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Hevel Activities

1

RESEARCH AND DEVELOPMENT ACTIVITY

A Development of technological advantages and
its implementation into production.

A Solar cell efficiency increase.
A Production cost reduction.

A Product line extension (e.g. flexible cells) and
PV applications for different industries.

PRODUCTION

250 MW per year

A Solar cells.

A Solar modules.

A Located in Novocheboksarsk (Chuvash
Republic), 600 km from Moscow.

HEVEL

SOLAR

7

i /

pY 777

LT ]

ENGINEERING AND GENERATION

A Engineering and construction of on- and off-
grid solar power plants of any capacity.

A Operation and Maintenance of solar power
plants.
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Hevel Heterojunction Cells — o —

Bifacial N-type HJT solar cell

UTSTANDING CELL EFFICIENCY

~23.1"

vs. ~ 17-21 % for mass market
solar cells

LOW TEMPERATURE COEFFICIENT

-0.31""

vs. from -0,37to-0,45%/°C
for mass market solar cells

BIFACIALITY FACTOR

03"

VS .~ 75 % for mass market
solar cells

MINIMIZED DEGRADATION

NO LID

n-type cells lacks light induced degradation
(LID), which affects p-type cells

Front side P> m < Back side

A Standard dimensions: 156,75 x 156,75 mm

23 1 % 21 5 % A Busbarless design: current collecting grid
Produced in Russia ' ' oPtimized for.18 Yvires |
ISO 9001:20151S0 14001:2015 certified 0. 067 /D P 5.23 Wp : g"gf‘pgggca‘;:g%““ voltages due o superior

Measured with GRIDTOUCH contacting system. Measurement uncertainty N3%.

The ¢ tent of this prese ntation I's for discussi on pur pobligations toHelelySolardllCandlits affilated congpanes Heval SblarrLleCddisdasns aln o f f e r andgdoes

responsibilityf any and all mistakes, quality and completen of the information.



There we are currently?

Average stabilized efficiency values for Si solar cells (156x156mm?)

21 % y-
= 4 months
26% & efficiency & IBC
258, E progress in o
& = HEVEL ]
E 249, = S - . HJT
5 \a
- L .
g 2 " \ ﬁ . 3 o
8 22% o 5 # PERC
]
8 21% o ‘—‘! o - - .
= ® mono-Si
a 20 r = O
= C ] N
- L
199 |
0 H
18%:
17%
2016 2017 2019 2021 2024 2027
W BSF cells p-type mec-Si # BSF cells p-type mono-5i
OPERC/PERT cells p-type mc-Si « PERC/PERT cells p-type mono-Si
¢ PERC, PERT or PERL cells n-type mono-Si @ Silicon heterojunction (SHJ) cells n-type mono-Si

& back contact cells ndype mono-5i

Being raised up from 21 to 21,7 % within 4 months, mass production average cell efficiency get close to the
general trend of Si cells



HEVEL

Hevel HIT 60-cell module technology roadmap — ot —
332
330,5W
()\“-p\"’t
330 powe! ~ o019
mod“\e end of Advanced TCO
328 co-ceV \‘\JTO\N py "€ 327,5W +3.5W
= o ‘.eac“ 33 Advanced wafer
= 326 L processing
o Advanced 324 W +35W
5 324 : :
o interconnection
S 399 Advanced 322W +2W -
= L
o metallization -
o
c 320 320W +2W
=
& 318
316
314
Hevel Group also is prepared to deploy bifacial 72-cell glass-glass HIJT modules
In the middle of 2019.
The content of this presentation is for discussi on pur pobligations toHelelySolardllCandlits affilated congpanes Heval SbkarrLleCdisdasns aln o f f er and11 does

responsibility for any and all mistakes, quality and completeness of the information.



Second stage of modernization

SOLAR

Plans for He v edajasity growthin 2 0 1 9W [

25,0

20,0

15,0

10,0

5,0

g\(\ {(\ Q‘(\ /\(\ q~<\ %'(\ Q’\‘b Q)\‘b Q\‘b Q\q’ o N Q‘\‘b g\\‘b N Q‘\‘b N q\‘b %\q’ Q),\q Q),\q Q\Q’ Q\Q o N Q"\q g\'\°~’ N %\Q N q\"-’ %'9
N S &N ot ot ot g A o S N N ot ot ot gt A e SN N
& ® & o © X F TSP E©® ® & o © F R F &SP EE & o~ © N

oz BBOWdZOW dBsh desfls! dsHEdj 2, o' fkhj ddz 7 dz2®u hzdzQ h)ds® iz ¢ d3ie 7 dztefipl8 dzts Mdgte Bz dzjf A Isdz®  H 15 4 15 dzdzd s

HEVEL

12



72 cell bifacial HIT PV module:

- : . HCE\V/CEL
providing the highest output possible — e —
g';gKV'\D/(;V\J’FER Bifacial HJT modules
o - show energy gain over 2 5 04
70 Wp bifacial gain monofacial modules at all up (o
MODULE EFFICIENCY weather and seasonal additional output from back side depending
19 22 5* o conditions on the season and weather conditions

CELLS INTERCONNECTION
YIELD OF BIFACIAL HIJT MODULES IS ESPECIALLY HIGH IN SUCH

5 BB ENVIRONMENT CONDITIONS AS:
TEMPERATURE RATIO

) SNOW WATER SAND
I 0,31 %/°C

DIMENSIONS

Energy gain of up to 25% is observed with water or ground covered by
snow or sand

1996 x 1002 x 30 mm
with anodized aluminum

frame* GUARANTEED POWER EXTENDED WARRANTY

86,4 30
OPERATING TEMPERATURES
from-4 0t 0 w85 U . years

+ 5 years to the life cycle of glass-backsheet

by the end of 30-year life cycle:

**also available in frameless configuration glass encapsulation
The content of this presentation is for discussion pur pobligatas toHeVelySolardlCandlits affilated congpanes Heval SolarrLleCddiscdasns aln o f f er and6does

responsibility for any and all mistakes, quality and completeness of the information.



Continuous Technology Upgrade O R&D Center TFTE

_7

Tech-nolog:]y: -|r—e|f]h'r|1'0|ogy: ..==.. Technology: |
Thin-film ...E. HJT bifacial
micromorphE ....=

| Wil
156 sections 60 cells =.... 72 cells
Efficiency: Cell efficiency: =.==== Cell efficiency:
905 23.1% = .... 2390

Power: .--I Power:
Power: .=.--
125 Wp 320 Wp ylll 380 Wp +
V' Monofacial glass-backsheet \/ Bifacial glass-glass
heterojunction PV module heterojunction PV module
® [ @

2015 Thin-film micromorphE 2017 Heterojunction (HJT) 720719 HIT technology upgrade to
glass-glass technology technology 72 cell bifacial glass-glass
125W module 60 cell 320 Wp module 380 Wp module
with 9% efficiency with 23.1% cell efficiency with 23.1 % cell efficiency

The content of this presentation is for discussion pur pobligatics toHeleySolardltCandlits affilated congpanes Hevel SblarrleCdisdasns @ln of f er and,does

responsibility for any and all mistakes, quality and completeness of the information.
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Current status

Exchanggrogrammebetween TFTE and

ASYS
1. Increase of print speed (decrease of tact time)

-5200vs 4800 , 40 mkm

2. New pastes implementation
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3. Stencilprozess

Module parameters Cell parameters
Modules Isc, A Voc, WNoc/cell,l Pmpp,l Is FF, % Isc, ¢ Voc, | Pmpp,l Is FF, % Eff, % CTM, %
1 40mkm 9,29 43,95 0,732 320,7 79 9,27 0,735 5,54 81,3 22,73 4,59

2_25mkm 9,35 43,87 0,731 319,04 /8 9,32 0,735 5,58 81,4 22,87 9,58
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Width[um] Height[um]
35.971 23.095

Fig. 1.1.2. Finger dimensions on the front side (measurement in the centre of the cell)

Width[um]  Height[um]
31.914 20.954

Fig. 1.1.2. Finger dimensions on the rear side (measurement in the centre of the cell)
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Plating equipment : schematic concept

HEVEL

Patent protectéd in China
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Plating chemistry
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2 different wafer suppliers HEVEL

Recent developments
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Cell Efficiency (%)

"= = . .W'ﬁ'
Best Research-Cell Efficiencies oot NREL
52
Crystalline Si Cells Emerging PV
- _ O Dye-sensitized cells
" . Single crystal (non-concentrator) O Perovskite cells (not stabilized) |
O Multicrystalline A Perovskite/Si tandem (monaolithic)
i ® Siiicon heterostructures (HIT)
H V' Thinfilm crystal
36
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Bl TANDEM CELL

Dual junction cell design:
TANDEM CELL:

=
McO, ]

Perovskite

Perovskite

O

From: S. Albrecht et al., Energy&Environmental Science 10/2015, HZB Berlin
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Hevel Implemented Projects: Utility-scale HEVEL

SOLAR

IMPLEMENTED PROJECTS

T —

ORENBURG REGION

85 mw

BASHKORTOSTAN

SARATOV REGION

45 mw

VOLGOGRAD REGION

REPUBLIC OF ALTAY

45 mw

REPUBLIC OF BURYATIA

ASTRAKHAN REGION

The content of this presentation is for discussi on pur pobligations toHelelySolardlICandlits affilated congpanes Heval SbkarrLleCddisadasns aln o f f er an d41 does
responsibility for any and all mistakes, quality and completeness of the information.




PV products for non-conventional applications Hevew

SOLAR

High-efficiency SHJ cells are perfect for reliable, efficient and technologically advanced PV solutions as well

as for customized products.

Hevel Group is working on a wide range of PV
solutions for non-conventional applications, such as:

A Flexible PV modules for mobile applications;
A Building and vehicle integrated PV solutions;

A PV modules to be used in extremely cold climates
(subarctic and arctic);

A Ultralight PV modules for wearable solar products
and aerospace applications.

IS highly attractive and is also being developed

@ For such applications SHJ-IBC platform
by Hevel Group.

The content of this presentation is for discussion
responsibility for any and all mistakes, quality and completeness of the information.
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