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William criticises space race,
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Space Program for Inspiration

Climate Change at the Planetary
Scale



“Heavier-than-air flying
machines are impossible.”
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Where We Are Headed?

Dystopian Science Fiction?
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Emissions from different modes of transport
Emissions per passenger per km travelled
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BATTERIES DEGRADE AND HAVE
LARGE CARBON FOOTPRINT
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Green Electricity to Support Energy Storage
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Most Abundant Element in the Universe

I
i
A

B

MR 4 A ¥,
e S
i i
.




Electrolysis of Water To Make Hydrogen
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Hydrogen means Water Genesis in Greek
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EU INVESTMENT IN HYDROGEN AS ENERGY ENABLER

EXHIBIT 4: HYDROGEN AS ENABLER OF THE ENERGY TRANSITION IN EUROPE

Enable the renewable energy system * Decarbonize end uses

Decarbonize transportation

Enable large-scale Distribute energy
renewables integration throughout
and power generation sectors and regions Help decarbonize

Decarbonize industry heat use

Act as a buffer to
increase system

-
resilience Serve as renewable feedstock




EU INVESTMENT IN HYDROGEN AS ENERGY ENABLER

EXHIBIT 10: COMPARISON OF RANGE, PAYLOAD, AND PREFERRED TECHNOLOGY

Bubble color representing FCEV or synfuel application of H, :: Bubble size roughly representing the annuel energy consumption of this vehicle type in 2060
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THE HYDROGEN FUEL CELL ECONOMY

Aviation

Auxiliary Power
Unit (APU)

eJet aircraft APU
*Global Hawk APU

eCargo drone or
surveillance drone
electric propulsion

eRange extension for all
UAS

Marine

eElectric Propulsion

eDiesel generator
replacement

e\Water supply

Automotive

eBuses
oSUVs
IS

Space/
Hyperloop

ePassenger pod power
*Pod side propulsion
eSatellite Power
eHuman Space
Exploration




Hydrogen Fuel Cells In Space Program

«
Ht,ﬂeaini‘ng Fuel cells for NASA space programme

www.h2training.eu

Nasa Space Shuttle Orbiter fuel cell. One of three fuel cells aboard
the Space Shuttle. These fuel cells provide all of the electricity as
well as drinking water when Space Shuttle is in flight. It produces 12
kilowatts electricity adn occupies 154 litres (Source: NASA).




Making Electricity from Hydrogen: Opportunity and Challenges
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THE FLIGHT PLAN TO

EMISSION FREE AVIATION:

HYDROGEN FUEL CELL
POWERPLANT FOR AVIATION

OUR FLIGHT PLAN
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Obtain Government Customer and Funding

Design Aviation Specific Modular Hydrogen Fuel Cell
Powerplant (up to 1 MW)

Conduct Test Flights

Humanitarian Aid Disaster Relief Operations
Powerplant Production and Sales to OEMs




HYDRC)PLANE

HYDROPLANE: PROTIUM AIRCRAFT

Range: 1000 km

Cruising speed: 210 kph

Aircraft Type: Single Engine Land
Mission: HADR / Air Taxi
Payload: 350 kg

Pilot: Commercial SEL

Power System: H, Fuel Cell Electric Propulsion

HYDROPLANE
Jet x x v
EMISSION REGIONAL RAPID CERTIFICATION eVTOL v x x

FREEE RANGE

Prototype 2021 Demonstrator 2022 m

TRL3 @ TRL4 @ TRL5 TRL6 @ TRL8 TRLY
POC Lab Demo Iron Bird Flight Cert Operational




'_i \,




HYDRC)PLANE

ELECTIC AIRCRAFT WITH AVGAS RANGE

Cruise Time (Hrs)

Specific Energy vs. Cruise Time
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HYDRC)PLANE

FUTURE GOAL: Fuel Cells for Human Mars Base




What Comes Next



Suborbital Flight: Hydrogen Powered




Suborbital Flight: Not Hydrogen Powered

" Specifications “SpaceShipTwo”

= Made of: light, efficient, carbon = Cost: $200,000
sandwich panels with = 6 Passengers
honeycomb core * ’ g = 2 Pilots °

053-16:54:48.519
Boom

= 3.5HrFlight Time
= 12 min Zero Gravity
experience

£







Interplanetary Cruise




Space Flight To and On Other Planets



Flight on Mars

Mars Science Laboratory




Actual Flight on Mars






Electric Flight on Titan




Return to the Moon




Green Technologies to Connect the World
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