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Executive Summary

Introduction

Buildings and energy

90% of the developed world population, spend 90% of their lives inside
buildings. The modern civilization is deeply rooted in buildings and has an
existential dependency in energy in general and in electricity specifically.
Buildings consume 40% of the energy used in the developed world, responsible
for 20% of anthropogenic greenhouses gases emissions, and constitute the
most significant damage to open spaces and natural habitats. Moreover, the
extent of energy production on buildings is negligible.

Today, there is a global transformation from using carbon-based energy
sources (coal, petroleum, natural gas) towards low-carbon energy sources
(wind, solar and hydro energy). This transition will enable a drastic reduction in
greenhouse gases emissions, will reduce the devastating effects of climate
change to the human civilization and to the ecological systems, will lower our
reliance on perishable resources, will reduce pollutant emissions, and will
promote a democratic and resilience energy production by all countries- without
dependence on foreign entities.

However, this transition is still too slow to provide a significant and fast
reduction in greenhouse gases, for prevention of a substantial climate change.
A harsh report by the IPCC (The Intergovernmental Panel on Climate Change)
from late 2018 calls for urgent and comprehensive actions of all governments
and organizations for a drastic reduction in greenhouse gases emissions before
2030. This, to prevent a climatic catastrophe with high probability, that will
cause huge health, human wellbeing, economic and environmental damages.
Also, renewable energy facilities tend to occupy relatively vast areas per kWh
they produce, compared to fossil fuel facilities. Since most renewable energy
facilities are erected in open spaces, they perpetuate human damage to open
spaces even increase it.

In the case of power grid failure, buildings become useless. In many cases, it
is impossible even to sleep or to stay in buildings for long (no elevators, no
water, no heating\ cooling). Without electricity in buildings, the modern

civilization cannot function.
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BAPV

Besides energy efficiency methods (thermal insulation, efficient energy
systems, better utilization of sun energy, etc.), a technological solution for the
above problems, is energy production on buildings. At present, this solution is
mainly applied by installing conventional photovoltaic (PV) panels on rooftops
(BAPV- Building Applied Photovoltaics). This solution is using the same land
for a building and for energy production. The consistent decrease in PV
systems prices resulted in renewable energy that is cheaper to produce
compared to fossil fuel, and its widespread application. These solutions allow
the construction of ZEB\NZEB (Near\Zero Energy Building), that consume 80%
less energy than comparative conventional buildings, or even supply the power
grid with more electricity than they consume.

Having said that, BAPV has its drawbacks. In low buildings (up to a few stories),
it is common to be able to produce electricity using roof BAPV, in a comparable
amount to the buildings' energy consumption. Nonetheless, in high-rise
buildings, this is impossible. This is because the ratio between the roof area
(energy production capability) and the combined floor area of all stories (energy
demand), is very low. So, these buildings can produce only a fraction of a
percent of their energy demand. An increasing portion of modern buildings,
especially in crowded and dense countries like Israel, should and are being built
as high-rise buildings. In this reality, buildings can produce only a small fraction
of their energy demand. In addition, BAPV is predominantly not visually
esthetic, a fact that deters architects from incorporating it in buildings.

BIPV

Building Integrated Photovoltaics (BIPV), are a part of the building envelope,
and fulfill a few functions at once: electricity production, esthetic solution,
building protection from the elements (wind, temperature, sun, precipitation,
dust, objects). This technology gives a holistic solution to the problems
mentioned above and cut back the resources used for separate manufacturing
of building envelope and BAPV products. At present, there are hundreds of
BIPV products globally, that provide energy and envelope solutions for roofs,
facades and windows. There are already hundreds of new and refurbished
BIPV building in the world.
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Figure A: Facade BIPV on the Copenhagen International School - Nordhavn, DK. Source: F M@ller, photo:
Adam M@rk.

Like many other new technologies, because it is introducing a whole new
dimension to the building industry, BIPV application is usually substantially
more expensive compared to that of BAPV and conventional envelope
products. Also, there is a lack of awareness and a knowledge gap in Israel.
The advantages of energy production on buildings and the barriers for
BIPV\BAPV implementation, have already been identified in the developed
world. Many countries are enabling and subsidizing energy production in
buildings in general and BIPV specifically. The European Union has ruled that
every new public building and every building will be NZEB, starting in 2019 and
in 2021 respectively, and that after 2050 all buildings will be energy neutral (will
not consume more energy that they produce). It is practically impossible to build
or refurbish a high-rise NZEB building without BIPV application. In accord with
policy and similar ones elsewhere, and with the development of new BIPV
products- the global BIPV market was 7$ billion US dollars in 2015, with a 33%
annual growth rate and a market projection of 61%$ billion US dollars in 2022.
In Israel, thanks to a new policy that support energy production on roofs, and
thanks to the drop in PV systems, there is a growing number of BAPV systems
on buildings' roofs. But there is no Israeli BIPV market, and as far as we know-

only one BIPV building.
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Figure B: Colorful BIPV facade on the KingsGate House, Chelsi, London, UK. Source: SUPSI, photo: P.
Bonomo.

Research objective

The main goal of this research was to promote BIPV implementation in Israel,
though studying its application in a typical high-rise office building. The research

reviewed BIPV in the world, performed an energetic and an economic analysis
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of BIPV implementation in 9 different structural envelopes, review policy,
barriers and gave recommendation for BIPV promotion in Israel.

The energetic analysis studied the electricity production in the different
structural envelopes and the effect of an urban context (buildings shading). The
economic analysis compared price quotes of the different structural envelopes
against their potential income from electricity production. Out of this data, the
time to return the investment was calculated per structural envelope. In

addition, socio-economic gains from BIPV implementations were calculated.

Results

Potential Israeli Market

Mandatory BI(PV) installation on all new buildings in Israel, can lead to
production of 30-50% of electricity demand in Israel in 2040 using BI(PV), at
business as usual scenario (constant electricity demand growth).

Mandatory BI(PV) installation on all new buildings in Israel, can lead to
production of more than 100% of electricity demand in Israel in 2040 using
BI(PV), in a scenario with PV efficiency improvement, national energy efficiency
measures, BI(PV) building retrofitting, and\or a decrease in the national
demographic growth rate.

A widespread installation of BI(PV) on buildings in Israel will support reduction
in open spaces damage from energy infrastructure; transform Israeli cities to
energy resilient cities; reduce natural resources use; allow democratization of
energy production and consumption; reduce Israel's dependence on costly,
polluting and monopolistic fossil fuels; create plenty of jobs; dramatically reduce
greenhouse gases emission and climate change risks; reduce air pollution and
subsequent illnesses; increase energy efficiency and reduce electricity loss
during production and transmission. All this, at a cost of 1.54-12% over the
buildings' cost.

Energy simulation

The sun-abundant Israeli climate, has a higher electricity production potential
using BIPV, compared to the European climate. This potential is 5-80% higher
than in southern and central Europe respectively.

In accord with the research hypothesis, the energetic simulation has found that

the only possibility for a high-rise building in Israel to produce a substantial part
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of its energy demand, is by applying BIPV on 1-3 facades in addition for BAPV
on the roof. BIPV application leads to 3-7 times higher electricity production
compared to BAPV on the roof alone. Also, BIPV facade installation at 30°
degrees, allows to produce 70-125% more electricity per square meter
compared to standard flat facade installation (vertical to the ground). On a
south-facing fagade, this means producing almost as much as the BAPV on the
roof per square meter.

In an extreme case of dense high-rise building surrounding, electricity
production can decrease to 80% compared to a non-context scenario. This, due
to shading on the low stories BIPV facades.

Economic analysis

In the present Israeli market, the electricity prices are low compared to many
countries in the developed world, and do not include full externalities costs,
such as the socio-economic effect of air pollution and greenhouses gases on
health, infrastructure and the environment. Also, the lack of a local BIPV market
leads to high BIPV installation prices compared to Europe. Therefore, the
economic analysis found that none of the studied BI(PV) options can return the
investment in up to 20 years (a common lifetime of an infrastructure facility).
Only one option got near, with a return of investment time of 21 years. The rest
of the BI(PV) options return the investments between 28 years and hundreds

of years (see Figure C).
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Figure C: Return of investment (ROI) time in years to the BI(PV) options for the office building.
Calculated from income from electricity production, and expenses (materials, instalment, maintenance).
NO ROI- an option where the income does not cover the expenses ever after hundreds of years.
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For a BIPV project to return its investment in less than 20 years in the present
Israeli market, the cost of installed BIPV systems per square meter of solar
area, should decrease by an average of 30%.

When the socio-economic benefits of regular PV production are considered, the
time to return the investments drops in all BI(PV) options, that most options
return the investments by 8-14 years. This is because adding all of the socio-
economic benefits of regular PV production doubles the economic value of each
kWh produced (see Figure D).
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Figure D: Return of investment (ROI) time in years to the BI(PV) options for the office building,
with externalities and economy benefits included. Calculated from income from electricity production,
expenses (materials, instalment, maintenance), externalities savings and economy benefits. These
results are relevant in the specific case where the country is the entrepreneur and enjoys the externalities
savings and economy benefits. Also, it can illustrate to the country the benefits of wide BIPV
implementation.

Despite all this, even when externalities and economy benefits are not taken
into account, but structured energy efficiency within some of the BI(PV) options
is taken into account, a return of investment of only 14 years was calculated for
at least 2 BI(PV) options (options H-I, cross-section 4). This, because in these
options the facade BIPV systems are installed in an optimal angle (30°
degrees) to harvest the sun's radiation, and because that they shade the

windows and reduce the building's energy consumption (see Figure E).
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Figure E: Return of investment (ROI) time in years to the BI(PV) options for the office building,
without externalities and economy benefits, with energy efficiency in option H-I. Calculated from
income from electricity production, and expenses (materials, instalment, maintenance). Purple- results for
options A-G without energy efficiency (same as in Figure C). Green- results for option H-I that include
energy efficiency structured in the BI(PV) system. Black circles- results for options H-I without energy
efficiency (same as in Figure C).

In the present Israeli market, without governmental aid and subsidy for
electricity production on buildings, the BIPV market is not expected to grow in
the next 5-10 years. This, in contrast to an annual global growth rate of 33%.

This research did not take into account the following factors: an expected rise
in building value thanks to BIPV installation, reduction in energy needs in some
of the BI(PV) options due to BIPV shading, BIPV\BAPV-specific socio-
economic benefits (reduction in open spaces damage and in natural resources
depletion). We estimate that a study that will take these factors into account,
will find that BIPV application in Israel has more benefits, and that at a holistic
socio-economic perspective, BIPV returns the investment in faster compared

to this analysis.

Main Recommendations *

Policy recommendations:
e There is an urgency in reducing greenhouse gases (climate change
mitigation), an urgency in climate change adaptation, and an urgency to
prepare for a potential power grid failure. So, it is advised to promote

policies that will encourage\ coerce construction of NZEB\ ZEB buildings

2 A full list of recommendation can be found in chapters 7-8.
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with BI(PV) systems. These buildings will reduce greenhouse gases
emissions, will be climate change resilient, and resilient for power grid
failures (act of war, natural disaster, cyber-attack).

e |tis recommended to promote energy storage that will allow a wide and
effective use of renewable energy in Israel.

Regulatory recommendations:

e To encourage cities to set legislation to promote BI(PV) on buildings.

e In accord with the European Union regulation, to rule that every public
building that will be built in Israel after 2022, will have to be NZEB, and
that every building that will be built in Israel after 2025, will have to be
NZEB,

e Since BIPV systems are expensive for implementation in the present
Israeli market, it is advised to allow building to be recognized as NZEB\
ZEB, by allowing them to install cheap and conventional PV systems on
other buildings' roofs in the city (as is done today in the European Union).
However, since there are limitations on PV installments on city roofs, it
is probable that facade BIPV installation will be necessary to cover all of
the energy needs of the building.

Architectural recommendations:

e Since the Israeli BIPV market is in its infancy, there are a lot of
unknowns. Therefore, it is recommended to investigate thoroughly BIPV
feasibility before applying BIPV on a building, at least for the next 5
years.

e For solar energy production optimization in buildings, it is advisable to
design the building with BI(PV) in mind:

o To place building utility facilities inside the building, in order to
leave the roof free for BI(PV) on all of the roof's area.

o To plan roofs with a 30° degrees inclination facing south, for
maximal and optimal BI(PV) cover without mutual PV shading.

o To prefer applying BIPV on ventilated (cold) facades, that keeps
the system cooler and more efficient in the Israeli heat.

o Encourage 30° degrees inclination BIPV on facades, for optimal

sun radiation utilization.
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o Optimize the building for BIPV during planning for sun orientation,
shading, and BIPV panels sizes (planning the envelope to match
standard BIPV panels sizes will keep BIPV systems as low as
possible).

When the urban context is dense, it is advised to consider whether BIPV

on the facades lower stories is necessary.

Economic recommendations:

In order to promote the Israeli BIPV market, it is advised to provide
economic incentives for BIPV projects, as it is customary in the
developed world.

Despite the trend of lowering electricity production by building PV Tariffs,
it is advised not to lower them further, or even consider raising them.
This is because of the huge advantages they have.

Set a dedicated budget for NZEB\ZEB or BIPV systems support as part
of national budgets for energy efficiency.

Subsidize BIPV systems installation in buildings over 5 stories.

It is advised to provide BIPV implementation incentives after proving
electricity production over a certain threshold in the first year of operation
(and maybe even later). A simple solution for this is by applying a special
tariff for energy production on buildings. The extent of the incentive is
thus proportional for the electricity production. This solution is already in
place today for conventional roof-top PV in Israel.

Environmentally, there is a need to increase the prices for electricity that
is produced using fossil fuels, to include the cost of their negative impact
on the health and the environment. However, in Israel there are
substantial socio-economic gaps. And, increasing electricity prices is
politically hard. Therefore, it is advised not to raise the electricity prices
to high levels as in Germany. But, to keep it low. On top of that, to add a
special Tariff for energy production on buildings (as it is already partially
done today), especially for BIPV.

In order to achieve the minimal return of investment time (14 years) in
the present Israeli BIPV market, it is advised to apply BIPV on the east,
south and west facades in conventional office buildings. According to

cross-section 4 (BIPV in an optimal 30° degrees tilt towards the sun, that
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is shading the windows, see chapter 3.2.1.2) and BI(PV) options H-I (see

chapter 4.3.1).

Awareness and knowledge recommendations:

e Raise awareness to BIPV within decision makers, opinion leaders and

professionals in the construction section.

e Since the Israeli BIPV market is in its infancy, it is advised to review the

technologies, products and prices once in a few years.

e It is recommended to support construction of demonstration BIPV

projects, to increase awareness and experience.
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Esther .5 Ta71n ,j2inT3mXx ,"10 DM1An 12 ,m-Si NAI71200 7w T'NXN NNON A2 NI772 ['N2N7 (N4
Philipse and Alfred van Hese AERspire BV
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10-14%) nniaa nnn NI van? Inf7¥n X7 11 01711002 ,071IX 2T Y1 NIYna
U7X NIV Qpy .wnwh n9'wna T 0Na 17R o'’n P1EL(13 o'ewnn ik, 1A

834 11 17110V YWIN'wn VYNNN NINNKD DRYA

44



CI(G)S 2.1.22
Copper indium selenide (CIS), Copper indium -pi1'2a /7170 DI'TAI'R 1917 'KNY
N7 napnn X'n1La-Si v itn nna niye gallium-deselenide (CIGS), CI(G)S
N9TIN 7Y NI AWK NN X7 X N7 on 17 o'k ninnon (13 o'wan k) p-Si

24 DIMTI'R DTN NdNRA onnl ,0'7 NO'WNA N'XYTIAT JIX'N

CdTe 2.1.2.3
X'nl,a-Si 7w 1itn nnna niy' ,Cadmium telluride, CdTe -T1170 DimTe 'RnY
TDNNY WIN'Y XIN 178 D'RN 7W 71Tan Danon (13 o'wan 1Ix) p-Si ni?w'™ naapnn
72V 207 n"y pnvn qi0a CdTe -n 'RN2 NINK1 719'0 N2A'NN WX L,DIMTR 7N
17 "2 NIM' NRIDN 7p2 TI0') T'RIZVN] YIN'WN KINLI7R D'RN 7W 901 |NoN .N210N
7011 DIMI70n 7w NN L (tellurium) oMo YN (NPNN-7X 7w 17X 127 ;NN Y
344950 3P Aiwya nonn 12 eyl L, (PV 'k nd) nxnnY 01'7ima anan ivin'y 7wa
NX TV 7107 nvwy wx ,CdTe 'kn 7w 27w 1tnn n1d1ma nnxo First Solar nan

34 dTIAY Nwa? [NNo NNYEIXTD Ny

= mono-Si, Cz n-type (144 cm? Cell)

» mono-Si, FZ n-type (Module)

= multi-Si, Block (243 cm? Cell)

Crystalline Silicon

multi-Si, Block (Module)

» CI(G)S (1 cm? Cell)

CI(G)S (Module)

m CdTe/CdS (1 cm? Cell)

Thin film

m CdTe (Module)

= a-Si, triple (1 cm? Cell)

a-Si, triple (Module)

Efficiency n [%] 0 5 10 15 20 25 30

.D'NOYII-1019 D'XN 7w 2 NIy 13 D'wan

757 .34 (nw w7 thin film) 77 07921 (Iwx AT ,c-Si) w22 pij7'7°02 , 70wn7 wnw n1aIx Nn NI
7v191 NI7'wn NX NopwNn 0'TIN 7Y NN NIYY .0 7T 772 PV XN N7 01aina iz
Green et al.: Solar Cell Efficiency Tables (Version 47), Progress in . 7712 XN ni7'v' qwxn INI* N0y
PV: Research and Applications 2016. Graph: PSE AG 201
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Roof element
Opaq

Roof element

Transparent (e.q. skylights)

Facade element
windows or facade {e.g cunain 'x'-"alt}

Fall protection

(e.g. balconies, parapets, efc)

Roof element

Opaque Fiat roof (e.9. membranes, Noors)

Facade element

(Cladding system: e.g. rainscreen)
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BIPV AND BAPV PRODUCT GROUP

CONVENTIONAL ROOFING

,2-16 ' .2"n'7 N'x 250-490 'a va niaa? BAPV-1 BIPV mxim 7w o''nnn yximn ,NNT

227 07270 noovyn XM N7 o N "N Ntk 200-2 yximnal

END-USER PV SYTEM COST CALCULATED OVER PV PRODUCT AREA IN €/M2

€0 €50 €100 €150 €200 €250 €300 €350 €400 €450 €500 €550 €600 €650

BIPV FULL ROQF SYSTEM —
SOLUTION
BIPV TILES —_— —
IN-ROOF MOUNTING SYSTEM —_—

MATERIAL

BAPV + CONCRETE TILES —I—-

THATCH ROOFING D
SLATES
METAL ROOFING

CERAMIC TILES

Opp
1

CONCRETE TILES

€0 €50 €100 €150 €200 €250 €300 €350 €400 €450 €500 €550 €600 €650
END-USER COST ROOFING MATERIAL IN €/M*
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BIPV
ACCESSORY

WARM
FACADE

COLD FACADE

END-USER COST FACADE MATERIAL IN €/M*
€20 €120 €220 €320 €420 €520 €620 €720 €820 €920 €1.020 €1.120

SOLAR SHADING |:|

BALCONY O

GLAZED CURTAIN WALL | |

WINDOW 1 |

BIPV | |

WOODEN I |

STONE | |

METAL [ |

FIBROCEMENT | —

€20 €120 €220 €320 €420 €520 €620 €720 €820 €920 €1.020 €1.120

END-USER COST FACADE MATERIAL IN €/M?
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Cost (€/m? of available building skin area)

| |
Solar Glazing
[] . .
> . Cold facade cladding = .
7T
& Flexible foi
o xible foil flat roof —
BAPV flat roof —te
n .
g BIPVin-roof [ | ‘ L —
Eo=
£\ @ é E BAPV slanted roof —
TSR ‘
—_
E‘ g § Solar rooftiles ———
G 8 T |
U v c
g q Full roof system ‘ =
u
c
@ Prefab roof elements | —
| [
-500 -300 -100 100 300 500
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Cost of materialsin €/m?
£0 £100 £200
Roofing Solar rooftiles

materials
BIPV in-roof

ﬁ\ Full roof solution
Slates
Metal roof

Rooftiles

€200 €400 €600 €800 1'000 1200

Facades Curtain wall
claddings

High standard stone
cladding

PV cladding ¢
crystalline

PV clladding
thinfilm

Wood

Brickstone
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Planning
and paperwork

Electrical wiring

Inverted and

Fastening system optimizers

and ballasting

Installation

Solar modules

Fastening system
and ballasting

Inverted and
optimizers

Planning

Solar modules
and paperwork

Electrical wiring

Installation

Other costs
(dummies, cladding
panels, f ashings)
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22 BIPV 2.3
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PV PANEL
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P.V capex + Yopex(t = 20)
P.V X[solar income (t = 20)]

7¥ VP'NS NOIPN NIXT VXA NYpwnn ITNn AT a1w'n . P.V = Present Value W"wxo
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v 1720 194 pnaxn P77 win'yn D [ nimixnn neryn Kiva X 077 0K
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T NOx: 0.92 gram/kWh (2017), 26016 ils/ton(2018) ; SO2: 0.77 gram/kWh (2017), 44923
gram/ton (2018); PM (average): 0.04 gram/kWh (2017), 77033 ils/ton (2018); CO2: 614

gram/kWh (2017), 121 ils/ton (2018).
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