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Do you have any questions?❓🙋🙋
Send them in via the Q&A tab. 👉👉We aim to 
answer as many as we can today! 
You can also let us know of any tech problems 
there. 

We are recording this webinar today. 🎥🎥
We‘ll let you know by email where to find it 
and the slide deck, so you can re-watch it at 
your convenience. 👀👀💡💡

Welcome!
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Why are we suddenly talking about sustainability?

➢PV electricity is clean
➢It should be sustainable

➢PV used to be about Cost, Efficiency, Reliability
➢If it is reliable and cost effective against fossil fuels, 

it should be sustainable 
➢PV in operation does not use any consumable, …
➢It should be sustainable

We need to talk about sustainability because PV will be huge!
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Anthropocene
/ˈanθrəpəˌsiːn/

noun
the current geological epoch, viewed as the period during which human 
activity has been the dominant influence on climate and the environment.

One proposal, based on atmospheric evidence, is to fix the start with 
the Industrial Revolution, ca. 1780, with the invention of the steam engine.



Copyright AMROCK Pty Ltd © 2022

AMROCK
To fulfill the Paris COP21 Agreement, we are allowed to generate 

only 800 GT* of CO2, then zero.  The next 10 years will be decisive.
Reach climate goal < 2°C

1600 Gt 800 Gt

Historical data

Trend of
1970-2018

[1] G. Luderer et al, Nature (climate change) 8, 262 (2018)Historical data: U.S. Dep. of Energy (DOE)

Graph courtesy of Dr Pietro Altermatt

*Note: Only 400GT of CO2 allowed 
if target is 1.5°C

While developing our new PV 

technologies, when making design, 

materials and process decisions, 

we cannot ignore anymore the 

context of Global Climate Change.

➢ Can we develop quick enough?

➢ Is our technology sustainable?

➢ What is our embedded C02?
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net-zero CO2 emission allows to meet +1.5C -2C

Source: Rogeli et al., Nature Climate Change 8, pages325–332 (2018)
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Syn Fuel
Power-to-X Heat Pump EV

Industrial 
Processes

Energy 
Storage

PV is the most important technology in a 
100% RE transition 

70-80 TWp
by 2050

Is the required 
growth of the PV 

industry 
sustainable?
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PV Production Rate and Installed Capacity double 
every 3 years
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Assuming 20% growth

Cumulative Capacity (MW)

Proj. Cumulative Capacity (MW)

Expon. (Annual Shipment (MW))

Expon. (Cumulative Capacity (MW))

Ratio between Cumulative and 
Annual ~ 3 Time gap between 

Cumulative and Annual ~ 
4 years 

1000 GW cumulatively 
installed in 2022

It took ~ 70 years to deploy 
the first TeraWatt. It will 
take just 3 years to install 
the next TW.

In 2022, PV generates 4.5% 
of Global electricity.

In 2026, PV will generate, 
worldwide, more electricity 
than nuclear.
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Modelled PV Production to reach net-zero emission by 2050

• Fast growth rate (25%) until 2035

• Stabilise production around 3 TW p.a. 
before 2040

• Reach ~70 TW by 2050-2055

• The next 10 years will be decisive



Copyright AMROCK Pty Ltd © 2022

AMROCK

9

AMROCKThere are many ways to look at Sustainability
❖Energy: How many kWh consumed per kWp installed?
➢To manufacture PV modules, inverters, BOS

➢To transport, to install

➢Energy Pay Back Time (EPBT)

➢How fast can we grow this industry? (energy, supply chain, infrastructure, land)

❖CO2 emissions: How many kg of CO2 equivalent per PV module? Per kWp? Per kWh?

❖Water and chemical consumption, solid waste, gas and liquid effluents, pollution

❖Material usage: availability, scarcity, risk of price increase, speculation

❖Recycling and Capturing valuable material

❖Financial sustainability of PV manufacturers
➢ Generate enough earning to grow, to build the next production lines

❑What is impacting the sustainability of PV systems?
➢Reliability, performance degradation, system lifetime (often depending on climate)

➢Efficiency, PR, Annual irradiance, orientation, partial shading  (also impacts reliability)

➢Energy yield, Bifacial or not, tracking or not
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AMROCKLife Cycle Assessment of PV Systems

Raw 
Material 

Acquisition

Material 
Processing

Manufacturing
Transportation 

Installation 
Operation O&M

Decommissioning Recycling

Material

Effluents 
(gas, liquid, solid)

Energy Material

Effluents 

Energy Material

Effluents 

Energy Material

Effluents 

Energy Material

Effluents 

Energy Material

Effluents 

Recycled Material

Energy

Cumulative (Primary) Energy Demand :  CED = Emat +  Emanuf +  Etrans + Einst +EEOL

Energy Payback Time :  EPBT =  CED /  ( (Eagen / ηG) – EO&M )             

Energy Return on Investment : EROI =  System Lifetime / EPBT

Ref. : V. Fthenakis, in  book Photovoltaic Solar Energy from 
Fundamentals to Applications, Wiley 2017
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AMROCK
EPBT and Greenhouse Gas Emissions of PV Systems
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Ref. : V. Fthenakis, in  book Photovoltaic Solar Energy from Fundamentals to Applications, 
Wiley 2017
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How fast can we grow the PV industry?

1. Energy Payback Time EPBT << PV System 
Lifetime

𝐸𝑅𝑂𝐼 =
𝑆𝑦𝑠𝑡𝑒𝑚 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒

𝐸𝑃𝐵𝑇
>>  1

2. Energy Consumed to manufacture < Energy 
generated by PV systems installed the 
previous year

𝐺𝑟𝑜𝑤𝑡ℎ 𝑅𝑎𝑡𝑒 <
1

𝐸𝑃𝐵𝑇

http://8020vision.com/tag/eroei/



Copyright AMROCK Pty Ltd © 2022

AMROCKFinancial Sustainability

The PV Industry ability to grow is limited 
by the EBIDTA and CAPEX

𝑮𝒓𝒐𝒘𝒕𝒉 ≤
𝑨𝑺𝑷

𝑪𝑨𝑷𝑬𝑿
× 𝑬𝑩𝑰𝑻𝑫𝑨(%)

*ASP = Average Sales Price
CAPEX = Average Cost to Build (+/-10%)
EBITDA = Earning Before Interest, Tax, Depreciation and Amortization

❑Current typ. EBITDA ~ 15%
❑Current typ. ASP ~ US$0.26/W
❑Current typ. CAPEX  ~ US$0.18/W 
MG Silicon to Module,  for mono PERC
Maximum sustainable growth ~ 22%

Low CAPEX is key

Reduction of CAPEX

Cost of new manufacturing line (CAPEX) 
decreases by 50% every 3 years
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1 TW 
PV 

System

Cumulative Energy 
Demand

CED 
3.1x1017 J

698 million 
tons of CO2

Will generate 
32,500 TWh

over 25 
years* Will save 25 

billion tons of 
CO2

Will save 
3.9x1020 J in 

primary 
energy 

Energy and CO2 Embedded in a 1 TW PV Modules 

* Average lifetime of PV power plants is actually 32.5 years

One 400W PV panel 
(~US$100) will produce 
the same amount of 
electricity as 6.9 tons of 
coal (~US$280)
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Material Sustainability

➢ “Bumps” in Learning Curve are generated by 
Supply Constraints

➢ Supply Constraints are due to:
1. Inability of suppliers to grow as fast as

demand (ex.: Polysilicon in 2005-2010)
2. Temporary interruption of supply: 

Accident, Fire, Floods, Hurricane, 
Strike, Earthquake 

3. Material Scarcity (Ag, In, Bi, Te, …)
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Worldwide Annual Silver Production and Usage by Applications

Silver usage for PV (tons)

Production (tons)

Industrial Applications (incl. PV)

Photography

Jewelry

Silverware

Coins & Medals 

Other

We currently use ~20 
tons of Ag per GW

World Production of Ag ~ 30,000 Tons p.a.  Recycling does not become significant until 2050.
At 3TW p.a.  (~2040) , the usage of Ag must be < 2mg/W   (currently ~ 20mg/W in average. Best in class 15mg/W)

https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth%27s_crust Source: www.silverinstitute.org for historical data and projections, except for PV

http://www.silverinstitute.org/
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Y. Zhang et al., Energy Environ. Sci., 2021, 14, 5587
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Silver consumption 

Ag 
(mg/cell)
166mm

Eff.
(%)

Ag 
(mg/W)

% of global Ag 
supply for 

1TW

PERC 96 22.8 15.4 53%

TOPCon 163 23.2 25.6 88%

HJT 218 23.5 33.9 117%

• Assuming that 1TW market will be 
reached before 2030, and 3TW market by 
2035,

• Assuming that a sustainable level of Ag 
should be kept below 20% of global Ag 
supply (currently ~30,000 metric tons),

Ag consumption should be reduced to  
5mg/W at 1 TW and 2 mg/W at 3 TW per 
year

We need to reduce the Ag consumption 
by 3 to 8 (PERC), by 5 to 13 (TOPCon) and 
by 7 to 17 (HJT)

Y. Zhang et al., Energy Environ. Sci., 2021, 14, 5587
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Indium  and Bismuth consumption 

Mass Fraction 
(kg/kg)

Global reserves 
(tonnes)

Total supply in 
2019 (tonnes)

Ag 7.5 x 10-8 560,000 29,000

In 2.5 x 10-7 15,000 to 
50,000

2,100

Bi 8.5 x 10-9 320,000 21,000

• Indium is used in TCO (ITO) for HJT cells 

–Typical consumption of In ~ 4 to 10 mg/W

=> Maximum PV annual production to stay 
below 20% of In supply ~ 37 to 95 GW

• Bismuth is used for low-temperature 
soldering (Sn-Bi alloy) of HJT cells

–Typical consumption of Bi with 12BB ~ 7.8 
mg/W

–Typical consumption with SmartWire™

~13mg/W

=> Maximum PV production ~ 330 GW 
(SWCT) to 560 GW (12BB)

Y. Zhang et al., Energy Environ. Sci., 2021, 14, 5587
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AMROCKEmbedded in a 1 TW PV System (Mono PERC, fixed tilt)

1 TW 
PV 

System

56 million 
tons of 
steel

12.5 
million 

tons of Al

42 million 
tons of 
glass

29,000 
tons of Ag 2.3 million 

tons of 
silicon

7 million 
tons of Cu

47 million 
tons of 

concrete

94% of today’s 
worldwide production

14% of today’s 
worldwide production

19% of today’s 
worldwide production

35% of today’s 
worldwide production

3% of today’s 
worldwide 
production

1% of today’s 
worldwide 
production

32% of today’s worldwide 
production (of MG Silicon)
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AMROCKRecycling of PV Systems and Modules
PV System Decommissioning

End-of-Life PV Module

Metal (steel, Al) , racks, nuts, bolts
Cables, Electronics, …

Concrete

Preliminary Disassembly Metal : Al frame, Copper cables
J-Box, Diodes, Backsheet

Chemical Mechanical Thermal

Chemical 
Processing

Thermal 
Processing

Cutting 
EVA, POE, 

Solar cells

Glass

Chemical 
Processing

Wafers and Broken Wafers

Chemical 
Processing

Solar grade Si

CO2

Metal
Cu, Ag
Pb, Sn

Solar cells 
with EVA

Crushing, 
Grinding

Glass with Plastic

Thermal or 
Chemical 

Processing

Glass

Particles

Sorting

Chemical 
Processing

Solar Grade Si

Metal
Cu, Ag
Pb, Sn

Glass
Cu, Pb, Sn

Glass

Solar cells

Chemical 
Processing

Solar Grade Si

Metal
Cu, Ag
Pb, Sn

Currently recycling

➢ Today 100MW of modules to be recycled per year
➢ In 10 years, the volume will be 10X larger ( ~ 150,000 tons)
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Conclusions

• PV Manufacturing will have to ramp-up quickly (25% growth p.a.) to reach 
about 3.5 TW p.a. by ~ 2035, and cumulative capacity should reach ~ 70 TW by 
2050

• No issue with EPBT, EROI
• Keep reducing energy and water consumption, and reducing emissions
• Ability to grow is limited by EBIDTA and CAPEX of new production lines

• CAPEX decreases by 50% every 3 years
• Temporary Supply Constraints (supply chain, fire, floods, …) are not 

fundamental issues
• Material Sustainability due to Material scarcity:

• Ag: reduce to less than 2mg/W, or switch to Cu plating
• In, Bi, Cd, Te, … should not be used for mainstream PV technology

• Recycling technology to be improved to recycle critical material: Ag, Cu, Al, 
Glass, Si, …
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Thank You Dr Pierre Verlinden
AMROCK Pty Ltd

Trina Solar
University of New South Wales

Yangtze Institute for Solar Technologypjverlinden@icloud.com

mailto:pjverlinden@icloud.com




℃

℃

℃

℃

℃

℃

℃

℃

℃



℃

℃



For the past 25 years, Trina Solar has stayed true to its purpose

We are committed to lead the way

in smart solar energy solutions for a 



Link to Trina Solar CSR reports and certificates:
https://www.trinasolar.com/en-glb/our-company/sustainability-downloads

https://www.trinasolar.com/en-glb/our-company/sustainability-downloads
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Suppliers must open up for audits by Trina 

Solar or independent third parties.

Suppliers unwilling to cooperate or to be transparent 
towards Trina Solar will not be selected.

Trina Solar set up an IT traceability 
system for its customers.

We pledge

to constantly focus on 

and protect employees’ 

rights in global supply 

chains.

Transparency

Supplier Selection

Traceability
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BloombergNEF’s 2021 PV module bankability survey results, top 10
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The latest news | print & online

New solar capacity 10 times cheaper than 
gas, says Rystad

by Beatriz Santos

Chinese PV Industry Brief: Canadian Solar 
starts production of independently 
developed inverters

by Vincent Shaw



Many more to come!

Coming up next…
Thursday, 10. November 2022 Monday, 14. November 2022

Learning from 
PV module 
manufacturing 
nonconformities

How a centralized 
monitoring 
platform makes 
your solar asset 
the center of 
attention

8:00 AM – 9:00 AM PST, LOS ANGELES
11:00 AM – 12:00 PM EST, NEW YORK CITY

9:00 AM – 10:00 AM EST, NEW YORK CITY
3:00 PM – 4:00 PM CET, BERLIN

In the next weeks, we will continuously 
add further webinars with innovative 
partners and the latest topics. 

Check out our pv magazine Webinar 
program at:

Registration, downloads 
& recordings are also be 
found there.

www.pv-magazine.com/webinars



Thank you for
joining today!

Jonathan Gifford
Editor in Chief
pv magazine

Trina Solar
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