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NREL Bottom-Up Cost Model Inputs Following GAAP and IFRS

Variable (cash) cost elements within the cost of goods sold:

ÅInput materials

ÅDirect manufacturing labor

ÅElectricity

ÅMaintenance of manufacturing equipment and facilities

Fixed (non-cash) cost elements within the cost of goods sold:

ÅManufacturing equipment 

ÅBuilding and any facilitation expenses that can be capitalized

Additional fixed (cash or non-cash) cost elements:

ÅResearch and Development (R &D)

ÅSales, General, and Administrative (S, G, & A)
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Example Cost Model Results for Cell Conversion (Left) and 
a Complete Module Supply Chain (Right)
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Step Costs for PERC Monocrystalline Silicon Solar Cell Conversion
Greenfield Manufacturing Facility in Urban China. 244 cm2 Cells on M2 p-type Cz Wafers. 21.5% Cell Efficiency 
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!ŘŘƛǘƛƻƴŀƭ ŘŜǘŀƛƭǎ ƎƛǾŜƴ ƛƴ ά9ŎƻƴƻƳƛŎ CŀŎǘƻǊǎ ƻŦ tǊƻŘǳŎǘƛƻƴ !ŦŦŜŎǘƛƴƎ /ǳǊǊŜƴǘ ŀƴŘ CǳǘǳǊŜ 
/ǊȅǎǘŀƭƭƛƴŜ {ƛƭƛŎƻƴ tƘƻǘƻǾƻƭǘŀƛŎ aƻŘǳƭŜ aŀƴǳŦŀŎǘǳǊƛƴƎ /ƻǎǘǎ ŀƴŘ {ǳǎǘŀƛƴŀōƭŜ tǊƛŎƛƴƎέΣ    
M Woodhouse, et al.,  In Preparation for October 2018 Publication. 
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Historical, Current, and Example Roadmap for PERC
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Historical, Current, and Projected Costs and Pricing for c-Si Modules
Input Data Assumes No Tax Exemptions or Tariffs.

Research and Development Plus Sales, General, and
Administrative
Remaining Costs for Module Assembly

Balance-of-Module Materials

Remaining Costs for Cell Fabrication

Cell Metallization Pastes

Wafer Processing

Silicon
Calculated Sustainable Price 

September 5, 2018

Polysilicon price reductions:
From $35/kg to $15/kg. 
Metallization improvements, 
including silver utilization: 
From 200 mg/cell to 110 mg/cell.
Process engineering and 
economies of scale.

Move to PERC cell 
architecture and efficiency
improvements. 
Transition to diamond wire.
Process engineering and
economies of scale.

Kerfless wafersand 
realization of the c-Si
single junction 
efficiency potential in
mass production

Roadmap for Cz and DW.
2% improvment in PERC cell 
efficiencies.
Reduce Ag to 50 mg/cell
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Example Cost Model Results for Different PV Technologies

ÅHigher efficiency benefits 
$/W balance of module 
(BOM) costs

Å10% wafer price premium 
given for the  n-type cell 
architectures PERT, SHJ, 
and IBC

ÅIndustry median 13% of 
revenues budgeted for 
R&D plus S, G, & A

ÅMinimum sustainable price 
based upon 15% operating 
(EBIT) margin

Å Additional details given in 
ά9ŎƻƴƻƳƛŎ CŀŎǘƻǊǎ ƻŦ tǊƻŘǳŎǘƛƻƴ 
Affecting Current and Future 
Crystalline Silicon Photovoltaic 
Module Manufacturing Costs and 
{ǳǎǘŀƛƴŀōƭŜ tǊƛŎƛƴƎέ ōȅ a 
Woodhouse, et al.,  In Preparation. 
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Manufacturing Cost Model Results for a Full PV Supply Chain
Results Reflect No Import Tariffs For 60 Cell Modules Shipped From Southeast Asia

Research &
Development Plus
Sales, General, &
Administrative (Poly
Through Module)

Remaining Direct
Manufacturing Costs
for Module Assembly

BOM Materials (Glass-
to-Backsheet with
Standard Encapsulants,
Tabbing and Stringing,
and J-Box)

Remaining Direct
Manufacturing Costs
for Cell Conversion

Metallization Pastes for
Screen-Printing

Remaining Direct
Manufactuirng Costs
for Ingot and Wafer
Production (p-type or
n-type)

Silicon ($15/kg Input
Polysilicon Price)

September 5, 2018 Calculated Minimum
Sustainable Price for

Blended Spot and 
Contract Sales 
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Calculated LCOE Impacts From Upcoming Technologies

ÅYears to broadscale
adoption for the given 
technologies are based 
upon industry survey results 
compiled for the 2018 
International Technology 
Roadmap for 
Phototovoltaics(ITRPV)

ÅLCOE impacts are based 
upon reductions in module 
cost or improvements in 
kWh(AC)/kW(DC) energy yield

Å Additional details about this figure 
ŀǊŜ ƎƛǾŜƴ ƛƴ ά9ŎƻƴƻƳƛŎ CŀŎǘƻǊǎ ƻŦ 
Production Affecting Current and 
Future Crystalline Silicon Photovoltaic 
Module Manufacturing Costs and 
{ǳǎǘŀƛƴŀōƭŜ tǊƛŎƛƴƎέ ōȅ                      a 
Woodhouse, et al.,  In Preparation. 
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Years to Broadscale Adoption (At least 10 GW of annual production)

Estimated LCOE Impacts for Upcoming Technologies
Within the Crystalline Silicon Supply Chain

2,350 kWh(AC)/kW(DC) solar resource, 7.0% Unlevered Nominal Discount Rate, and 5 Year MACRS

Ongoing DRAFT NREL Analysis

5/18/18

Bifacial

5%
Improvement

in Energy Yield

$1,110 M

September 8, 2018

$500M Market in Annual SalesBifacial

10%
Improvement

in Energy Yield

$1,110 M

Improve the Mean 
Degradation Rate:

From 0.75%/yr 
to 0.50%/yr
$1,640 MFrameless 

Glass-Glass
Module

$1,470 M

Bifacial Minimum:

2.25% Improvement
in Energy Yield for
$0.030/W Module

Price Premium

Reduce kerf loss: 

From 95 ḿ 

to 60 ḿ

$63 M

Reduce wafer

thickness: 

From 160 ḿ

to 130 ḿ
$53 M

Reduce Ag 

consumption:
From 100 mg/ cell 

to 50 mg/cell

$54 M

Increase 

Cz Ingot Size:
From 180 kg 

to 300 kg

$491 M

Increase Wafer Size: $93 M

Improve Median

PERC Cell 
Efficiencies:
From 21.5% 

to 23.5%
$760 M

$500M Market Opportunity 

for Equipment CapEx

Kerfless

Wafers:
$588 M

Busbarless

Metallization:
$130 M
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Indoor and Outdoor Testing Sites Within the United States

DOE PV Lifetime and Proving 
Ground Sites:
ÅNREL
ÅSandia
ÅLas Vegas, NV
ÅOrlando, FL
ÅWilliston, VT

Private Independent Testing Labs:
ÅDNV GL
ÅRETC
ÅFraunhofer CSE

University Testing Labs:
ÅArizona State


