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1 | What is BIPV competitiveness
As building-integrated PV components and systems serve multiple functions, their
competitiveness can be evaluated from various perspectives

=
SR i

1) As a construction component 3) As an electricity generation unit
Metric for the comparison: €/m? Metric for the comparison: €/k\Wh
Comparison point: conventional construction materials Comparison point: other electricity generating units such as
such as ceramic tiles, concrete, glass, ... BAPV, retail or wholesale electricity prices, ...

N\ ==

2) As a construction system 4) As a project (“holistic” or “TCO” approach)
Metric for the comparison: €/m? Metric for the comparison: NPV in € (normalised into €/m?)
Comparison point: conventional construction systems such Comparison point: conventional construction system’s
as ceramic tiles roofs, concrete facades, glass facades, ... installation project
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1 | What is BIPV competitiveness

BIPV solutions remain overall more expensive than conventional roof and facade
systems, although they can compete with high-end ones

System cost comparison of conventional and BIPV roofing solutions

BIPV ROOFING

CIGS on metal sheet I:l

Tailor-made BIPV system |

In-roof mounting system | |

Solar tile | |

0 100 200 300 400 500 600 700 800
System cost [€/m?]

System cost comparison of conventional and BIPV roofing solutions

BIPV NON-VENTILATED FACADE

aSi-based curtain wall [

cSi-based curtain wall [

BIPV VENTILATED FACADE

CIGS-based cladding 1

aSi-based cladding [

cSi-based cladding

REGULAR FACADE SYSTEM e —

0 200 400 600 800 1000 1200
System cost [€/m?]

Simple solutions such as in-roof mounting systems can be more competitive

than conventional solutions.

Active BIPV facade solutions remain undoubtedly more expensive than

standard fagade cladding solutions.

&

BUT...

»  BIPV offers an additional functionality which expectedly leads to higher

costs.

»  Active solutions are often more competitive, from a system-level cost
perspective, than the subsequent application of a PV system on a regular

roofing solution.
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1 | What is BIPV competitiveness

In the “Total Cost of Ownership” approach, the attractiveness of BIPV compared to
conventional building envelope solution is also taken into account

L% INITIAL EXTRA COST OF BIPV

Extra cost
Installation & Fixed cost
development
Mounting
structure
BoS
Module § §
&\ N
Total end-user cost ~ End-user extra cost
+
E§—|\ OPERATION & MAINTENANCE
Og@ COSTS
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Taxes and Vfa\riable cost
: Fixed cost
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COSTS  REVENUES Network

-l-

Energy

|

COMPETITIVENESS [€/m?]
NPV

Total retail
system surface

electricity price

Compensable retail
electricity price
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FEED-IN VALUE,
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2 | BIPV competitiveness status in Europe

The competitiveness of four typical reference cases is presented in the next slides,
covering a variety of buildings, technical solutions and configurations

Residential reference cases Non-residential reference cases

SFH : Single family house MFH : Multi-family house OB : Office Building IB : Industrial Building

BIPV tiles (c-Si) »  Ventilated opaque fagade (c-Si) »  Curtain wall semi-transparent (c-Si) »  Lightweight metal roofing (CIGS)
50 m? + 300m? + 270m? + 1400 m?

30° tilted, south-oriented +»  Vertical, south-oriented +  Vertical, south-orentied +  Flat

6 kWp +» 46 kWp » 25 kWp » 180 kWp

35% self-consumption rate +  60% self-consumption rate +  90% self-consumption rate »  100% self-consumption rate
Average compensable retail »  Average compensable retail »  Average compensable retail »  Average compensable retail
electricity price* : 31,4 c€/kWh electricity price : 31,4 c€/kWh electricity price : 30,5 c€/kWhx electricity price : 20 c€/kWh
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2 | BIPV competitiveness status in Europe
On roofs, residential BIPV systems show very competitive results, while when installed

on facades the results are more mixed, as the configuration is non optimal

Competitiveness of the MFH reference case in key European countries

Competitiveness of the SFH reference case in key European countries

MFH

Competitiveness [€/m?]

I 1000

0

. -400

Competitiveness [€/m?]

I 1000

0

l -400

!

 §

@ High retail electricity prices @ High retail electricity prices

@ High system power density (opaque solution) @ Relatively high system power density (opaque solution)

@ Tilted roof (good irradiation conditions) @ Vertical tilt (poor irradiation conditions)
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2 | BIPV competitiveness status in Europe

The office building BIPV reference case suffers from a combination of unfavorable
factors, including high cost and a low power density

Competitiveness of the OB reference case in key European countries Competitiveness of the IB reference case in key European countries

oB |1 IB

Competitiveness [€/m?]

l 1000

Competitiveness [€/m?]

I 1000

- -400

@ Relatively high self-consumption @ High system power density (opaaﬁe solution)
@ Medium retail electricity prices @ High self-consumption

@ Vertical tilt (poor irradiation conditions) @ Horizontal tilt (medium irradiation conditions)
@ Low system power density (semi-transparent solution) @ Lower retail electricity prices
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3 | Innovations & perspectives for improvement

The innovations developed in the BIPVBOOST project allow cost savings along the
entire BIPV value chain, from planning and design to use phases

> UPSTREAM DOWNSTREAM UPSTREAM >

MANUFACTURING AND SELECTION OF COMPONENTS

Cell Manufacturing

CONSTRUCTION USE DECOMMISSIONING
PRELIMINARY STUDIES > PROJECT PLANNING >
Feedback
Polysilicon Production Pl Conceptual design (based on Transport and storage,, Ownership . Dismantling
7 \ rough site, cost and energy analysis) % ;—a%?‘?
Silicon Ingot ,’ E‘)eveloped design (type of Preparatory waorks oy, Monitoring and BEM% Disposal
! module, grid layout) ﬁ%‘%}’ n
Wafer Slicing ! .Installe.ut|on o Maintenance Recycling
| s . {mechanical, electrical, monitoring Ji: Ll
I Competitiveness analysis system) Bl
: 5%
|

|
| Project risk analysis
1

Technical design (structural,
electrical) %

Administrative and legal
Power electronics pla nning (grid connection,

|
|
|
(sensors, optimizers, inverters) : permitting, certification, regulation
|
1

Module assembling o

Test and approvals By

analysis)
Construction com ponents

[mounting structures, ...) /Bl
ik ’

Rest of Balance of System
(connectors, cabling, ...) %
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3 | Innovations & perspectives for improvement

BIPVBOOST innovations will generate direct cost savings and keep on having benefits
after the end of the project, enabling two-digit cost reductions by 2030

Flexible and Automatic BIPV module Portfolio of low-cost and aesthetically BIM-based software tool Enhanced, cost effective BIPV roof and
manufacturing and quality control line advanced glass-glass BIPV products supporting the design, manufacturing, facades systems for CIGS on metal and
installation, operation and maintenance c-Si glass-glass

Targeted impact: Targeted impact: Targeted impact: Targeted impact:
Reduced module manufacturing cost [€/m?] Reduced system end-user cost [€/m?] Reduced system end-user cost [€/m’] Reduced system end-user cost [€/m?]
(through reduced manpower needs, reduced (through more cost-efficient coloring and (through reduced times needed for the design (through easier installation thanks to
failure rates, ...) A — and collaboration/communication between lightweight products, adapted mounting
o architects, designers, engineers, ...) structures, ...)
-10% total end-user cost -40% total end-user cost -2% total end-user cost -55% total end-user cost
by 2030 by 2030 by 2030 by 2030
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3|
BIPV solutions will also benefit from external improvements, including innovations and
optimisation arising from the PV, BIPV and construction sectors

Example of different cost reduction sources for a rainscreen fagade as evaluated in 2020 Potential external sources and drivers of improvements are plentiful
@ . From the PV sector:
| _ Improvement of silicon crystallisation process, wafering
_ 500 7 462 ;E'Xﬁ: Egss: technologies, equipment effectiveness of c-Si cell production
h= — tools, metallisation process, inverter costs, ...
:*E, D B BIPVBOOST improvemgnts
l<—I 400 ~ OOther improvement . From the construction sector:
= 317 Improved knowledge on BIPV and information flows,
3 simplification of administrative and legal procedures, ...
£ 300
; I:I 2;'3 . From the BIPV sector:
S Economies of scale and industrialization, digitalization,
§ 200 - installation procedures, ...
3
0 100 = Overall, both market-pull and technology-push is required in

order to effectively achieve all/most expected impacts of the above

improvements, including the support of the right regulatory

measures.
2020 2025 2030
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4 |

The competitiveness of residential BIPV applications will be reinforced and should be

reached in the vast majority of cases in the coming years

Competitiveness outlook the SFH reference case Competitiveness outlook of the MFH reference case
Compensable retail electricity price Compensable retail electricity price
0,16 0,21 0,26 0,31 0,36 0,41 Competitiveness [€/m?] 0,16 021 0,26 031 0,36 041 Competitiveness [€/m?]
12 54 25 586
31 426 56 379
49 298 86 172
68 170 117 -35
E a1 E s --242
s . S .
% 105 ! 2 179 :
(%) (%]
© 1 P 1
£ 123 : £ 210 !
y : A European average, 2023 y : A European average, 2023
7’
5 14 | a 241 |
-] 1 . . . 1
S 160 I -~ % 2025 cost reduction potential 2 om | --» 2025 cost reduction potential
| A
1 . o
179 I — 2030 cost reduction potential 302 —> 2030 cost reduction potential
197 A 333
216 364

&

Extra cost for the end-user could be slashed more than two-fold by 2025 - . . . .
Competitiveness would be in reach, even if retail electricity

MFH

Competitiveness would increase almost proportionally prices were to decrease significantly
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4 |
The competitiveness of the OB reference case will remain subpar and only achievable
under specific conditions, such as favourable irradiation or high electricity prices

Competitiveness outlook the OB reference case Competitiveness outlook of the IB reference case
Compensable retail electricity price Compensable retail electricity price
0,15 0,20 0,25 0,30 0,35 0,40 Competitiveness [€/m?] 0,05 0,10 0,15 0,20 0,25 0,30 Competitiveness [€/m?]

- 206 37 544
161 ! A 53
119 o A | 160
282 .
= -444 T
£ E 102
) )
-
3 2 w7
© (1]
£ % 134 -
: A\ European average, 2023 s I A\ European average, 2023
g 2 149 :
- . . .
2 --#% 2025 cost reduction potential 2R i --%» 2025 cost reduction potential
. o 1
— 2030 cost reduction potential 181 i — 2030 cost reduction potential

ol A

w wl
T L

&

Extra cost for the end-user would decrease, but in lower proportions
| compared to the residential cases

OB 1 y IB

Competitiveness could be reached, but under favourable conditions only, substantial decrease of electricity prices
as it is the case now

Competitiveness would improve, and reachable even with a
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4 |
The enablers of BIPV competitiveness are many fold, with a majority of them out of
the hand of the stakeholders, such as the irradiation or the prices of electricity

Sensitivity of BIPV tiles’ competitiveness to different parameters Highlights on the influence of key performance parameters

-10% relative variation B +10% relative variation
> Location-specific enablers:

2
249 €/m Irradiance conditions
Value of injected electricity 226 _271 »  Attractiveness of local support schemes
Compensable retail electricity price 211 7
> Project-specific enablers:
Self-consumption rate 223 -274 Retail electricity prices in different customer segments.
OPEX 24]. 257 Ability to self-consume generated electricity.
Possibilities to value the electricity fed-back to the grid
Extra cost 24l 270 . Tilt and orientation of the available surface

Yearly average irradiation 188 —309

' ' ' ' ' ' ' ' ' > BIPV-specific enablers:
-40% -30% -20% -10% 0% 10% 20% 30% 40%

Relative impact on competitiveness

Extra cost of BIPV

System power density
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4 |

Among the enablers of BIPV competitiveness, support schemes can be mentioned
among the most influentials, with the ability to be game changers

Examples of BIPV-specific support schemes across Europe

n BIPV-specific investment premium

Amount
<30 kW 440 CHF/kW
350 CHF
[30-1000 kw + 330 CHF/kW

I I BIPV-specific investment premium

PV capacity range

P <= 100 kWp
100 kWp < P <= 250 kWp
250 kWp < P < 500 kWp

I I BIPV-specific green certificate granting rate

BIPV categories

Skylight

Balcony

Sun shading

Ventilated facade

Repetitive structure, full roof system, solar tiles

Winter bonus (i.e., tilt >75°)

250 CHF/kW

Investment support* [€/Wp]
From 10/2022 to 10/2023
0,133
0,128
0,125

Minimum revenues* [€/MWh]
123,5
123,5
117
156
Same as BAPV

DY

Competitiveness [€/m?] of a MFH ventilated fagade in Switzerland

21

-71
With BIPV-specific Without subsidy

subsidy

With BAPV subsidy

=» BIPV-specific investment premiums can be decisive in

reaching the competitiveness threshold
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5 | Key takeaways
BIPV solutions are already competitive in many configurations and locations, and the

rigcht innovations supported by the right regulatory measures will strengthen their case

BIPV offers a wide range of possibilities in terms of area it can be integrated to, such as shapes, size, colors, transparency, ... and

is already competitive in many of these configurations, on various segments and locations

2 BIPVBOOST innovations will significantly contribute to reduce the cost of BIPV solutions along the value chain

3 But additional improvements driven by market-pull and technology-push from the PV, BIPV and construction sectors are also

essential, as well as regulators !

Overall, perspectives for BIPV are promising on the short to medium-term for all types of BIPV systems and all European

locations.
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How to get more information?

boo¥t boo%

Cost competitiveness status of

BIPV solutions in Europe Cost-reduction roadmap for

the European BIPV sector

BIPV SOLUTIONS IN EUROPE:
COMPETITIVENESS STATUS &
ROADMAP TOWARDS 2030

~ WHITE PAPER

Download the full technical reports at

www.bipvboost.eu
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