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2018 2050 - Where we need to be (1.5-S)
. |
3 78 EJ Total Final Energy Consumption 348 EJ Total Final Energy Consumption
Renewable share Renewable share Renewable share
in district heat: 9% in hydrogen:  in district heat:
TFEC (%) v

66% 90%
p=g— ——

8%

Traditional biomass

12%

Hydrogen

(direct use
and e-fuels)*

51%
Electricity
(direct)
25% 90%
Renewable share in electricity Renewable share in electricity
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SMART CHARGING KIT MOBILITY SEGMENT KIT
Unidirectional Bidirectional Personal
. ] . Fleet
charging charging vehicle

POWER TO MOBILITY

ESSENTIAL KIT

HEATING KIT
Heating for Heating for District Z2feldl (SLahs
buildings industry heating
POWER TO HEAT
AND COOLING
ESSENTIAL KIT
SMART HYDROGEN PRODUCTION KIT
Grid connected electrolysers Off-grid electrolysers

POWER TO HYDROGEN

ESSENTIAL KIT
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Historical Where we need to be
(1.5°C Scenario)

C 2020 D) C ZIE D) 2‘0.570 D)
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TECHOLOGY AND MARKET DESIGN SYSTEM PLANNING BUSINESS
INFRASTRUCTURE AND REGULATION AND OPERATION MODELS

Services for the
power system

Electricity market
design

Regulation for
charging infrastructure

Models to enable
EV deployment
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Historical Where we need to be
(1.5°C Scenario)

(2020 )( 200 ) (€ 200 )

h h h
( TECHNOLOGY OUTLOOK )

Electricity share
in buildings 34% 53% 73%
(TFEC) i

58 million 447 million 793 million
Heat pumps
- buildings 66

¢ : 855H8¢ 86606

Electric share \ \ \
in industry 20% 25% 27%

(TFEC)

e <71 million 35 million 80 million
eat pumps :
“industry @ @ .
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AND REGULATION

Electricity market Services for the
power system
Sector regulations Waste heat
and incentives recovery models

TECHOLOGY AND MARKET DESIGN SYSTEM PLANNING BUSINESS
INFRASTRUCTURE AND OPERATION | MODELS

Models to enable
deployment
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C Recent years _) C 2050 _)
- N
0.7 mt 523 mt
Clean hydrogen production D:D H
(=]
Infrastructure investment -_:&
needs forlX clean @ 2o
hydrogen and derivitives

170 usb billion/yr

Clean hydrogen consumption @ Cﬁ

40 s

- industry
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TECHOLOGY AND MARKET DESIGN SYSTEM PLANNING BUSINESS
INFRASTRUCTURE AND REGULATION AND OPERATION MODELS

Power market Primary revenue
streams

Electrolyser technology

Hydrogen

Stacking other
infrastructure

Hydrogen market revenue streams

Digital
technologies

Standard and
regulations
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Top 10 Trends StartUs
& Innovations impacting the

Hydrogen Economy

insights

in 2024

- o, . i
P
L

1 730 startups & emerging companies analyzed
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Top 10 Trends & Innovations impacting the
Hydrogen Economy in 2024

HYDROGEN

Carbon Capture,
Storage & Utilization

’4\\

@ X- ao-Hydws-n { R TURBOTEC
H2 SITE
@

1730

Startups & emerging companies analyzed

Data provided by o—| Stortgghts iL’ August 2023
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5 Carbon Capture, Utilization, and Storage (CCUS)
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Top 10 Trends & Innovations impacting the

Hydrogen Economy in 2024

Fuel Cells Renewable Hydrogen X-to-Hydrogen-to-X Hydrogen Carriers

24 « 15 % 11 % 9 %

Carbon

Capture,
Advanced Electrolysis Storage
1 5 % & Utilization
8%

This tree map illustrates the top 10 innovation trends
& their impact on the Hydrogen Economy

StOftUS Copyright © 2023 StartUs Insights. All rights reserved
insights August 2023
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& Combined Heat and Power (CHP)
7 Green Propulsion

8 Versatility

® Heat Map
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Global Startup Heat Map:

Hydrogen Economy
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This Global Startup Heat Map illustrates the geographical distribution of 1730 startups & emerging companies we analyzed for this topic. Data from August 2023,
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10 Hydrogen Fuel Cells
11 Renewable Energy Systems (RES)
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12 Personal Protective Equipment (PPE)
13 Renewable Hydrogen

1% Photocatalytic Water Splitting

15 Thermochemical Water Splitting
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%3 Hydrogen Propulsion

% Hydrogen peroxide

% Electric-Vertical Take-Off and Landing (E-VTOL)
% Low-Emission Turboprop Engine
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57 Fuel Cell Stacks

A\l




<>

v 1FY ologbT — & o ybowis

HOW FUEL CELLS WORK
A fuel cell is an electrochemical energy conversion device - it utilizes
hydrogen and oxygen to generate electricity, heat, and water.

The hydrogen atoms
enter at the anode.

The atoms are stripped Heat
of their electrons in the Heat -e -
anode.
The positively charged protons Hydrogen in
pass through the membrane to the
cathode and the negatively charged

electrons are forced through a
circuit, generating electricity.

After passing through the circuit, FU EL C E LL

the electrons combine with the
protons and oxygen from the air to
generate the fuel cell’s byproducts:
water and heat.
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% Direct Methanol Fuel Cells (DMFCs)
% Proton-Exchange Membrane Fuel Cells (PEMFC)
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80 Solid Oxide Fuel Cells (SOFC)

61 Molten-Carbonate Fuel Cells (MCFCs)
62 Combined Heat Power(CHP)

83 Phosphoric Acid Fuel Cells (PAFC)
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84 Alkaline Fuel Cells (AFC)
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Vision:

@ @ Target strategic, high-impact enguses

Affordable clean hydrogen for
Ach 0 MMTWvear of clean hydrogen by 2030
il ye P od a net-zero carbon future and a
sustainable, resilient, and

.E @ Reduce the cost of clean hydrogen equitable economy

$2%g b, : 2026 14g M, 1
Enable g by electrolysis by 2026 and $1/kg M, by 203 Benefits:

* Emissions reduction; job growth;
Focus on regional networks 5

@ Deploy regional clean hydrogen hubs and ramp up scele

energy security and resilience

Work with other agencies to accelerate market lift off
L
2
©
c
w Good Jobs and Safety, codes and Policies and incentives Stimulating private Energy and
Workforce Development standards sector investment environmental justice
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% Bipartisan Infrastructure Law
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Actions and Milestones for the Near-, Mid-, and Long-Term

2022-2025

@1l

Catalyze RD&D in electrolysis,
thermal conversion, & new
pathways to meet Hydrogen
Shot

i1

Identify and prioritize barriers
toinfrastructure
roll out

i

Engage regulators to lay
groundwork for strategic
adoption across sectors

iy

Engage stakeholders; address
safety codes and standards;
develop critical supply chains

®

2026-2029

2030-2035

®

Demonstrate replicable,

- 2@t

Tty wll,

H Deploy gigawatt-scale Scale up electrolyzer
o ’ electrolyzers and develop manufacturing and
renewables, nuclear, & fossil domestic chail
and waste with CCS PSS CELS Fecychng/teuselapacity
Initiate supporting Demonstrate advanced and |
infrastructure for efficient infrastructure D:;I:p 3
regional hubs components ydrog
> & E
=5 Ak ke
Initiate industrial projects and Deploy regional clean Dwmmr:-t L
develop offtake agreements hydrogen hubs ; rusi;enqr
L
/3.
®
Develop and expand workforce, R S LA
b i B disadvantaged communities Demonstrate business cases
talent pools, and apprenticeship impacted by DOE-funded clean ] capital
programs H2 projects P

Gy 5 Gdo e «loolisS (gly calae blis ¢ culolidl

87 Million Metric Tonne(MMT)
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Potential Demand for Clean Hydrogen across
Multiple Applications (Million Metric Tons H, per Year)

50

[ Additional Demands [ Steel
I Power-to-Liquid Fuels [ Biofuels

I Methanol Trucks 40
[ Blending in Natural Ammonia

Gas for Heat B Refining and 30
[ Energy Storage/ Petrochemicals

Power Sector
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Cost Drivers for Hydrogen Production,
Distribution, and Storage Technologies

H, Production H, Fueling Station
Cost Levelized Cost

Storage
15% .

Gompressor -
49%
Carbon
Electrical Energy Fiber
52% 52%

Other Tank
Components
10%
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88 Jump-Start Infrastructure Development
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Regional Clean Hydrogen Hubs

- S, WS 2w

(9] (g (9] (e 0 (a4
Clean Connective Clean
hydrogen infrastructure hydrogen
producers located in consumers
close

Regional proximity Industry, power,
resources and transportation,
feedstocks buildings
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L Sinopec's New Star Company
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4 Zero-Net Energy Buildings L Net-Zero Energy Buildings

75 Energy-Efficient Design

6 On-Site Renewable Energy Sources

" Energy-Efficient Building Technologies

8 Efficient Lighting

" Heating, Ventilation, and Air Conditioning
8 Carbon Offsets

B ——————————————
S



b, 1FoY ologsaT - & 0 ylods

L 28 gl og) 33 M3) 8 Jwgd 9 200 slis (658 0 o
51 a5 31 48l 0 oL (gligSay el ]
s 5 0L pdas aise g (alidyy (laptase (YL
ot ) S5 Bpan Dy g Adbe Tl o (smlog]
Sy i o Jold (pizmen pledlo ol 25l oo
My e 4SS ol Bl Gl o g pleitle 4 Sloyp lp (B 351 &Sl pl iy p3 Slyghs IV

NET ZERO ENERGY

285 KW PV array provides
100% of net annual energy
GREEN STREETS

Rain gardens fiter street runoff

67 parking spaces meet demand, Instead
of 160 required by code

SOLAR CONTROL
fing. Including dynamic
linds, protects southwest exposure
“CALIFORNIA LIVING"
Collaborative central courtyard is focal
point and heart of the building

> NARROW BUILDING
40" width maximizes daybghting and
natural ventilation

EFFICIENT SYSTEMS

Chilled beamns allow 75% reduction in fan
energy with 100% outside air delivery
BIOPHILIA
habitat and

provides
enhances views from interior

CLIMATE-RESPONSIVE COOLING
Tompressor-free cooling tower feeds 50,000
gallon chilled water storage

OPTIMIZED ENVELOPE

Triple-giazed windows and reduced thermal
bridging shrink heating demand

TOWARDS ZERO WATER
Rainwater s captured in 3 20,000 galion cis-
ter, reducing potable water demand by 69%

LS sl o) 3 3,8 ) 5 o300 iz 6550 585 g Ll 5551 (el 1 (sliges

PARAMI ENERGY, Prasun Barua : s

81 David and Lucile Packard Foundation Headquarters
82 High-Performance Building Envelope

8 Efficient Lighting and HVAC Systems

8 Building Automation System
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8 Siyu Ye

8 Catalyst-Coated Membranes (CCM)

8 Membrane Electrode Assemblies (MEA)
% Proton-Exchange Membrane (PEM)

% China Hydrogen Alliance
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