has been implemented in national
regulation with limited ambition. In others, it will simply not make any difference as rules have
already been implemented for some years, with limited impact on BIPV development, if any.
In addition, to comply with nZEB, investing in energy efficiency measures is more competitive,
from a purely economic point of view, than investing in on-site renewable energy generation
such as PV.

In France, for example, the energy performance in the building regulation “RT 2012 limits the
allowed energy consumption of new buildings to 50 kWhpe/m?, where PE stands for primary
energy. In France, the factor is 2.58 between primary and final energy consumption: 1 kWh in
final energy equals 2.58 kWh in primary energy for the 5 main types of usage (heating,
domestic hot water, ventilation, cooling, and lighting) [20]. It is regulated according to the type
of building, the location and the altitude, among other parameters. The current French
regulation aims first at improving the energy performance of a building envelope, hence
decreasing its energy needs. The production of energy on site comes second and is valued by
an extra allowed annual consumption of 12 kWhpg/m2. The purpose is to avoid energy-
inefficient building envelopes and HVAC systems being compensated by large PV installation.
A new regulation will become effective in France by 2020, called E+/C-, which is quite
innovative. It is a holistic approach incentivising resource efficiency and limiting the
environmental impact of building envelope solutions. This regulation is aiming at increasing
energy efficiency (E+) and reducing embedded and emitted (C-) carbon. The idea is to
consider the global environmental impact of a building, not only during its operation phase but
also during its production phase and end of life. Although the building sector is the second-
largest contributor to CO2 emissions in the world, until now the carbon footprint of buildings
has not been a major point of attention. Indeed, regulation has focused on the use phase,
which is less emissive compared to the construction phase, for example due to the choice of
materials such as concrete, steel and glass, where manufacturing and transport have a
significant environmental impact. Following this new regulation, the life cycle analysis of
buildings will be assessed considering a period of 50 years and the following life cycle steps:

e Product and equipment manufacturing

e Energy consumption
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¢ Construction work

e Water consumption

There are pros and cons for BIPV within this approach. It will be considered positively regarding
the service to the local energy balance. However, in some cases, the LCA of BIPV components
will probably be higher than the LCA of standard building envelope elements, in spite of
electricity generation. For instance, if your compare a traditional ventilated facade with a BIPV
ventilated facade, you will have the impact of the PV cells in addition to the impact of the
regular materials.

(w

19



- :"\
Task 15 Enabling Framework for the Development of BIPV — Development of BIPV Business Cases “

3 STAKEHOLDERS

In the previous report from subtask B [1], the large number of stakeholders was described, and
the stakeholders were categorized in the stakeholder map shown below in Figure 1

Solar
(BI)PV

Ingot & wafer
suppliers
Manufacturer of
BIPV Mounting system
Raw material o product manufacturer
suppliers (silicon Monitoring *t [eve/ N
COpper,...) manufacturer akef)o

Real estate
developer

£ real estats

Facility
: Qfe management
PV cells BIPV installer 5
manufacturer g =

Research & e (.Jener.al &\ suppliers
development Syste A i

P YSLEN Fagade/roof i (steel,
operator builder

Raw material

Inverter
manufacturer,

Leasing Owner/user
company of the BIPV
system Distribution System

Operator

Electrician

Utility
e company
regulator : Cabling

company
manufacturer

. Cectfication ¥
National Grid &
COMPany e
regulator electricity,

EU regulator

S

Regulation
: ! Source: Becquerel Institute, 2018

Figure 1: "BIPV stakeholders map: from production to operations™ [1]

Stakeholders described as 1% level stakeholders around the end-customer of the BIPV system
are the primary stakeholders, i.e. those who can have a direct impact on the business model
applied to the BIPV system. This impact can take various forms. For example, BIPV installers
and actors from the construction sector can directly influence the cost of installation of the
system, while the banker or the leasing company impact the financing conditions of the system.

20
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In addition, these 1% level stakeholders are often the stakeholders with an understanding of
the customers’ challenges, motivation and benefits when purchasing and installing a BIPV
system. Their interest and motivation with regard to BIPV can vary. Some of the stakeholders
are not directly involved in the selling process of a BIPV system, others have the option to
supply alternative solutions not involving BIPV while some are offering a product/service that
could be offered in combination with any building component.

The stakeholder creating a new business model must identify the customer needs and
understand the driving forces for the other stakeholders around the customer. For some of the
1%t level stakeholders, the value linked to a new business model is perceived to be low while
for others it can potentially be high. The stakeholders who have the highest interest in creating
a new business model are naturally the companies having BIPV systems as part of their core
business, no matter whether they offer products, services, or both.

Beside the most important stakeholders, there are the 2™ level stakeholders. They are typically
stakeholders who can have an indirect impact on the business model applied to the BIPV
system. For example, they can have an ongoing business in an adjacent market segment, and
BIPV will be a niche product until there is a stronger pull for solutions from the customers. All
these stakeholders are important to involve in order to achieve the full potential of BIPV
systems and maximize the effectiveness of business models applied to them.

In

Figure 2, each 1 level stakeholder has been characterized in relation to the interest in creating
a new business model and their influence in relation to the final BIPV customer.

In general, the stakeholder with the highest financial interest in creating a business model is
the one benefitting directly from it. This is typically the stakeholder who has a business that
depends on success in the BIPV sector, like the BIPV producers and specialized suppliers.
The stakeholders with medium interest are typically stakeholders who only have a few BIPV
projects per year and see this as a niche market. The stakeholders categorized with low
interest are typically stakeholders who are rarely in contact with the BIPV industry and barely
dependent of the income coming from this field of activity.

21
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P

POTENTIAL
INFLUENCE

a

HIGH

MEDIUM}

Low

> POTENTIAL

LOW MEDIUM HIGH INTEREST
Figure 2: BIPV 1% level stakeholder mapping in relation to potential interest in a new
business model

The stakeholder with the highest interest and high influence in creating a new business model
is the landlord/owner. Without a sound business model for the landlord/owner, the realization
of a BIPV project will be difficult. Next to the landlord/owner is the BIPV industry and BIPV
specialized companies which only supply BIPV systems.

In Table 3, each 1% level stakeholder’s interest and influence are briefly described in relation
to the creation of a new BIPV business model.

Table 3: "Stakeholder influence/interest"

Stakeholder Influence/Interest

The landlords or owners of the BIPV plant are the most important
Landlord/owner stakeholders in terms of influence and interest. They will be the final
decision-makers and must be convinced that a BIPV system is the
best solution for their building when looking at both financial, public
relations and environmental values.

BIPV industry actors are the main stakeholders in the value chain
and have a high interest in creating new business models. They
BIPV Industry need to have an attractive business model to accompany their
) . product and reinforce its attractiveness, and will have to convince
(integrator/installer) | poth the landlord/owner and his consultants that BIPV is a good
solution for their project. A strong connection between these
stakeholders is of high importance.

The solar companies typically have a high interest in offering a
BIPV system or PV system in general and have a high interest in
(fagade and roof | developing a business model. They are often not involved in the
builders) planning process and have less influence when decisions about the
BIPV plant is taken. The companies can offer their products or their

Solar Companies
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expertise in performance simulation, for example, to engineering
and construction experts, and see BIPV as a potential for growth.

Policy makers

The local or national policy makers have a high influence on BIPV
projects. If local urban-planning rules require aesthetic solutions,
this can be an important market driver for BIPV. Also, regulatory
adaptations required by the Energy Performance Building Directive
impose some restrictions from which BIPV might benefit. Despite
this, their interest in business models itself can be considered as
low. They can also apply tariffs and fees to (BI)PV systems, hence
threatening their profitability.

Engineering &
Construction experts

Engineering and construction experts are often involved at a later
stage in the planning of a BIPV project. If involved at an early stage,
some of the challenges to fitting a BIPV system to an existing
construction project’s characteristic could be avoided.

Construction
companies

Construction companies typically supply standard building
components fitted for each project, which have been designed and
developed by the architects or consultant. They have a low
influence on the planning and decision-making process but might
have interest in installing a BIPV plant if this is planned and can
prove to expand their customer base.

Architects

The architect has a very high influence on the decision for choosing
a BIPV system and is therefore an important stakeholder to
convince. He/she is in direct contact with the building owner and
will have a major influence on the final decision. The interest of
architects is often low if they have no experience with BIPV or have
another mindset about the building design. Instead, they often see
it as an extra constraint to creativity.

Banker/
company

Leasing

The banks and leasing companies have a low interest in BIPV
business itself. They are looking at the economic model built
around the BIPV plant and if the result looks good and the owner
has a good financial situation, these stakeholders will finance a
project. Whether it is a regular construction project or a BIPV one
has limited impact, if information is sufficient, ensuring that risk
perception is not biased, which could influence financing
conditions. Hence, their influence is important as they could
threaten the feasibility or attractiveness of the project by refusing
to finance it or requiring high interest rates.

Distribution
Operator

System

The DSO has a low influence and interest in BIPV projects. They
supply the electrical infrastructure for the project and are often
nationally regulated and only allowed to operate the grid and
conduct business that is directly related to grid operation. A BIPV
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project is not very different to a regular BAPV project from their
point of view. Considering the current regulations in Europe, their
influence is limited as they cannot refuse the connection of the
installation to the grid if it has been installed by a certified company.
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When a BIPV project is in the early stage of planning, there can be lack of information and
unanswered questions about the whole project. It is important that key BIPV stakeholders
establish a close relationship with the customer, in which exchange of information and
collaboration are ensured. These four important stakeholders are shown in Figure 3.

BIPV

Industry \

Engineering &
Construction

expert

\

Customer

Architect

Figure 3: Links needed between the most important stakeholders

When planning a new construction with BIPV, it is important that BIPV is included in the very
early stage of the planning process. To ensure that all aspects affecting the project are
covered, the four stakeholders seen in Figure 3 must be involved.

In the early stage of a building project, the customer typically discusses the BIPV ideas with
the architects, addressing shapes, colours and transparency levels. The architects involved
need to have some basic information about BIPV to advise their client in the best way and to
include BIPV in the building design. If the building design has progressed too far, it is difficult
to change it and to include BIPV. Hence, the resulting solution can be suboptimal. Involving a
BIPV engineer/expert in this process, as early as possible, will give a better outcome and any
technical issues and challenges can be addressed prior to the final planning of the building.
This expert must combine expertise in the field of construction with solar and electrical
engineering.

The earlier in the planning process all four stakeholders become involved in the project, the
better the result. It is common that the engineering and construction expert is involved at a late
stage of the project and then BIPV is often seen as a complicated additional element to include
in the building. Moreover, integration of BIPV into a building is not only a matter of the envelope
but also of the electric system, which also needs to be taken into account during the design
and installation phase. Not only the physical integration of cabling and power electronics must
be designed well (taking safety, heat generation, etc. into account) but also the voltage of the
system must be planned cleverly to optimize the need for power electronics components
(micro-inverters inverters and/or power optimizers) and the overall performance of the BIPV
installation.
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ON THE BUSINESS MODEL CANVAS

INTRODUCTION TO THE FACILITY FRAMEWORK BASED

Designing a business model implies defining how a company will create value, deliver it to its
customers and capture a share of it to generate income. For that purpose, the business model
canvas is often used as a supporting tool. The Business Model Canvas is a framework
containing all key information related to the practical application of the business model, in a
concise and readable form. Various versions exist, with slight differences between them. The
following elements are always present:

Value proposition

Partners

Distribution channels

Target customers

Cost structure

Sources of revenue

An example of a typical business model canvas is shown in Figure 4 below. This is one of the
most widely used templates. Other components may be included in the business model
depending on the idea.

Key Partners

&

Key Activities

Key Resources

‘

Walue Propositions ﬁ Custemer Relatiohships '

Channels H

Customer Segments

Cost Structure

)

Revenue Streams

Figure 4: The Business Model Canvas (Source: Strategyzer.com)

26



1
.
Task 15 Enabling Framework for the Development of BIPV — Development of BIPV Business Cases “
TTue

Defining a business model is often specific to one company and one of its products or services.
Relying on Business Model Canvas as a tool thus presents the risk of narrowing the scope and
limiting the impact of the analysis. For that reason, this report includes an adapted version of
the canvas, developed by UX Berlin as part of its Business Innovation Kit [25]. This is a values-
based version of the business model canvas and is used as a guiding framework. It is
considered more suited for innovative solutions for which values constitutive of the value
proposition have not yet been identified exactly. In addition, the most appropriate way to
communicate with customers and stakeholders is also included in such a framework, in the
“touchpoints” box. Generally, the way this framework is ordered describes the thought path
developed in the analysis and the structure of this report. The UX Berlin business model
canvas is shown in
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Figure 5 including the key questions for facilitators. The components have been structured
under four subtitles. This framework aims at helping the involved stakeholders to ask
themselves the right questions and identify necessary focus points. “Values-based” means that
what is desirable for all stakeholders is the starting point for the development of new business
models. New opportunities may arise from introducing new values to a business and new
innovative business models can result from renewal of several components in the canvas. The
Business Innovation Kit highlights that new normative orientations, such as sustainability,
family friendliness etc., create opportunities for business innovation. Possibly, this framework
will allow generic cases representative of the situation on the market to be presented.

The first step is also called “Grounding” and refers to the purpose and fundamental values of
the activity. With a common ground established, the iterative process of designing business
models can start. This is followed by “Demand”, where values are proposed to stakeholders,
also taking customer needs into consideration. The next step, “Interaction”, is about delivering
the value proposition to the customer and includes touchpoints and sources of revenue. The
last part is “Performance” and describes how value is delivered, including cost structure.

A refinement phase then follows, where different business models are created, based on the
ideas in the framework.
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5 BUSINESS MODEL CANVAS EXAMPLES

The guiding examples of BIPV business models in this section include two specific segments:
residential buildings and commercial buildings. For each building type, various cases will be
described, see Table 4.

Table 4: Business model cases

o o . Application Main stakeholder
Case # Building type Building ownership .
area considered

Case 1l Single-family housing | Owned by occupant Roof BIPV system installer
Case 2 Multi-family housing Rented by occupant Roof (Social) housing company
Case 3 Commercial building Owned by occupant Roof or Facade | BIPV product manufacturer
Case 4 Commercial building Owned by occupant Facade BIPV system installer
Case 5 Commercial building Owner or rented Facade Energy service provider

In the case of residential buildings, (social) housing for rent will be investigated. A more
classical approach will be adopted as well, considering single-family housing occupied by their
private owners. In both cases, a BIPV installer supplies the system, providing the product and
installing it. In the case of commercial buildings, two approaches are considered, whereby the
first one is quite conventional whereas the other aims to be innovative. The first case is for
manufacturers of BIPV products, i.e. modules and mounting solutions. The other encompasses
the possibility of combining services with BIPV systems.

In each case, the analysis will highlight, among other aspects:

e Which are the key values and how should they be communicated?
e Which stakeholders should be involved and collaborate?

e The potential revenue model.

o Pitfalls to avoid and remaining challenges.

5.1 Project-based business models for residential buildings

The following two business cases for residential buildings differ in two aspects: ownership (see
section 5.1.2) and building typology characteristics. Building typology characteristics link to the
key difference in housing typology related to (nearly) zero energy buildings (nZEB), i.e. the
roof surface area of multi-family buildings is simply not enough to cover the energy demand of
all households located in the building. By contrast, this aspect is a key consideration for private
homeowners to invest in a complete BIPV roof.
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5.1.1 Single-family housing in the private homeowner market

In this section, the business model addresses a BIPV solution that is supplied for privately
owned, single-family houses. Thus, the stakeholder in focus is the installer and supplier of the
BIPV system.

Single-family housing is defined to include (semi-)detached and terraced houses and BIPV is
mostly applied within the (pitched) roof surface. The key building block of the business case
for BIPV within the private homeowner market builds upon self-consumption and the
investment cost is covered by a reduction in electricity costs. Photovoltaic installations, as a
key component to reach (near) zero energy, are applied to generate electricity from a
renewable source to cover the household energy demand.

Regarding the application of BIPV products, the relatively large roof area of single-family
housing is most efficient for this purpose, in addition to the fact that the annual total irradiance
is higher than for facades, considering a similar orientation. Nevertheless, the dwellings are
still connected to the grid: a surplus of electricity is delivered to the grid and, conversely during
periods of insufficient production, the electricity supply is still ensured.

The stakeholder at the focus of this business model is the one-stop-shop company supplying

the BIPV system. Key aspects are presented in Figure 6.

Business Model /// BIPV Product for Privately Owned Single-family Housing

Values

= Renewable, local
electricity, for
direct
consumption by
homeowners
(reduced energy

Reduction of
environmental
impact in built
environment:
reduced CO,
emission and
operational
energy
consumption

costs, self-reliant)

Value Proposition

= Energy cost reduction by
local electricity
production for direct
consumption by
residents. Increased
independence from grid /
energy market.

= Integrated solution for
homeowners who face
renovation or new
construction anyway

= Aesthetics, customised
design, sustainable
identity

Touchpoints

= Awareness creation and information
distribution by: word of mouth;
exhibitions; referrals.

Stakeholders
Private homeowners who
are concerned about:

= Saving on energy bills
(nZEB)

= Facing renovation of the
roof anyway

Other beneficiaries:

= One-stop-shop company
(system integrator)

= PV suppliers

= BIPVinstaller

Distribution

Direct contact with homeowners building

upon the concept of a one-stop-shop

service provider (self-employed

contractor). Other distribution channels:

= Main contractors (sub-contracting)

= Service installation contractors (sub-
contr.)

= Architects / consultants (prescriptive)

Capabilities

= Marketing
experience;
persuading
homeowners to
adopt

=Planning
capabilities

= Design
capabilities for
BIPV system
(reflecting
mature BIPV roof
solution)

= Consultance
capabilities on
energy efficiency

= Innovative
mounting system

Partners

Building and

design partners:

= PV supplier

= (Other)
component
suppliers

= BIPV installer
(dedicated team
specialized in
installing BIPV)

Occasionally:

= Architects /
consultants

® Main contractors

Revenue Model

= BIPV sales building upon the concept of
a one-stop-shop (including consultancy,
design and engineering and installation)

Cost Structure

= Operational excellence strategy

= Cost structure: PV system cost
(technical components); design and
engineering; subcontracting for
installation of BIPV; overhead

= Economies of scale: reduction of capital
cost due to purchasing technical
components in large quantities

Figure 6: Business model for the one-stop-shop company supplying a BIPV system for
single-family housing.
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Key values

The key values of the BIPV roof solutions basically link to the one-stop-shop market approach.
The one-stop-shop solution encompasses the (aesthetic) design and engineering, planning,
production, on-site installation and commissioning of the BIPV roof. Homeowners who invest
in BIPV roofs need to invest in a complete roof structure or need to comply with strict energy
performance regulations in the case of newly built housing and have relatively high electricity
costs. This implies that the value of environmental sustainability is not economically
quantifiable although it can still be considered a key reason for private homeowners to adopt
BIPV. These rooftops are typically framed as "energy roofs” integrating a variety of solutions
for typical roof design issues, see Figure 7 and Figure 8:

e Aesthetic roof design
e Sustainable electricity generation (and management)

o Windtightening and waterproofing, including waterproof penetrations through the roof
surface (ventilation openings, chimney)

e Skylights for daylighting areas under the roof surface, in some cases
¢ Flexible connections between the roof surface and dormers, gables, gutters, and ridge

Figurﬂeu7: Examﬁie of a
stand-alone house (renovation) terraced houses (new build)

The one-stop-shop solutions within the BIPV market matches Treacy and Wiersema’s
Operational Excellence strategy (1993; 1995), in contrast to business strategies based on
vendor-customer relationships or product leadership. The strategic Operational Excellence
approach to the production and delivery of products and services aims to lead in terms of price
and hassle-free service by making operations lean and efficient.

The evaluation of a BIPV system by private homeowners includes the assessment of various
interrelated criteria including

e Avoided costs for other construction materials, e.g. roof material and PV
¢ Investment costs and valuation of electricity generation

e Hassle-free service provided by the supplying company

o Aesthetic design aspects

(w
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The first component is straightforward, as the benefit of avoiding costs during construction will
directly benefit the homeowner by reducing the initial investment costs compared to a regular
roof and additional PV installation. The second component links to the assessment of the
investment costs relative to a reduction of the electricity bill, i.e. the extent that homeowners
financially benefit from self-consumption as reflected by a reduced electricity bill. In addition,
in many countries, the government and energy companies have introduced feed-in or netting
schemes encompassing the reimbursement that private homeowners receive for the surplus
electricity delivered to the grid. This reinforces the financial attractiveness of investment in
BIPV systems.

The fourth component reflects aesthetic design issues of the BIPV roof. A variety of
standardized options can be selected. This makes it possible to increase the influence of
clients on the design.

Key stakeholders

The key beneficiary of the BIPV roof system is typically the private homeowner. Other
important actors involved in the completion of the project are the one-stop-shop company and
(BI)PV suppliers and installers. The one-stop-shop company could subcontract installation of
the BIPV system to dedicated specialist installers rather than employing tradespeople. The
role of the architect is rather limited in this business case, i.e. during the initial development of
the BIPV system, when the architectural design is established, including fixed design rules and
standards. Across projects, engineers from the one-stop-shop company or external consultant
engineers develop customized BIPV rooftop designs based on these fixed design rules and
standards.

In the case of other ownership models like financial leasing, additional stakeholders are
involved like financial institutions and insurance companies.

Potential revenue model

The one-stop-shop company share of the value generated for the stakeholders is generally
captured via direct sales of the BIPV roof solution including internalized and externalized
services. The primary source of revenue for the one-stop-shop company is the margin applied
on internalized services. Nevertheless, externalized services can be a source of revenue if a
margin is added to the cost but this depends on the competitive environment.

Pitfalls to avoid and remaining challenges

Using a one-stop-shop company brings hassle-free benefits for the customer. The
externalization of services brings benefits in terms of flexibility, but it comes with a risk, such
as limited capability to control the quality of externalized services. Also, a sufficient level of
expertise should be maintained internally to maintain a competitive advantage. This would act
as a protective barrier. Price reductions are considered a necessity to improve the
attractiveness of building-integrated photovoltaics. One way to overcome these hurdles is to
select partners carefully. Component suppliers which already have large-scale production
facilities in place and standardized solutions that are easy to mount and connect could
contribute to overcoming both the production and investment cost inertia.
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Finally, three diffusion-related issues that increase risk perception need to be resolved. The
consequence of risk perception is high customer acquisition cost for the one-stop-shop
company, which harms its business ability to make a profit. First, market awareness of
available BIPV solutions and best practice could be improved (touchpoints) by implementing
information dissemination activities. Second, due to fire safety issues' with installations that do
not follow best-practice guidelines, where poor connectors were used, homeowners have
developed a negative perception and consider BIPV technology immature in its current stage
of development. Third, uncertainty about government policy concerning the PV regulation
makes homeowners reluctant to invest in either BIPV or BAPV systems.

5.1.2 Collective self-consumption in multi-family buildings in the rental sector

Current legal developments increasingly allow for collective self-consumption within a building.
This means that the different building users consume locally produced electricity on-site.
Thereby, the use for collective installations such as elevators and lighting is expanded,
increasing the share of locally consumed electricity and allowing consumption for private
purposes (in households, in the case presented here). To this end, the generated electricity is
split between different consumers within the building. The possibility for such a model and
sharing/billing modalities depend on the national legal framework. In the EU, implementation
of corresponding national legislation is in process and partly in place already. The business
model in Figure 9 focuses on a newly built multi-family house owned by a housing company
for renting purposes. We specifically address new buildings because the offered services can
be included upfront in all rental agreements. In existing buildings such a model is equally
feasible but more demanding due to potentially partial participation by a subset of tenants and
tenants moving away.

1 Bende, E.E. and Dekker, N.J.J. (2019) Brandincidenten met fotovoltaische (PV) systemen in Nederland (Fire incidents with photovoltaic

(PV) systems in the Netherlands). Report TNO 2019 P10287, retrieved on May 20%: https://www.tno.nl/nl/over-
tno/nieuws/2019/4/tno-brengt-brandincidenten-met-zonnestroomsystemen-in-kaart/.
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Business Model for (social) housing companies new built multi-family house - rental sector

Task 15 Enabling Framework for the Development of BIPV — Development of BIPV Business Cases

Values

= Renewable,

Value Proposition

= Local renewable energy

Touchpoints

= Usual advertisement/ anouncements

Capabilities

= Experience with

Partners

= BIPV producer

local electricity * Reduced electricity for tenants etc construction and installer
provision for costs, potentiall ' « Experi ith | = i
direct P y + Social media Xperience wi Mounting
i reducing energy poverty economics structure

consumption by . = Energy bill
tenants * Personal sustainable ) ) = Contacts to producer
common usage identity * Operating costs bill technical = Possibly finance
and feed-in = Increased planners and institute

= Reduced grid independence from installers « [nsurance
electricity energy market = Marketing companies
consumption = Extended services Distribution experience = Grid operator

based on PV electricity = Experience with 3

= Improved . P = Architects

aezthetics (e.q. e-mobility) = Advertisement for new tenants electricity billing - Potentially

compared to
BAPV

= Inclusion in rental agreements

electricity utility

= Larger areas

available Stakeholders
compared to « Tenants
BAPV

= Possibly neighbours
(energy communities)

= Architects

= BIPV installer/system
supplier

= Technical planners
= Urban planners

= Possibly finance
institute

= [nsurance companies
= Electricity utility
= Grid operator (DSO)

Revenue Model Cost Structure

= Net capital costs: savings from
substituted materials

= Operating costs

= Income from electricity sale or
increased rent

Depending on housing company type

(commercial or social):

= Cost coverage in usual cost
components

= Increased rent, and/or

= Direct sale of electricity to residents
(possibly involving electricity utility and
grid operator and additional services
such as charging stations)

Figure 9: Business model for a newly built multi-family house owned by a (social)
housing company for the rental sector

Key values

The major value of such a BIPV initiative is the provision of locally generated renewable
electricity to the tenants. Such a model contributes to partial independence from the energy
markets and should result in lower electricity bills for tenants. The actual potential for cost
savings due to reduced electricity consumption from the public grid strongly depends on the
national context, such as the specific provisions on grid fees and electricity tax. Poorer
segments of the population may be addressed for instance by social housing companies,
potentially reducing energy poverty. In addition, values related to an awareness of the
consumption of one’s “own” local, renewable energy may play an important role. The
aesthetics of a BIPV installation can contribute to this awareness and to the identification of
tenants with the initiative. The model can be further expanded beyond consumption at the
household level and encompass additional services such as the provision of charging stations
for electric vehicles with the locally generated renewable electricity.
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Key stakeholders

We take the perspective of the housing company as the major stakeholder in this model. Given
their important role in the multi-family building sector, housing companies have an immense
potential to drive BAPV and BIPV investments. Other involved stakeholders include partners
for the technical implementation (e.g. the manufacturer and the installer of the PV plant,
technical planners), grid operators (DSOs), architects and potentially financing institutions,
insurance companies and electricity utilities. The tenants, as primary consumers of the
provided electricity, are the customers and should be informed accordingly about the features
that the model provides. In the simplest set-up, the housing company would invest in, and
operate, the installation itself. Alternatively, the involvement of companies that offer a
contracting solution could reduce the technical, administrative and possibly legal burden for
the housing company and would shift the initial investment to the contractor. This would
correspond to a combination with the model presented in section 5.3.2 (“BIPV as a service”).
Depending on the legal context, the housing company may not be allowed to deliver electricity
to the tenants itself. Currently, in some EU countries (e.g. Austria), clarification of this legal
aspect is on the agenda. This would require the involvement of a utility, which would act as
electricity provider. This could equally correspond to a combination with the “BIPV as a service”
model if the involved energy service company (ESCO) is a utility. In that case, however, the
role of the housing company may be limited. In countries where the concepts of “collective”
self-consumption or “energy communities” are defined in an appropriate way, the housing
company could sell electricity to the tenants on its own.

A major difference may exist between social and commercial housing because social housing
companies have tight, partly strongly regulated cost structures, which limits their capacity for
additional investments. On the other hand, where PV investments are possible, they underlie
less strict requirements for profit generation as compared to commercial investors. If a BIPV
system contributes to the reduction of electricity costs, this would directly contribute to the
mission of social housing companies.

Potential revenue models

The revenue for the housing company results from the electricity provided to the tenants,
directly through the sale of electricity or indirectly through increased rents. In the case of social
housing companies, this model may represent a specific service to the tenants and a
contribution to the social mission rather than as a business model that would allow profit
generation. In all cases, the allocation to the different apartments needs to be managed. There
are different accounting options to deal with the electricity from BIPV:

e A certain amount of electricity — e.g. in relation to the size of the apartment — is provided
without an additional payment. The investment and operating costs may be covered by a
higher rent. Tenants consequently have a further reduced electricity bill as only the
remaining electricity that is drawn from the public grid needs to be paid. Attention equally
needs to be paid to the legal situation, i.e., to whether the housing company has the right
to deliver electricity to the tenants. In some EU countries this model is already applied for
multi-family houses (e.g. Germany).

e Tenants pay separately for the BIPV electricity they consume. The solar electricity price
should be below that from the public grid in order to guarantee the attractiveness of the
offer. This would involve the issuance of two electricity invoices (one for the PV electricity,
one for the electricity from the public grid). Depending on the legal context, the selling of
electricity by the housing company itself is however difficult, as the housing company may
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have to obtain the status of an electricity utility, if collective self-consumption is not allowed
without the involvement of a utility. Alternatively, an external utility could be involved.

e A mixed electricity tariff with only one invoice including both local PV electricity as well as
electricity from the public grid for a reduced per kWh price. For legal reasons, this would
typically involve a utility. In this case, the housing company is not at the core of the business
model anymore.

In our business model canvas, we consider case 1, as this solution is the easiest to implement
and least bureaucratic (e.g. no need for PV electricity billing). Partial use of the PV electricity
for collectively used installations would also reduce the operating costs of the building. The
combination with integrated services such as e-mobility could be of value for increasing the
attractiveness for tenants and could expand the revenue streams.

Pitfalls to avoid and remaining challenges

A major, potentially constraining, factor is the legal situation regarding the general option for
collective self-consumption and for electricity delivery by the housing company. In many cases,
a utility may have to be involved, which may strongly reduce the role of the housing company.
In addition, this involvement of another stakeholder may influence the price of the PV
electricity.

In the case of implementation in an existing building (e.g. as part of a renovation), tenants may
have a voice in the decision on investments, especially if this influences the future rental fee.
Also, where market liberation guarantees free choice of the electricity provider, tenants may
not be forced to consume electricity from BIPV if this was not an integral part of the rental
contract from the beginning. In these cases, cost savings would be a major argument and good
stakeholder communication is necessary.

The case presented here for the rental sector also needs to be distinguished from the case of
apartment owners. This difference concerns legal aspects regarding the decision on the
investment but also questions of who invests in the installation and who consumes the
generated electricity to which extent.

37



Task 15 Enabling Framework for the Development of BIPV — Development of BIPV Business Cases

5.2 Product-based business model for commercial buildings

In this case, the example comprises the business model that can be designed around a BIPV
product for commercial or public buildings (e.g. an office building, a shopping mall, a school or
a hospital). The typical case would be a rear-ventilated facade used for new constructions or
renovations, but a similar business model can also be used for a BIPV product addressing
roofs, balconies, solar shading etc. The stakeholder at the focus of this business model is the
manufacturer of the BIPV product and key aspects are presented in Figure 10.

Business Model /// BIPV Product for Commercial Buildings

Values

= Replacing other
materials

= Aesthetic
appearance
(marketing,
property value)

= Electricity
generation
(operation
costs, property
value, building
code, eco-
labelling)

Value Proposition

= Complete solution
(flexible mounting
system, various formats
and colours,
recommended
inverters, optimizers,
batteries)

=Clean electricity, low
CO, footprint

= Competitive pricing

= Architectural support
= Guide for installers

= Long-term warranty

Touchpoints

« Company website

+ Social media

+ Building exhibitions, PV exhibitions
+ Professional society magazines

« Business networking

Distribution

= Dissemination of ideas by architects
and engineering consultants

= Physical distribution by distributors and

Capabilities

= Product
developers

= Factory workers

= Sales force

= Architectural
support

Partners

= Architects

= Engineering
consultants

= Distributors

= Facade builders

= Construction
companies

= Component
suppliers

facade builders / BIPV installers
= Tendering process in between

= Stakeholders

= Architect

= Engineering consultants
= Building owner

= Facade builder

Revenue Model Cost Structure

= Investors

= Purchase of components
= L egislation

» Directsales of products (through
distributors) = Manufacturing
= Shipping

= Sales and advertising

« (Leasing could be an option)

Figure 10: Business model for the manufacturing company of a BIPV product for
commercial buildings

Key values

The evaluation of a BIPV system in these applications will include a combination of avoided
costs for other construction materials, a reduced electricity bill and the aesthetically attractive
appearance and ‘green status’, which can be quantified as marketing value. The first
component is straightforward, as the benefit of avoiding costs during construction will directly
reduce the investment. Regarding the reduced electricity bill, this could also be straightforward,
if the solar electricity is self-consumed by the owner of the building. However, this value could
also be lower, or harder to capture, if a large share of the electricity is fed to the grid or if the
electricity is used by others than the owner of the BIPV system, such as in the case of tenancy.

The marketing value is even more complex and will vary widely from very high to almost zero,
depending on the stakeholders’ ability to valuate aesthetics and convert profile into money
through creative marketing activities. The lowered electricity costs and the increased marketing
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value could also result in a higher overall value of the property. For companies actively buying
and selling real estate, the impact on the property value could be an important incentive for
BIPV installations (see section 2.2.2).

Key stakeholders

The owner of the BIPV system is typically the owner of the building, whereas the user of the
electricity generated could be either the owner or tenants (one or several). Regarding the
architectural aspects of the BIPV system, the “user” is in principle anyone who ever looks at it,
or even at a picture of it, with customers and employees being the two major groups in most
cases. In practice, the architect will be the main stakeholder who will decide whether to work
with the appearance of the product. Other important actors in the realization of the project are
engineering consultants and facade builders, or other specialized BIPV installers.

Potential revenue model

The manufacturer’s share of the value generated for the stakeholders is generally captured
through direct sales of the product. In some cases, the manufacturer also provides engineering
services, which are charged by the hour. More extended offers, like including financing and
providing a leasing contract for the BIPV system, are probably more suitable to be developed
by the installer or a third party. Such arrangements will be further discussed in section 5.3.

Pitfalls to avoid and remaining challenges

The task for manufacturers is to produce a durable and aesthetically pleasing product at a
compatible price, which could easily be purchased and installed onto new or existing buildings.
This involves many challenges, where two of the major ones are to reduce costs and to simplify
the processes of decision making, purchase and installation.

In order to make it easy to design a building skin, it is advantageous if the BIPV manufacturer
can offer a complete solution including mounting details and “dummy” modules to fill out
irregularly shaped areas. There should also be reasonable solutions to handle requirements
like accessibility to service functions on roofs and to make other installations like lamps, signs
etc. on facades. The manufacturer is also dependent on the help from architects and
engineering consultants, for the customer to be able to make an investment decision. Thus, it
is crucial that these stakeholders have enough information about the aesthetic and technical
specifications of the product.

Probable success factors for BIPV manufacturers are to achieve cost reductions by series
production and/or to prove a high value for stakeholders by aesthetic quality and the
replacement of other building materials. These are remaining challenges for most BIPV
manufacturers.

Major pitfalls to avoid include providing insufficient information about technical details,
aesthetic qualities and price to stakeholders interested in the project. To be able to overcome
any potential objection regarding profitability or durability, it must be simple at least to design
a system with the product and to purchase it.
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5.3 Service-based business models for commercial buildings

In this section, possibilities are explored that add quantifiable value to BIPV systems by offering
extra services combined with the BIPV system, in addition to electricity generation. The
additional value will benefit the owner of the BIPV system, but a share of it can also be captured
by the manufacturer of the BIPV product (facade cladding, balustrade, shading elements, etc.),
the installer of the BIPV system or the partnering company specialized in advertising or
communication. Globally, it could help investors to recover their initial investment faster than if
they were relying exclusively on electricity revenue and allow even more innovative usage of
the facade.

5.3.1 BIPV system as a communication tool

The structure of this business model is summarized in the canvas below, see Figure 11. In this
section, the perspective of the BIPV installer will be taken. Simplified economic and
performance estimations will also be given to demonstrate the opportunities that such a service
represents.

The service considered here is based on the possibility for the customer to add a visual display
on top of the BIPV module. This would be allowed by the internalization of the required
competence or the establishment of a partnership with a company having the expertise. Note
that, depending on the objective, part of or all the BIPV system might be covered by the display.
Such visual displays can serve two purposes, influencing also the potential for additional
revenue: corporate communication or advertising. In the latter case, it is imperative to establish
a strategic partnership with a company specialized in this domain. Different techniques can be
used to customize the appearance of the modules, each having its strengths and weaknesses,
as will be discussed later in this section. The first option is the addition of a coating or a printed
layer on the front glass cover of the module. The second possibility is the incorporation of LEDs
within BIPV modules. The number and placement of these lights depends on the final use of
the product, as well as the number of modules installed. For example, in order to advertise or
display a company logo during the day, many more LEDs will be necessary than if it should
only appear at night. Similarly, the associated extra capital costs will depend on the technology
chosen. Finally, it is likely that such a business model would also require additional
administrative work and planning preparation, further increasing the costs.
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Business Model /// BIPV Service Commercial Buildings

Values Value Proposition Touchpoints Capabilities Partners
= Extra revenue | = Extra income = Advertisements = Communication | = Colouring/coating
with same asset i i
= Accelerated recovery | = Networks of the involved stakeholders: with client Lergc:’ doeh;‘_'sgy
= Individuals i
: ofthe investment = Manufacturers of BIPY = Development of -
aesthetics - Original complex = Advertising
) ; = Advertising/communication i
= Self-financing communication Fomoany g contracts companies
« Electricity = Manufacturing = BIPV
generation of customized manufacturers
BIPV modules and installers
= Innovative uses . Legal
of the facades Distribution competence
= Advertising companies’ channels
= Corporate communication companies’
channels
Stakeholders = BIPV manufacturers'/installers’
channels
= People looking to add
value to their building
= Advertising companies
* BIPV manufacturers and Revenue Model Cost Structure
installers
. = Income fromthe advertising space = Fixed costs of manufacturing and
= Coating manufacturers installation
X . = Income from electricity generation )
* Companies looking for ) ) = Extra cost of coating/colouring
unusual ways of | * Income from the extra services provided
communicating and extra value generated = Labour cost.
= Administrative and planning cost
* Potential decreases from economies of
scale and technological improvements

Figure 11: Business model for the manufacturing company of a BIPV service for
commercial buildings

In the following subsections, the crucial elements of the business model are further developed,
such as the key values, the key stakeholders as well as the potential revenue model. This is
followed by consideration of potential pitfalls and remaining challenges for the implementation
of the business model.

Key values

This innovative approach could be a way for BIPV installers to expand their customer base, by
increasing the economic attractiveness of their value proposition. Indeed, the final customer
would be able to have a shorter pay-back time for his/her investment and even generate
substantial extra revenue, for example if the visual displays are used as an advertising
platform. Figure 12 shows an example from a hotel in Brussels. In such a case, the BIPV
installer would have to partner with a company specialized in the renting of advertisement
space such as billboards. This would be necessary for the BIPV installer to really improve the
value proposition, as it would guarantee the extra revenue linked to the BIPV system for the
investor, at least to a certain extent. Of course, this assumes that the extra cost due to the
addition of display features to BIPV modules, compared to traditional solutions, is
compensated by the extra revenue for the investor. In addition, such a service can create value
for the companies willing to advertise, as the originality of the displaying space could potentially
attract more attention. This aspect might also be an advantage for the advertising companies
renting the space, as they could increase the fee they charge, hence generating extra revenue.
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Finally, such a solution could increase the value of the property, if installed on a building where
advertising potential has not yet been leveraged, as extra revenue would be generated.

Moreover, the BIPV installer, through such an innovative value proposition, could allow its
customer to have a unique communication platform. Indeed, the colouring of the BIPV modules
or the application of a visual display could be leveraged to promote corporate communication,
by displaying the colours of the company or its logo. This might be a solution when the planned
location of the BIPV system is sub-optimal and therefore, not attractive for advertising purpose.
In such a case, the opportunities would come from the increased visibility for the company
thanks to the originality of the communication tool, under the condition that it is noticeable that
PV is installed. The visual message can even be very simple, as the BIPV system would attract
attention by itself. Thus, more people would notice the logo or other type of corporate
communication, for example increasing the familiarity of the company, its name and brand. As
an example, the “green status” discussed in section 2 might be leveraged here for marketing
and communication, promoting a sustainable image. Also, usage of (innovative) technologies
such as BIPV and illuminated facades with LEDs could benefit the reputation of the company,
which would appear as embracing the future. Nonetheless, it is not straightforward to quantify
the added value of such a feature, even though it is likely that it will provide benefits, whether
they are directly quantifiable or not.

Figure 12: The PV fcade of a hotel in Brussels with its corporate logo printed on the
modules (Source: ISSOL)

Key stakeholders

The first important partner to involve in the design of such a business model is a BIPV
manufacturing company. As their products constitute the heart of the value proposition, it is
essential to closely collaborate with them, in order to permit the display of visuals on the BIPV
system in an optimal way and ensure the validity of the manufacturer’'s guarantee. For the
same reason, it might be necessary to collaborate, directly or indirectly via the BIPV
manufacturer, with a specialized company which will oversee the customization of the
modules, e.g. by providing the coating technology, as it is not the core business of the BIPV
manufacturer.
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Then, as mentioned above, a key partnership would have to be established by the BIPV
installer with a company specialized in the renting of advertising space. Indeed, not all positions
are suitable for advertisement, and not all suitable spaces are of equal value, as the location
is crucial. Therefore, the expertise of an advertising company is very important. This
advertising company, as a partner, could also bring additional customers to the BIPV installer,
by suggesting the solution to its existing or new customers, or applying it to its existing
advertising locations, in case it owns them.

In the same conceptual area, the BIPV installer could partner with companies specialized in
corporate communication or the installation of facade graphics. As for the partnership briefly
described above, it should be synergetic, with both partners improving their existing value
proposition and revenue by the expertise and customer base of the other.

Therefore, key stakeholders would comprise:
e The BIPV installer

e The BIPV manufacturer who is willing and able to provide “customized” BIPV modules,
potentially via another technology provider

e A company specialised in the renting of advertising space
e A company specialised in the installation of facade visuals for companies

Potential revenue models

The first potential revenue model is the typical one for advertisement space and does not bring
any innovation. The increase of revenue is achieved thanks to an enlargement of the customer
base. In other words, all the newly created value is captured by the customer. Such a revenue
model would probably apply if corporate communication is the purpose of the visual display.
In this case, the BIPV installation company relies on the products and inputs from its suppliers,
such as BIPV modules, electrical components or mounting systems. It installs the system with
these inputs and applies a margin to capture a share of the delivered value.

Then, extra values discussed above could be partially captured by the BIPV installation
company, and possibly its partners, by increasing the margin. The final price of the solution for
the customer would rise by more than simply the extra capital cost due to the visual
components. Hence, a share of the additional revenue generated thanks to advertising would
be captured by the BIPV installer. Such an approach is a values-based approach, in contrast
to a simple cost-based one, as described in the first paragraph. If the printing, coating or LEDs
would be used to advertise, such a revenue model could be applied, as additional values are
easier to quantify.

Below, simple economic estimations showing the revenue potential of the discussed business
model are described. They were made assuming that the BIPV installation would be used also
for advertising purposes. Two options will be investigated: printing/coating and LED
integration. The case of a tertiary-sector building, such as an office building or a shopping mall,
has been taken. However, it could potentially be applied to any building with enough available
space and an attractive location.

Taking the example of Brussels, a tertiary-sector building in an attractive location can generate
up to 1000€ per year when used for advertising [6]. On the other hand, identifying the extra
costs accurately is more difficult. First, possible local taxation on advertising can apply, which
is not considered here. We assumed an extra cost of 100€/m? and a reduced efficiency of 30%
for the printed modules [24] [2], accounting for 24 m? of the 100 m?2 covered by the BIPV facade
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cladding system (a power density loss of only 7.2% in total). Then, it is considered that the
operations and maintenance cost increases when advertising is added onto the BIPV system,
as printed modules must be cleaned more frequently to avoid additional power losses and
keep the visuals clear. Hence, it is assumed to double, from 8€/m? to 16€/m?[11]. An 80% self-
consumption ratio is assumed.

Table 5 documents the influence (in relative terms) of adding advertisement for a 10-year
period, considering a system lifetime of 25 years, on some key parameters, compared to base
case. It gives an overview of the potential impact on competitiveness of such a concept.
Favourable effects are shown in green, and unfavourable ones are shown in red.

Table 5: The influence (in relative terms) of adding advertisement for a 10-year period,
considering a system lifetime of 25 years, on some key parameters, compared to base
case

Parameter Relative variation due to advertising

System power density [Wp/m?]

Total system cost [€/m?]
LCOE? [€/kWh]
Project MIRR? [%] +19.7%

Competitiveness [€/m?] +15.1%

As shown above, the negative impact on cost and performance is compensated by the extra
revenue generated. Indeed, the MIRR and competitiveness slightly increase. Hence it appears
that such an additional service has the potential to be attractive.

Then, an estimation of the cost to establish a similar service, this time based on LEDs
integrated into the BIPV modules, was made. The extra cost due to the LEDs themselves is
rather limited. On the other hand, the extra material and labour required to integrate them into
the existing manufacturing or assembling process are difficult to assess. Hence it was not
included in the present calculations, but it should not be overlooked and must be carefully
estimated by the BIPV manufacturer. Again, the simulation concerns a tertiary-sector building
located in Brussels and a space of 24 m? within a total of 100 m? occupied by the BIPV system
on the building fagade. In addition, it is considered that the lifetime of the LEDs is the same as
the BIPV module lifetime (25 years).

The first case considers the installation of LEDs at the top and the bottom of BIPV modules.
The second is based on crystalline silicon PV cells and has dimensions of 1 m (width) x 1.65
m (height). As mentioned, it is assumed that 2 bands of LEDs are installed across the width of
the module, each 1 m-long band including 60 LEDs (14.4 W/m), with an extra cost of 2.77€/m+.

2 Levelized Cost of Electricity
3 Modified Internal Rate of Return
4 For example, as available on https://www.bol.com/nl/p/groenovatie-rgb-led-strip-5-meter-14-4-watt-meter-5050-

led-s-12v/9200000070292169/
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As the area occupied by each module is 1.65 m2, 15 BIPV modules with integrated LEDs can
be installed within the area of 24 m2. In total, we can then position 30 LED bands of 1 m length
(1800 LEDs, with a total installed power of 432 W). The associated total extra cost equals
83.1€ for the whole LED-covered surface. Considering a working time percentage of 33% per
day on average (2920 hours per year), as the low density of LEDs would not allow any display
during daylight, the extra consumption would be 1.26 MWh/year.

The second case assumes that multiple arrays of LEDs are placed over the surface of the
BIPV module, between the strings of cells. For this option, it is assumed that CIGS PV
technology is used, as the reduced size of cells allows the density of LEDs to be increased
compared to the case in which crystalline silicon cells are used. Module dimensions are 0.66
m (width) x 1.6 m (height) and it is assumed that 16 bands are placed on each module, one
every 10 cm of height. Each band includes 40 LEDs (14.4 W/m), with an extra cost of 2.77€/m.
The area occupied by each module equals approximately 1 m2, so we can place 24 BIPV
modules on the defined surface area. In total, we can install 384 bands of 40 LEDs (15360
LEDs, with a total power demand of 3650 W). Considering a working time percentage of 100%
per day (8760 hours per year), as the density of LEDs would allow to display elements even
during daylight, the extra consumption would be 32 MWh/year. Using the average extra
material cost of 2.77€/m, we can estimate the total extra cost associated with the new input
materials (the LEDs) to be around 702 €.

These estimations show that such an option might be viable, as the costs appear limited in
relation to the potential extra revenue, even though more detailed investigations are of course
required.

Pitfalls to avoid and remaining challenges

The evaluation of the attractiveness presented above is simplistic. Multiple points need to be
investigated further, and obstacles remain to be overcome. These explain also why only a 1-
year period was considered in the economic evaluation in the case of coating/printing of the
visual elements. The main obstacles we identified are listed below:

e Update of the visual display: the technical capability to modify the visual elements applied
onto the modules depends on the printing or coating technique. In addition, potential
damage to the front glass and coating due to the removal of the visual elements, as well
as the cost of the update, due to material but also labour, must be evaluated carefully.

e Guarantee: if the printing or coating is not applied at the manufacturing stage, in partnership
with the BIPV module manufacturer, but afterwards, the module performance guarantee
might not be valid anymore. Also, the same problem could occur in the case of removal of
the visual elements, as the physical properties of the modules could be modified.

¢ Reliability of the visual: it must be proven that colours will not change over time, at least
not more than traditional advertisements on buildings over the duration of the advertising
contract.

¢ In this estimation, the cost due to advertising is limited to extra material and process costs,
assuming that the coating/printing is implemented at the manufacturing stage, hence not
requiring additional labour costs. However, other elements may have to be considered. For
example, as the visual elements inhomogeneously alter the irradiance incident on some
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cells, the complexity of MPPTs increases, possibly requiring an adaptation of the algorithms
used. Then, due to the same issue, the topology of the modules themselves or the system
may need to be adapted. Also, extra power electronics (optimizers or inverters) might have
to be installed. Nevertheless, if advertising is considered from the beginning of the BIPV
project development, the extra work and costs might be limited.

e The reduction of performance might be reduced by a higher factor than the theoretical
reduction of irradiance due to coating/printing, for the same reasons as mentioned above.
Uncertainty concerning this aspect must be reduced because of the significant impact it
can have on profitability.

¢ Reliability of performance: due to the print or the coating, soiling of the modules may
increase, further reducing the performance. Technologies used to apply the visual
elements must have proven that their impact on this aspect is negligible. In the estimation
above, extra cleaning costs have been considered, as a conservative assumption.
However, this could prove to be unnecessary.

Some of these obstacles could be reduced or removed by:

e Printing or applying the coating to another position, rather than applying it directly on
exterior surface of the front glass cover. However, this could have an impact, positive or
negative, on performance.

e To ensure that the space can be re-used and that the associated amount of work is limited,
LEDs can be integrated and used to display logos, colours or messages. In this case, the
extra cost and extra consumption need to be assessed. Using LEDs offers the advantage
that adapting what is displayed will be much easier, and hence less expensive, compared
to printing/coating. The risk of altering the physical properties of the modules will also be
reduced. Nonetheless, the addition of a large number of LEDs might be difficult from a
technical point of view.

In addition to the advantages mentioned in the previous paragraphs, LEDs have additional
advantages compared to the printed or coated solutions:

e The programmability of LEDs allows the display over the LED surface to be changed.
e It requires only a one-off initial investment, with no update needed.
¢ No additional maintenance or supervision compared to the case of regular BIPV modules.

e Self-consumption ratio can be increased, as the LEDs will use the electricity generated by
the BIPV modules.

5 Maximum Power Point Tracking
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5.3.2 BIPV as a service

The second possible type of service analysed in this section goes one step further. In this case,
no additional service would be combined with the BIPV system. The system itself would
become a service; the business model is depicted in Figure 13. In other words, the
functionalities of the product would be sold rather than the product itself. These functionalities
are the aesthetics, those related to its role as a building component (water tightness, air
tightness...), the benefit of “green status” and of course sustainable electricity, generated on-
site, at an affordable price. The company delivering these functionalities will be the focus of
this discussion.

In such a case, the company offering the service would not have to be already active in BIPV.
Indeed, not all types of competence need to be internalized. The crucial aspect would be the
company’s ability to gather and deliver the required expertise, through outsourcing or strategic
partnerships. The company centralizing the key skills would probably take the form of an
energy service company (ESCO). However, this could also be a new department or subsidiary
of an actor from the BIPV or construction sector. In addition, this could be a service offered by
a utility, for instance. Overall, the most important capability to be internalized would be linked
to customer acquisition, financial and legal expertise. Furthermore, depending on the exact
service provided, an accurate prediction of the electricity to be generated by the system might
be essential.

Business Model /// BIPV Service Commercial Buildings

Values Value Proposition Touchpoints Capabilities Partners
= Peace of mind = Electricity bill savings = Energy bill = Design * Mounting system
= Energy = Low risk investment = Professional planning support and | * Personalized service specialists )
i Iti = Sales function " PV & electrical
ndependence * No upfront cost thanks CO"STU g ; i = Monitoring of systems components
= Contribution to to third-party financing = Public demonstration, e.g. charging g ¥ - manufacturers
climate ) ) mobile phone far neighbours = Constructors, architects,| -
By = Green identity ) ) engineers = Power utilities
protection = Architectural brochures and design i = Municipaliti
i = Operation & tools = Fagade installers unicipalities
* Aesthetics maintenance « Information sessions with | = Energy management " Facadecleaners
* Financial * Monetize the facade & municipalities = Utilityfelectricity patery storage
security transform the buildin i : producer certificate system providers
. h . ] = Advertising through internet, + PV performance = Banks/financing
= ,f\rchltegtural into an active asset newspapers, housing magazines, ) F’I i institutions
integration »  Aesthetics facade companies, general S'm'l'l ation . Busi tant
constructors = Project management usiness consultants
* Guaranteed price and Facade Ad i b | (financial) = Legalfirms
power production wi;i? l:is fa:a daes?“mg =00 you TealY | . Risk management & = Construction
) N portfolio of projects to companies/real estate
Stakeholders * Inhouse” installation scale and distribute risks| developers
= Building owners, tenants, neighbours, = Lawyers
neighbourhood = Market (realistic)
= Urban planners & municipalities * _Support (funding)
= Contractor, architect, project manager, | RevenueModesl Distribution E | distrib
electricity utility N = Direct contact with wtemal distributors
= |nitial payment and annual lease payment customers = Logistics
= (BI)PV developer or installer (zervice) = Investment firms & = Partnering banks
* Housing companies & companies investing in | = Electricity sales and potential subsidies institutions
real estate . . " :
fﬂn‘ter 10 years:  sellingfrenovation | =oot Structure
* Facade builders, manufacturers, suppliers of investment Standardization of orod I
materials & services, fagade cleaning company | «  Advertising (other than building owner) tandardization of productsto lower costs
X L . . . = PV and electrical compaonents prices
= Regulators and certification institutions = Basic & optional premium l . )
services/packages = Retail electricity and wholesale market prices
= Service company N : .
= Revenue sharing with investors and other Natlonal_ energy policies
partners (like suppliers or subcontractors) | * Installation cost
= Pricing dependent on perormance, | Demand and supply capabilities
features, volume, run-time or vyield | = Customeracquisition costs (socio-cultural bamiers)
management = Dismantiing & recycling costs

Figure 13: Business model for the manufacturing company of a BIPV as a service
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Key values

As shown in the framework above, the values delivered to the final customers would
encompass those already mentioned in the previous case, such as aesthetics or green status
but the value proposition, in this business case, would be improved. Indeed, additional values
would be provided. For example, the risk is reduced, and no high upfront cost is required,
thanks to third-party financing. This can then allow the building owners to renovate their facade
or roof with minimum cost, while saving on their energy bills.

Key stakeholders

As a company providing the service and having expertise in customer acquisition and legal
aspects related to the management of the installation, some technical competence could be
externalized, including the necessary technical and electrical analysis, for example. If not
possessed by the ESCO, this competence would have to be provided by an external
stakeholder. This strategic partner would obviously be among the key stakeholders.

Then, BIPV manufacturers should become key partners and are crucial stakeholders to involve
from the beginning of project development. Note that there could be more than one
manufacturer involved, in order to be able to propose different aesthetic choices to the final
customer. Also, depending on the customer’s electricity needs, the required performance of
the system can vary. Moreover, the partnering BIPV manufacturers could bring extra
customers, as they have direct contacts with building owners or people involved in project
development, such as architects. The structural installation of the system would have to be
done by a specialist of the building envelope. To take care of the technical aspects of the
installation, an electrician with experience in PV systems would be required. A company
capable of maintaining the system would be needed as well. Finally, a bank or financial
institution would be a crucial stakeholder to involve. This is certainly one type of competence
that could not possibly be internalized.

Potential revenue models

The values described above give an idea of the revenue model applied in such a business
case. As mentioned, there need not be any upfront cost for the customer. Alternatively, it could
be a reduced cost, to commit the customer and cover some initial costs, such as technical
studies. Then, the customer would pay a monthly fee for a certain period, as agreed under
contractual terms. In other words, this would take the form of an operating lease of the BIPV
asset. This monthly fee would eventually cover the incurred costs and allow a profit to be made.
This profit would have to be high enough to compensate for the substantial risk taken. In this
base case, all the electricity produced by the system would directly benefit the building owner
or its occupants, depending on the occupancy profile. The price structure should allow overall
energy cost reductions for the customer in order to guarantee the attractiveness of the offer.

Alternatively, the management and sale of the generated electricity could be part of the service
offered by the ESCO. Instead of a monthly fee including the electricity, the electricity would be
sold by the ESCO to the consumers. This would create additional value by simplifying the
relationship between building owners, building managers and building occupants, who are
often involved as stakeholders when office buildings or shopping malls are considered, for
example. Moreover, the sale of electricity itself could constitute an additional source of
revenue. This can be seen as an improvement of the previous revenue model and it would be
based on the same logic. In this case, the ESCO would have to be able to install the system,
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run it and generate electricity at a lower cost than the retail electricity price, to be able to remain
attractive for the final consumer. The ESCO would apply a gross margin and sell it to the
building occupants. This revenue model might force the ESCO to apply for the status of a
utility, depending on local regulations. Hence, we recommend exploring the regulations in
detail, as the administrative burden might offset the potential extra profits. Countries where
“collective self-consumption” or a similar concept is allowed are good candidates for such a
business model. This means that a combination with the model presented in section 5.1.3 is
an interesting option. In that case, housing companies or the final consumers would be the
customers. These two models are particularly complementary because most housing
companies have a limited capacity to deal with the legal and administrative issues of electricity
generation and delivery and with the technical requirements of a PV system. The price paid by
the final customer for the electricity delivered could be covered by a monthly fee, to maintain
simplicity for the final customer.

Furthermore, it could be decided in the contract to deliver only a share of the electricity
generated, or only at certain periods in time. For example, in the case of a corporate client,
this could be during weekdays. At the weekend, the electricity generated would be sold on the
wholesale market, although it is likely to be at a loss, or to another private customer, such as
a neighbour. This latter option would certainly be preferable as the selling price would be
higher. Where a feed-in tariff is available, this could also be leveraged by the ESCO, as it might
increase revenue.

All these possibilities would require financial and administrative engineering, increasing the
costs, but they could generate important revenue. Also, this can be almost considered as an
initial fixed cost that can be spread afterwards over all installations. Once the expertise has
been acquired, the processes (legal, administrative, financial, technical) and contracts
templates can be replicated, with minor changes.

Finally, it is important to highlight again the crucial role of the partnering bank. In both cases,
it is essential to access cheap loans and share the risk burden. A large amount of capital would
be required to set up the installation, as the components constituting the system will be bought
by the company. The installation itself and preliminary studies can also represent significant
costs. These will create significant financial outflows, whereas monetary inflows will be limited
and spread over a long period, as the service provided would be remunerated on a monthly
basis. The company providing the service needs to be able to provide a reserve of cash at a
limited cost. This bank could also be a good partner to limit the uncertainty and workload linked
to insurance questions. Similarly, it might be valuable to negotiate with the suppliers/key
partners to lengthen the payment periods.

Pitfalls to avoid and remaining challenges

The risk would be carried mainly by the company providing the service. However, rewards can
be high, if difficulties are overcome and sensitive points are well managed. Among them are:

e Legal questions: These are crucial as selling electricity is possible only for utilities in most
countries, today. Applying for such authorization is a long and complicated process.
Markets where concepts such as “collective self-consumption” are allowed should be
prioritized, as setting up business models would probably be easier.

e Decoupling ownership of the facade and the building is possible and already exists but
must be done very carefully, for example concerning insurance questions. Responsibilities
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must be clearly established and legally recognized by all involved stakeholders in
appropriate contracts.

e The ability to generate energy at a cost lower than the retail electricity price can constitute
an extra source of revenue but depends on the ability to:

o Accurately predict the performance of the system over its lifetime.

o Predict the evolution of retail prices. If they go below a certain level, the attractiveness
for the customer might disappear.

o Predict the evolution of electricity invoicing structure (regulated/fixed components vs.
consumption-based/variable components). As fixed costs become higher, the self-
consumption of PV electricity becomes less attractive.

e A strong balance sheet is required, as cash outflows will be higher than cash inflows and
not match in time. High reserves of cash are required to prevent the company from
collapsing due to lack of liquidity.

e The company needs to find a way to hedge the risk taken when developing such a business
model, e.g. by contracting a special insurance policy. The partnering bank can help in
achieving this.

o With the objective of limiting all cost items, it can be valuable to limit the variation of sizes
and other features of the modules and systems. By doing so, costs will be decreased
thanks to economies of scale and scope. In addition, component designs can potentially
be re-used, from one installation to another, hence limiting the costs.

e Similarly, the optimization and standardization of a system’s technical features should be
a point of attention, as this would allow the time required for installation or replacement to
be reduced.
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6 DISCUSSION

The purpose of this report was to provide a guide with examples for design and applications
of BIPV business models. The chosen method is an adapted version of the Business Model
Canvas based on values. This BMC is one of many tools available for business model
development. Once the process with the BMC is completed, refinement work follows, including
e.g. SWOT analysis and the development of a business plan.

Values form a central part and the starting point in the described BMC. The value of electricity
and the local regulatory framework typically have a large impact on the existing business
models for PV. Other values have been the major drive behind BIPV installations so far. The
aesthetic value and sustainable values, and also marketing value, have been highlighted
although those values may be hard to quantify in a value proposition. In the future,
BIPV components should be building components that compete with conventional building
components, resulting in the same functionality and generating electricity as an added value,
resulting in lower operation cost and thereby higher property value for the building.

The presented stakeholders have their own specific interests and thus impact the business
models. BIPV is valued very differently by different actors. Purely economic valuation is hard
to achieve and is not always required when values such as reputation linked to sustainability
dominate. Some actors such as building valuers and financial experts do not broadly address
environmental values but valuation by stakeholders in this respect is progressing. From the
perspective of regulation as a driver, tightening energy requirements for buildings may be an
important stimulus for BIPV when BAPV alone is not sufficient to meet coming energy
regulations and requirements, e.g. due to the limited available roof area.

Legal obstacles still remain for some of the proposed business models. One important legal
obstacle for collective self-consumption and service-based business models is the right to
deliver electricity in exchange for a fee to more than one final consumer. If, for instance,
ESCOs and housing companies were entitled to sell electricity to on-site consumers in multi-
family housing or an office building this could significantly expand the room for local initiatives.
Such developments are under way in the EU. Besides the pure right to sell the locally
generated electricity, additional related aspects such as data management and protection as
well as the role of DSOs and data exchange with them need to be considered. Also, the
integration of local electricity consumption with additional services such as charging stations
may be facilitated as the right to operate such systems is not necessarily given for all core
stakeholders discussed in this report.

Another aspect is the harmonization of different fields of legislation. While the electricity
regulations apply to aspects such as the sale of electricity, a much broader field of legislation
is relevant in some of the presented cases. For instance, where apartments and rental
agreements are involved, tenant’s rights, consumer protection and other aspects are
concerned. It is therefore, in many cases, necessary to harmonize different fields of legislations
in order to allow smooth implementation of a growing range of business models that can
contribute to an increasing share of renewable energy in the system.

Concerning BIPV, specifically the legal requirements for building elements, e.g. safety, are of
high relevance. Currently, the diversity of products and a lack of standardization and
corresponding authorization lead to great effort at the individual project level. While it is up to
the market to develop more standardized solutions with positive effects on product prices,
broad inclusion of BIPV in building-related legislation, for example, can be of great support.
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The proposed future work in the second phase of IEA-PVPS Task 15 applies a technological
innovation system (TIS) analysis to find out more about strengths and weaknesses in the BIPV
innovation system and measures needed to increase implementation of BIPV.
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