ENERGY
COMMON KNOWLEDGE

Watt (W) = Unit of power

How much power an appliance
requires to work

Switch on another Switch on 2 bulbs for
/W bulb 1 hour

+  Turn off + lurmon
14 W e n i mis s e e "
1 f |
Watt-hour(Wh) is \
- IV N e cacccsases e e eaaaY = 14 Watt-hour - @
Unit of power when L L L L
sed for qn ho r 7 Watt-hour 7 Watt-hour
usca rTor an no u ow
0 hr 1 hr 2 hr 3 hr
Total Energy used Energy used Energy used
energy use 7 Watt-hour 14 Watt-hour 28 Watt-hour

/W bulb after 3 hours

+
W bulb after 1 hour

/W bulb 7W bulb
after 1 hour after 2 hours

Another example to illustrate what is a Watt(W) and Watt-hour(Wh)

Flow rate = rate of energy transfer = Watt(W) Which you can compare to speed

Amount of energy in a period of time = Watt-hour(Wh) Which you can compare to distance

1 hr 2 hr 2 hr 4 hr

Okm 70km 140km 210km

within 1 hour within 2 hour
will reach 70 km will reach 140 km

(if it keeps running at 70km/hour)

Watt (W) 7 W 160 W 400 W c00 W
Time 6 hour 24 hour 6 hour 1.5 hour
Wh 42 Wh 3.840 Wh 2.400 Wh 900 Wh
(W x Hour)
kWh 0.042 kWh 3.84 kWh 2.4 kWh 0.9 kWh

In Thailand, our electric bill counts 1 kWh = 1Unit or 1 KU2¢

. > 6 h ’ 3’602 Wh ’ Tﬁlﬂﬁlmﬁnﬁ'} 600 W Wuan 6 FaluJ
600 W o 36 kWh mwAau 3.6x3 = 10.8 un

Electric bill
1 unit
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WHAT IS HYDROGEN?

Hydrogen Facts

HENRY CAVENDISH o MOST ABUNDANT CHEMICAL
STRUCTURE IN THE UNIVERSE.

A onmee NASA

HYDROGEN TO LAUNCH SHUTTLES IN TO SPACE

e THE FIRST HYDROGEN POWERED CAR o
WAS INVENTED IN

EFFIENCY OF HYDROGEN ENERGY

BY FRANCHOIS ISAAC DE RIVAZ BY FUEL CELL DRIVETRAINS

o 1 St MASS_ INTERESTING FACT
PRODUCED FCEV: INTERNAL COMBUSTION ENGINES
HYUNDAI TU CSON USE ONLY ABOUT OF ENERGY FROM GASOLINE
FUEL CELL

Hydrogen contain a lot of Energy!

Hydrogen Cycle

W —

‘ S I
J Renewable energy

Hydrogen

/ Secnay

Fuel Cell
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VEHICLE COMPARISON FOR
500 KM DISTANCE

Fuel Usage
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100 kWh

37 Litre

3 : min

6 Kg @ 700 bar pressure
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BATTERY

Difficult disposal

LD
& ‘i
L] -I-'.
.
'll ll'-
-
-
k] =
1 ] ] R s
®
= L2
Ll L]
g 'i..-.i'-.-.'

0 emission locally

DIESEL TANK
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500km will give 6.6 kg of

CO2 emission

HYDROGEN TANK
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0 emission locally
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VERSATILE APPLICATIONS
IN TRANSPORTATION

Transportation

The transportation sector will be a key enabler of the hydrogen economy

Fuel Cell Electric Vehicles (FCEV) will complement
Battery-Electric Vehicles (BEV)

to achieve decarbonisation of the transport sector.

Fuel Cells’ applications are best suited for: FCEVs Great Advantages:

© l|ong-range requirements @ Short refueling times

@ heavier loads O The manufacturing and refueling of FCEVs

@ when in need of flexibility can use the same established process and

infrastructure as conventional cars
Perfect for ships, trains, trucks

More than 350,000 hydrogen trucks could transport goods,
and 50,000 hydrogen buses, thousands of trains, and passenger ships could transport people,
without carbon and local emissions.

Passenger cars Passenger Trains

Honda Clarity Toyota Mirai Coradia Train 2017
First produced hydrogen-powered train
“Corodia iLint” runs its first passenger
test in Germany in 2018

VIking Cruises to build the world’s 1st
Hydrogen-powered cruise ship

Airport Shuttles

in Japan, France and
Germany

Boeing 2010
High altitude, long endurance (HALE) liquid hydrogen-powered
unmanned aerial vehicle for military usage

Motorcycles / _ terial Handling Fleet |~
Suzuki Burgman Fuel Cell ? . - - I\ ffﬁﬂ | ks '
Scooter 2012 5 5,

CUTE - Clean Urban Transport
for Europe

By 2032,

we can expect about 5,000 refueling stations in the world.

In 2017, there are over

49 public hydrogen refueling stations in Europe,
90 in Japan and 39 in the US.

Source: Information Trends, Hydrogen Fueling Stations: A Global Analysis, October 2017
https://www_cio.com/article/3159680/car-tech/hydrogen-refueling-stations-for-cars-to-reach-5000-by-2032 html|

Sources for stations by country

Europe: https://hZ2me eu/about/hydrogen-refuelling-infrastructure/

lapan: https:{/asia.nikkei.com/Politics-Economy/Policy-Politics/|lapan-to-speed-growth-of-hydrogen-refueling-stations
USA: https:/fwww.afdc.energy.gov/fuels/hydrogen_locations_htmil




VERSATILE
APPLICATIONS

&’ 1%, sy — @~ QI

Gas stﬂmge

This process is called

\l, “Power-to-Gas™
: =

Hydrogen can be
transported in the same
pipelines as natural gas.

— 4 —

Hydrogen acts as a buffer to Lurt_:;_e-scale renevyable ipte-
increase grid resilience, and Cf) gration because it provides

grid balancing (matching cost-effective long-term and
supply to demand.) 33 seasonal storage. Lossless

-~ Distribution of energy across
sectors and regions.

- Hydrogen mountain shelter in the Col du Palet (2,600m)

- European islands gain energy independence and
security by utilizing wind and solar power to create
hydrogen. Isolated from the mainland, they are
empowered to create their microgrid
Example: The Orkney islands, from the Scottish
archipelago

@ - Telecommunications industry
-  Communication centers

- First response, hospitals

- Control center, traffic signals
- Disaster prone areas

55 Million tons of

hydrogen is used in
refining, fertilizer, and
chemical production.

Hydrogen is a cost-effective option to decarbonize buildings’ heat and power.

—.-—) heat emitted
during process
Gas storage
Combined Heat and Power (CHP)

from Fuel Cell waste-heat can heat Hot water distribution
water or living space.
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SETTING UP ENERGY STATIONS

WITH DIFFERENT ENERGY SOURCES
Energy storage for 1,000 cars

1,600 sgm. or 0.4 Acre or 1 Rai

Transport oil
to station

25 x15m.

sy 60,000 Litre of
storage underground

Hydrogen

Electricity from the grid

2,166 sgqm. or 0.54 Acre or 1.35 Rai

| Renewable Energy
created elsewhere,

or produced on site

120,000 litre of hydrogen
at 700 bar pressure

Hydrogen trucks can
deliver hydrogen

Electric

L

S
A0 m. H"x_\

41,600 sqm.| ... o0
‘ or 1,000.4 Acre or 26 Rar-_ 1, o

Without a battery farm
a station would require a direct feed of 1,200kWh



PHI SUEA HOUSE

ENERGY FACTS

Phi Suea House Monthly Energy Demand : 200 kWh / dCIy

Energy Building
| | 4 330W

Total of /AFR\ "BOW o ot N FOEp—

Guest House A & B Main House

64 panels

84 panels

347_-sol_ur panels - ) 326.8 kWh per day

Electrolyser Hydrogen Fuel Cell 130kWh
(in fuel cell)

-~ @

@
O

Can supplies the house with 4kW ti
pp h of continuous power 30 hour

| ' | | | | (1 day and 6 hour)
0 6 12 18 24 30

Hydrogen gas production rate

MAX: 2,000L / hour

24 panels
on the garden house ﬁ

1 solar pump runs the whole fishpond ecosystem

36 panels .
- on pool house
2 x 2,000 Ah. 48V o E

Lead acid battery banks 1 solar pump filters the pool daytime




CLIMATE CHANGE

Human Activities Greenhouse Effects

o Temperatures will keep rising

e Arctic will become ice-free

e Frost-free seasons will lengthen
® More droughts and heat waves
e Sea level will rise

® Hurricanes will become stronger

e Smoke from factories

® Forest burn

2016 Energy Consumption CO72 Emission by Sector

25%

Transportation
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Nuclear

10% @& |

Renewable ; -
energy N
. 55% Mie
Industrial o4 2
2 4 0/0 b . ) s 1
Natural Gas | |
Buildings . I

Source: World Energy Council, 2016
https://www.worldenergy.org/wp-content/uploads/2016/10/World-Energy-Resources-Full-report-2016.10.03.pdf

To limit global warming to 2°C, we need to increase share of renewables from

Source: Hydrogen Council, Hydrogen scaling up, November 2017 (p.58)

23% ———————

in 2015

in 2050

Hydrogen is the solution

The transportation sector would consume 20 million fewer barrels of oil per day, and domestic energy
security would rise significantly. Hydrogen would contribute roughly 20% of the additional abatement
required to limit global warming to two degrees Celsius.

0

S8

Power Generation Goi® k=

Hydrogen Vehicle Metals Refining

Wind Hydrogen / Natural Gas
Infrastructure
Electricity Grid ;
Solar PV Synthetic Fuels

Hydrogen Generation Hydrogen Storage /

N ' /B S8

Other End Use Upgrading
Oil / Bio Mass

Bio Mass Bio Gas




HYDROGEN SAFETY

Hydrogen is Safe

HIGH DIFFUSIVITY LOW RISK IGNITION

|
N\ /
° 1\ ° '[ / \ i) ]\E Extremely safe if located
T | 1\ o o in ventilated space
|

Hydrogen can ignite ONLY IF it reaches
at least 4% concentration in the air
AND IF there is a spark, flame, etc.

Smallest and lightest element

It rises and disperses very quickly.
It travels at 50 meters per second.

HYDROGEN
VS GASOLINE

E == .

14
Relief valve failure - 0 sec 3 sec 1 min, O sec 1 min, 30 sec 2 min, 20 sec
(leaking tank) with GASOLINE

electrical spark to
ignite fuel

Fire Diamond

® Flammability Flammable gas
® Health No health hazard

O Special notice None

Hydrogen

HINDENBURG Example
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e [ts structure was defective, so there was a hydrogen
gas leak

® The airship was not pressurized, so the leak was
slow and flames travelled inwards

® Weather conditions caused an electrostatic discharge
(spark), which ignited the leaking gas

Such a disaster is |

presst 7 tanks cmd surroundlng
mqterlals do not catch fire easily




ENERGY STORAGE

COMPARISON

0.05 kWh/kg

® Complicated management
system

® Small window of safe
operation condition

Some dangerous materials,
no recycling concept
for lithium battery enabled

Degrades happen, performance drops
over time, required replacement
every few years

L

Loses charge over time

Suitable

Big and expensive

Impossible

Safeand
easy to handle

High maintenance, short lifetime,
frequent replacement

3 .
.
s .

Diesel will degrade through
time within 6-12 months

Dirty, noisy, high maintenance



