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CHAPTER 1

ENVISION

“Every breakthrough in energy begins with the courage to imagine a better future.”

Imagining a future where clean energy powers every journey, industry, and community.

POLY TRANSFORM e KNOWLEDGE SERIES

POLY TRANSFORM PRINCIPLE #06 — CLEAN ENERGY THROUGH INNOVATION
Sustainable energy systems are created when scientific discovery meets practical engineering.
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CHAPTER 1 — ENVISION

The Next Generation of Clean Energy

As the world accelerates its transition toward cleaner
and more sustainable energy systems, fuel cell
technology is emerging as one of the most promising
solutions for efficient, low-emission power
generation.

Unlike conventional combustion-based systems, fuel
cells generate electricity through electrochemical
reactions, delivering high efficiency, quiet operation,
and significantly reduced emissions.

At Poly Transform, we view fuel cell technology as a
strategic innovation platform that complements our
broader mission of advancing sustainable engineering
solutions.

ENERGY INSIGHT

Fuel cells convert chemical energy directly into electricity without the combustion process used by conventional engines.

¢ DID YOU KNOW?

Fuel cells were first developed in the 19th century and have since powered spacecraft, research stations, and modern zero-
emission vehicles.
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CHAPTER 1 — ENVISION

Why the World is Transitioning to Clean Energy

Growing energy demand, environmental concerns, and the need to reduce greenhouse gas emissions are driving
one of the most significant technological transformations of our time.

Fuel cell technology has become an important part of this transition due to its ability to generate electricity
efficiently with low emissions, particularly when powered by clean hydrogen.

Climate Responsibility Energy Security

Supporting lower-emission energy systems. Diversifying future energy sources.
Technological Innovation Sustainable Development
Advancing efficient power generation technologies. Enabling cleaner industrial growth.

o “yo

CLEAN ENERGY HYDROGEN ECONOMY. RENEWABLE INTEGRATION

<f’ SUSTAINABILITY INSIGHT

Clean energy technologies contribute not only to environmental protection but also to long-term economic resilience and
energy security.

¢ DID YOU KNOW?

Many countries have published national hydrogen strategies as part of their long-term clean energy and decarbonization
plans.
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CHAPTER 1 — ENVISION

Understanding the Opportunity

Fuel cells offer a fundamentally different approach to electricity generation. Instead of burning fuel to produce
mechanical energy, they convert the chemical energy stored in hydrogen directly into electricity through
electrochemical reactions.

This approach enables high electrical efficiency, quiet operation, modular system design, and reduced emissions
compared with many conventional technologies.
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Conventional Combustion Fuel Cell Technology

Combustion process Electrochemical conversion
Mechanical energy generation Direct electricity generation
Higher emissions Low-emission operation™
More moving parts Fewer moving parts

Lower efficiency (many applications) Potentially higher efficiency

*Environmental performance depends on the fuel source and overall system configuration.

%% ENGINEERING INSIGHT

Fuel cells are energy conversion devices—not energy storage systems. They continuously generate electricity as long as fuel
and oxidant are supplied.

¢ DID YOU KNOW?

Unlike batteries, fuel cells do not require recharging in the conventional sense; they continue producing electricity while
fuel is supplied.
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CHAPTER 2

UNDERSTAND
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“Scientific understanding is the foundation of every engineering breakthrough.”

Understanding the science that powers clean energy innovation.

POLY TRANSFORM e KNOWLEDGE SERIES

POLY TRANSFORM PRINCIPLE #07 — EFFICIENCY CREATES SUSTAINABILITY
Every improvement in energy conversion efficiency reduces resource consumption, operating losses, and environmental impact.
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CHAPTER 2 — UNDERSTAND

Understanding Fuel Cells

A fuel cell is an electrochemical energy conversion
device that generates electricity by combining a fuel—
typically hydrogen—with oxygen from the air. Unlike
conventional engines, fuel cells do not rely on
combustion.

Rather than storing electricity like a battery, a fuel cell
continuously converts chemical energy into electrical
energy while fuel and oxidant are supplied.

Fuel Cell

e Continuous electricity generation
e External fuel supply

e Electrochemical process

e High efficiency

e Modular operation

Battery

Stores electrical energy
Requires recharging
Finite stored capacity

No continuous fuel supply

ENERGY INSIGHT

Fuel cells are energy conversion devices, whereas batteries are energy storage devices. In many applications, the two

technologies can complement each other.

« DID YOU KNOW?

L

Fuel cells can continue producing electricity indefinitely, provided fuel and oxidant are continuously supplied.
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CHAPTER 2 — UNDERSTAND

The Electrochemical Process
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1. HYDROGEN IN 2. ANODE REACTION 3. PROTON TRANSPORT 4. CATHODE REACTION 5. WATER OUT
Hydrogen gas (H,) enters Hydrogen molecules split Protons (H*) pass through the Oxygen (0,) enters the Water (H,0) is formed
the anode side of the into protons (H*) and proton exchange membrane cathode and combines with and exits the fuel cell.
fuel cell. electrons (e7) at the anode (PEM) to the cathode side. protons (H*) and electrons (e”)
catalyst layer. to form water (H,0).

Hydrogen In = Anode — Catalyst = Electrons (circuit = electricity) = Protons — Cathode = Oxygen In = Water + Heat

Inside a fuel cell, hydrogen supplied to the anode is separated into protons and electrons with the assistance of a catalyst. Electrons travel

through an external circuit, generating usable electricity before recombining with oxygen at the cathode to produce water and heat.

%% ENGINEERING INSIGHT

The electrolyte controls ion movement, while the external circuit enables electrical work by directing electron flow through connected devices.

% DID YOU KNOW?
The only by-product of a hydrogen fuel cell operating with pure hydrogen is water, along with usable heat.
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CHAPTER 2 — UNDERSTAND

Fuel Cell Technologies

Fuel cells are available in several configurations, each designed for specific operating temperatures, fuel sources,
efficiency requirements, and applications.

PEMFC

Proton Exchange
Membrane
Fuel Cell

Low Temperature
High Power Density
Fast Start-Up

b

SOFC

Solid Oxide
Fuel Cell

FUEL CELL TECHNOLOGIES

Powering a Clean & Sustainable Future

PAFC

Phosphoric Acid
Fuel Cell

High Temperature Moderate Temperature

High Efficiency
Fuel Flexible

High Reliability
Mature Technology

PEMFC

Proton Exchange Membrane

e Low operating temperature
e Fast start-up

e Transportation

MCFC

Molten Carbonate Fuel Cell
e Large-scale power

e Industrial applications

SOFC

Solid Oxide Fuel Cell

e High operating temperature
e High efficiency

e Stationary power

AFC

Alkaline Fuel Cell

e Space applications
e High efficiency

MCFC

Molten Carbonate
Fuel Cell

High Temperature:
Fuel Flexitle
High Efficiency

AFC

Alkaline
Fuel Cell

Low Temperature
High Efficiency
Proven Technology

PAFC

Phosphoric Acid Fuel Cell
e Commercial buildings

e CHP systems

ENERGY INSIGHT

Different fuel cell technologies are optimized for different operating environments rather than competing directly with one

another.

¢ DID YOU KNOW?

PEM fuel cells are among the most widely adopted technologies for hydrogen-powered passenger vehicles.
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CHAPTER 2 — UNDERSTAND

Anatomy of a Fuel Cell System

A complete fuel cell system consists of multiple interconnected components that work together to produce reliable
electrical power, regulating fuel delivery, air supply, thermal management, and system control.

FUEL CELL SYSTEM

Exploded 3D View CONTROL VNIF
Monitors and manages
the fuel cell system
operations

POWER ELECTRONICS

Manages power conversion

and delivery
HYDROGEN TANK
Stores compressed
hydrogen fuel
FUEL CELL STACK

Generates electricty through
electrochernical reaction
of hydrogen and oxygen

AIR COMPRESSOR

Supplies compressed SYSTEM FRAME

air to the system Provides structural support

and integration

HOW IT WORKS
1. HYDROGEN SUPPLY 2. AIR SUPPLY ¥, 3. ELECTROCHEMICAL REACTION v, \ 4. POWER DELIVERY \ 5. THERMAL MANAGEMENT -~ 6.SYSTEM CONTROL
@ Hydrogen is stored in the. Airis compressed and @ Hydrogen and oxygen react in \? Electricity is converted and § ) Heat s dissipated through the {[ﬁ; The control unit ensures safe,
tank and supplied to the supplied to the stack. the stack to produce electricity, delivered through power N2/ cocling system to maintain ~/efficient, and reliable operation,
fuel cell stack. heat, and water. electronics, efficiency.
Fuel Cell Stack Hydrogen Supply Air Supply System Cooling System
Power Electronics Control Unit Humidification Safety Systems

#% ENGINEERING INSIGHT

A fuel cell stack is the core of the system, but overall performance depends equally on the balance-of-plant components
that support safe and efficient operation.

¢ DID YOU KNOW?

v

The Balance of Plant (BoP) can represent a significant portion of the system's engineering complexity.
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CHAPTER 3

INNOVATE

HYDROG
EN
INNOvATIQN
CENTER

Powering a Clean
Sustainable Future

“Every transformative technology begins with a commitment to research.”

Advancing clean energy through scientific research and engineering innovation.

POLY TRANSFORM

—a.

i
el

FUEL CELL TECHNOLOGY

ZERD EMISSION

FUEL CELL STACK

KNOWLEDGE SERIES

CLEAN ENERGY

POLY TRANSFORM PRINCIPLE #08 — SCIENCE DRIVES PROGRESS
Every engineering breakthrough begins with scientific curiosity, rigorous experimentation, and continuous learning.
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CHAPTER 3 — INNOVATE

Poly Transform Fuel Cell Platform

At Poly Transform, fuel cell technology represents a strategic research and innovation platform focused on
advancing efficient, reliable, and sustainable energy systems.

Our approach combines electrochemistry, materials science, systems engineering, and continuous laboratory
validation to better understand fuel cell performance.

Electrochemical Research Materials Innovation

Understanding reaction mechanisms and cell behavior. Advanced materials for durability and efficiency.

System Engineering Future Commercialization

Integration of stacks, controls, cooling, and power electronics. Developing scalable engineering solutions for long-term
deployment.

&) RESEARCH OBSERVATION
Innovation is driven by understanding the science before scaling the technology.

% DID YOU KNOW?

L

Many commercially successful fuel cell systems evolved from years of laboratory research and collaboration between
industry and academia.
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CHAPTER 3 — INNOVATE

Fuel Cell Stack Architecture

The fuel cell stack is the core component responsible for electrical power generation. Individual fuel cells are connected in series to form a
stack capable of delivering the required voltage and power.

Each cell consists of carefully engineered layers including bipolar plates, gas diffusion layers, catalyst layers, and a proton exchange
membrane.

PROTON EXCHANGE MEMBRANE
FUEL CELL STACK

EXPLODED 3D VIEW

CURRENT BIPOLAR GAS DIFFUSION CATALYST
COLLETOR TE s P RIS PROTON EXCHANGE CATALYST GAS DIFFUSION BIPOLAR CURRENT

MEMBRANE (PEM) LAYER LAYER (GDL) PLATE COLLECTOR PLATE

END PLATE

END PLATE

REPEATING UNIT (CELL)

COMPONENTS OVERVIEW SPECIFICATIONS (TYPICAL)

® EndPlate: ® Bipolar Plate: ® Catalyst Layer: Gel Vottage S
Provides structural support and Distributes reactant gases Facilitates electrochemical ;-
ensures leak tightness and collects current reactions Operating Temperatira; 6055 801°C,

Operating Pressure 1- 3 bar

® Current Collector Plate: ® Gas Diffusion Layer (GDL): ® Proton Exchange Mel.nhrane (PEM): A Carly R—
Conducts electrons between Enables gas transport and Allows proton conduction while s
cells and to the external circuit water management blocking electrons and gases Efficiency > 50%

Bipolar Plates Gas Diffusion Layer Catalyst Layer Proton Exchange Membrane

Gaskets Cooling Channels End Plates

'ﬁ ENGINEERING INSIGHT

Stack performance depends not only on electrochemical reactions but also on precision engineering, thermal management, and uniform flow
distribution.

¢ DID YOU KNOW?
A practical fuel cell stack may contain dozens or even hundreds of individual cells connected together.
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CHAPTER 3 — INNOVATE

Research & Development Philosophy

At Poly Transform, research is guided by a long-term commitment to scientific integrity, engineering excellence,
and responsible innovation.

Technology development is approached as an iterative process involving experimentation, validation, performance
evaluation, and continuous improvement.
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" FUEL CELL SYSTEM

HYDROGEN IN

Research = Simulation = Prototype — Testing —> Analysis = Optimization — Validation = Repeat

4) RESEARCH OBSERVATION
Continuous improvement is the defining characteristic of successful engineering organizations.

¢ DID YOU KNOW?
Many high-performance energy technologies undergo numerous design iterations before reaching commercial maturity.
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CHAPTER 3 — INNOVATE

Scientific Validation & Future Development

Scientific validation is essential for transforming innovative concepts into dependable engineering solutions. As
Poly Transform advances its fuel cell research, laboratory characterization and system optimization will play central
roles.

DIGITAL TwiN - FUEL CELL SvsTEM

CLEAN ENERGY
SOLUTIONS

ey & SYSTEMMONTORNS

H2

Stack Optimization Catalyst Development Thermal Management Hydrogen Storage
Integration
Power Electronics Digital Monitoring Manufacturing Lifecycle Assessment
Techniques

ENERGY INSIGHT

Long-term success in fuel cell technology depends on continuous innovation across materials, systems, manufacturing, and
integration.

« DID YOU KNOW?

Advances in catalyst materials and system integration continue to improve fuel cell performance while reducing cost.
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CHAPTER 4

IMPACT

HYDROGEN - POWERING A CLEAN ENERGY FUTURE

ZERO EMISSION. LIMITLESS POSSIBILITIES.

. CLEAN ENERGY HYDROGEN PRODUCTION m STORAGE & DISTRIBUTION MULTIPLE APPLICATIONS ZERO EMISSION IMPACT
:Q'dl‘ Renewable energy H g Hectrolysis spits water MR ) Hydrogenis stored and :@: Powering mobility, @ Clean energy for today,
generates elean into hydrogen and v transported safely and buildings, industry

sustainable world for
electricity oxygen efficiently and communities tomorrow

T M s HYDROGEN PRODUCTION

A
:
. A i

THE HYDROGEN ADVANTAGE

Zero Emissions.

i
HYDROGEN BUS HEAVY-DUTY TRUCK

HOSPITAL
Zero emission public Clean power for long haul

Backup and
transportation and heavy transport f

“The true measure of technology is the positive impact it creates for society.”

Transforming engineering innovation into environmental and industrial value.

POLY TRANSFORM e KNOWLEDGE SERIES

POLY TRANSFORM PRINCIPLE #09 — COLLABORATION ACCELERATES INNOVATION

Transformational technologies emerge when researchers, industry, governments, and communities work together toward common
sustainability goals.
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CHAPTER 4 — IMPACT

Fuel Cells in the Real World

Fuel cell technology is increasingly being adopted across transportation, stationary power generation, industrial

applications, and critical infrastructure.

HYDROGEN — POWERING A CLEAN ENERGY FUTURE

ZERO EMISSION. LIMITLESS POSSIBILITIES.

% CLEAN ENERGY. H HYDROGEN PRODUCTION [\ SToRAcE sDisTRIBUTION MULTIPLE APPLICATIONS
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& Transportation Stationary Power

Passenger vehicles, buses, trucks, rail, Distributed generation, commercial
and specialized mobility. buildings, hospitals, campuses.

gid Industrial Energy « Marine & Aerospace
Combined heat and power (CHP), Shipping, aviation support, space
manufacturing. technologies.

Backup Power

Data centers, telecom, emergency
infrastructure.

&) Remote & Off-Grid

Reliable electricity for isolated
communities.

ENERGY INSIGHT

Fuel cells are highly versatile because they can be scaled from portable systems to large stationary installations.

¢ DID YOU KNOW?

Fuel cells have been used in spacecraft for decades and are now finding applications in heavy-duty transportation.
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CHAPTER 4 — IMPACT

Building Tomorrow's Energy Ecosystem

Hydrogen is expected to become an increasingly important energy carrier in the transition toward low-carbon
energy systems. Fuel cells convert hydrogen into electricity with high efficiency.

THE INTEGRATED HYDROGEN ECOSYSTEM

CLEAN ENERGY. ENDLESS POSSIBILITIES.
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in high-pressure tanks
— erms.
(2) ELecTROLYSIS

Advanced electrolyzers
convert water intogreen |

| hydrogen using renewable

g electricity. 3

(7) BUILDINGS & COMMUNITIES
viapipelines, trucks ] : B | Fuelcells provide clean
or ships to end users. power and heat for
residential, commercial
and public buildings.
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ELECTROLYZER ELECTRIC GRID

Renewable Energy — Electrolysis = Storage — Fuel Cell = Electricity = Mobility / Industry / Buildings

={" SUSTAINABILITY INSIGHT

A sustainable hydrogen economy depends not only on fuel cells but also on clean hydrogen production, storage,
distribution, and supportive infrastructure.

¢ DID YOU KNOW?

Hydrogen can act as both an energy carrier and a long-duration energy storage medium.
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CHAPTER 4 — IMPACT

Our Innovation Journey

Poly Transform's fuel cell program is envisioned as a long-term research and engineering initiative aligned with the
global transition toward sustainable energy systems.

HYDROGEN INNOVATION ROADMAP

BUILDING A SUSTAINABLE ENERGY FUTURE

STORAGE & DISTRIBUTION UTILIZATION APPLICATIONS

RENEWABLE ENERGY GREEN HYDROGEN

Electrolysis

Green Hydrogen \ 5 FuelCell | A
Production ‘ e [ St Applications
T istribution = [

PROJECT PIPELINE

Research Foundation = Laboratory Studies = Prototype — System Integration = Pilot Demonstration = Industry Collaboration =
Commercial Readiness

&) RESEARCH OBSERVATION
Technology leadership is built through consistent progress, evidence-based development, and long-term commitment.

¢ DID YOU KNOW?

Many commercially successful fuel cell companies invested years in research and prototype development.
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INSPIRE

Engineering clean energy solutions for generations to come.
“Every advancement in clean energy begins with a belief that tomorrow can be better than today.”

At Poly Transform, we believe innovation is more than developing technology—it is about creating practical solutions that contribute to a
cleaner environment, stronger industries, and a more sustainable future.

POWERING TODAY.
SUSTAINING TOMORROW.

Hydrogen for a Clean, Connected
and Sustainable Future. ‘

FUEL CE|
POWER mlil:r

ERO EMISSIONS

(1) ENERGY SECURITY

SUSTAINABLE GROWTH

CLEANER ENERGY.
STRONGER ECONOMY.
BETTER PLANET.

POLY TRANSFORM PRINCIPLE #10 — ENGINEERING THE ENERGY TRANSITION

The transition to sustainable energy is one of the defining engineering challenges of our time. Through research, collaboration, and responsible
innovation, we strive to contribute to a cleaner and more resilient future.
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POLY TRANSFORM PVT. LTD.

Closing the Loop with Clean Energy Innovation

CORPORATE OFFICE
Pune, Maharashtra, India

info@polytransform.in
+91 7499807305 / +91 9823183392
www.polytransform.in

“Together, let's power the future with clean hydrogen energy.”

CLOSING THE LOOP WITH CLEAN ENERGY INNOVATION

Poly Transform Knowledge Series

DEVELOPMENT STATUS

The technologies described in this publication represent Poly Transform Pvt. Ltd.'s ongoing research and development initiatives. Certain technical characteristics, performance
expectations, and commercial applications remain subject to laboratory validation, engineering optimization, regulatory requirements, and future commercialization milestones.

All images & literature are copyright protected.
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