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RCT++ RCT Solutions at a Glance

solutions

RCT Team since 2012
» Former engineers from centrotherm and RENA
» CEO Dr. Peter Fath

Cell technology Manufacturing Production upgrade
development of wet chemical Ramp up
equipment Turnkey projects
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RCT++ Cost Reduction
solutions

Realise significant cost reduction for PV energy

» Increase light harvest by BIFACIAL cell
structure

» Production of BIFACIAL solar cells on
standard multi-crystalline p-type wafer
(alternative p-Type Cz]

» Standard production equipment
for BIFACIAL solar cell manufacturing
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RCT+ Bifacial Solar Module

solutions

Multicrystalline
BIFACIAL cell

Additional light harvest by
BIFACIAL module rear side
. o
FS:1sun RS: 0.2sun
18.6% eff

14.9% eft

Calculation: Technical Efficiency
= (1sun * 18.6%) + (0.2 sun * 14.9%)

=21.6%

Y
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RCT+ Bifacial Module Energy Harvest

solutions

15%

m Backside Energy

m Frontside Energy
22%

34%

100.000

50.000 -
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Source: Nishiyama Sakata Denki Co Ltd Annual Energy Performance Data

PVG Solutions " -
+Structure: EarthOn PERT Annual B'f_ac'al
*Cell: n-type Energy Gain:
*Location: Asahikawa, Japan 0

+Duration: Feb 2014 - Jan 2015 +21.9%
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RCT+ ITRPV Roadmap

solutions
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»High market share

for p-type wafers
until 2026
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»p-type wafers and
corresponding
processes are well
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Source: ITRPV roadmap 2016

RCT solutions GmbH - The Technology Company



RCT*‘Q Module Cost for different

Technologies

solutions

|
single facial BIFACIAL
0.45 J 20% albedo Mc BIFACIAL
modules deliver
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. S
\E pr
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0.00 ) | ' ~ Assumption
Al-BSF (mc) Al-BSF PERC PERC PERC single facial single facial n-PERT BIFI PERCT bifi PERCT mc-wafer:[] 92%/piece
(Cz) (mc) (Cz) (Cz) PERCT (mc) PERCT (n-Type) (mc) Ag grid (Cz) Ag p-type cz Wa.fer=0p95$/piece
AlOx AlOx Centaurus (Cz) n-type wafer=1 .2$/piece

RCT solutions GmbH - The Technology Company



+
RCT++ BIFACIAL mc-5S1 PERCT Solar Cell

solutions

High performance emitter

BIFACIAL PERCT cell Anti-PID SiN,
Screen print Ag front grid

Standard
multi crystalline wafer

p* boron BSF, full area
BSG passivation layer
PECVD dielectric layer
Ag/Al contact grid

RCT solutions GmbH - The Technology Company

Effective rear passivation
(< 40fA/cm?) by B-BSF and BSG
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RCT++ BIFACIAL mc-5S1 PERCT Solar Cell

solutions

BIFACIAL PERCT cell

Bifacial Aluminium *Laser opening

rear contact Grid
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 Aluminium contact grid



RCT;? Production Equipment

and Solar Cell Process

solutions

Mc-BIFACIAL PERCT process

[ Acidic texturization j

Fast boron diffusion Additional equipment

[ Junction isolation ] for PERCT production

Rear side PECVD SiNx \ » Boron diffusion tube

=caning » Rear side PECVD SiN
[ Phosphorous diffusion ]
» Wet bench (HF only]

PSG removal

Front side PECVD SIN,

BIFACIAL
Screen print metallization

N

Sintering (Contact firing)
Testing & sorting

- J
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RCTj:y Pilot Line Results at S_hanxi Lu'An A%gmﬁg
solutions mC_BIFACIAL faC|a|., ABB LU'AN SOLAR
19.5% ; BIFACIAL mc-PERCT pilot production Average EfﬁCiency'S

19.0% ..

9 i *Front side 18.6%
8 18.5% : B :
£ 18.0% §- 5 Tt o R — e Rear side 16.1%
3 175% 1 ' T " "
® : . . R; 1 0
% 17.0% : Bifaciality 86%
= 16.5% . . +2016-03-14-2-test
0% +*¥——— + - r—+——+— 1+ + 4+ +
0 500 1000 cell id 2000

technical power
1.0 sun front

Module power Module power

VAol bhack sheet CTMloss

cell Eff front W rear W
asun [W] @sum [W] + 0.2 sun rear [W]
P6016SY087 18.47 2.4% 265.8 167.5 299
P6016SY088 18.47 transparent 2.0% 266.9 165.6 300
P6016SY089 18.57 2.5% 267.0 163.4 300
60 cell 18.5 transparent 2.3% 266.6 165.5 300
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RCT+

Pilot Line Results at Shanxi Lu’An
mc-single facial, 4BB

A

i %2 A PR BE
LU'AN SOLAR

Average
efficiency

* Eff gain 0.7%
*Eff 19.1%
*+9mV

solutions
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RCT+ Pilot Line Results: LID

solutions

LID mc PERCT cells
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626 - - ' mc-PERCT cells
show no LID
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Voc at 0.6 sun [mV]




RCT+

solutions

Bi-facial Module Energy Harvest

Bifacial module power gain
at 32.1% albedo

mc-PERCT
mc-reference

E16

§ | +25.5% +23.2%

= 14 . - :

§ L, | *23.5%
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Estimation of bifacial gain Measure :

32.1% albedo * 80% bifaciality = 25.7%  +23.0%...25.5%
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RCT+ Bi-facial Module Energy Harvest

solutions

Bifacial module power gain [Fieazl==le1)
at 7.9% albedo mc-reference

= 14
i +5.6%  +6.5%
2 1.2 .
2 +6.0% i
[} i
% 0.8 . +4.8% fﬁ
£ 0.6 \ ; |
O F At
| i 04 g X
— 1T1Lyesss - 202
| Albedo: black ground 7.9% SV ) \,, |
B EEFE Lol 14. Sep. 15.Sep. 16.Sep. 17.Sep. 18. Sep.
Estimation of bifacial gain Measure :
7.9% albedo * 80% bifaciality = 6.3% +(4.8) ...5.6%...6.6%
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RCT+ Summary and Outlook

solutions

mc-PERCT BIFACIAL

>

v

v

v

v

v

Average front side eff + 18.6%, >85% bifacial factor
15% cost reduction on module level at20% atvedo

No LID

Albedo determine additional bifacial energy harvest
Optional: Rear side aluminium grid metallization

Next step: Set up of pilot PV plants

Thank you for your attention!
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