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International Solar Energy
Research Center Konstanz

bifiPV workshops from 2012 Iﬂ

1) bifiPV 2012 in Konstanz (120 people)

2) bifiPV 2014 in Chambery (80 people)

2,5) bifiPV 2015 in Antofagasta (40 people)
3) bifiPV 2016 in Miyazaki (80 people)

4) bifiPV 2017 in Konstanz (130 people)

all presentations at
https://pvpmc.sandia.gov/pv-research/bifacial-pv-project/

Radovan Kopecek, bifiPvV2017, Konstanz, October 25/26, 2017 3

workshorgp

SiL12 2
bifi PV m 34,0,,/./20
/2

|5 years of experience in construction and operation of two
bifacial photovoltaic systems on Swiss roads and rails

Thomas Nordmann
Thomas Vontobel * Luzi Clavadetscher
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CH-8706 Feldmeilen/Switzerland
nordmann@tnc.ch * www.tnc.ch

Organizers: i
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Technical wrap up: are we doing the right things, right?

direction

Thomas Nordmann * TNC Consulting AG = 8706 Feldmeilen/Switzerland
AlERced targy Concopts nordmann@tnc.ch * www.tnc.ch
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Are we doing the right things? Are we doing the right right?

Wednesday, 25.10.2017

Thursday, 26.10.2017

_ Measurement- and qualification standards

Sessio 12:00-12:20 | Vahid Fakhfouri, Passan loverview ]
12:20-12:35 | Klaus Ramspeck. h.a.lm. Measurement techniques for bifacial solar cells

_— Accurate inline characterization of BSF and emitter fabrication processes for high-volume bifacial cell
12:35-12:50 ] Gordon Deans, Aurora production

-mm Marvline Joannv, INES Bifacial modules measurement with GE method
0 winbwoe| 0000000000000

| wrso] st ke pone

14:45-15:00 | Elias Ga.ma Goma, EternalSun Single vs double side illumination indoor testing for bifacial performance characterisation

Wemer Herrmann, Rheinland
15:00-15:15 | Energy Performance charactenistics of bifacial PV modules and power labelin

Bifacial Solar Cells under Single- and Double-Sided Illumination: Effect of Nonlinearity in Short-
15:15-15:30 | Michael Rauer, ISE Circuit Current

Session VII

15:50-16:10 | Thomas Nordmann, TNC Critical summary and outlook for mccessl'nl bﬂacial [ntllre
Sesiv [Sewionvit [ Bankabilin

overview

©TNC 2017 bifi PY Workshop Konstanz
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Session | ¢ Systems: reports on large bifacial systems 25 Oktober 2017

Session I Systems: reports on large bifacial systems
09:00-09:20 { Maryline Joanny, INES overview
09:20-09:35 | Ashok Sinha, Sunpreme Sunpreme’s HCT-based bifacial PV module: a compelling solution for commercial systems
09:35-09:50 [ Naftali Eisenberg. SolAround Comparison of different bifacial systems
09:50-10:05 | Jason Ni. Yingli S0MWp bifacial system and standards
15 min coffee
10:20-10:35 | Willem Vermeulen, Tempress 400kW bifacial system in EU and comparison with other systems
10:35-10:50 | Rob Kreiter. sunfloat Floating bifacials - reflections on power
10:50-11:05 | Andreas Dreisiebener, solarspar Small vertical E-W oriented modules on rooftop (Swiss)
11:05-11:20 | Heiko Hildebrand, Next2sun 3MWp vertical E-W oriented system in Germany
11:20-11:35 | Fabrizio Bizzarri, Enel Innovative (tracked) bifacial PV plant at la silla observatory in Chile

©TNC 2017 bifi PV Workshop Konstanz
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Rules of tumb of Bifacial gains:

Bifacial gain: fix tilt south/north oriented mlmemaﬁonawwEnerss«

Research Center Konstanz
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from bSolar > now SolAround

Radovan Kopecek, bifiPVV2017, Konstanz, October 25/26, 2017 8



HOKUTO Solar power plant
= Location: Over a period of 32 months, an energy yield over
Asahikawa, Japan 1 900 kWh/kW per year is obtained

= System:
1,25 MWp
5320 modules
40° South, fixed tilt
Elevation: 1,5 m min
Albedo = 20% bare soil
to 90% snow

= Module:
PVGS EarthON 60
254 Wp STC

= Operation:

December 2013
m\lﬁ Wp [3] Naoki Ishikawa, Satoshi Nishiyama, 3rd Bifipy ~ 1he rear side produces more energy due to higher
Workshop, J 2016 albedo and accelerates the snow melting on the
Www.pvgs.jp orkshop, Japan, front side due to rear irradiance (thermalization
effect).
0
) I:rlgs- FREE DISTRIBUTION maryline.joanny@cea.fr | workshop 2017.10.26 9

Session | Systems: reports on large bifacial systems
The world wide bifacial PV tour by Maryline Johnny ¢ ines France

Y.%{,« YINGLI connects 50 MW PV project in Shanxi Province, as part of TOP
RUNNER programme launched by China’s National Energy
= Location: Administration (NEA)

I Datong City, China [S\V/Z- (/5 e5 1 - ' BIFACIAL SYSTEMS
 Systam: The project is estimated to produce more than 80 GWh of electricity
50 MWp per year, enough to power about 37,000 homes
186 120 modules

Elevation: n.a.
Albedo = grass
[See J.Ni today talk]

= Module:
Yingli TwinMAX 60
285 Wp STC

= Operation:
Since June 2017

www.yinglisolar.com

)
\ '.QE% FREE DISTRIBUTION maryline.joanny@cea.fr |

workshop 2017.10.26 10

The world wide bifacial PV tour by Maryline Johnny ¢ ines France



GEOGRAPHICAL MAPPING OF THE PERFORMANCE OF VERTICALLY INSTALLED

BIFACIAL MODULES this adds up to an expected gain (>10-20%) through

reduced soiling and resulting cleaning costs

BIFACIAL .| -.11.>. ' 5 AMOUNTED SYSTEMS - SIMULATION

2 3 T # $ § ¥ 8 R ® $ 8 g 8 T 8
b 19
u o )
> 15% to 20% gain ‘
Vertical of vertical EW  « . - . o . A
Dheat . oisa bifacial over ' " o W 0 , —~ T
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Reflected | Reflected high albedo
sunlight [ sunlight
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o | BIEW per MoTilt
-
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f / \ performance . 115120% .
§l / ot \ gain and avoid | /= 00 : .
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eric.gerritsen@cea.fr = - 2 : ] ¥ [ R 7

)
I:ﬁgg_ FREE DISTRIBUTION maryline.joanny@cea.fr | workshop 2017.10.26 11

Vertical bifacial E/W versus monofacial N/S tilted (tilt=Iatitude angle)
(annual kWh performance simulation based on world irradiation and albedo map)

[9] Eric Gerritsen, Masakazu Ito, EUPVSEC, Munchen, Germany, 2016

Session | Systems: reports on large bifacial systems

INFLUENCE OF PANEL ELEVATION
ON BACK IRRADIANCE

NON UNIFORMITY OF BACK IRRADIANCE VS. PANEL ELEVATION

rrrrrrr

Elevation 8 cm Elevation 108 cm

Measured back side irradiance for a 30e° tilted stand
alone module

Albedo: 0.55 W SolAround
Global Irradiation: 1006 W/m?2
Diffuse Irradiation: 111 W/mz2 Naftali Eisenberg

Panel size: 80x160 cm?2



Session | Systems: reports on large bifacial systems

INFLUENCE OF WEATHER CONDITIONS ON GAIN

HOURLY DEPENDANCE OF ENERGY OUTPUT FOR MONO AND BIFACIAL MODULES IN A FIELD

Power Output, W

a0 o — 80
Bi-facial
80 4 70
Mono-facial
70 4+ Power Gain N a5
60 -+ ==
i 50 o
50 + =
L 40 ©
40 + T
Gain - 30 3
30 4+ o
8 20
20 3 [Daily gain: 38%
10 + g 10
0 ]

07:00 08:00 0900 1000 11:00 12:00 13:00 1400 1500 16:00 17:00 18:00
Time-of-day

& SolAround

Naftali Eisenberg

Monitoring for sunny day with diffused/global radiation ratio: 11 % at noon
Monitoring for cloudy day with diffused/global radiation ratio: 88 % at noon

Session | Systems: reports on large bifacial systems

My findings: The two main concepts of bifacial PV systems!

Installation with High Reflection Vertical Installation

Direct sunlight EVA 9? O
to front side ;—\ : %
Solar Cells Direct
to front side Reflected

sunlight
sunlight

to rear side

Glass

>, Reflected
" sunlight ) )
to rear side v

WAL E A A AT AT A LA TSI AT

More albedo = higher yield + 100% yield [kWh/kWp]
=>» +10 ... +30% [kWh/kWp] Extended field of application S =» E-W
How to compensate the extra BOS cost? ®* Noon peak shaving

Dos it allow lower energy cost? «rectangle» solar power production
For utility type of installation! True dual use of function and cost

Fedd in in grid level | or 3! Sound barriers, agricultural PV, BIPV?

Advanced Energy Concepts

©TNC 2017 bifi PV Workshop Konstanz




Why Solar PV on artificial Hydropower Lakes!?

tion with High Reflection

S

Reflected
sunli gh(
o rear side

Waterlily ™

o

. ' Bifacial D

PV Modul

Installation with High Reflection

light

e@ HIT Solar Cells
Y

/ Reﬂecled
By




Bifacial 2

PV -Modul

Vertical Installation

How to use solar power with north-south oriented areas?

% :
%3 @ | FirstTNC experiments in a vineyard above Lake Zurich

sunlight

' ‘ to rear side

ial Workshop Konstanz
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Vertical Installation

g % First TNC Solar bifacial PV irradiation

sunlight

measurements |1994/95

sunlight

' ‘ to rear side

[KWhin?]

108%

Dec 94 Jan 95 Feb 95 Mar 95 Apr 95 May 95 Jun 95 Jul 95

©TNC 2017 bifi PV Workshop Konstanz
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Vertical Installation

Smne
% @ Why is the sky is tolerant to PV?

sunlight

' ‘ to rear side

©TNC 2017 bifi PV Workshop Konstanz
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Vertical Installation

Typical daily curves for Solar
irradiation and power

Irradiation, G, Gi [kW/mA2]

©TNC 2017 bifi PV Workshop Konstanz

Irradiance Gl is the sum of irradiance on the eastfacing and west-facing sides.

Advanced Energy Concepts
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Ii)ecembell 2008
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Session |l ¢ Solar Cells: industrial bifacial calls for production

25 Oktober 2017

Session 11 Solar Cells: industrial bifacial cells for production
12:00-12:20 | Ingrid Romijn, ECN overview
12:20-12:35 | Thorsten Dullweber, ISFH Bifacial PERC+ solar cells: status of industrial implementation and future perspectives
12:35-12:50 | NN, Jolywood nPERT bifacial technology
12:50-13:05 | Lev Kreinin. SolAround pPERT as an alternative
13:05-13:20 | Andreas Teppe, RCT mcPERCT

©TNC 2017 bifi PV Workshop Konstanz
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Session Il Solar Cells: industrial bifacial calls for production

Commercial bifacial solar cells

e 2000: Bifacial HIT cells from Sanyo in production
- Symmetric metallization for thin wafers

e 2004 - 2008: large scale PV industry takes off....
- With monofacial cells and modules

. . o . PVG Solution
e 2010:Yingli commercializes ECNs n-Pasha cells? v
- Applied in monofacial modules e e

\ \
e 2011: PVGS starts with EarthOn technology? /
- Applied in bifacial modules
r r
ecn.nl 1: A.R. Burgers, 26th EUPVSEC, Hamburg, Germany (2011) 26

2:S. Goda, 11th CSPV, Hangzhou, China (2015)



Current commercial bifacial cells
Selection of PV companies working on different bifacial cell

technologies?

technology Eta bifi

HJ 22 - >95% Sunpreme 3sun Hanergy Panasonic lJinergy
23.5%

n-PERT 21-22% >90% lJolywood  Yingli Adani Linyang Trina LG
p-PERT 19-20% >85% SolAround NSP Shanxi LUuAn

p-PERC+ 21-22% 70% SolarWorld JA Solar LONGi  Trina

2012/13

1997

100x100mm

156 156 mm

©TNC 2012 ISC Bifacial Workshe
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The Efficiency and Bifaciality of cells ...

Bifacial cells predictions for the future

e Firstin appearance in ITRPV ra20173p of 2015
» Bifacial cells become more and more prominent in the PV world

Fig. 29
Worldwide market shares
for bifacial cell technology.

Any change?

2016 2017 2019 2021 2024 2027
mmonofacial c-Si | bifacial c-Si 30
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Bifacial cells predictions for the future

* Introduction slower then expected, but prediction becomes
ITRPV prediction bifacial cells world market share [%]

35
Year of prediction
30 ——2015 g
-=-2016
25
42017
20 i
15
10
5
0 )
2012 2014 2016 2018 2020 2022 2024 2026 2028
Year
e-bl Saman 31

Critical summary and outlook for successful bifacial future 25 Oktober 2017

Session IIT Modules: bifacial module concepts
14:30-14:50 | Hartmut Nussbaumer, ZHAW overview _
Si HI bifacial modules: an innovative industrial perspective towards more efficient PV energy
14:50-15:05 | Anna Battaglia, 3sun generation
15:05-15:20 | Thomas Soederstroem, MB The real power of bifacial HIT Smart Wire Connection Technology
15:20-15:35 | David Dassler, FhG CSP Bifacial gain simulations of modules and systems under desert conditions
15:35-15:50 | Jai Prakash, SERIS Shingled bifacial Photovoltaic modules
15:50-16:05 | Milica Mrcalica, DSM Advanced layers for bifacial modules
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|EFE Institute of Energy Systems
and Fluid Engineering

Company Technology Rated Module Speciality
Efficiency STC

Comparison aZh Erorisacing

Trina Solar p-type Mono PERC, 18%
GIG
Meyer Burger HJT, Mono, G/G 19.1% Smart Wire, TPO
encapsulant
LG Electronics n-type Mono, G/BS 18.3% Multiwire, Transparent
BS
Yingli Green Energy  n-type Mono PERT, G/ 17.6% Half cells 5BB
G
SolarWorld p-type Mono PERC 17.3% Reflecting coating
G/IG
Sunpreme HJT Mono, G/G 19.1% Large 96 cell modules

. . . . i I |
Current «industrial standard» for bifacial modules: List incomplete!

Glas/Glas: 2.5/2.5 mm, 60 cells, EVA encapsulant, 5BB technology, p-type PERC,
3 Bypass diodes, JB at the edge not shading the cell area, Efficiency 17-18% at STC

Zircher Fachhochschule Dr. Hartmut Nussbaumer, 4th bifiPV workshop, October 25/26 2017 in Konstanz, Germany

Session Il Modules: bifacial modules concepts 25 Oktober 2017

W7,
- -
Module Power Roadmap 3, & MEYER BURGER

\\H;,

- LCOE $/kwh drived by technologies %, § MEYER BURGER

| ___ 199

SWCT
GG

Standard  System Power Energy Tracking  System Integration life time -
cost yield optimization MB SO'Utlon

(bifacial,

Teoef,

low light
cleaning)

©TNC 2017 bifi PV Workshop Konstanz
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Session IV 25 Oktober 2017

Discussion about Technology:
What is needed to develop for bifacial technology? with the crystal ball

- Ashok Sinha von Sun
- Rob Kreiter from su

- Fabrizio Bizzarri fro bifi pv

= Liuyong from Jolywo

- Heiko Hildebrand ve WorkShop

SiLyy

- October 25/
* Glas-Glas PVim | become ‘main:

SlE. The Kans
- ' “

s ﬁﬂﬂtthh
_ofaciaity ' »

al

Critical summary and outlook for successful bifacial future 26 Oktober 2017

SeasonV ¢ Bifacial gain simulations and LCOE calculations

Beauty Contest:
* PVsyst

* Polysun

* MoBiDiG

©TNC 2017 bifi PV Workshop Konstanz
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Bifacial gain simulations of modules and systems under desert conditions

3) E ield luati Factor = b Factor
ner I \"/ ion B
( ) e gy y e e a ua o Emono 150
1200
Averaged 145
. yield [Wh] 1000 - 140
S — 10004 E
CE) NE . 55 E - 1,35
E g oo 50 ” 800 1,30
_‘! 8 600 4,5 g -‘ 1,25
O ¢ O 600+
8 3 400 40 (4] 1,20
o e
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e}
= o [ © 1,10
0 10 20 20 40 50 60 70 - 2y5 : 200 A
Module Temp. [°C] Lo ] ‘ 1,05
0 T T T T T T T T T T T 1,00
10 - -he 0 10 20 30 40 50 60 70
I Lo Module Temperature Class of bifacial module [°C]
o) -~
i E 800 o® Ratio of average energy yields for irradiance and module temperature classes
] 9 ‘” 0,0 | (width: 50 W/mz; 2 °C), first period of measurements
© s . . .
S G = Bifacial: Shift of absolute yield upwards
0= - = Almost constant energy yield levels with rising temperatures
0A() 10 20 30 40 50 60 7 until 800 W/m2

Module Temp. [°C] = Bifaciality up to 45% for moderate module temp.

==

David DASSLER C Hochschule Anhalt % Fraunhofer

Anhalt University of Applied Sciences CSP

SeasonV ¢ Bifacial gain simulations and LCOE calculations 26 Oktober 2017

Monthly absorbed irradiation University of Stuttgart Dimitrij Chudinzow
IER Institute of Energy Economics

Slope=25°, elevation= 3.5m, row spacing=4m and Rational Energy Use

Monthly Absorbed Irradiation

Now we understand
the bifacial
_ shading albedo DNA!
DDHllear—gmundvalbedo
1 DDHII’lonlgmund-alhedo
I:IDNIIear-gruund-albedn
| -DNll‘mnl‘gmund-alhedu
o+
1 rear
-DHI[
ront

o~
. -DNllronl

Here self-shading occurs (12h after sunrise)

©TNC 2017 bifi PV Workshop Konstanz
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Season Ve Bifacial gain simulations and LCOE calculations 26 Oktober 2017

Bas Van Aken ecn.nl

Heat balance Now we understand

\ llncident ‘\r‘\‘zl the thermal heat balance
*+ Light light Radiation f 2 -
; of (bifacial) modules
— Reflected / transmitted Reflection ( )
— Absorbed

 eaniersion E|PV module‘

Bifacial gain in current/power does not lead to
significant heating of bifacial modules

glass-glass warmer

* Atlow irradiance, bifacial gain
leads to limited extra warming of
modules

* At high irradiance, bifacial
modules become cooler

Delta T_module

glass-glass cooler

200 400 600 800 1000 1200
Front irradiance [W/m?]

vanaken@ecn.nl

©TNC 2017 bifi PV Workshop Konstanz
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Session VI * Measurement - and qualification standards 26 Oktober 2017

Session VI Measurement- and qualification standards
12:00-12:20 | Vahid Fakhfouri, Passan overview
12:20-12:35 | Klaus Ramspeck, h.alm. Measurement techniques for bifacial solar cells
Accurate inline characterization of BSF and emitter fabrication processes for high-volume bifacial cell
12:35-12:50 ] Gordon Deans, Aurora production
12:50-13:05 | Maryline Joanny, INES Bifacial modules ement with GE method

IEC BiFi standard method at a MR e SURGER
glance I

#P:L:g'm?i:lem !Maasurement E ConCIUSIon 3 : MEYER BURGER

Bifaciality
measurement
Determination of a, B, k Bifacial gein = |EC 60904-1-2: |-V measurement of BiFi devices
determination + Standard project in a very advanced stage
= Reproducible method to assess bifacial devices and to value the

Pmaxyyy.r- measurement o bifacial gain
Pmaxere (calculated) — oasurement * No requirement for new measurement equipment in PV
productions

= BiFi measurement challenges

» Uniformity of irradiance on the rear-side (outdoor, double-side
illumination)

» Bare cells contacting and temperature measurement (double-
side illumination)

= Background compensation (achievable)

Laboratory

Production

©TNC 2017 bifi PV Workshop Konstanz
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Session VI « Measurement - and qualification standards 26 Oktober 2017

14:15-14:30 | Juan Lopez-Garcia, EC, DG JRC
14:30-14:45 | Karl Berger. AiT 3 o proc
Elias Garcia Goma, EternalSun Single vs double side illumination indoor testing for bifacial performance characterisation

| isoorsis|my " | petmnon chueiics o i PV modesmepower bl |

15:00-15:15 | Energy Performance characteristics of bifacial PV modules and power labeling

- _ Bifacial Solar Cells under Single- and Double-Sided Illumination: Effect of Nonlinearity in Shori-
15:15-15:30 | Michael Rauer. ISE Circuit Current

©TNC 2017 bifi PV Workshop Konstanz
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Seven Conclusions 2012 2017

e Monday
The combined irradiation for this bifacial PV plant was
98-01 about 4 % higher!! than on a south facing optimal oriented
surface. = Sufficient light on vertical N/S!

Tuesday

An improvement of PR from 55% to 61% due to higher
overall efficiency of the new modules and closer matching
of the nominal to the effective efficiency of the new cells.

Wednesday
A shift of PR from 61% to 67% due to improved MPP

tracking of the two new inverters.

Thursday
Bifacial PV plants overcome ,,look to the south*
dilemma of solar power

©TNC 2017 bifi PY Workshop Konstanz
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Seven.Conclusions (ll):

e Friday
We need industrial bifacial cell production lines
to match the market price of PV modules today.

Saturday

The multi-functional bifacial PV noise barrier modules
can fully substitute conventional glass noise barrier
elements and save costs. Noise barrier infrastructure
can partially substitute BOS of bifacial PV plants.

® Glas-Glas PV modules will become mainstream!
® Thin glas will surpass «Tedlar» as back sheet, incl. economical

® Most PV modules will be Bifacial
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