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Safe Harbor Statement

This presentation contains forward-looking statements,
Including statements regarding the company’s plans and
expectations regarding the development and
commercialization of fuel cell technology. All forward-
looking statements are subject to risks and uncertainties
that could cause actual results to differ materially from
those projected. The forward-looking statements speak
only as of the date of this presentation. The company
expressly disclaims any obligation or undertaking to
release publicly any updates or revisions to any such
statements to reflect any change in the company’s
expectations or any change in events, conditions or
circumstances on which any such statements are based.
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Smart Grid and Challenges

Grid Disturbances caused by Supply and Demand
Fluctuations

Hydrogen as Energy Storage, Fuel Cells for Grid
Support

FuelCell Energy DFC-H2® Technology
— Synergy with Biomass/Fuel Flexibility

Development Needs and Summary
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Scope of a Smart Grid

Use of digital technology to improve reliability, security, and
efficiency of the electric system with applications for dynamic
optimization of system operations, maintenance, and planning
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Wind Power Is Soft Energy

Wind Power needs power storage to match output with demand

Load and wind power in the German high voltage grid (eastern control aregy Signiﬁcant power

::: | | fluctuations from the
i mean and from
2 il e forecasts
"E 8000 ;
§ 6000} [} - = Shﬁl't term
(minutes)
2:; ' \-j -l - - Long term (days)
; { ... - Seasonal (months)

24/02
Necessary storage capacity for
continuous supply of average power

02/03
Source: IR | TU Braunschwesg

Supply and demand side fluctuations lead to grid disturbances

5



B rocoenes Wind Power is Soft Energy

Ultra-Clean, Efficient, Reliable Power

Batteries can handle day to day variations
but not long term down fluctuations

Load and wind power in the German hlgh/olluga grid (eastern control areg) S|gn|ﬁcant power
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Hydrogen can effectively provide high capacity, fas t response storage,
especially when efficiently generated from fuel rat her than power

Load and wind power in the Gmman hlgh/ullnga grid {aantarn control nraa) S|gn|ﬁcant power
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E ety Wind Power is Soft Energy

Hydrogen can also reduce size of battery storage ne  eded
by increasing average wind + battery + H , output

Load and wind power in the German high voltage grid (eastern control aregy Slgﬂlﬁcaﬂt power
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Hydrogen converts soft to hard, reliable power
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Transportation Electrification: us.cepasruent or | Eneray Efficiency &
EVSE/Vehicle Demonstration Activities =~ ENERGY | renewable Energy

Electric Vehicles mostly in Grid Constrained Areas

eere.energy.gov
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23 Preparing for the Arrival of Electric Vehicles eere.energy.gov
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DG provides Grid Support where and when it is needed
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Voltage:

Frequency:
(and phase)

Examples of Disturbances

3-phase voltage becomes unstable Under and overvoltage at the

3-phases and neutral
have incorrectly
shifted in phase
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same time on different phases

Phasor diagrams
show phasing
Issues much
clearer than the
AC waveforms

3-phases operating
correctly 120
degrees apart



e Current:

e Distortion:

Examples of Disturbances

Neutral over-current

Voltage imbalance caused
high neutral-ground
current and elevated

phase current

Harmonic Distortion

Blue (top) waveform:
If waveform has multiple
Zzero-crossings it can trigger
over-frequency trip.

Red — bottom waveform:
Has little effect on PCU
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Examples of Outages

This outage has
simultaneous
under-voltage

and under-
frequency

Loss of 1
phase results
In phase
Imbalance and
neutral current

Abrupt Grid
Outage
preceded by
undervoltage
conditions
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Hydrogen & Wind Power

Hydrogen Can Provide Hard Backup Power to Wind

Hydrogen
Storage

S

Load Following
Fuel Cell
Wind Power

GRID
Even just 20% of new USA wind power backup (1,800 M W)
requires 2,500,000 kg/day of H
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Peak Power Generation Using DFC-H2 ©
+ Load Following Fuel Cell

BioGas fuel (ADG) for

Renewable Hydrogen
Co-Produced

Hydrogen

Base Load
Fuel Cell

~

(&*A h— Load
" Following

Fuel Cell

SMART  ® Over 50 units globally, ~900 million kwh produced

GRID ¢ £ el Flexible — Natural Gas, Biogas, Propane

17



Strategy for Grid Stabilization
using CHHP Technology

e Electricity Shortfall: metby H

 Electricity Excess: stored
In battery/electrolyzer

BioGas fuel (ADG) for
Renewable Hydrogen

-Produced

Q

Base Load

Fuel Cell , K
¢ N Electrolyzer

e S~ Hydrogen

\ = Storage

4
‘ 7I._"oad Following
Fuel Cell
SMART
GRID
Wind Power
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Advantages of Biomass
Hydrogen for Energy Storage

Maximizes Value of Solar and Wind (paradigm shift
for round trip efficiency)

Fuel Flexible (Renewable and Natural Gas)

No fuel consumption in spinning reserve state

High 50%-+ efficiency regardless of output level
Zero emissions

Rapid Load following capability

Super-peaking capability

Distributed Generation (supports EV Infrastructure)
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Co-Production of Renewable
Hydrogen in California

e Site load ~ 6 MW, up to 300 kW provided from tuelc el

e Engines on biogas reduced from 13 MW to <4 MW
— due to NO , constraints

» Potential using biogas fuel cell: 20 MW + 20 MW of  peak
power and kKVAR support
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11.2 MW DFC® Power Plant in
South Korea

* This unit has a potential to co-produce over 5 tons /day H,

 Hydrogen can be used to provide additional 11 MW of
peak power for 8 hours per day
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Biofuel and Smart Grid
Work Together

Transportation Fuels
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Hydrogen for Energy Storage:
CHHP Development Needs

Demonstration of CHHP-Peaker Technology at utility
scale (1-10 MW)
Demonstration of Fuel Flexibility

Integration with Biorefinery (Waste biomass

gasification demonstration)
Technologies to increase use of Waste Biomass
- Gasifier Scale-up and reliable operation

- Gas clean-up system for multiple biogas sources
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Summary

Grid stability concerns increase as the penetration of wind/solar
energy and Electric Vehicles expands

Hydrogen and fuel cells provide grid support needed

FCE’s DFC power plants can correct power quality issues caused
by grid disturbances

Initial results from the H, co-production technology (CHHP)
demonstration in California are very encouraging — further scale-up
has potential of up to 20 MW of renewable baseload + 20 MW of
peak power for grid support

Potentially Hydrogen Co-production technology is enabler for EV &
FCV infrastructure, biofuels and smart grid



