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provide services to clients. Please see www.deloitte.com/about to learn more.
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Ø Global solar PV annual 
demand is expected to 
surpass 1TW before the 
end of the decade

Ø Quick deployment of PV 
globally will be paramount 
for a swift energy transition

RELEVANCE

WE NEED SOLAR AND LOTS OF IT!



Ø Identify the requirements 
for Australian solar PV 
manufacturing from 
polysilicon growth to 
module production 
focusing on large-scale 
state-of-the-art technology

Ø Determine the cost of solar 
PV manufacturing in 
Australia

METHODOLOGY

MODULE
MANUFACT.

CELL
MANUFACT.

INGOT/WAFER
MANUFACT.

POLYSILICON
PRODUCTION
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mg-SILICON 
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via Siemens 
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deposition

via Czochralski 
pulling & 

diamond wire 
sawing
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TOPCon 

technology

monofacial 
modules with 

182mm wafers

Study scope

• Results: A Chinese and Australian bottom-up cost analysis (w/o cost of finance)

• Data collection:

• Stakeholder engagement: Over 50 stakeholders, including Chinese/European 
manufacturers and visits to Chinese/European facilities, US DOE, companies 
considering establishing Australian production

• Detailed reports: ITRPV, CPIA, PV Tech, Life-Cycle Assessment, Environmental Product 
Declaration

• Key assumptions:

• CAPEX: Equipment 2x of China (for all but Poly-Si step), Facilities up to 3x of China. 

• Materials: Imported from China, +15% cost premium (chemicals +100%)

• Labour: 20% higher headcount and 4x salaries compared to China

• Electricity: 60 USD/MWh in China and 65 USD/MWh for Poly and 90 USD/MWh 
the rest of the steps.

• Full details to be published in the Silicon 2 Solar Final Report



KEY POLYSILICON 
PRODUCTION
REQUIREMENTS

Polysilicon production:

• Process: Large chemical plant for trichlorosilane (TCS) production and Siemens 
poly-silicon chemical vapor deposition (CVD) to produce 7N-11N purity silicon

• Assumption: 2.5 kt poly-Si per GW pa.

• Scale: 25 kt /pa. ( ~10 GW)

• Location consideration: Access to low-cost firmed renewable electricity, cooling 
water (e.g. decommissioned coal-plants), potential co-location with mg-Si

• Skills: Large scale chemical plant training

Key material requirements Per 10 GW
Metallurgical grade silicon 27.5 kt
Hydrochloric acid (industrial grade) 4.5 kt
Sodium hydroxide (industrial grade) 8.4 kt
Hydrogen 1.2 kt
Hydrated lime 3.75 kt
Other materials: Si Filaments, 
graphite base and clamps

Key inputs Per 10 GW
Poly-Si

Portland Al 
smelter  
300 kt/yr

Electricity 50 kWh/kg 
1.5 
TWh/10GW   
(170 MW 
avg.)

14.3 kWh/kg
4.3 TWh
490 MW avg.

Cooling
water

~300,000 m3 ~600,000 m3

Process heat 150 GWh -
Land
requirement

300,000 m2 1,000,000 m2

Jobs 425-625 480

~1.3% of 
the NEM

~70% emissions are Scope 2 (electricity):
AU grid (622 g CO2-e/kWh) à 93 t/MW  
Solar PV (15 g CO2-e/kWh)  à 2.3 t/MW

~50% of AU 
production



POLYSILICON 
PRODUCTION
COSTS

Key costs:

• Cost gap: US$7.3/kg

• Drivers: 

• CAPEX (Depreciation): US$700M – 1.2B 
for 25 kt (20% in AU vs  12% in China)    

• Electricity: US$3/kg (20% in AU vs  34% 
in China) 

• Mg-Si: US$4.7/kg AU vs US$2.3/kg CN - 
Cost + import tariff (55%) in AU 25% vs 
26% in China.

• Labour: $1.4/kg (9% in AU vs 3.3% CN)

$1.5/kg import tariff 
on CN mg-Si

Depreciation and 
maintenance: ~US$4/kg

Electricity: $3.3/kg

Labour: $1.40/kg

$8.9/kg CN                    $16.2/kg AU
~$2.2 c/W CN              ~ $4 c/W AU



KEY CZ INGOT 
AND WAFER 
PRODUCTION
REQUIREMENTS

Czochralski ingot and wafer production:

• Process: Continuous n-type Czochralski (Cz) ingot puller + diamond-wire sawing 
for wafer production 

• Assumption: M10 wafers – 182 mm

• Scale: 1 GW (~64 ingot pullers)

• Location consideration: Access to low-cost firmed renewable electricity

• Skills: chemical plant and machining training

Key Materials Requirement
per GW

Polysilicon 2.5 kt
Hydrochloric acid 13.5 t
Sodium hydroxide 175 t
Nitric acid 160 t
Hydrofluoric acid 24 t
Hydrated lime 50 t
Acetic acid 195 t
C7H16O3 (solvent) 1.5 kt
Alkylbenzene 
sulfonate (detergent)

1.2 kt

Acrylic binder 10 t
Argon 2.4 kt
Crucibles ~800

Key inputs Requirement per GW
Electricity 60-70 GWh (~5.7 - 8 MW)
Water for production 120,000 m3

Land requirements 15,000 – 20,000 m2

Jobs 150 – 220

~40-50% of electricity required 
for poly-Si production (per GW)

Supply concern: High purity quartz for 
crucibles concentrated in USA/Norway



CZ INGOT/WAFER 
PRODUCTION
COSTS

Key costs:

• Tool CAPEX: US$50M – 80M per GW        

• Cost gap: 3c/W

• Key differences:

• Labour 1.2 c/W (24% AU vs 10% in CN)

• Depreciation 0.8 c/W (2x cost of CN same 
15% impact)

• Materials - Crucible 10% AU 

Depreciation and 
maintenance: 0.8c/W

Labour: 1.2c/W

Electricity: 0.6c/W

Adding the previous value chain step with input materials 
from China would increase the production cost in Australia 

~3.5c/W 

$2.5 c/W CN                    $5.5 c/W AU



TOPCON CELL 
PRODUCTION
REQUIREMENTS

Cell production:

• Process: N-type TOPCon 

• Assumptions: Ex-situ doping (POCl3 diffusion)

• Scale: 1 GW (two production lines)

• Specific requirements: Semiconductor grade chemicals, 4N-6N purity gases 

• Skills: Semiconductor processing and characterisation

Key materials Requirement
per GW

Sodium hydroxide 2.5 kt
Hydrochloric acid 2.6 t
Hydrofluoric acid 2.7 t
Hydrated lime 60 t
Nitric acid 150 t
Hydrogen peroxide 1.5 kt
Potassium hydroxide 625 t
Isopropanol 740 t
Silver paste 12-20 t
Screens for printing 500,000 units
Nitrous oxide 35 t
POCl3 55 t
Boron trichloride (BCl3) 50 t
Silane (SiH4) 9 t
Trimethylaluminium (TMA) 1.2 t
Ammonia (NH3) 90 t
Nitrogen (N2) 5 kt
Oxygen (O2) 500 t

Requirement per GW

Electricity 40-50 GWh (~5 MW)

Cooling water 830 ML / GW

DI water 170 ML/GW

Floor space 20,000 – 30,000m2

Jobs (AU) 190 – 290

SiH4 and TMA are hazardous, 
costly to import, and scale is small

NH3, N2 and O2 available in 
Australia at high purity

Highly specialized pastes (IP protected)



TOPCON CELL 
PRODUCTION
COSTS

Key costs:

• Tool CAPEX: US$60 – 100M per GW

• Labour: ~1.6c/W

• Silver paste: 2.0c/W (including 0.3c/W loss of 
subsidy)

• Cost gap: ~3.9c/W 

• Labor

• Depreciation

• Loss of Chinese silver subsidy

Depreciation and 
maintenance: ~1.5c/W

Labour: 1.6c/W

$3.4 c/W CN                    $6.8 c/W AU

Adding the previous value chain step with input materials from China 
would increase the production cost in Australia ~7c/W 



KEY MODULE 
PRODUCTION
REQUIREMENTS

Key study criteria:

• Process: Mono-facial glass/backsheet modules

• Assumption: Import all materials

• Scale: 1 GW (two production lines)

• Specific requirements: Reliability testing and IEC certification facilities needed

• Skills: Mechanical assembly, reliability testing
Requirement per
GW

Solar cells 1.8 kt
Aluminium 6 kt
Glass (coated, semi-
tempered, low iron)

40 kt

Ethylene-vinyl acetate 
(EVA)

5 kt

Backsheet 2 kt (for mono-
facial)

Polyolefin elastomer 
(POE)

2.5 kt (when used,
halves EVA)

Silicone 800 t
Tin-coated copper 
ribbon

300 t

Busbars 65 t
Connector/Junction 
boxes

700 t

Requirement per GW

Electricity 10-15 GWh (~1.5
MW avg.)

Floor space 10,000 - 20,000 m2

Jobs 200 – 310

20% of AU demand

~80% of module weight is 
Al/glass. Local production 
desirable to reduce shipping 
emissions.



MODULE 
PRODUCTION
COSTS

Key costs:

• Tool CAPEX: US$15M – 25M per GW

• Materials: Dominates module production cost 
dominated by cell + materials

• Electricity: Negligible

• Cost gap: ~3c/W (including cell cost)

• Cell  +1.3c/W

• Materials at smaller scale +1c/W

• Labour

Depreciation and 
maintenance: minor 
impact

Labour: ~1c/W

US 8 c/W CN                US 11 c/W AU

Adding the previous value chain step with input materials from China 
would increase the production cost in Australia ~3.5c/W 

Materials: 8c/W



VERTICALLY 
INTEGRATED 
MANUFACTURING

Key Australian cost items and the cost-gap to China:

• Materials: ~50% of module production cost, premium over China (15%)

• Labour: ~4c/W

• Depreciation: ~3c/W

• Overheads: ~3c/W

• Electricity: ~2c/W

• Tariff/Subsides: Mg-Si import tariff, loss of Ag subsidy (outside China)

• Overall cost gap: 11c/W 

Cost gap: 11c/W

$110M/GW

Step 1 – Polysilicon 
purification (Poly-Si):

Input material: 
Metallurgical silicon (mg-
Si)

Step 2 – Ingot/wafer:

Step 3 – Cell conversion:SOLAR
CELLS

SOLAR 
MODULES

INPUT:
mg-Si

POLY-
SILICON

INGOT & 
WAFERS

Step 4 – Module conversion
US16 c/W               US 27 c/W 



SUMMARY

Opportunities for Australian PV manufacturing:

• Jobs:  580 – 880 per GW (poly-Si to module production)

• Energy security: $110M/GW à ~0.2c/kWh ($2/MWh)

• Production of energy-intensive materials: Scope for producing energy 
intensive materials with green electricity

Challenges:

• Skills: Need training to establish production across the value chain

• Supply chain: No Australian supply chain for highly specialized materials

• The cost gap: $110M/GW (vertical integration)

• Support required to bridge the gap!

• The big cost levers: Labour, depreciation, electricity, mg-Si tariff

Ø For further details, see the 
Final Silicon 2 Solar Report 
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