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> Swift Solar Named One of the Top GreenTech Companies
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> Swift Solar Overview

e Founded 2017 as 3-way spinout from Stanford, MIT, NREL
with exclusive IP rights

e ~50 team members in San Carlos, CA

e Aim: produce high-efficiency cells and modules in US at
GW scale. Raising the efficiency limit from 30-45%

e US pioneer in perovskite tandem PV technology

e Current status

o Raised >$50M in private capital
o Prototyping and field testing
o Scaling to first commercial production line ~2 years

o Raising capital for first production line in the US
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> Founded by the World's Top Perovskite Scientists

6 PhDs from MIT, Stanford, and Oxford

4 Forbes Under 30, 3 Top 1% Scientists,
2 NREL Scientists, R&D 100 Award
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Swift Solar improves solar project economics
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J7= 1000W
Swift Solar Panel

>40%

More Power

standard silicon cells

1 => upgrade the cells

=>same module construction

Better Product

@ Similar form factor
@ Higher energy density

°
land area, labor, racking, wire, O&M

Improved Project Economics

el

@ Higher IRR (Internal Rate of Return) (2% increase
from 5-8% baseline)

@® Lower up-front system cost (13-20%)

® Lower O&M (Operations and Maintenance) costs
(20-30%)

@® Land optionality
Each 5% increase in power

=> over $10B in US utility scale project value / yr
JZ SwiftSolar



> Tandems are the best solar

Perovskite tandems are the first solar technology ever to outperform and undercut silicon
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Light

Tandem operating principle

@ High energy light absorbed by
perovskite (Swift Solar) top cell

@ Low energy light absorbed by silicon

® | essenergy wasted as heat

Perovskite top cell @ Proven concept in space PV - but
perovskite tandem technology is the
first to do it at a relevant cost point.

Silicon bottom cell
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Unlocking the Full Potential of Solar Energy

Vapor Processing of Perovskite Monolithic Tandem Solar Cells!

UV + Visible
converted by top cell

higher system level output

mature on an industrial scale
Infrared kﬂ % (+7%re|)
converted by bottom cell
P simple scalability $ lower TCO demand (- 5 ct W-)
Q no solvent related hazards @ reliability benefits
non-planar surfaces e technolo otential
Add p — gy p

N

good controllability/reproducibility l<-|_ market entry benefits
3
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Swift Solar is the key to unlocking

4 megatrends

Energy Dominance

US energy security—and national security—starts with
domestic solar manufacturing

Al Demand

Al will double data center energy by 2030—only PV can
scale fast enough

Space Economy

Every next-gen satellite and space mission demands
more efficient, lightweight, and affordable solar

Climate Change

Decarbonizing the planet will take terawatts of
ultra-low-cost electricity from solar and other sources

Al
Demand

=

Energy Dominance

&

Climate Change

Space
Economy
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Key Challenge: Narrow Process Windows

number of devices

LSL
USL
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quality metric

Narrow Control Limits

source uniformity

deposition consistency

monitoring accuracy

substrate consistency

deposition drifts

Widen Specification Limits

composition

phase purity

film formation route

additives

annealing protocol



> Structural Analysis (FEA) of Solar CeII Manufacturing
/ Swift Solar R B
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> Precision Thermal Management

Non-uniform
Heating

Initial Insulation

Potentially Degraded
Perovskite film

Potentially Degraded

Perovskite film

Initial Curing Oven Tool Design
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Ansys
Simulation Hub

Ansys Thermal
& Angys Icepak

Uniform Temperature
Profiles across Large Area

Stage 2: Process Control.

Air or Fans

1. Optimized
Process
Equipment.
Balanced Heating
Elements

> Optimized
I Insulation
| 2.Stage 2:

Active Cooling
Channels
(FEA/CFD Informed)

Protected
Perovskite
Film

Protected
Perovskite Film
(Avoids Hot Spots)

Stage 3: Module Protection.

J7Z SwiftSolar




> Integrated Simulation
INTEGRATED SIMULATION & DIGITAL TWIN FRAMEWORK FOR SOLAR MANUFACTURING

| Parametric Studies &

Electronics Cooling

Conceptual Design

| Automated Optimization Simulation Phase (Early Stage)
| '
Design Space l l
| Explomatal Model Airflow & Interactive Physics
Heat Dissipation Simulations /
Orchestrates (Deposition machines, Instant Feedback
Simulations / testing units)
Finds Optimal Settings \»; K; k
7 ; (
S ticeane. | | simulate Fans,Heat Quick Whatf
optimization Sinks, Ventilation Analysis of Component
(sub-systems, power Geometries

Refined Tool Parameters
(SR RE
Flow rates)

supplies, sensors,
control boards)

Il )
Maximize Cell
Performance & Yield /
Accelerate finding
"Sweet Spot”
(Avoid Trial-and-Error)
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Control hardware within
safe thermal limits /
Prevent overheating /
Design compact
enclosures

Real-time 3D simulation |/

/ Explore innovative
concepts / Iterate
virtually in minutes

Links Structural,
Thermal, & Fluid
Simulations /
Evaluates Multiphysics
Effects Holistically

Virtual testing of process changes,
troubleshooting, validate new designs
(Risk-Free)
Example Multiphysics Trace

Thermal Heating

Models Predict Strain
+ from
Mechanical Stress terr::[;gnl':;ure
Analysis

What-If Scenarios List

« Increasing deposition rate
« Different encapsulant material

Predicts Outcomes on Cell
Performance and Reliability

INTEGRATED
MODELING
FRAMEWORK &
PLATFORM FOR
CONTINUOUS
IMPROVEMENT

Deep understanding
of processes

Platform for virtual
experimentation

Predictive models for
real-time monitoring
and adjustment

=,

*
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> GreenTech for Utility-Scale PV and Beyond

Swift Solar is delivering
American-made
advanced solar for space,
defense, Al, and more

3 LOI signed, 2
solar cells flown on 3 m|33|ons ok
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First Deployments of Swift Solar's Technology

A

AMERICAN TOWER"®

strategic partnership to evaluate the deployment of
perovskite-based tandem solar cells

driven by the surge in energy demand from Al data
centers and the limitations due to grid constraints

American Tower operates 42,000 communications
sites in the U.S. and over 149,000 sites globally

Slide from Tobias Abzieher F// SwiftSolar



> Roadmap | The path forward for Swift

2017 2023-24 2026 2027-28 2029-30
Swift Solar Series A Series B Fab0Oin US Fab1 in US
launched financing financing 10-100 MW/yr >1GW/yr

Fab2-FabN
= 5] IsA R

R&D proof of
concept at 1cm?

@® Technology readiness @ Financing for first production @ Ramp production ® Product access for preferred
plant ) . deployment partners
® Manufacturing readiness ® MW-scale pilot projects
, @ Tool purchases / facility with select partners
® Market traction preparation
@ Field testing of prototypes o

Customer pilots

O Dob, Utility partners @ gxporing re-shoring c-Si supply

® >$50M raised cumulatively chain
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> Swift Solar | project economics increase by over 200bps

Driven by
reductionsin

Up-front Balance of
System (BOS) costs

Annual Operations
& Maintenance
(O&M) costs

Project IRR Improvement

Swift Solar IRR Impact

20.6% 2% 4% 6% 8% 0% 2% 3% 36% 38% 0%
Module Efficiency
*Swift's IRR estimates ates based on a DOE specified 100MWdc single-axis tracker project with 20.6% PCE reference modules price at $0.336/W. All system cost and O&M cost .
Proprietary and Confidential estimates come directly from DOE PV System Cost Model (PVCSIV) 2024. Module pricing is held constant for this analysis in this presentation, assuming that Swift Solar will be at cost- ,i SWTFt 8 O] ar

parity with the market at GW scale.


https://www.energy.gov/eere/solar/solar-photovoltaic-system-cost-benchmarks

> BOS savings | higher module efficiencies significantly
reduce build cost

Total System Cost by Module Efficiency: 100MWdc System

*Total system costs are reduced by ~13% to $1.20
20% due to smaller project footprint
$1.00
@ Less racking & equipment per MW
® Less wire per MW g $0.80
@® Less shipping per MW [
® Less labor per MW T $0.60
@ Less sales tax per MW 2
)
$0.40
$0.20
$0.00
o
e
6"3(\6

*Swift's IRR estimates ates based on a DOE specified 100MWdc single-axis tracker project with 20.6% PCE reference modules price at $0.336/W. All system cost and O&M cost

Propr]etary and Confidential estimates come directly from DOE PV System Cost Model (PVCSIV) 2024. Module pricing is held constant for this analysis in this presentation, assuming that Swift Solar will be at cost- ’/// SWTFtS O] ar
parity with the market at GW scale.



https://www.energy.gov/eere/solar/solar-photovoltaic-system-cost-benchmarks

> OPEX savings | cost reductions drive annual operational

gains

*O&M costs reduced by ~20% to 30% due

to smaller project footprint

Less cleaning per MW

Less inspecting per MW

Less BOS replacement per MW
Less module replacement per MW
Less land costs per MW

Annual savings of $370k to $500k per
100 MW

NPV of $6M to $10M over 30 year life

55 to 90 bps of added project IRR

O&M Cost $/kW

Total System O&M Costs by Scope of Work: 100MWdc System

Swift Solar
$3.50 Savings $/kWdc
%3.00
52.50
52.00
51.50
s1.00
50.50
50.00
oo - L3 P . a= & & A
"_35‘ P ‘:}'-'-':th ﬂ} .e_.__x" o W t:}‘!’ &‘?
s o g <& o+ o e & %
5 E o o & ™ F K &
o 'i:. _Q\.‘? ; _E_"\.I“'x '\F?. Qi d-:'_l;"
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*Swift's IRR estimates ates based on a DOE specified 100MWdc single-axis tracker project with 20.6% PCE reference modules price at $0.336/W. All system cost and O&M cost

Proprietary and Confidential estimates come directly from
parity with the market at GW scale.

. Module pricing is held constant for this analysis in this presentation, assuming that Swift Solar will be at cost- ,/; SWTFt S Cﬂ ar


https://www.energy.gov/eere/solar/solar-photovoltaic-system-cost-benchmarks

> Thank You for Your Attention

Chief Engineer

Visit our website: Feel free to reach out:
www.SwiftSolar.com reza.nazari@swiftsolar.com
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Key Challenge: Durability in Real-World Operation

B San Carlos, CA
© Merced, CA © Denver, CO

© Alburquerque, NM
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Normalized Module
Efficiency (1)

Module
Temperature (°C)

2025-06-08 2025-06-22
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Overview | Swift perovskite-Si tandem manufacturing

cell manufacturing

Substrate: bottom cells |
. . AR A >

@Bottom cell inspection & QC o, ‘%\;\,\x

@Contact layer1 VDD x:;:\\

@®Perovskite absorber ‘.

@®Contact layer 2 -

@ Top electrode <52

®Metallization &V c e T
() Y ore process equipment: ana we

@®Test & sort -\\'\"*0 P R, O8> coating, thermal processing, precursor prep and

)
@®Module Assembly I e e e % QC, inspection, testing, metrology

Additional supporting equipment: chillers,
pumps, generators, wafer handling systems, buffer
stations, AGVs, cranes, forklifts, MES

Compatible with HJT and TOPCon silicon cells, p-type and n-type

Proprietary and Confidential /7; SwiftSolar



Uniquely positioned to

deliver the fUtU re Of SOIar: 01 Swift has a distinct pathway to delivering a new class of
>3 5% Si"'fr ee PV all-thin-filmm modules, unlocking efficiencies above 35%

} All-Perovskite
multijunction
35-40%+ Swift’s proprietary deposition methods and 2T device
O 2 architectures enable all-perovskite multijunctions by
allowing stacking of perovskite cells without damaging

underlying layers

™ All-Perovskite
tandem
>30%

™ Perovskite-Si
tandem
>30%
i Swift is the US leader in 2T perovskite technology—the
O 3 long-term winner for high-efficiency, low-cost solar—

Silicon with a roadmap to GWs by 2030 and TWs by 2050

up to 25%

JZ SwiftSolar



Simulation-Driven Process Design

f/’ Swift SIMULATION-DRIVEN SOLAR CELL MANUFACTURING
— s —

THERMAL SIMULATION APPLICATION W COMPUTATIONAL FLUID DYNAMICS (CFD) APPLICATION |

~Iabesiioeie

& Icepak (Rapid Thermal Process) Perovskite Reactors Perovskite

= Thin Film
(Annealing Panel (Custom Reactors)

Encapsulation) 4 (high-qui;ity
‘ quic

| [AHSYS Thermal}>[ Curing Ovens / RTP } Large-Area [ Ansys Fluent }‘yr Vacuum Deposition |_, | Deposition of

Goals: Maintain Even Heating 5 " | Goals: Uniform Deposition

@ Avoid Hot Spots , Quick Deposition
@ Perovskite material protection

Large-Area © Choice of Heating Elements » Proprietary Process Invention
Perovskite Panel » Choice of Insulation Guided Reactor Design
@ Cooling Channel Designs .

" INFORMED DESIGN CHOICES

Thermal Heating W

t-e Choice of Insulation —— -
IS GFoico ot insulation Controlled Production = High

“e Cooling Channel Designs

Final Product: Perovskite Tandem Cells (High-Quality)

Proprietary and Confidential



> Swift's Key Differentiators

Two-terminal (2T) tandem architecture

High-speed vapor deposited perovskite

}; SwiftSolar Proprietary & Confidential



> 2 Terminal (2T) vs 4 Terminal (4T)
Key Questions:
Which architecture delivers

Highest ?
Longest 7
Lowest ?

/S SwiftSolar Proprietary & Confidential



> Swift's

architecture outperforms 4T competitors

2T tandems enable the highest power potential

Characteristics Prel;erre Reasons
b ~7% relative higher module efficiency and annual
S ¢ A ener roduction
yield gyp
Cost oT ~$O.Q5NV lower cost due to less TCE
requirements
Reliability - Superior lifetime reliability due to continuous
Lifetime & barrier layers, conductive front electrodes and
. 2T :
degradation series-connected structure
rate - Better shading tolerance
- Faster and more capital-efficient
L LRGN Al - Higher production yields
Technology oT Enables triple-junction modules with future
Potential efficiencies over 40%

/7 SwiftSolar
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2T cross-section

Glass

| — | — | —

Encapsulant
Glass

+ -

4T cross-section
+

Glass
L L L e rrrrrery m

Encapsulant }
| |

[ A

Glass
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> Swift's

architecture outperforms 4T competitors

2T tandems enable the highest power potential

Characteristics Prel;erre Reasons
b ~7% relative higher module efficiency and annual
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yield gyp
Cost oT ~$O.Q5NV lower cost due to less TCE
requirements
Reliability - Superior lifetime reliability due to continuous
Lifetime & barrier layers, conductive front electrodes and
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> Swift Solar's Absorber Deposition Approach

| _

Proprietary and Confidential Slide from Tobias Abzieher Jz SwiftSolar




> Swift's Key Differentiators

High-speed vapor deposited perovskite

j; SwiftSolar Proprietary & Confidential



Silicon SJ All-perovskite Si-perovskite

> Proprietary high-speed perovskite vapor deposition )j
3J

~27% Widegap Widegap Midgap

Perovskite + —
Widegap Lowgap
Perovskite Perovskite

Vapor ~30% ~34% ~39% ~44%
Solution ~30% Difficult ~37% Very difficult

Vapor processing unlocks a higher efficiency roadmap
10x faster than OTS dry methods

Proprietary and Confidential



Swift Solar's Absorber Deposition Approach

= ROYAL SOCIETY
Environmental OF CHEMISTRY

Energy & Fiy
Science -

) Check for updates Vapor phase deposition of perovskite
photovoltaics: short track to commercialization?}

Cite this: Energy Environ. Sci.,

<AL 1045 Tobias Abzieher, 2 ** David T. Moore, {2** Marcel RoR, {° Steve Albrecht, (°

Jared Silvia, Hairen Tan, ©2¢ Quentin Jeangros,® Christophe Ballif,®
Maximilian T. Hoerantner,? Beom-Soo Kim, ©2'" Henk J. Bolink, ' Paul Pistor,
Jan Christoph Goldschmidt, ©=' Yu-Hsien Chiang,”" Samuel D. Stranks, ©2™"
Juliane Borchert,° Michael D. McGehee, ¢ Monica Morales-Masis,

Jay B. Patel, ©'° Annalisa Bruno ' and Ulrich W. Paetzold =) *

While perovskite-based photovoltaics (PV) is progressing toward commercialization, it remains an open
question which fabrication technology - solution-based, vapor-based, or combinations - will pave the
way to faster economic breakthrough. The vast majority of research studies make use of solution-
processed perovskite thin films, which benefit from a rapid optimization feedback and inexpensive to
procure tools in modern research laboratories, but vapor phase deposition processes dominate today's
established thin-film manufacturing. As research and development of vapor phase processed perovskite
thin films are still strongly underrepresented in literature, their full potential is yet to be identified. In this
collaborative perspective of academic influenced by industrial views, we convey a balanced viewpoint
Received 27th September 2023, on the prospects of vapor-based processing of perovskite PV at an industrial scale. Our perspective
Accepted 2nd January 2024 highlights the conceptual advantages of vapor phase deposition, discusses the most crucial
DOI: 10.1039/d3ee03273f process parameters in a technology assessment, contains an overview about relevant global industry
clusters, and provides an outlook on the commercialization perspectives of the perovskite technology
rsc.li/ees in general.
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'.) Check for updates

Cite this: EES Sol, 2025, 1, 404

ROYAL SOCIETY

™
PN OF CHEMISTRY

Industrialization of perovskite solar cell fabrication:
strategies to achieve high-throughput vapor
deposition processest

Julian Petry, ©9*2 Viktor Skorjanc, ° Alexander Diercks, (¢ Thomas Feeney, {2 ¢
Amedeo Morsa, {29 Sara Rose Kimmig, {2 ¢f Jens Baumann,? Frank Loffler,?
Stefan Auschill,” Joshua Damm, {2 Daniel Baumann, {2 Felix Laufer,

Jona Kurpiers, ©2° Michael Muiller, ¢ Lars Korte, (2 Steve Albrecht, 9%

Marcel RoR, 2 *° Ulrich W. Paetzold 2 *2¢ and Paul Fassl {2 *2¢

Vapor phase deposition processes hold great potential for industrializing the deposition of perovskite-based
absorbers, offering a pathway to commercialization. Specifically, the scalability, ability to produce
conformal coatings, and established use in industrial processing of optoelectronic devices lead to the
assumption that thermal sublimation is inherently suitable for commercial-scale perovskite solar cell
production. However, ensuring economic viability requires a detailed assessment of achievable
production throughputs, a key factor in achieving cost-effective large-scale manufacturing. This work
bridges the gap between research focus and industry needs by introducing and analyzing three
strategies to increase production throughput in an industrial context: (1) we investigate the thermal
stability of key perovskite precursor materials to provide guidelines for safe operation by mitigating
decomposition risks. (2) We critically evaluate the industrial feasibility of common deposition modes,
including co-deposition and sequential deposition, as scaling from laboratory to industrial production
introduces new challenges in terms of material utilization and compositional material homogeneity. In
addition, we analyze the static deposition rate profiles of key perovskite precursor materials and use this




Structural Analysis (FEA) of Solar Cell Manufacturing
using Ansys Mechanical
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