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Workshops series from ISC Konstanz

Metallisation WS from 2008 

>> next in May 2019 in Konstanz 

nPV WS from 2011 (merged with SiliconPV in 2014)  

>> next in April 2019 in Leuven

bifiPV WS from 2012

>> next in 2019 in ??? 
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Bifacial PV systems: best reported 

1.25 MWp
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Bifacial PV systems: best reported 

19-20% bifacial 

energy gain

1.25 MWp
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Bifacial PV systems: mostly shown 

20+% bifacial 

energy gain
2.5 MWp
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Bifacial PV systems: largest fixed tilt  

ca. 12% bifacial 

energy gain

50 MWp

100 MWp
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Bifacial PV systems: largest rooftop 

10 MWp
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Bifacial PV systems: largest tracked 

71 MWp
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Bifacial PV systems: largest vertical  

2 MWp
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Bifacial PV systems: largest vertical  

2 MWp

10+% bifacial 

energy gain
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Bifacial applications (from LinkedIn)
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Bifacial applications (from LinkedIn)
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History and future of PV, PERC, bifi

First they ignore you then they laugh at you

then they fight you and then you win. 
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History and future of PV, PERC, bifi

2000 2003 2006 2009 2012 2015 2018 2021 2024 2027

0% 0% 0% 0% 0.1% 0.5% 1-2% 4% 6% 8%

First they ignore you then they laugh at you then they fight you and then you win. 

PV against other energy sources (total installations)  

0% 0% 0% 0% 0% 5% 50% 70% 100% 100%

First they ignore you then they laugh at you then they fight you and then you win. 

PERC against Al-BSF (market share)  

0% 0% 0% 0% 0% 0.1% 0.3% 5% 10% 40%

Bifacial against Monofacial (total installations) 

First they ignore you then they laugh at you then they fight you and then you win. 
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Bifacial history

Bifacial book 2018
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Why will bifacial win? 

Bifacial book 2018
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Possible cell technologies 

Bifacial book 2018
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Bifacial gain for fixed tilt

Bifacial book 2018
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Bifacial gain

HJT:   b>92

PERT: b>90

PERC: b>80

IBC: b>70 

Dark soil:   a>10%

Grass: a>15%

Sand: a>30%

White roof: a>70% 

1 sun 1 sun

Module

Ground
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Bifacial gain

HJT:   b>92

PERT: b>90

PERC: b>80

IBC: b>70 

Dark soil:   a>10%

Grass: a>15%

Sand: a>30%

White roof: a>70% 

1 sun 1 sun

80 cm

BG: 7±3%

Module

Ground

Construction: fixed tilt
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Bifacial gain

HJT:   b>92

PERT: b>90

PERC: b>80

IBC: b>70 

Dark soil:   a>10%

Grass: a>15%

Sand: a>30%

White roof: a>70% 

1 sun 1 sun

80 cm

BG: 10±3%

Module

Ground

Construction: fixed tilt



Radovan Kopecek and Joris Libal, Bifacial PV world 2018, bifiPV2018, Denver September 10 

Bifacial gain

HJT:   b>92

PERT: b>90

PERC: b>80

IBC: b>70 

Dark soil:   a>10%

Grass: a>15%

Sand: a>30%

White roof: a>70% 

1 sun 1 sun

80 cm

BG: 15±3%

Module

Ground

Construction: fixed tilt



Radovan Kopecek and Joris Libal, Bifacial PV world 2018, bifiPV2018, Denver September 10 

Bifacial gain

HJT:   b>92

PERT: b>90

PERC: b>80

IBC: b>70 

Dark soil:   a>10%

Grass: a>15%

Sand: a>30%

White roof: a>70% 

1 sun 1 sun

80 cm

BG: 25±3%

Module

Ground

Construction: fixed tilt
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Bifacial gain

HJT:   b>92

PERT: b>90

PERC: b>80

IBC: b>70 

Dark soil:   a>10%

Grass: a>15%

Sand: a>30%

White roof: a>70% 

1 sun 1 sun

80 cm

BG: 5±3%

Module

Ground

Construction: HSAT
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Bifacial gain

HJT:   b>92

PERT: b>90

PERC: b>80

IBC: b>70 

Dark soil:   a>10%

Grass: a>15%

Sand: a>30%

White roof: a>70% 

1 sun 1 sun

80 cm

BG: 8±3%

Module

Ground

Construction: HSAT
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Bifacial gain

HJT:   b>92

PERT: b>90

PERC: b>80

IBC: b>70 

Dark soil:   a>10%

Grass: a>20%

Sand: a>30%

White roof: a>70% 

1 sun 1 sun

80 cm

BG: 10±3%

Module

Ground

Construction: HSAT
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Bifacial gain

HJT:   b>92

PERT: b>90

PERC: b>80

IBC: b>70 

Dark soil:   a>10%

Grass: a>15%

Sand: a>30%

White roof: a>70% 

1 sun 1 sun

80 cm

BG: 20±3%

Module

Ground

Construction: HSAT
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Bifacial modules

45
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Bifacial module technologies

Junction box

Backsheet Glass
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72 Solar cells
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Bifacial module technologies

Standard module
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Bifacial module technologies

Standard module
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Bifacial module technologies

Standard module
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Bifacial module technologies

Standard module
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Bifacial module technologies

Standard module
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Bifacial module technologies

Standard module
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Bifacial module technologies

Bifacial module first generation
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Bifacial module technologies

Bifacial module frameless
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Bifacial module technologies

R
e
a
r 

s
id

e

F
ro

n
t 
s
id

e

Bifacial module frameless, shallow junction box
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Bifacial module technologies
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Bifacial module frameless, shallow junction box and half cells
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Bifacial module technologies

Bifacial module: properties - frameless 

(or with frame)

- double glass 

(or transparent backsheet)

- shallow junction box 

(or more boxes)

- Polyolefin

(or EVA)

- n-type solar cells

(or p-type)

- 5 BB solar cells 

(or multi BB, or shingling)

- half cells

(or full cells)
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Bifacial module technologies

Bifacial module: properties - frameless 

(or with frame)

- double glass 

(or transparent backsheet)

- shallow junction box 

(or more boxes)

- Polyolefin

(or EVA)

- n-type solar cells

(or p-type)

- 5 BB solar cells 

(or multi BB, or shingling)

- half cells

(or full cells)
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Bifacial module technologies: standard

R. Kopecek et al., PVI37, 

September 2017

Possible measurements

Standards: Vahid and 

now Pasan in lead
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electricity costs from PV (utility scale)

25 ct/kWh

3.5ct/kWh
3ct/kWh

8 ct/kWh

2010           2012           2014           2016           2018          2020           2022

13 ct/kWh

5 ct/kWh
4ct/kWh

for 1500-2000 kWh/kWp
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electricity costs from PV (utility scale)

25 ct/kWh

3.5ct/kWh
3ct/kWh

8 ct/kWh

2010           2012           2014           2016           2018          2020           2022

13 ct/kWh

5 ct/kWh
4ct/kWh

Bifacial tracking

for 1500-2000 kWh/kWp
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summary

62

- c-Si solar cells in future will be bifacial anyhow

- many companies are already producing bifacial cells:   

PERC+, nPERT, HJT and soon IBC

- PERC will become Nr.1 technology in 2018/2019

- many modules in future will be double glass based anyhow 

- the system kWh can be extremely increased by using bifacial 

modules and/or simple tracking in addition

- in total >1GWp large bifacial systems are already installed  

>> EVAUATION OF EXISTINING SIMULATION PROGRAMS 

ARE NEEDED TO MAKE BIFACIALITY MORE BANKABLE 
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summary

63

- c-Si solar cells in future will be bifacial anyhow

- many companies are already producing bifacial cells:   

PERC+, nPERT, HJT, mcPERCT

- many modules in future will be glass-glass based anyhow 

- the system kWh can be extremely increased by using bifacial 

modules and simple tracking in addition

>> WE HAVE TO CHANGE TO COSTS/KWH THINKING, 

CREATE STANDARDS AND BRING BIFACIALITY INTO PV 

MARKET

Bifacial HSAT is the way to 

go for LCOEs below 1ct/kWh


