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NREL Bottorp Cost Model Inputs Following GAAP and |

Variable (cash) cost elements within the cost of goods sold:
Alnput materials
ADirect manufacturing labor
AElectricity

AMaintenance of manufacturing equipment and facilities

Fixed (noncash) cost elements within the cost of goods sold
AManufacturing equipment

ABuilding and any facilitation expenses that can be capitalized
Additional fixed (cash or noitash) cost elements
AResearch and Development (R &D)

ASales, General, and Administrative (S, G, & A)
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Example Cost Model Results tor Cell Conversion (Lett) and

a Complete Module Suppl

1. Test wafer. 2. Saw damage removal and 3. POCI, diffusion. 4. PSG removal, rear side
surface texturization. planarization, and edge isolation
by single-side etching.
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Historical, Current, and Example Roadmap for PERC

%gtemberrfﬁ)ii Historical, Qurrent, and Projected Costs and Pricing for ¢-S Modules

et | NIN e b Input Data Assumes No Tax Bxemptions or Tariffs.
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Example Cost Model Results for Different PV Technologie

September 5, 2018
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Manufacturing Gost Model Results for a Full PV Supply Chain

Calculated Minimum
SQustainable Price for
Blended Sot and
Contract Sales

mResearch &
Development Hus
Sdles, General, &
Adminigrative (Foly
Through Module)

@ RemainingDiredt

- Manufacturing Costs

for Module Asenbly

" mBOM Materials (Qass-

to-Backsheet with
Sandard Ehcapsulants,

- Tabbingand Sringing,

and JBox)
1 RemainingDired
Manufacturing Costs

© for @Il @nverson

- O Metallization Pastesfor

Screen-Rrinting

B RemainingDired
Manufactuirng Costs
for Ingot and Wafer
Rrodudion (p-type or
n-type)

m Slicon ($15/kg Input
Rolysilicon Price)

Results Reflect No Import Tariffs For 60 Cell Modules Shipped From Southeast Asia
T e $0.41
$0.39
I - 07 gy S
¢ °
I $0.033
$0.020
$0.052
1 ~ |s00s4 s0072 | |
$0.018 $0.049
| $0.019 0007 soo B
$0.062 $0.061
H N
Sandard Al PERC(310W) Multi PERC Bifadal PERT Bifadal SHJ IBC(330W)

BSF (285 W) (295 W) (295 W) (325 W)

A Higher efficiency benefits

$/W balance of module
(BOM) costs

A 10% wafer price premium

given for the n-type cell
architectures PERT, SHJ,
and IBC

A Industry median 13% of

revenues budgeted for
R&D plus S, G, & A

A Minimum sustainable price

A

based upon 15% operating
(EBIT) margin

Additional details given in
G4902y2YA0 CI OiG2N
Affecting Current and Future
Crystalline Silicon Photovoltaic
Module Manufacturing Costs and
{dzadAylFroftS t NARO
Woodhouse, et al.Jn Preparation
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Calculated LCOE Impacts From Upcoming Technologies

September 8, 2018

Nominal LOOE Impact (2018 U.S cents/ KWh)
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Estimated LOOE Impacts for Upcoming Technologies
Within the Qystalline Slicon Supply Chain

2,350 kWhag/ kW(pq solar resource, 7.0% Unlevered Nominal Discount Rate, and 5 Year MACRS

$500M Market in Annual Sales Q

Bifacial
10%
Improvement
in Energy Yield
$1,110 M

$500M Market Opportunity
for Equipment CapEx

O

Improve Median

PERC Cell
Efficiencies:
erfl From 21.5%
ertless t0 23.5%
et
Bifacial
5% Busbarless
_Improvement Increase  Metallization: Improve the Mean
in Energy Yield Cz Ingot Size: $130 M Degradation Rate:
$1,110 M 9 : From 0.75%/yr
From 180 kg t0 0.50%/yr
t‘;fgf '\';9 Frameless\  $1640 M Reduce Ag Reduce wafer
Bifacial Minimum: Glass-Glass consumption: thlcknes§.
¢ : Module _ From 100 mg/ cell From 160 " m
2.25% Improvement $1.470 M Reduce kerf loss: to 50 mg/cell 0130 ' m
in Energy Yield for ’ From 95" m $54 M $53 M
$0.030/W Module t060 ' m O O
Price Premium
T Increase Wafer Size: $93 M $63 M
T T T T T T T T T 1
10

0 1 2 3 4 5 6 7 8
Years to Broadscale Adoption (At least 10 GW of annual production)

A Years tdoroadscale
adoption for the given
technologies are based
upon industry survey result:
compiled for the 2018
International Technology
Roadmap for
PhototovoltaicJITRPV)

A LCOE impacts are based
upon reductions in module
cost or improvements in
KWhacfkW pcenergy yield

A Additional details about this figure
FNB 3IABSYy Ay 90
Production Affecting Current and
Future Crystalline Silicon Photovolta
Module Manufacturing Costs and
{dzadGlFAYyFoftS t NRO
Woodhouse, et al.Jn Preparation
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Indoor and Outdoor Testing Sites Within the United State:

DOE PV Lifetime and Proving
Ground Sites:

ANREL

A Sandia

A Las Vegas, NV

A Orlando, FL

A Williston, VT

Private Independent Testing Labs
A DNV GL

ARETC

A Fraunhofer CSE

University Testing Labs:
A Arizona State
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