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Our Global warming contributions from fossil fuels and land use, World, 1851 to

2021

The global mean surface temperature change as a result of a country or region's cumulative emissions of three gases — carbon
Challenge dioxide, methane, and nitrous oxide. This does not include cooling impacts from sulphur dioxide and aerosols, so net warming
can be lower.
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Source: Jones et al. (2023). National contributions to climate change due to historical emissions of carbon dioxide, methane and nitrous oxide.
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Policies
are
Critical
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Global greenhouse gas emissions and warming scenarios

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario.
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt

No climate policies
4.1-4.8°C

- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

Current policies
2.5=2.9%C

- emissions with current climate policies in
place result in warming of 2.5 to 2.9°C by 2100.

50 Gt

Greenhouse gas emissions

UpTa the present (Pledges & targets (2.1°C)
- emissions if all countries delivered on reduction
pledges result in warming of 2.1°C by 2100.
0 2°C pathways

1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Data source: Climate Action Tracker (based on national policies and pledges as of November 2021). Last updated: April 2022.
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.



Global Emissions % Share by Economic Sector

GHG Emission Bhridustry MiTransporeation Msavieutnure i commerdiabesResidential il Electric Power
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Transportation Sector GHG Emissions by Source

Distribution of
Greenhouse Gas

(GHG) Emissions by
Transportation Mode

Surface - 91%
Air -3 %
Ships & Boats - 6%

Environmental Protection
Agency

o
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Fast Facts Facts U.S.Transportation Sector Greenhouse Gas Emissions 1990 -2021 United States
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Air

First edition of Aeroplane CO2 Standard
(Annex 16 and ETM Doc 9501, Volume 1)

e N
Guidance on Environmental Assessment of [N

Proposed Air Traffic Management

(Annex 16, Volume |, Chapter 13)

oise Standard for tilt-rotors

Doc 9501, Volume IV (CORSIA)

Operational Changes (Doc 10031)
.

J [First edition of Annex 16 and ETMJ

(First IEIR Report)

Noise Standards for

[Noise Standard
helicopters (Annex 16,

stringent (Annex 16, Volume |, Chapter 4 and 14)

for jet and turboprops made more J

Volume |, Chapter 11)

Updates to Airport [

Guidance on the Balanced Approach to
Aircraft Noise Management (Doc 9829)

s ™
Noise Standards for Planning Manual
propeller aeroplanes (Doc 9184)
(Annex 16, Volume |,

\Chapter 10)

nvPM mass and number
engine emission Standard
(Annex 16, Volume Il)

198 " Noise, CO2 and local | Structure of the ICAO
air quality trends CORSIA Implementation

(e " E : : assessment (2010, Elements

F|rst. edition of NOx emissions Standard for aircraft Airport Air 2013,2016)

Environmental . . Quality M | _ , » :

Technical M l engines made more stringent (Annex 16, uality ivianua New nvPM engine

( :TCM"\'/g?umZ’:”a Volume II; 1992, 1998, 2004, 2010) (Doc 9889) ETM, Volume Il emission Standard

' (Doc 9501) (Annex 16, Volume 1)

. Doc9501) y
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Timetable of IMO action to reduce GHG emissions from ships

1997

Resolution on *CO,
emissions from
ships” establishes
IMO mandate on
GHG emission

Resolution on “IMO
Policies and Practices
related to the Reduction
of Greenhouse Gas
Emissions from Ships"

EEDI phase 1:
10% reduction
in carbon
intensity of the
ship

New regulatory tools to improve the
energy efficiency of international
ships:
* Mandatory design requirements
(EEDI) for new ships, which
set increasingly strict carbon
intensity standards
Mandatory Ship Energy
Efficiency Management Plan
(SEEMP) for operators to
improve the energy efficiency
of all ships

Mandatory IMO Data
collection system:
Ships of 5,000 gross
tonnage and above
(~85% of emissions from
international shipping) are
required to collect fuel

oil consumption data for
annual reporting to IMO,
from 1st January 2019
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Resolution on the

Initial IMO Strategy
on reduction of GHG

emissions from ships

Adoption of a procedure to assess
the impacts on States of
candidate measures.

Strengthening of the EEDI
requirements for some ship types

Resolution on ports and shipping
cooperation

Establishment of a GHG Technical
cooperation Trust Fund within IMO

Complete short-term
measures and revise the
Initial Strategy

EEDI phase 2: up to
209 reduction in carbon
intensity of the ship

Mid-term measures to
reduce carbon intensity
of the fleet by at least
40%

EEDI phase 3: up to
30% reduction in carbon
intensity of the ship.
Note: early entry into
effect (2022) for several
ship types with up to
50% carbon intensity
reduction for largast
containerships

At least 50% reduction
of total annual GHG
amissions (requires
approximately 85% CO,
reduction per ship)

2030-2050

Long-term measures to
reduce carbon intensity of
the fieet by at least 70%




A wide variety of design, operational and economic solutions

5-50%
Flseet/ up to T9%
L management, 1-10% 2-30%  Extensive speed
‘ , logistics and V. ” Concept, optimization
' : ' oyage speed and
Incentives optimization

capability

5'1 50/0 — e
Power and 1l I T :
propulsion | s;’iiLiliiii!llLllHJ;.! A "!é":IIH%II!!HII!MII!-?!H!l i
systems
80-100% 2-20%
35% 90% Hydrogen and Hull and
50-90% Bio-LNG/LPG Biofuel 3rd other synthetic 1-10% superstructure
Full electric generation fuels Energy
management
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Compared to 1970 venicle models, new cars, SUVs and pickup trucks are
roughly 99 percent cleaner for common pollutants however ~87% energy
s still lost for other reasons

Engine
inefficiencies
62.4%

Accessories N Drag
2.2% 2.6%

Rolling
Drive Line —» Resistance

4.2%
Driveline Inertia/

Idling

) losses —»  Breaking
0,
- % lfics 5.6% 5.8%



We have
to Think

Beyond
ICE Age
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continuously variable

ibooharging transmission (CVT)
supercharging dual-clutch greater number of regben:!'atlve
transmission (DCT) | forward gear ratios tec;'nano'I‘OQQy
downsizing infinitely variable / capacitor tyre pressure
variable cylinder cutoff or (gasoline) transmissions (IVT)\‘ & e l flywheels . — monitoring systems
compression (gasoline) automated manual __—¥ transmission \‘ / drag ratio surface (TPMS) remove
transmission (AMT) setgiargz / additonal
. features
variable vaive gaiud:;z internal combustion : tyre mﬂuences
controls (gasoline) com n—»p engine (ICE) aerodynamic :
engine ng beyond engine resistance use lighter
\4 technology welght matenals
mﬂuences
direct injection homogeneous / rolllng
jet directed : . - :
Combuston  (@as0ine) ch?rg? sompes arving - Ny e
to reduce iquetied petroleum methods
e b ; CO, emissions gas (LPG)
combinea combuston natural compressed
biezo injection engine (CCE) gas : natural gas (CNG)
iezo injecti diesel b\ = 5
direct injection gas to liquid
=y (diesel) ' °°g‘,,’;‘;f,§°“ concepts RRSPRRIIOE (GLL) (synthetic)
common rail / g /”—'__”' fuel cell biOfTUG'S .
direct injection ownsizing ) . _ \ second
(diesel) '\ el hybndfzatlonﬂ micro hybrid hydrogen o generatm generation
variable geometry mild hybrid biofuels biofuels '\
turbochargers (VGTs) improved combustion /V full hybrid 1\
control technology blodlesel b biomas to
parallel hybrid  series hybrid 1oges liquid (BtL)
bioethanol vegetable oil (synthetic)

Technological advancements in ICE vehicles to reduce emissions




Electric Vehicles Transforming the Surface Mobility landscape

Internal combustion engine

Deniaik acotiang France bans or electrification targets
Iceland Singapore Cabo Verde ‘ Canada
Ireland Slovenia China Portugal
Israel Sweden Japan | Spain Costa Rica
Norway Netherlands KiL:]r;i;eodm K'i.::;i'c(izdm Sri Lanka Germany

Sweden Canada Korea
aal Chile e
Net-zero emissions pledges Zealand
100% electrified sales -
100% ZEV sales udzi;z)e:n Norway
100% ZEV stock .
United
Net-zero pledge Fiji Kingdom
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Electric Vehicles Penetration of Electric Two Wheelers

(Full Constraint Sub-Scenario)
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Beyond ICE and
Electric Vehicles
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Source: EC, WiW 2004




Global Benchmarking GH2 Policy and Roadmaps
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ADAPTIVE MATURE INDICATIVE MATURE MATURE EARLY STAGE
GH2 POLICY GH2 EXPORTS FCEV PV FOCUS DEV. PROJECTS — CLUSTERS INFRA FOCUS TRANSPORT, CALIFORNIA FOCUS TECH. DEMOS, ICE-H2 (PAST)

GH2 PRODUCTION

GH2 SUPPLY CHAIN &
MANUFACTURING

FUNDING &
INVESTMENTS

PRIORITY USE-CASES -
TRANSPORT, INDUSTRY,
POWER, BUILDING/HEAT

PUBLIC & INDUSTRY
PARTNERSHIPS

ECO-SYSTEM DEV
STRATEGIES

Leveraging RE strengths to
produce, export GH2; Carbon
capture to be used extensively

H2 Energy Supply Chain (HESC)
Pilot Project, H2 Utility
Renewable Hydrogen and
Green Ammonia Supply Chain
Demonstrator

Committed over AUS146 mn
on H2 supply chain projects in
last five years

H2 Hubs/Valleys, H2 in remote
applications (microgrids for
mining)

NERA supporting SMEs; legal
framework for large-scale
production, H2 as energy

carrier

L

GH2 imports from Australia

Global leadership in FC Passenger

Vehicles and Power Generation,

constructing new nationwide H2
pipeline network

USD 1.8 bn budget for establishment
of a public-private H2 vehicle
industry ecosystem by 2022

By 2030, 800K FCEVs target (100K
trucks) 6.2 mn FCEVs production by
2040. FC Power Generation target is

15 GW by 2040

H2Korea PPP, HyNet SPV - 13
companies, Hydrogen Law

%

6 GW electrolyser capacity, 1
MT GH2 by 2024; and 2X40
GW electrolysers capacity, 10
MT GH2 by 2030

Global lead on PEM
electrolyser tech, FC tech;
coupling strategies by use-

cases — H2 valleys, industrial
clusters

Strong state funding, private
investments; Country plans
(Germany USD 7bn, France,

Netherlands, Spain, Portugal)

Global leadership in EC, FCEV,
Focus on Industrial Clusters

Open, competitive H2 market
by 2030; European Clean
Hydrogen Alliance, Hydrogen
Europe, FCHJU

&

World's largest 10 MW
Fukushima Hydrogen Energy
Research Field FH2R, GH2
imports

Building GH2 infra, imports
and strategic co-production/
transport from Australia,
KSA, Brunei

Spent $1.5 billion on H2
tech R&D and subsidies,
USD 664 mn 2020 budget

FCEVs through private
sector collaboration and
residential use/ building

JapanH2Mobility (JHyM)
consortium — 11 companies

&

Focussed on RE electrolyser
production, exploring

biogas/methane (from dairy)

Primarily privately funded
initiatives, manufacturing

DOE has been spending USD
100 mn annually, separate
USD 30 mn SO-FC program

Largest FCEV Vehicle
population, focus on
refuelling infra and H2
transport (gas/liquified).

CEC Clean Transport 64 H2
refuelling program. US DOE
Fuel Cell Tech Office
H2@Scale research

O

R&D and demonstration pilots
on electrolyser and FC tech
(across technologies)

Domestic manufacturing
imperative to bring costs down

R&D spends on demonstration
projects, 2 re-fuelling stations
in Delhi, CoE established

Not articulated beyond H2-ICE
engines, 2020 targets unmet;
bus/vehicle prototypes

MoUs with Japan, Korea, US
and Australia on G2G
collaboration

&

NOTE: In addition to above, China and Chile have announced country H2 plans as well.



Green Energy in Defense
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Hybrid Tiger leverages NRL'’s lon Tiger long-
endurance hydrogen fuel cell demonstrator:
26hr endurance on gaseous hydrogen, 2008
48hr endurance on liquid hydrogen, 2010
SIGNATURE MANAGEMENT: [atveow  HYbrid Tigeris Group 2 UAS with multi-day endurance - Hydrogen Fuel Cells Could Power
ACQUSTIC AND THERMAL BENEFITS e 23 kg, 7.3 m wingspan autonomous air vehicle. the navy's Future Robotic
' By comparing two like vehicle systems e Fuel cell and hydrogen fuel account for ¥66% energy. Submarine
/‘\ (Colorado ZH2 & HMMWYV) the fuel cell

vehicle has a 75-90% improvement for its e Solar arrays in the wings account for ~¥33% energy.

MCGUREE S0 e Environmental energy extraction via autonomous soaring
With an integrated approach, 100m non- capable of +50% endurance, depending on conditions.

4 GCRNITY o 100 [b AL INQVRING e Energy-optimal guidance can reduce fuel consumption by
— up to ~30% depending on weather conditions.

N‘ght ‘ATRSS (OC)
s HMMWY o F sl Call
120 2

10.0
315 o




Net Zero Emissions -

It is difficult, it is complex, it is costly but It is necessary
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KEEP INNOVATING
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