
ʂʨʝʤʥʠʝʚʘʷ ʩʦʣʥʝʯʥʘʷ ʬʦʪʦʵʥʝʨʛʝʪʠʢʘ
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ʆʆʆ çʅʊʎ ʊʇʊè

ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʐʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, 18 ʥʦʷʙʨʷ 2020, 

ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ



ʈɽʂʆʈɼʓ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɿʃʀʏʅʓʍ ʊɽʍʅʆʃʆɻʀʁ



ʊʨʝʥʜʳ ʚ ʢʨʝʤʥʠʝʚʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʝ

1. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ 
ʨ-ʢʨʝʤʥʠʠ ( ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʨʝʜʝʣ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 23%)

2. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʧʣʘʩʪʠʥ ( ʄ12  ʜʦ 210 ʤʤ).

3. ʈʦʩʪ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʜʫʣʝʡ ʧʦ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ         
( IBC,TopCon, HJT) 

4. ʇʝʨʝʭʦʜ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ ʠ ʧʣʘʩʪʠʥʳ n-ʪʠʧʘ.

5. ʇʦʠʩʢ ʚʘʨʠʘʥʪʦʚ ʪʘʥʜʝʤʘ ʥʘ ʢʨʝʤʥʠʠ.



ȽɗɌɕɐ 13
ʄʝʭʘʥʠʟʤʳ ʧʦʪʝʨʴ ʚ ʉʕ

ʄʝʭʘʥʠʟʤʳʧʦʪʝʨʴʚʉʕ:

1) ʥʝʚʦʟʤʦʞʥʦʩʪʴʧʦʛʣʦʱʝʥʠʷ
ʬʦʪʦʥʦʚʩɻ ʥʝʨʛʠʝʡ,ʤʝʥʴʰʝʡ
ʰʠʨʠʥʳʟʘʧʨʝʱʝʥʥʦʡʟʦʥʳ;

2) ʧʦʪʝʨʠʥʘʪʝʨʤʘʣʠʟʘʮʠʶ
ʥʦʩʠʪʝʣʝʡ;

3) ʧʦʪʝʨʠʥʘʧʝʨʝʭʦʜʝ;

4) ʧʦʪʝʨʠʥʘʧʨʷʞʝʥʠʷʥʘ
ʢʦʥʪʘʢʪʘʭ;

5) ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʝʧʦʪʝʨʠ.

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ 
ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ Siʉʕ

- ʪʝʨʤʘʣʠʟʘʮʠʷï~30%;
- ʧʦʪʝʨʠʬʦʪʦʥʦʚʩhn< Egï~20%;
- ʥʝʧʦʣʥʳʡʩʙʦʨʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ
ʥʦʩʠʪʝʣʝʡʟʘʨʷʜʘï~4%;

- ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʝʧʦʪʝʨʠʚp-n-
ʧʝʨʝʭʦʜʝï~20%;

- ʧʦʪʝʨʠʥʘʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʠ
ʰʫʥʪʠʨʫʶʱʝʤʩʦʧʨʦʪʠʚʣʝʥʠʷʭï~4%;

- ʧʦʪʝʨʠʥʘʦʪʨʘʞʝʥʠʝï~2%;
- ʧʦʪʝʨʠʥʘʟʘʪʝʥʝʥʠʝʧʦʚʝʨʭʥʦʩʪʠ
ʢʦʥʪʘʢʪʥʦʡʩʝʪʢʦʡï~4%;

- ʥʝʬʦʪʦʘʢʪʠʚʥʦʝʧʦʛʣʦʱʝʥʠʝï~1%.

ɺʳʚʦʜʳ: ʥʘʠʙʦʣʝʝʩʫʱʝʩʪʚʝʥʥʳ2ʧʝʨʚʳʭ

ʤʝʭʘʥʠʟʤʘʧʦʪʝʨʴ,ʢʦʪʦʨʳʝ

ʧʨʠʚʦʜʷʪʢʧʦʪʝʨʝʜʦ50%

ʵʥʝʨʛʠʠʧʘʜʘʶʱʝʛʦʩʦʣʥʝʯʥʦʛʦ

ʩʚʝʪʘ.



ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʚ ʨʘʟʨʝʟʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 
ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ
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- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ 20.8 ʜʦ 27.6 % (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ);

- ʉʦʣʥʝʯʥʳʝ ʷʯʝʡʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦ ʠ ʤʫʣʴʪʠ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʨʝʤʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʫʣʴʪʠ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ;

- ɹʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʤʝʶʪ HIT

ʷʯʝʡʢʠ (25.6 %);

- ʗʯʝʡʢʠ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʰʘʛʦʚ (IBC) ʠʣʠ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʦʜʚʝʨʞʝʥʳ ʜʝʛʨʘʜʘʮʠʠ (PERC);

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ HIT:

- ʅʠʟʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ HIT ʷʯʝʝʢ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 60 0C ʜʘʝʪ ʧʨʠʨʦʩʪ +6 ʦʪʥ.% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ;

- ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʮʝʩʩ - ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʪʦʥʢʠʭ 

ʧʣʘʩʪʠʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʝʡ (BSF).

ʊʝʭʥʦʣʦʛʠʠʥʘʦʩʥʦʚʝʢʨʝʤʥʠʷʷʚʣʷʶʪʩʷʦʩʥʦʚʥʳʤʠʚ ʵʣʝʢʪʨʦʥʠʢʝʠ

ʬʦʪʦʚʦʣʴʪʘʠʢʝʥʘʧʨʦʪʷʞʝʥʠʠʤʥʦʛʠʭʣʝʪ,ʯʪʦʦʙʝʩʧʝʯʠʚʘʝʪʦʪʨʘʙʦʪʘʥʥʦʩʪʴ

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭʨʝʰʝʥʠʡ.

ʆʩʥʦʚʥʳʝʦʩʦʙʝʥʥʦʩʪʠ:

ɺʳʚʦʜ: HIT ʪʝʭʥʦʣʦʛʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʟʝʤʥʳʭ ʉʕʉ

ʗʏɽʁʂʀ ʉʈɽɼʅɽɻʆ ɼʀɸʇɸɿʆʅɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ïʉ-
SI



ʈʳʥʦʢ HJT: ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʠʛʨʦʢʦʚ

7ɸʚʛʫʩʪ 2019

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʌʕʇ ʠ ʌʕʄ HJT ʚ ʤʠʨʝ (2019-21)
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ʊʝʢʫʱʠʝ ʤʦʱʥʦʩʪʠ (ʄɺʪ/ʛʦʜ)

ɿʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʢ ʚʚʦʜʫ (ʄɺʪ/ʛʦʜ)

GS Solar

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2019 ʛ. ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ HJT ʥʘʩʯʠʪʳʚʘʶʪ 3 460 ʄɺʪ/ʛʦʜ. 

ʂ 2021 ʛ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʫʚʝʣʠʯʘʪʩʷ ʤʠʥʠʤʫʤ ʥʘ 1 960 ʄɺʪ/ʛʦʜ

ʉʝʛʦʜʥʷ ʥʘ HJT ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 2,5% ʦʪ ʦʙʱʝʛʦ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʌʕʇ/ʌʕʄ.ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʜʦʣʷ HJT ʙʫʜʝʪ ʙʳʩʪʨʦ ʨʘʩʪʠ ʟʘ ʩʯʝʪ 

ʧʦʷʚʣʝʥʠʷ ʚ ʵʪʦʤ ʩʝʛʤʝʥʪʝ ʢʦʤʧʘʥʠʡ-ʣʠʜʝʨʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʘʜʠʮʠʦʥʥʳʭ 

PV-ʪʝʭʥʦʣʦʛʠʡ (REC, Hanergy, Jinergy, TW Solar ʠ ʜʨ.)



PRODUCTION

250 MW per year

Å Solar cells.

Å Solar modules.

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

ENGINEERING AND GENERATION

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

Å Operation and Maintenance of solar power 
plants.

RESEARCH AND DEVELOPMENT ACTIVITY

Å Development of technological advantages and 
its implementation into production.

Å Solar cell efficiency increase.

Å Production cost reduction.

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

Hevel Activities

8



The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesnôt lead to anyobligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all 
responsibility for any and all mistakes, quality and completeness of the information.
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Hevel Heterojunction Cells

Bifacial N-type HJT solar cell 
OUTSTANDING CELL EFFICIENCY 
RATE

23.1%
LOW TEMPERATURE COEFFICIENT

-0.31%/oC

BIFACIALITY FACTOR

93%

MINIMIZED DEGRADATION

vs. ~ 17-21 % for mass market 

solar cells

vs. from  -0,37 to - 0,45 % / oC                        

for mass market solar cells 

vs .~ 75 % for mass market 

solar cells

NO LID
n-type cells lacks light induced degradation 

(LID), which affects p-type cells

5.23 Wp

Front side

23.1 %

5.62 Wp

Back side

21.5 %
Produced in Russia

Measured with GRIDTOUCH contacting system. Measurement uncertainty Ñ3%. 

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

Å Busbarless design: current collecting grid

optimized for 18 wires

Å High open-circuit voltages due to superior

a-Si passivation
ISO 9001:2015ISO 14001:2015 certified



There we are currently? 

IBC

HJT

PERC

mono-Si

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     

4 months 

efficiency 

progress in 

HEVEL



The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesnôt lead to anyobligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all 
responsibility for any and all mistakes, quality and completeness of the information.
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Hevel HJT 60-cell module technology roadmap
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Advanced wafer 

processing

+ 3.5 W

327,5 W

Advanced TCO

+ 3.5 W

330,5 W

Hevel Group also is prepared to deploy bifacial 72-cell glass-glass HJT modules 

in the middle of 2019.



Second stage of modernization
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Plans for Hevelôscapacity  growth in 2019, ʄW

ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʤʦʜʫʣʝʡ, ʚʳʧʫʱʝʥʥʳʭ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʱʥʦʩʪʷʭ, ʄɺʪʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ  ʤʦʜʫʣʝʡ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʷʭ, ʄɺʪ



The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesnôt lead to anyobligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all 
responsibility for any and all mistakes, quality and completeness of the information.

72 cell bifacial HJT PV module:
providing the highest output possible

PEAK POWER

**also available in frameless configuration

380 Wp +

70 Wp bifacial gain*

MODULE EFFICIENCY

19 ï22,5* %

CELLS INTERCONNECTION

5 BB

TEMPERATURE RATIO

ï0,31 %/oC

DIMENSIONS

1996 x 1002 x 30 mm 

with anodized aluminum 

frame*

OPERATING TEMPERATURES

from -40Üʉ to +85Üʉ

*additional BiFi output

6

additional output from back side depending 

on the season and weather conditions

by the end of 30-year life cycle:
2% in first year, 0,4% per year thereafter

GUARANTEED POWER EXTENDED WARRANTY

86,4
%

up to 25%

30 years
+ 5 years to the life cycle of  glass-backsheet

PV modules due to highly reliable double 

glass encapsulation

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

snow or sand

YIELD OF BIFACIAL HJT MODULES IS ESPECIALLY HIGH IN SUCH 

ENVIRONMENT CONDITIONS AS:

SNOW WATER SAND

Bifacial HJT modules 

show energy gain over 

monofacial modules at all 

weather and seasonal 

conditions



The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesnôt lead to anyobligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all 
responsibility for any and all mistakes, quality and completeness of the information.
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Continuous Technology Upgrade

2015
Thin-film micromorphÈ 

glass-glass technology

125W module

with 9% efficiency

2017
Heterojunction (HJT) 

technology

60 cell 320 Wp module

with 23.1% cell efficiency

2019 HJT technology upgrade to

72 cell bifacial glass-glass 

380 Wp module

with 23.1 % cell efficiency

Technology:  

Thin-film

micromorphÈ

156 sections

Efficiency:

9%

Power:

125 Wp

Technology:   

HJT

60 cells

Cell efficiency:

23.1%

Power:

320 Wp

Technology:    

HJT bifacial

72 cells

Cell efficiency:

23%

Power:

380 Wp +

V Monofacial glass-backsheet

heterojunction PV module 

V Bifacial glass-glass 

heterojunction PV module 



ʊʦʥʢʘʷ ʢʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ
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ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ 156ʭ156 ʤʤ2

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʛʦʌʕʇ

ɿʘʜʘʯʘ ʆʙʦʨʫʜʦʚʘʥʠʝ

1.ʋʜʘʣʝʥʠʝ ʥʘʨʫʰʝʥʥʦʛʦ ʩʣʦʷ 

ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʃʠʥʠʷ ʭʠʤ.ʦʪʤʳʚʢʠ ʠ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ

2. ʊʝʢʩʪʫʨʠʨʦʚʘʥʠʝc-Si

ʧʣʘʩʪʠʥ

ʃʠʥʠʷ ʭʠʤ.ʦʪʤʳʚʢʠ ʠ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ

3. ʌʦʨʤʠʨʦʚʘʥʠʝa-Si/c-Si

ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ

KAI ʨʝʘʢʪʦʨʳ

4. ʅʘʥʝʩʝʥʠʝ ITO ʠ Ag ʩʣʦʝʚ PVD ʨʝʘʢʪʦʨʳ

5. ʌʦʨʤʠʨʦʚʘʥʠʝʢʦʥʪʘʢʪʥʦʡ 

ʩʝʪʢʠ 

Screen printing

6. ʊʝʩʪʦʚʳʝʠʟʤʝʨʝʥʠʷ Sun Simulators /ʅʊʎ ʠ TUV (ɻʝʨʤʘʥʠʷ) 



˟̏̌̉̎́̚ ̐̌́̒̓̉̎ Si

d, Õm Ὅ, ɸὟ , ɺὖ, ɺʪὟ , ɺὍ, ɸὊὊ, % Eff, %

170 Õm 9,60 0,734 5,46 0,612 8,92 77,47 22,34

160 Õm9,57 0,735 5,56 0,622 8,95 79,04 22,77

106 Õm 9,23 0,740 5,45 0,635 8,59 79,80 22,31

87 Õm9,19 0,743 5,38 0,636 8,46 78,79 22,03
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Wavelength, nm

External quantum efficiency

1 - 170 Õm   J = 39.65 mA/cm2

2 - 160 Õm   J = 39.65 mA/cm2

3 - 106 Õm   J = 38.87 mA/cm2

4 - 87 Õm     J = 38.49 mA/cm2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

ʇʘʨʘʤʝʪʨʳ ʧʣʘʩʪʠʥ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ

EQE ʧʣʘʩʪʠʥ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ

ʌʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ

ʇʘʨʘʤʝʪʨʳ ʧʣʘʩʪʠʥ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢ ʧʣʘʩʪʠʥʝ 160 ʤʢʤ
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ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʌʕʇ  ʜʣʷ  130 ʠ 
150 ʤʢʤ ʧʣʘʩʪʠʥ



ʌʦʪʦʦʪʞʠʛ
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ʆʩʦʙʝʥʥʦʩʪʴ Si-HJ ʪʝʭʥʦʣʦʛʠʠ ïʧʦʚʳʰʝʥʥʳʝ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʩʪʦʷʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ

20

ʊʨʝʙʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʚʦʟʜʫʭ ʤʝʞʜʫ 

ʦʯʠʩʪʢʦʡ ʧʣʘʩʪʠʥʳ ʠ ʟʘʚʝʨʰʝʥʠʝʤ ʧʘʩʩʠʚʘʮʠʠ 

ʅʝʜʦʧʫʩʪʠʤ ʵʧʠʪʘʢʩʠʘʣʴʥʳʡ ʨʦʩʪ ï

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʙʫʬʝʨʘ 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʛʦ ʵʧʠʪʘʢʩʠʶ 

ʇʦʜʛʦʪʦʚʢʘ ʧʣʘʩʪʠʥ ʢʨʝʤʥʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʛʦʧʝʨʝʭʦʜʘ ʪʨʝʙʫʝʪ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ. ɼʣʷ ʧʘʩʩʠʚʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʥʝʩʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʦʣʱʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʥʤ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʫʬʝʨʘ ʠ ʧʘʩʩʠʚʠʨʫʶʱʝʛʦʩʣʦʷ.



ɸʥʦʤʘʣʴʥʳʝè ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ 
ʵʬʬʝʢʪʳ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʤʌʕʇ
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ɺʨʝʤʷ, ʤʝʩʷʮʳ

HJT ʌʕʇ ʠ ʤʦʜʫʣʠ: 

Åʆʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ Si-HJ ʤʦʜʫʣʝʡ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚ ʨʝʞʠʤʝ ʠʥʞʝʢʮʠʠ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ);

Åʀʥʪʝʥʩʠʚʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ Si-HJ ʌʕʇ.

ʀʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ

Åʀʥʪʝʥʩʠʚʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚ n-i-cSi-i-n ʩʪʨʫʢʪʫʨʘʭ, ʚ p-i-cSi-i-p ʠ ʧʘʩʩʠʚʠʨʦʚʘʥʥʳʭʧʣʘʩʪʠʥʘʭ 

ʵʬʬʝʢʪʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ



ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʥʘʷʢʨʝʤʥʠʝʚʘʷ ʪʝʭʥʦʣʦʛʠ (Si-HJ)
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ʊʦʢʦʩʲʝʤʥʘʷ ʩʝʪʢʘ

(Ag)

ʊʳʣʴʥʳʡ ʢʦʥʪʘʢʪ

(ITO/Ag)

ʃʠʮʝʚʦʡ ʢʦʥʪʘʢʪ(ITO)

(p) aSi:H (~10nm)

(i) aSi:H (~5nm)

(i) aSi:H (~5nm)

(n) aSi:H (~10nm)

ʈʝʢʦʨʜʥʳʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ c-Si ʌʕʇï25.2% ʧʨʠ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʠ

26.7% ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʠ

~5-10 nm



ʌʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ 
ʩʦʩʪʦʷʥʠʷ ʚ a-Si:H

Çʆʩʚʝʱʝʥʠʝ a-Si:H Č ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ 

(ʦʙʦʨʚʘʥʥʳʭ ʩʚʷʟʝʡ)Č ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʵʬʬʝʢʪ ʉʪʝʙʣʝʨʘ-ɺʨʦʥʩʢʦʛʦ)

Çʆʪʞʠʛ ʧʨʠ ʊ=180 0ʉ Č ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ

ʇʨʠʯʠʥʘ ïʨʘʟʨʳʚ ʩʣʘʙʳʭ ʩʚʷʟʝʡ: 
ʇʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘČʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ Č

ČʨʝʢʦʤʙʠʥʘʮʠʡČʚʳʜʝʣʝʥʠʝʵʥʝʨʛʠʠČʨʘʟʨʳʚ ʩʚʷʟʝʡ

D.B.

W.B.

Si

H

energy

D.B.

Si

H

D.B.

Si

H



ʄʝʪʘʣʣʠʟʘʮʠʷ ʷʯʝʝʢ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʤʝʜʠ
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Modules

Module parameters Cell parameters

Isc, A Voc, ɺVoc / cell, ɺ Pmpp, ɺʪ FF, % Isc, ɸ Voc, ɺ Pmpp, ɺʪ 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 78 9,32 0,735 5,58 81,4 22,87 9,58

Current status

Exchange programmebetween TFTE and
ASYS:
1. Increase of print speed (decrease of tact time)
-5200 vs4800 ,40 mkm
2.  New pastes implementation
˽͔ͪͦ͋ͣ͡·Υ ͪ͊ͤ͘·͔ Ήͭ͊ͦͤ͡· ͒͡Ύ ͍͔͙ͫͪ͊ͤͤΎΣ ͪ͊ͤ͘·͔ ͔͙ͪ͗ͣ· 
͔͔͙ͤ͊ͤͫͤΎ όͫͦͪͦͫͭ͟ΈΣ ͙͎ͦͭ͗ύΣ ˤˤ   vsSWCT

3.  Stencilprozess



ʇʨʝʠʤʫʱʝʩʪʚʘ

ʀʩʧʦʣʴʟʫʝʪʩʷ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʩʝʨʝʙʨʘ

ʋ ʩʝʪʢʠ ʣʫʯʰʝ ʧʨʦʚʦʜʠʤʦʩʪʴ

ɺʳʩʦʢʘʷ ʘʜʛʝʟʠʷ

ʇʦʜʭʦʜʠʪ ʜʣʷ ʧʘʡʢʠ

ʊʨʝʙʫʝʪ ʤʝʥʴʰʝʡ ʰʠʨʠʥʳ ʬʠʥʛʝʨʦʚ
BBCT ʠʣʠSWCT

ʅʝʜʦʩʪʘʪʢʠ

ɹʦʣʝʝ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ

ʆʯʠʩʪʢʘ PVD ʦʪ ʤʝʜʠ

ʊʨʝʙʫʝʪʩʷ ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ

ʅʝʪʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʇʨʝʠʤʫʱʝʩʪʚʘʠ ʥʝʜʦʩʪʘʪʢʠʛʘʣʴʚʘʥʠʢʠ



1. ʆʪʞʠʛ ITO

2. PVD ʦʩʘʞʜʝʥʠʝ ʧʦʜʩʣʦʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ

Åɸʜʛʝʟʠʦʥʥʳʡ ʩʣʦʡ

Åʉʣʦʡ ʜʣʷ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʤ. ʙ. ʤʝʜʴ)

3. ʅʘʥʝʩʝʥʠʝ ʤʘʩʢʠ ʩ ʜʚʫʭʩʪʦʨʦʥ  ʩʪʨʫʡʥʳʤ ʧʨʠʥʪʝʨʦʤ (Hot Melt Ink) 

4. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʤʝʜʠ 

5. ʍʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝʩʝʨʝʙʨʘ 

Åʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠ

Åʆʩʘʞʜʝʥʠʝ ʩʝʨʝʙʨʘ

6. ʉʥʷʪʠʝ ʤʘʩʢʠ

Åʆʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʣʠ ʨʘʩʪʚʦʨ ʂʆʅ

7. ʊʨʘʚʣʝʥʠʝ PVD-ʧʦʜʩʣʦʷ ʤʝʪʘʣʣʘ ʥʝʧʦʢʨʳʪʦʛʦ ʤʝʜʴʶ ʠ ʩʝʨʝʙʨʦʤ

Åʈʘʟʙʘʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨʢʠʩʣʦʪʳ

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 



ʈʘʟʤʝʨʳ ʬʠʥʛʝʨʦʚ



ʂʦʥʪʘʢʪʥʘʷ ʩʝʪʢʘ



ʉʪʨʫʡʥʘʷ ʧʝʯʘʪʴ

1200 ʧʣ/ʯ

ʇʨʦʤʳʰʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ

ɻʘʣʴʚʘʥʠʯʝʩʢʘʷ ʣʠʥʠʷ

2000 ʧʣ/ʯ (ʜʦ 4000 ʧʣ/ʯ)



ʉʭʝʤʘ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʣʠʥʠʠ



ʂʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ
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ʊʘʥʜʝʤ ʢʨʝʤʥʠʡ-ʧʝʨʦʚʩʢʠʪ
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ʇʝʨʦʚʩʢʠʪ ʠ ʢʨʝʤʥʠʡ: ʙʦʨʴʙʘ ʠʣʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ?
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ʊʘʥʜʝʤʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨʦʚʩʢʠʪ@Si

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʦʨʳʚ ʜʣʷ ʢʨʝʤʥʠʝʚʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ

Sahli, F. et al. // Nature Materials, 17, 820ï826 (2018).
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ʈʘʟʨʘʙʦʪʢʘ ʧʝʨʦʚʩʢʠʪ-ʢʨʝʤʥʠʝʚʳʭ ʪʘʥʜʝʤʦʚ ʪʨʝʙʫʝʪ 

ʧʣʦʪʥʦʡ ʢʦʣʣʘʙʦʨʘʮʠʠʩ ʢʨʝʤʥʠʝʚʦʡ ʠʥʜʫʩʪʨʠʝʡ

ʇʠʣʦʪʥʘʷ ʣʠʥʠʷ Oxford PV (ʧʨʠʦʙʨʝʪʝʥʥʳʡ ʢʨʝʤʥʠʝʚʳʡ ʟʘʚʦʜ), 17,000 

m2

ʀʟʦʙʨʘʞʝʥʠʷ: oxfordpv.com



ʇʨʦʙʣʝʤʳ ʧʝʨʦʚʩʢʠʪʥʦʡʬʦʪʦʚʦʣʴʪʘʠʢʠ

1. ʉʪʘʙʠʣʴʥʦʩʪʴ( 25 ʣʝʪ)

2. ʊʦʢʩʠʯʥʦʩʪʴ ( Pb?)

3. ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ( ʨʘʟʤʝʨ ʠ ʧʨʠʟʚʦʣʜʠʪʝʣʴʥʦʩʪʴ

4. ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʢʨʝʤʥʠʝʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ( ʊʉʆ, ʧʨʦʚʦʜʷʱʘʷ 
ʧʘʩʪʘ, ʣʘʤʠʥʘʮʠʷ)

5.    ʎʝʥʘ ( ʩʝʛʦʜʥʷ ʩʪʦʠʤʦʩʪʴ ʤʦʜʫʣʷ ʥʘ ʢʨʝʤʥʠʠ ʤʝʥʝʝ 30 ʉent/Wt)



ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʳʭʌʕʄ

40



The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesnôt lead to anyobligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all 
responsibility for any and all mistakes, quality and completeness of the information.
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Hevel Implemented Projects: Utility-scale

IMPLEMENTED PROJECTS

REPUBLIC OF ALTAY

45 MW

SARATOV REGION

10 MW

VOLGOGRAD REGION

REPUBLIC OF BURYATIA

75 MW

ASTRAKHAN REGION

45 MW

ORENBURG REGION

85 MW

44 MW

BASHKORTOSTAN

10 MW



The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesnôt lead to anyobligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all 
responsibility for any and all mistakes, quality and completeness of the information.
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PV products for non-conventional applications

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

as for customized products. 

ÁFlexible PV modules for mobile applications;

ÁBuilding and vehicle integrated PV solutions;

ÁPV modules to be used in extremely cold climates 

(subarctic and arctic);

ÁUltralight PV modules for wearable solar products

and aerospace applications.

Hevel Group is working on a wide range of PV 

solutions for non-conventional applications, such as: 

For such applications SHJ-IBC platform 

is highly attractive and is also being developed 

by Hevel Group. 



Unbemannte Bothe

BUK-600

Storm-600

Kadet-ʄ



Fliegende LaborñAlbatrosò

ʋʜʝʣʴʥʳʡ ʚʝʩ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ: 1,5 ʢʛ/ʤ2
ʅʘ ʙʘʟʝ ʩʘʤʦʣʝʪʘ Stemme S12
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Åʅʝʧʨʝʨʳʚʥʦʝ ʨʘʟʚʠʪʠʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʡʪʝʭʥʦʣʦʛʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʯʝʡʢʠ ʥʘ +0,85 % ʠ ʤʦʱʥʦʩʪʠ ʤʦʜʫʣʷ ʥʘ +15 W ʟʘ ʧʦʩʣʝʜʥʠʡ 

ʛʦʜ;

Åʄʦʱʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʍʝʚʝʣè ʜʦʩʪʠʛʣʘ 340 ʄɺʪ ʚ ʛʦʜ;

Å325 W ʤʦʱʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʦʜʫʣʷ ʩʪʝʢʣʦ -ʧʦʣʠʤʝʨ;

Å380+ ʤʦʱʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʤʦʜʫʣʷ ʩʪʝʢʣʦ-ʩʪʝʢʣʦ;

Åʇʦʩʪʨʦʝʥʦ ʪʦʣʴʢʦ ʚ ʈʌ ʙʦʣʝʝ 600 ʄɺʪ ʉʕʉ;

Åʈʘʟʨʘʙʦʪʘʥʘ  ʪʝʭʥʦʣʦʛʠʷ ʛʠʙʢʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʥʳʭʢʨʝʤʥʠʝʚʳʭ ʤʦʜʫʣʝʡ ʜʣʷ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ɿʘʧʫʱʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ.

ɺ ʧʣʘʥʘʭ:

ʉʦʟʜʘʥʠʝ ʛʠʛʘʚʘʪʥʦʛʦʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥ ʠ ʌʕʇ ʚ 

ʂʘʣʠʥʠʥʨʘʜʩʢʦʡʦʙʣʘʩʪʠ ʢ ʥʘʯʘʣʫ 2023 ʛʦʜʘ.



ʉʧʘʩʠʙʦ ʟʘ ʚʥʠʤʘʥʠʝ

St. Petersburg

Moscow

Novocheboksarsk


