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The Netherlands

Area:

Population
Population density

Climate

41.500 km?
(120x350 km)

17.200.000

425/km?

Cfb
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Yearly total of global horizontal irradiation in 1981-1990 [KWh/m2]

W. Sinke, [3]

irradiation PV generation
(kWh/m2.yr)  cost (€/kWh)

600 0.83
1000 0.50
1400 0.36
1800 0.28

insolation map : Sari M., Huld T.A.,
Dunlop E.D. Ossenbrink H.A., 2007.
Potential of solar electricity
generation in the European Union
member states and candidate
countries. Solar Energy (in press),
http://re.jrc.ec.europa.eu/pvgis/
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The Netherlands

 We have not a lot of space for the energy
transition (integration)

* Integrate with built environment, infrastructure,
water.

Not a lot of space for PV fields
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Data: BP Statistical Review of World Energy 2016 Figure: robert.wilson@strath.ac.uk
Note: Covers all energy uses including electricity, heating and transport. Does not include bioenergy



The Netherlands
Energy transition (2017)
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Renewable energy
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The Netherlands

e High population density /good agriculture ground
—>Not a lot of space for energy transition -
—->Low amount PV fields

e Gas problem Groningen

—->We have a big job to do in the Netherlands



Integration

« Buildings (BIPV)
Roof, Facade and Window

 Infrastructure (lIPV)
Solaroad and Noise barriers

PV onto water (WIPV)
Floating PV
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Status PV In the Netherlands

(2017/2050)

Type 2017 2050 (Expected)
(GWp) (GWp) [1]

PV Fields 0.1 45

PV & Buildings 2.4 90

PV & Infrastructure 0.05 33

PV & water 0 69

Other 0 1

Total 2.55 (0.3-0.4%) 237 (20-30 %)
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SEAC report, (2017) [1]




PV in The Netherlands (2017)

e Small amount of PV fields (< 5 %)
« BAPV (>95%)

 BIPV and other integrations (< 3%)
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The Netherlands

[1] SEAC, report, ZU

(2017) Y D




The Netherlands in 2050

[1] SEAC, report, ZU

(2017) Y D




PV fields
« No = In fields

e Yes - Areas that can not be used for other
functions (along highways, industrial areas,

waste mountains, etcetra)
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The Netherlands
(Vision)

PV fields = limited and/or only on not
usable sites.

« BAPV - Good, non esthetical (windmill)

 BIPV - Important product
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BAPV & BIPV

Two main techniques for PV in the building environment.

Built Applied Built Integrated
PV PV



Definition BIPV

A BIPV module is a PV module and a construction
product together, designed to be a component of
the building. A BIPV product is the smallest
(electrically and mechanically) non-divisible
phovoltaic unit in a BIPV system which retains
building related functionality. If the BIPV product is
dismounted, it would have to be replaced by an
appropriate construction product






BAPV

Number of PV modules > 11.000.000

Payback time less than 7-10 years
Kwh price in 20 years 0.10-0.13 Eur/kWh
Interest house owners: 5-8 %
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PV on the house




International Energy Agency

BIPV Revenue by Country (S Millions)
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Zuyd & Research

e Built environment (BIPV)

Roof (2011-2018)
Facade (2013-2018)
Window (<2017)

 Infrastructure (lIPV)
Solaroad and Noise barriers (>2018)
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Zuyd&Research

« Validation and demonstration of
Integrated PV products and energy
storage products for Buildings
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Demonstration & Field test
District of Tomorrow




Realized BIPV projects at Zuyd




Kerkrade -west
(Bestaande wijk van morgen)

Heem wonen -> renovation
152 houses -> new building envelop with PV
F > A++




Modules
eColor

eSize
Curved
eTransparent

BIPV
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Integrated

Colour

Shape

Size

BIPV
(Roof)

Black/blue - Colors
Rigid - Flexible

Rigid - All sizes

ZU
YD



Built environment
(Roof, integrated)




Built environment
(Roof, integrated)

UAERSPIRE

Aesthetic Energy Rools




Built environment
(Roof, integrated)

SCX SO/AR

connected to
the sun




Building 1
Bent to the sun
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Field Test 1 - technical layout
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Top view (no scale)

Mashanicnl vardlabiam siafet

Matoral vardlabzn inkat



Field Test 1 — PV output 2013-2015

(kWh)
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209 Wp 197 Wp 169 Wp 112 Wp
213 Wp 213 Wp 183 Wp 92 Wp
196 Wp 196 Wp 195 Wp 124 Wp
170 Wp 139 Wp 200 Wp 160 Wp
167 Wp 194 Wp 176 Wp 185 Wp
198 Wp na 208 Wp 199 Wp

Whp per string
(modules 1-5):

A: 955 Wp
B: 939 Wp
C: 923 Wp
D: 673 Wp

TU/e
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Avancis




Avantis
(Last week, Glasstec )

. THIS FACADE
- PRODUCES
ENERGY




Kameleon Solar




Kameleon Solar




Colored solar modules

1. Coating on top of silicon cell
2. Thin film technology (OPV)

3. Coating/foil on front glass substrate of
module




Coloured Solar Cells




Creating colour

— Paint

—_— COIOur fl Iter — Transrri_ission Reflt:tion
. . . Colour Filter +/- +/-
—_— SeleCtlve refleCtlve Coatl ng Selective reflective coating ++ +




Selective reflective coatings (1)

« \Working principle
— Creation of interference stack
— Reflection and colour can be adjusted
— Stack applied on PV panels
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Selective reflective coatings
(Spectral response)

Spectral Response
—Without coat ing - TNO g ECN

—W.ith coating - TNO

al Respions (A/W)

Wavelength (nm)



Preparation of colored solar
modules (Scale up)

Size: 81.35 x 98.80 cm (half of a standard
module).

Preparation at Prinz-Optics and Soltech
Cells: 6x4 (24).

-V test: Efficiency about 10% less than
standard modules. ZU
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Preparation of colored solar module

(24-cells colored modules with black and transparent EVA)




BIPV roof

Properties of the colored BIPV solar roof

Number of colored modules: 8

Number of colored modules: 4 (black EVA)
Number of colored modules: 4 (transparent EVA)
Number of standard modules (100x160 cm): 36
*Orientation 190°

Inclination 12°

«9840 Wp total




BIPV roof

(average hourly PV output (Wh) of colored vs black modules with 80%
compensation for difference between 48 and 60 cells) over 1 day.)

180 -
160 -
W 140 -
h 120 -

100 -~
colored

—black

80 -
60 -+
40 -
20 -+

1 2 3 45 6 7 8 9 1011121314151617 18 19 20 21 22 23 24 —

Time during day (h) 2ZU
Zuyd University Y D

of Applied Sciences



BIPV roof




Field test

Reliabllity colored coating good

_ess than 20 % loss due to colored coating
Different colors can be obtained.

Building companies like the green-yellow color

ZU
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Demo 1
Out with asbestos, in with solar panels




Challenge

> 10 km2 in Limburg (> 100 km2 asbestos
roofs in the Netherlands)
Asbestos must be removed before 2024.

30-40% of the asbestos roofs Is with low
construction. PV panels are heavy.

> 3 km2 In Limburg (> 30 km2 asbestos roofs

In the Netherlands)

Thin film

Improve roof construction ZU
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District of tomorrow

*Mounting frame *Peel and Stick Z U
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Products:

Hyet Solar BV

PowerFoil115: Single junction (a-Si:H)
PowerFoil165: Tandem junction (a-
Si:H/uc-Si:H) modules (n=10%)
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Monday Oktober 8
(Building demo 1)




Monday Oktober 8

demo 1)
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Facades




Zigzag solar
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(Q park Heerlen)



Solowall (SCX Solar)




Solowall (SCX solar)




PV &Windows
(Transparant PV)
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 Physee (Projects in the Netherlands)

OUR BRIGHT FUTURE: PHYSEE BACKLOG

KondorWessels Lightliving: 1400 m2

.HVG Headquarters ING: 1500 m2

]

"VURH Overhoeks Kavel 5: 1850 m2

s -
b P

Arcadis Headquarters N5: 1200 m2 m BK Punt DOB Greenhouse: 300 m2



OPV (Lifetime)




PV & infrastructure

Solaroad

Noise Barriers
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Solaroad, infrastructure




Solaroad, infrastructure




Solaroad Living Lab
Facts & Figures

Location : Krommenie
(15 km from Amsterdam)

Cycling path : 70 m long and 3.5 m broad
Half cycling path with PV solaroad
(70x1.75 m)

54 modules, 16 kWp, 80 cells/module | =, il




2014-2018

2018-2022

Solaroad

Zuyd not involved

Rolling Solar

- New product with CIGS in stead of
silicon

- New types of encapsulants

ZU
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Noise barriers
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1939 c-5i TNC AG
1992 Oberdstereichische Kraftwerke
1992 TST (DASA)
1992 X THNC AG
1995 Stadtwerken Saarbricken
1945 TNC AG/ Kanton Basel
1995 X c-5 RWS
1996 X -5 Shell & ENW / EU Commision
1997 THNC GmbH, Bayernwerk, BMFT
1997 X c-S5i Uitbreiding door TNC in 2004
1998 X c-5i TNC
1999 X a-Si TNC
1999 X c-Si
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2004 a-5i Phoenix Solar
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2007 ¥ a-Si
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2007 X c-5i Suntechnics Fabrisolar AG
2008 X -5 TNC
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2010 X
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Types of noise barriers

1. Aufgesetzt (realisiert) 2. Zick-Zack vertikal
& - S
lﬂq% | Q =

3. Schindeln 4. Kassetten
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5. Zick-Zack horizontal & 6. Senkrecht bifacial N-S
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Grafik © 2002 TNC Consulting AG, Erlenbach
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SONOB project
(SOlar NOise Barriers)

- Dutch Highways: 750-800 km Noise Barriers

Noise Barriers are needed a lot due to highways, close
to highways

- Heljmans - tested special Solar Noise Barriers
- Luminescent solar concentrators
-> Bificial solar panels






2014-2018

2018-2022

Noise Barriers

Zuyd not involved

Rolling Solar

New product with CIGS In stead of
silicon
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PV & water
(Floating solar/Marine solar)
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PV & water




PV & water

Geinstalleerd vermogen (kWp)
Drijvende PV wereldwijd

s ﬂll

<2014 2014 2015 2016

2017



Energie op water AT . .

Proef drijvende zonnepanelen

Nederland staat voor een enanne opgave omdoesistellingen
voor duurzame energie te halen. Het kabinet streeft naar

1% duurzame energie opwekking in 2oz20. Sarmen met Slufter
andere overheden; bedrijfsteven en kennisinsiallingen
werken we aan innovatieve oplassingen, zoals drijvenda O

zonnepanelen, om deze energiedoelstellingen te behalen.

Testin de Slufteris i _ ggggdeel::e?;:iUEnde
eerste proefop : -y ¥
grote schaal

+18%

endarmen

g Port of Sunfloat



PV & water




IEA PVPS Task 15

Enabling Framework for BIPV acceleration

It is not about a ‘grand vision’ on BIPV or reaching
‘grid parity’, it is about the basic conditions for
upscaling niche markets and products.
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IEA PVPS Task 15 Subtasks

Dtas
olas
olas
Dtas

Dtas

KA-B
KB-B
KC-B
KD-B

KE—-B

PV database
PV business cases
PV regulatory issues

PV environmental issues
PV R&D activities
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IEA PVPS Task 15 Countries

Austria
Australia
Belgium
Canada
China
France
Germany
Italy

Japan
Korea
Norway
Singapore
Sweden
Switzerland
The Netherlands
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Conclusions

 Netherlands need to integrate PV with other
functions.

* Prototypes of BIPV enough. WIPV and IIPV are
coming

 BIPV products produced on large scale not
present-> price issue



