


bifiPV workshops from 2012

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






Rules of tumb of Bifacial gains:

Bifacial gain: fix tilt south/north oriented

from bSolar > now SolAround

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



HOKUTO Solar power plant
= Location: Over a period of 32 months, an energy yield over
Asahikawa, Japan 1 500 kWh/kW per year is obtained

The bifacial gain is considered to be over 20%

= 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
[3] Naoki Ishikawa, Satoshi Nishiyama, 3rd Bifipy ~ The rear side produces more energy due to higher
Workshop. Japan. 2016 albedo and accelerates the snow melting on the
WWW.pvgs.jp p, Japan, front side due to rear irradiance (thermalization
effect).
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Session | Systems: reports on large bifacial systems
The world wide bifacial PV tour by Maryline Johnny ¢ ines France

YINGLI connects 50 MW PV project in Shanxi Province, as part of TOP
RUNNER programme launched by China’s National Energy
= Location: Administration (NEA)
Datong City, China
- System: 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
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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
A reduced soiling and resulting cleaning costs

FMLF

>  15% to 20% gain
of vertical EW
bifacial over
tilted
monofacial in
high albedo
sunbelt,

> Northern
regions can
obtain
performance
gain and avoid
snow coverage

eric.gerritsen@cea.fr
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Vertical bifacial E/W versus monofacial N/S tilted (tilt=latitude 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

Elevation 8 cm Elevation 108 cm

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

Albedo: 0.55
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

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

Installation with High Reflection Vertical Installation
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Why Solar PV on artificial Hydropower Lakes!?

Installation with High Reflection
EVA

TNC European Patent approved
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Installation with High Reflection

Vertical Installation

SMne:
Dir& @

sunlight
to front side Reflected
sunlight

' ‘ to rear side

How to use solar power with north-south oriented areas?
First TNC experiments in a vineyard above Lake Zirich



Vertical Installation
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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

e 2010:Yingli commercializes ECNs n-Pasha cells?
- Applied in monofacial modules

e 2011: PVGS starts with EarthOn technology?
- Applied in bifacial modules

ecn.nl 1: A.R. Burgers, 26th EUPVSEC, Hamburg, Germany (2011)
" 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% Jolywood  Yingli Adani Linyang Trina LG
p-PERT 19-20% >85% SolAround NSP Shanxi Lu’An

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

ecn.nl 27

1: S. Chunduri, M. Schmela, Bifacial Solar Module Technology, 2017 Edition, TaiyangNews

The development of bifacial cells 1997 - 2017

Size of cells ...
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Bifacial cells predictions for the future
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ecn.nl

First in appearance in ITRPV ro201731p of 2015
Bifacial cells become more and more prominent in the PV world

2016

Any change?
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Bifacial cells predictions for the future

* Introduction slower then expected, but prediction becomes
even more positive!

ecn.nl

31



Comparison

Company Technology Rated Module Speciality
Efficiency STC

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






Monofacial E

Bifacial E,;;

Irradiance [W/m?]

Irradiance [W/m?]

Bifacial gain simulations of modules and systems under desert conditions

(3) Energy vield evaluation

1200

1000

800

400

200

0

1200

1000

800

@
=3

400 +

200

[

600

0

Ny

-

0 10 20 20 40 50 60 70

Module Temp. [°C]

0 10 20 30 40 50 60 70

Module Temp. [°C]

Ep;
Factor = -
mono
1200
Averaged
yield [Wh] = 1000 -
=
55 E
800 -
50 wn
(7]
a5 ©
O 600+
- 4,0 ()
[&]
35 & 400-
. -
25 = 200
0 — T T T T T
- s 0 10 20 30 40 50 60

1,0

0,0 | (width: 50 W/m?; 2 °C), first period of measurements

= Bifacial: Shift of absolute yield upwards

= Almost constant energy yield levels with rising temperatures

until 800 W/m2

= Bifaciality up to 45% for moderate module temp.
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Ratio of average energy yields for irradiance and module temperature classes

David DASSLER

Hochschule Anhalt % Fraunhofer

Anhalt University of Applied Sciences
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