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Company Profile

m Giner, Inc., Founded in 1973

m Specializing in development of PEM
based electrochemical technologies and
systems

Key driver: Manufacturing of PEM
electrolyzers to OEMs

Global leader in Polymer Electrolyte
Membrane (PEM)-based electrolyzers
Highest efficiency technology for
commercial applications
m Core Mission: Provide Innovative PEM
Technologies with the Highest Efficiencies
at the Lowest Costs to Developing
Hydrogen Markets

m InApril 2017, GINER ELX, Inc. was
created to focus on commercial
development and manufacturing of large
scale electrolyzer stacks & systems

Electrolyzer Stacks & Systems

Overview

Our next generation commereial
electrolyzer stack, Designed
specifically for our lab scale
hydrogen generatar OEMs using
the latest technologies
developed for our larger
producs. Also popular with
scademic institutions and for
use in specialty water
elecrrolysis applications.

* 50 cm? nomina| active
* 450 scem - 1800 scem

« Higher flow rate stacks
available

 Differential or balanced
pressure
* CEMark

* Instock

Overview

The R&D version of our G5
comes available with cell voltage
tabs and customizable MEA's.
We ere able to produce single
cell to 20-cell Pemisewassett
stacks that perfectly mimic the
operation of our larger platform
stacks at & fraction of the cost
Reted at up to 250 Amps this
device has been & workhorse for
ourinternal electrolysis
development as well a3 NASA,
DOE, and DoD programs.

. .

* 5Ucm- nominal acove cell

Single-cell 1o 20-cell stacks
Custom MEAS
Up to 290 psig (20 bar)

Individual cell voltage tabs
available

Overview

Giner has & leading position in
aerospace regenerative fuel cells
(RFCS) through s colleborations
with NASA, DARPA, US Navy and
2 broad range of industrial
clients. Our electrolyzer stack
offers extraordinary efficiency,
power density and pressure
capability that facilitate RFC
systems to caprure design wins
where even the most advanced
batzeries fail to deliver. These
stacks are unsurpassed in their
efficiency and performance
metrics.

Specifics
* Dual feed, cathode feed,
anode feed capability

010 1200 psig (82.7 bar)
Diffferential or balanced
pressure

Weighs 83% less than other
commercial stacks

+ Production energy cost of 44
kee-hrlkgHy

Individual cell voltage tabs
available

Overview

The largest commercially
available stack currently on the
market. This device offers
unprecedented aperating
efficiencies at high current
densities o provide the
optimum price performance for
our customers. The Merrimack
offers world-class lifetimes with
steble operating voltages. High
operating temperatures and
pressures minimize the size of
heat exchangers, and post
electrolysis compression
equipment. Turn-down ratios of
10:1 and rapid ramp times
enable demand management
the millisecond scale.

YNy

Speci
300 em? active area

To 66 kg/day (160 KiWe
nominal input)

0-40 bar (580 psig)
Differential or balanced
pressure

CE Mark with PED and ASME
BPVC

Commercial Hydrogen
Stacks & Systems

www.GinerELX.com

Overview
New for 2016, Giner proudly
introduces our megawatt scale
The Allagash platiorm
offers the bestin-class price-
performance in the production
range from 30 Nm®/hr to0 400
Nm?/hr within an extremely

break-through rectangular
pressure vessel design
optimizes our material

utilizati

n while maintaining our
market leadership in stack
performance, Boasting a cell

active area over four times

larger than our Merrimack
platform and fluid handling
capabilcies to match, we have
notjust broken but have
shattered the $1,000/kW price
barrier. The Allagash offers an
exceptional combination of
price, efficiency, scale, durability
and packeging. Already subject
o many thousands of hours of
laboratory testing, we anticipate
that this stack will lead the
hydrogen refueling station,
power-to-gas, and power-to-
product demanstration markets
n the near term.

Specifics
* 1250 cm? active area

= To'900 kg/day (2ME, nominal

input)
0-40bar (580 psig)

Differential pressure
operation

= CE Mark with PED and ASME
BRVC

Overview

We are developing a range of
large electrolyzer stacks 10
address the nascent power to
gas and Power 2 Mobility™
markets. Giner’s Kennebec
stacks span the range from 60
kg/day t0 2200 kg/day (5 MW
nominal input), Giner is driving
PEM electrolyzer technology
forward to meet the needs of
tomorrow's green hydrogen

economy.

Specifics
* 3000 cm? (nominal) active
arez

40 years of satisfied
customers

To 2350 kg/day
010225 psig (15.5 bar)

Customizable

GIN=ZR=LX

Giner ELX electrolyzer systems incorporate our world-leading
PEM electrolyzer stack technology. They deliver pure
hydrogen (39.9995%) safely, cleanly, noiselessly and
efficiently at pressures up to 40 barg or 580 psi.

Applications include:

= Energy storage: storage of surplus electric energy—
particularly of stranded solar or wind energy—as

hydrogen for later use:

& to power fuel cell vehicles or hydrogen turbines

o &s an industrial gas

@ by blending into the natural gas supply network

Hydrogen fueling stations {for fuel cell powered buses,

cars, trains, trucks, forkifts....and trains!)

& Electric turbine cooling

o 0 0 0

30s:
30NmE/h
System
20-foot
container
130 kW
System

BONmM3h
System
20-foot
container
300
W Systemn

90NmMh

System
30-foot
container
450 kW
System

On-demand hydrogen production for industrial users

Hydrogenation for food manufacturers
Float glass processing

Semiconductor fabrication
Gas chromatography and other laboratory devi

2005:
200Nm&/h
System
40-foat
container
1,000 KW
System




Integrated Hydrogen Production and Consumption for Improved Utility Operationsg W UREE B =R

Project Objectives

m Develop integrated system incorporating PEM-
based electrolysis for H, production/storage and
H,-fuel for refueling of FCEVs

m Electricity generation with site-specific PEM-
based stationary fuel cells

m Develop/Optimize dispatch models based on
grid-level optimization controls

Impact

m  Deployment of Grid-Integrated Hydrogen assets
creates a system capable of leveraging intermittently
available low-cost electricity to produce hydrogen for
use in FCEVs, back-up power, and grid operational
use cases

Ensures that the hydrogen is produced at the
lowest electricity cost, and then consumed for the
greatest possible value

Develops business models for OUC or other
utilities, where the utility provides both electricity
and hydrogen fuel, either as a grid asset of to
support the transportation sector

Residential/
Commercial
Backup Power
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Compressor
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Mobile Trailer &
Mobile Refueling

Partners
Orlando Utilities Commission (OUC)
— Utility Co. / Solar Integration / FC Vehicles

General Motors  — Stationary FC Systems

OneH2 — Storage, Compression, & Dispensing
UCF-FSEC — Techno-Economic Analysis, Solar to H2 Optimization
Giner ELX, Inc. — Electrolyzer System Development & Assy



Background
Hydrogen Offers a Green Solution to Intermittent renewables

m  Rapid implementation of solar has led to storage needs more quickly

than anticipated

m  Solution: PEM Electrolyzer with fast response time, and be scalable

to TWh

1 Electrolyzers can provide grid services & renewably generated hydrogen

for mobility with fast response time as a controllable load
m Development of Hydrogen Markets are needed

The 2020 red line shows the o
scale and speed of the evening

non-solar ramp-up is expected to
continue to grow

12% peak load
regucton \

The 2020 blue line shows
the potential for mitigation
of that costly evening
ramp with the addition of
massive integrated
storage (“SI1S*) 8 AM 12PM 4PM &P

The “California Duck” Chart:

2020 without SIS

Non-solar generation required over a 24-hour period (2012 to 2020)

Duck Curve indicates
steep ramping
requirements and
over-generation risk 1

@
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The Reliable One

m OUC, No. 1 in reliability since 19982
m OUC’s solar penetration is <1%, but

increasing rapidly to 15% by 2022, plans to
integrate 30% solar by 2024+
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Hydrogen Markets

Hydrogen
Vehicle
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Conventional Storage

Upgrading
Oil/
Biomass

Power
Generation

Renewables

Ammonia/
Fertilizer

Hydrogen
Generation

Electric Grid Metals

Infrastructure fefining
End Use
Image Courtesy Heating
Department of Energy,
Office of EERE Gas
Infrastructure
AN .
obal PEM Project:
HGd(r)cE)aen Electrolysis Integrated H,
D] Segment of assets enabling
Market Hydrogen renewable
Market energy systems
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Global Hydrogen $199.1
Market gy

. v -
Global Hydrogen Generation 3 K 4‘15)
Market Expected to Grow at o 9 ®
8.0% CAGR from 2018 to 20231
Methanol
10% Misc

Refining

\ 25%

1Source: Markets and Markets Research Report. 5



Hydrogen Markets

PEM Electrolysis Compliments a Multitude of Industries

Conventional Storage Hydrogen
Vehicle

Upgrading
Qil /
Biomass

Ammonia/
Fertilizer

Generation

Metals
Refining

Electric Grid
Infrastructure

Fossil

PEM Penetration,
Individual Applications

Gas
Infrastructure
PEM Project:
Global Electrolysis Integrated H2
Hydrogen Segment of assets enabling
Market Hydrogen renewable
Market energy systems
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Hydrogen Markets from PEM Electrolysis

1,400
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1,000
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$ (Millions)

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

m  Global PEM Electrolyzer market, a segment of a
larger trend

m  PEM market increasing at rapid pace with new
market developments and rapid cost reductions

= $1.3Bby 20271

m Hydrogen: Versatile energy carrier enabling
renewable energy systems

1Source: Future Market Insights and Giner ELX Analysis



Hydrogen Markets

Project: Integrated Utility Operations

Hydrogen
Vehicle

Conventional Storage

Upgrading

Qil /
Biomass
Renewables

Ammonia/
Fertilizer

Hydrogen
Generation

Metals

Electric Grid Refining

Infrastructure

Project - Integrated Assets -
Future Considerations |nf,a§f§dure
PEM Project:
Global Electrolysis Integrated H,
Hydrogen Segment of assets enabling
Market Hydrogen renewable
Market energy systems
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Mobile Refueling
& The Global
= D Hydrogen FCEV
o B c .
8 2 Market will grow at a
S & s CAGR of 72.4%
© o ﬂ .,  from 2017 to 2023
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. oucGrid
Controllable loads Solar Stafibnary
for overburdened- FC Systems Electrolyzer
RES grids have

already been

marketed at a value ,/f,r,/,tllq\
of $50/MWh, not o A
including benefits Residential j R;SEI\IQ 4 §
from the sale of ) 6‘®
hydrogen; an Storage C)o‘Q
additional financial
incentive?

Sources: Allied Market Research 2cleantechnica.com 08/21//2018
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Program Tasks vUemszLx

N
Year 1 Year 2 Year 3
» Technoeconomic Analysis Comblete svstem Unit assemblics * Integrated Operation
» Develop utility control architecture to dispatch integrated . I?ation Zf i dividual svstem units with Uil « Demonstrate integrated system dispatch with utility
Electrolyzer/Fuel Cell system (OU%: Utility) y Y B Complete economic and market feasibility studies,
» Complete/Optimize design(s) of individual system units (FC, establishing multiple value streams for hydrogen
Electrolyzer, PV Array, Storage, Dispensing)
Task . - . .
No. Task Title Description TNagk Tl e Description Tﬁg_k Task Title Description
E-[: %%%nnﬁ’i‘c Complete Techno-Economic Feasibility Comptl_ete test _tl_an detthailing -
1 inili Study. Demonstration path to achieve $2- _ operating conditions, the range o
Fesatsulgmty 4/kg.y p . Eéeeflzit\ggiyzgr Electrolyzer Delivery & O?))ésrtaetirgﬁs parameters to be evaluated, data
y Integration Integration acquisition requirements and a
El I Complete preliminary design of Merrimack safety plan.
2 %gltsr?eyr/ﬁer electrolyzer unit. Delivery: P&ID & PFD 10
Design diagrams, HazOp studies, layout, manuals for Fuel Cell Fuel Cell Delivery & . Complete commissioning of the
90 Nm3/hr system 7 Delivery & Integration Commission integrated electrolyzer, fuel cell,
Integration ing a{]ldt?tor_zalge system into OUC host
Fuel cell- utility gri
3 bagﬁgrg%\évﬁr Complete optimization/design of fuel cell- Hydrogen .
g System based power generation system. 8 5 I_torage q Hygrlo?en Sttorage Delivery Initiate  operation Demonstrate
: elivery'and and Integration ) ' ,
Design Inte rgtion g Techno- integrated system operation couple
Hyd ’ Economic OUC grid. Verify Tech
g{o;gggn Complete sizing of the storage system to Feasibility 10 ~ gnd. enty — 1echno-
4 peoeads:  meet hydrogen delivery demands, including Study © economic studies (conducted in
Dpesign 9 vehicular and stationary fuel cell applications. Controls Complete Task 1) with actual operation.
OUC Host 9 Integration and communications/controls 11 _ .
Site Design _ _ _ Cybersecurlt%/ integration and Demonstrate grid peak shaving,
sa and Complete site prep for systems integration Assessmen b it t load shifting, & PV smoothing.
Preparation Cybersecurity assessmen System Demonstrate multiple usage
OUC  Complete Economic Dispatch Models. This Fgascijbi”ty gac;ftléenieerxgé?\r/iecdeVx;tgdzgi\a’c?lngs
5b %?\Iéeclgﬁcr)nrﬁir(]:t information will be used to develop utility 10 F\yglkicczl?a” Fuel Cell Vehicle uaies demand reduction and emergency
Dispatch  control architecture (and will be an ongoing Procurement Procurement back-up power.

Models  process that will be optimized in Y2).
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~ Thank You!

Giner ELX Inc.
89 Rumford Ave, Newton, Ma. 02466

Monjid Hamdan
VP of Engineering
mhamdan@GinerELX.com

QUESTIONS?



