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NASA DEVELOPED
TECHNOLOGY IN
REVERSE

In the 1990s, KR Sridhar and a small NASA team of
university researchers created a fuel cell device that
could use solar power to split Martian water into
oxygen for breathing and hydrogen for use as fuel for
vehicles. When their NASA project ended in 2001,
Sridhar’s team shifted focus to develop this Mars
mission technology in reverse—to create electricity
from oxygen and fuel.

Bloom Energy was born.
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One Platform.
Multiple
Solutions.

Our future-proof energy
platform unlocks multiple
pathways to net-zero.
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Multiple Inputs for
Hydrogen Production

Not all hydrogen is created equal
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Hydrogen Production Using Electrolysis

An electric current drives a chemical reaction,
converting water into hydrogen and oxygen

A sl H fc,’
H,O + Energy (k)) = H, O, = Temperature
A
’ | At high temperature,
1 Mole of water into 1 Mole of H2 less electrical energy
requires 286 kJ IS required




Application Examples: CSP and Nuclear.

Concentrated Solar Power / Nuclear
- Thermal Power

Carbon-free industrial heat
for use in electrolysis

Combining Heat and Electricity
= Higher Efficiency

It is to use
existing heat to heat water, than convert
solar energy into electric energy, and electric
energy to heat energy.

It's to
bring water temperature up to the highest point
you can, minimizing electric energy.
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CHALLENGES
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Extreme Weather
Is stressing critical
infrastructure.

« US. grid outages have increased 70%
over the past decade.

« Extreme weather is causing frequent
damage to our electrical system

« Unexpected power outages can cause
significant business disruptions

Bloomenergy n



Utility Rates Continue to Increase

Amid Upgrades and Outages

\

13¢

Price for Large Industrial Customers (E-20) $/kWh

2017

Bloomenergy

October 2017

Wine Country Fires

Wildfire costs
recovered in rates

2018

November 2018 October 2019
Camp Fire PSPS
PG&E begins shutting off 2 million people go
power to reduce fire risk 5 days without power

January 2019
Bankruptcy

Shareholders raise $25.5B new
funds to support the utility

2019 2020

A PG&E Case Study

March 2022
Rapidly rising cost of electric supply

@ 230/ increase in
O 4 months

18¢
Wildfire Mitigation and
Catastrophic Events Costs
Utility rates catch up with PG&E
spend
A
Reduced Energy Supply
Costs

Offsets increases in delivery
costs in the short term

2021 2022
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An energy solution should
address all critical needs.

Predictable Resilient Sustainable
+ Gain certainty and a predictable + Eliminate outage risk with energy + Fuel-flexible, upgradeable, future proof
cost pattern over the long term. independence L
+ Accelerate sustainability roadmap and
+ Quick time to power + Reliable architecture maximizes decarbonization goals
: : availability and uptime
+ Consistent power quality + Address the causess and consequences
+ Ensure business continuity of climate change

Bloom (k!






An Abundance of Renewable Resources

Global Horizontal Solar Irradiance in April . gy Wind Resource of the United States
National Solar Radiation Database Physical Solar Model > {TRER Annual Average Wind Speed at 100 Meters above Surface Level
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Precautionary Tale: Renewables in CAISO

CAISO netload

Range

Seasonal 2verages

Sinking “duck bellies”
Rising evening ramps
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Higher RE Penetration = Higher Curtailments

Wind and solar curtailment totals by month
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Higher RE Penetration = Higher Curtailments

ERCOT wind curtailments more than doubled in 2020, with help from the BTU
South where curtailments grew frem 300 GWh annually to about 1,000 GWh

ANALYTICS

Cumulative Wind Curtailments by ERCOT Region
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Annual ERCOT Wide Curtailments (GWh)
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Higher RE Penetration = Higher Curtailments

Total Annual Wind Curtailments (GWh)
2017 2018 2019 2020
42.6 66.9 70.5 62.7

NY Economic Wind Curtailments

NYCA Wind Plants - Monthly Estimated Curtailed Energy
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Green Hydrogen for Renewables Integration

“The Goldilocks Principle”

Electrolyzer rating is close to solar plant rating Electrolyzer rating is lower than Solar plant rating

; Under utilized
Solar Plant rating Solar power
Under utilized
electrolvzer
rating

Under utilized
Solar plant
capacity
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Solar plant output, SOEC input powers

1000 12:00 14:00 16:00 18:00 20:0¢ 10:00 12:00 1400 1600 18:00 20:00 22:00 0:00

Time of the day Time of the day

Too “Hot” Too “Cold”
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Green Hydrogen for Renewables Integration

“The Goldilocks Principle”

Electrolyzer with storage

Electrolyzer rating

Just Right
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Hot Standby
0:00 2:00 4:00 6:00 8:00 1000 12:00 14:00 16:00 18:00 20:00 22:00 0:00
Time of the day

Battery charging Battery discharging for */ Battery discharging for
H2 production ““ hot standby
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Current Hydrogen Production Sources

INDUSTRY
SECTOR

CHEMICAL

REFINING

IRON & STEEL

GENERAL
INDUSTRY

KEY APPLICATIONS

« Ammonia
« Polymers
« Resins

« Hydrocracking
« Hydrotreating

» Annealing
- Blanketing gas
- Forming gas

- Semiconductor

« Propellant fuel

« Glass production

« Hydrogenation of fats
« Cooling of generators

Source: IRENA based on FCH JU (2016).2

Copyright: Hinicio 2016

PERCENTAGE OF HYDROGEN
GLOBAL H2 DEMAND | SOURCES

¢

‘ 10 Z Bl Natural Gas

Il Oil
Coal
Electrolysis
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Green Hydrogen Project Pipeline
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Average project size (GW)

Source: Goldman Sachs Global Investment Research
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Hydrogen Demand Could Grow 10x by 2050

Global energy demand supplied with hydrogen, (Exajoule (EJ))
78

9\ Power generation,
° buffering

e Transportation

O g Building heating

and power

28 Q Industry energy

New feedstock

7 e CQ (CCU, DRI)

Existing
feedstock uses

2015 2020 2030 2040 2050

18%

of final energy demand

6Gt

annual CO, abatement

$2.5tn

annual sales (hydrogen
and equipment)

30m

jobs created
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Green Hydrogen - A Global Policy Priority

7 EU's

neighbourhood
target
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Source: European Commission, data compiled by Goldman Sachs Global Investment Research
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US Federal Hydrogen Legislation

Bi-Partisan
Infrastructure Bill

Inflation

Reduction Act

Regional Clean Hydrogen Hubs - $8 Billion

Clean Hydrogen Electrolysis - $1 Billion
Program

Clean Hydrogen Manufacturing _—

and Recycling Programs - $500 Million

Grants for Charging &Fueling  _ ¢2 5 Billion
Infrastructure

Advanced Technology Vehicles _ $1.7 Billion
Manufacturing

Port Infrastructure -
Development Program Grants - $50 Million

Preventing Outages and
Enhancing the Resilience of the - $5 Billion
Electric Grid Grants Program

Sec. 48 ITC Extension

Sec. 45Q - Carbon Oxide
Sequestration

Sec. 45V - Hydrogen Production
Tax Credit

Energy Storage Credit

Alternative Fuel Refueling Property
Credit

Advanced Energy Project Credit

Qualified Commercial Clean
Vehicles Credit

Energy Infrastructure
Reinvestment Financing

TAX .

- $5 Billion

Bloom
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US Federal Hydrogen Legislation

Gas power

Gas
& lime @ processing

@ Chemicals (&) Metals, minerals,
7 & other

o Coal power @ Petrochemicals @ Refineries

Ethanol Pulp & paper
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NY Climate Leadership and Community Protection Act

2019 Law Requires Massive Transformation of Grid

New York CLCPA: Key Milestones

2025 2030 2035 2040
e 4R 6
6,000 MW 70% 9,000 MW 100%
Solar capacity of NY load served by Offshore wind Decarbonized
renewable resources capacity CECHIQITY
(I
Significant new generation capacity needed to support addition of intermittent
renewables
ZaN Massive transmission investment required, to move new generation to customers
-r)\:
EH Redundancy required to ensure grid stability




The Need for Green Hydrogen viso)

Installed Capacity (MW)
180,000

160,000 * Inall modeled scenarios of the
140000 ' m Pumped Storage CAC SCOping Plan, NY will

’ = battery storage consume 100-225 Tbtu of green
120,000 " ind Orishere hydrogen by 2050.

= Wind Imports

ity (MW

. = Wind

100,000 cotor

80,000 = fydro Imports (New) « "Hydrogen effectively provides a
" o mparts (s form of storage to the system on
. " |n-State ro
60,000 ' the order of hundreds of hours

®m Biomass

40,000 , and that a higher amount of 100-
Gasi ™ Gas & FO hour battery capacity is needed to

20,000 , Nuclear meet the same reliability as
0 hydrogen-based resources.”
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Collaborate!

@ Production facility

6 GW Power-to-X in Denmark O Announced prfect pending caton

Bloomenergy: | @:Heliogen

North Jutland Power Station HRS Aalborg

300-400 MW, Green methanol 0.3 MW, Green hydrogen
Power2Met Green CCU Hub
0.3 MW, Green methanol 120 MW, Green methanol

Handest Hede Wind Farm

1.2 MW, Green hydrogen 35-50 MW, not specified
Hejring Wind Farm
REDDAP  —O % S N
q 35-50 MW, not fied
10 MW, Green ammonia HFC Marine SIS
0.5 MW, Green hydrogen

//I////////%// /// 400 MW, Green hydrogen
W H I y SR 1 GW, Green hydrogen Green Fuels for Denmark

/ —,—. 1.3 GW, Green hydrogen,

/ ,/ Brande Hydrogen HySynergy methanol and kerosene

0.4 MW, Green hydrogen

ANNOUNCEMENT

BLOOM ENERGY AND HELIOGEN
JOIN FORCES TO HARNESS THE %
POWER OF THE SUN TO PRODUCE

el ] GW, Green hydrogen
b Europa Seaways
23 MW, Gi hyd
= H2 Energy Europe t Strandmgllen HEICANNEIEEED
LOW-COST GREEN HYDROGEN 1 Gren ogen g e ren | wanes
,;;: ;;j i o Y h
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Green Hub

2 MW, Green hydrogen

H@ST
1 GW, Green ammonia
; 5: ;g x i STATE European Energy
TG gF 12 MW, Green hydrogen Linde Gas

100 MW, Green hydrogen
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HYDROGEN CITY, TEXAS sy, AMONIA PRODUCTION

WORLDS LARGEST M PRODUGTION o g
uying/selling from Y\?‘Q transport from Port of
G R E E N H Y D RO G E N ERéOgT/gnd 2 Corpn?s Cr:nsti 2
iy £ SALT DOME
HUB. i

HYDRQGEN

STORAGE

6TWh Storage Capacity at
the Piedras Pintas Salt ANNOUNCEMENT

Dome

“HYDROGEN FORWARD” COALITION
FORMED TO ADVANCE HYDROGEN
IN THE U.S.

ROCKET FUEL PRODUCTION Initiative will highlight the environmental and economic

POWER

60GW behind the meter solar
and wind production in south
Texas

Combined with CO, for
green methane production
<3 .= at Brownsville

e

benefits of accelerated adoption
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What
Bloomenergy: | Powers

You

Carlos Garcia
Carlos.Garcia@bloomenergy.com
https://www.linkedin.com/in/carlosagarciagarcia/
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