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November 03, 2016, the Vietnam Government has ratified the Paris Agreement

POSSIBLE

WELL BELOW
To limit global warming to well below 2°C and as

CARBON EMISSIONS

ner-zero CO,

2 GC close as possible to 1.5°C, the world must reach BY MID-CENTURY

net-zero CO; emissions by mid-century.

IMPROVING
ENERGY
EFFICIENCY

Three main routes
for decabonization:;

Potential reduction of CO, emissions from:

INDHISTRY

HEAVY-DUTY
TRANSPORT

4 MAIN DECARBONIZATION TECHNOLOGIES:

A
@\ _ B

DEPLOYING DECARBONIZATION
TECHNOLOGIES ACROSS ALL SECTORS

CARBON CAPTURE

maszive prioritized and combined with
electrification. tightly regulated use or storage:
leading fo a use, progressively essential but
http://WWw.eneray- power demand focused on limited role
t P iti /g:/ Jdefault/files/ETC MissionP ible R tS Enalish.odf increase by aviation and (5-8 GICO, per
ransitions.org/sites/derault/triles __MissionPossible_Reportsummary_englisn.p 4-6x plastics feedstock annum)

e 00000 HDHDD -407%
CO00000O0DD -20%

REDUCING DEMAND FOR CARBON-INTENSIVE PRODUCTS & SERVICES

circular
economy

modal shifts
+ logistics
efficiency
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|. CLIMATE CHANGE IN VIETNAM
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|. CLIMATE CHANGE IN VIETNAM

MUC TIEU GIAM
PHAT THAI KHi NHA KiNH

® 3

G|ao thong van tai Nang ludgng Nong nghiép

100% '32 ks ’ e

Ti TRONG NGUON DIEN
67% 33% &

Nguon khac Ning ludng tai tao

Vietname’s Prime Minister, Pham Minh Chinh,
announced net-zero target at COP26 : L
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|. CLIMATE CHANGE IN VIETNAM

Electricity

[Most renewable energy comes in form of free electrons J

¢
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Il. BENEFIT & DRAWBACK OF UNLIMITED ENERGIES (I g ey

Annual average of daily DNI

Y 6.0 '\
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3.10 < 30
; . | 3.35 E
- 3:85 % .
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. . = ; North North-Central ~ South-Central Central South
- 4.85 i " At ¥ ’; 2 coast coast Highlands
[ CPU JO0 L RLY.
. ) ;‘l*'* *, . . -
. Vietnam: locate at the equator & tropical climate.
RN oty ~ 2,500 hours of sunshine per year
N = solar radiation is stable over 4 seasons.
% Vietnam showed the greatest potential for solar
Ddii an energy development in Southeast Asia.
' Solar Power Complex .
i rh e P World Bank: Vietnam can reach 85 GW of solar
Number of Solar Projects power by 2030 and 214 GW by 2050
]
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https://www.rvo.nl/sites/default/files/2019/02/Wind-Energy-Potential-Vietnam. pdf

. BENEFIT & DRAWBACK OF UNLIMITED ENERGIES

® Northeast ® Northwest ® Red River
® North central Coast ® South central Coast ™ Central hi
W Southeast ® Mekong Delta

0.3

0.2

Onshore
42 GW

Offshore

609.8 GW

Coastline > 3,200 km & many coastal areas
& Yearly average windspeeds of 9 to 10 m/s

Vietnam have the best wind resources in Southeast
Asia, especially nearshore/offshore and onshore
coastal regions in the south.

World Bank: Vietnam'’s offshore wind potential >
500 GW, onshore wind potential > 40 GW
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Disadvantage of wind and solar energy -
(D Reliability of supply (2 Long distance between generation &

consumption

New energy carrier &
storage system

» Renewable energy relies on the weather for its source of power: unpredictable, intermittent
» Long distance between generation and consumption: power line, pylon, power dissipation

> We need a new energy carrier and storage system (
10
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Carbon/Hydrogen ’ ’ >
ratio: o0 o0 /2 /4 O _
Hydrogen offers much higher
energy content than fossil fuels
140 | I Hydrogen — the most abundant
| atom in the universe
120 - }|I }|I I|{ H—C—H
o eC—C—C--. L & no Carbon footprint
- 100 - 11|
= C H H H = leads to hydrogen as
o C ultimate energy carrier
o 53
44 ( xhw
| 30
40 18
o = @

Wood Coal Petroleum Natural Gas Hydrogen N
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T Conventional Storage

)

Transportation =™
Synthetic X= Gas, Liquid

Power-to-X

Chemical
/[Industrial

X= Chemical

. . . Tradltlonal fOSSII Clean Hydrogen Strategy and Roadmap, 2023
Green Hydrogen product|on and apphcatlon therma| routes X= heat nups.nwww.energy.gov/eere/fuelcells/h2scale (
12
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GLOBAL HYDROGEN PRODUCTION
4%
| 18%

. 29%

M Electrolysis M Coal Crude oil Natural gas

- 4%-5% Hydrogen produced from electrolysis,

GLOBAL HYDROGEN CONSUMPTION _?

6% 0
| IM/Z%

M Metal/Glass industry
Amonia production

M Electronic industry
Food industry
B Chemical industry

- Only 1% of global hydrogen output produced with renewable energy

https://lwww.sembcorpenergy.co.uk/blog/hydrogen-and-the-path-to-net-zero/
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What is hydrogen used for in 20407 Main Application

-
Fast refueling/recharging
Longer lifespan than battery

S5TORAGE -18,3% -
+ Seasanal energy storage 9,3%
= Intermittent renewables integration 7%
« Buffer to increase syster resilience 2%

: HEAT - 12,5%

. » Decarbonise industrial heat 6,5%

/\H "+ Building heating 6%
%

Zero CO, emission

Unlimited supply
Decarbonization of heat
Flexible to scaleup

POWER - 13%
* Residential & Building CHP 7%

» Portable power 4,6% What are the new )
applications for INDUSTRY

hydrogen? EMERGY USE - 9,3%

» Green ammonia i

* Stationary power 1,6%

* Low carbon steel 2,3%

Flexible and scalable

Long term: replacing natural ga
with H, for power generation

Seasonal storage of energy
S

MOEILITY - 46,9% « Aviation 4,9%

= Passenger cars 21,6% = Material handling 2,3%
+ Heavy duty transport 9,3% = Maritime applications 2,3%

« Trains 4,9% * Buses 1,4%
T 14
):
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V. ENERGY STORAGE & CARRIER

\ Offshore »
L wind mill

Energy Conversion to H, Transportation,
generation Storage and distribution (
15

Tran Hoang Phi )@

Faculty of Physics & Chemical Engineering — K11




9 LEQUYDON

> . L‘: -
é,b Technical U*versity

V. ENERGY STORAGE & CARRIER

Electrochemical Hydrogen Conversion with renewable electricity ®

Hydrogen Energy

RENEWABLE
ELECTRICITY
GENERATION

s
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Intermittency challenge: PV power over one day / with and without energy storage | )

Without storage With storage

Demand for
Electricity

Power
Genera{<

> [ Energy Storage |

uopie)g Jano g Jo Npede)) ey

uopelg 1m0 Jo Hpede) —p

Hours Hours

» Hydrogen can be liquified and keep in a proper tank

» Larger scale, hydrogen can be stored in Salt Caverns, to used in winter

— q 17
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Getting hydrogen into homes?

In US, Department of Energy attempts to
reduce the cost of hydrogen to $1 for one
kilogram, in one decade.

Hydrogen could be transported through
our existing gas network and easily stored
with conventional technology

Tran Hoang Phi
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Lack of Government policy -

Applying taxes or other mechanism set Economy scale production

the price of carbon high enough to ensure

Final price depends on the
efficiency and management of
production as well as refueling
infrastructure.

= the need is to invest in building
a robust hydrogen infrastructures

cost competitiveness for green hydrogen.
= More Investigation, R&D projects,
policy-related changes.

Storage and distribution

Low energy density, flammability
and low boiling point (-253°C) of
H,, require specified materials
for safety use.

High cost

Cost for hydrogen is 5-6 $/kg.
(target 1-2 $/kg ~ 30 $/MWh)
Caused by membrane/electrode
and precious metallic catalysts

Technology and infrastructural
limitations

Many of the relevant technologies:

cCompressors, conversion plants,
storage tanks, transportation,... are not Challenges faced by Hydrogen as The Future Fuel

yet commercially ready. (
19
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Nature Energy, 2020, 5, 367-377

Dominating commercial electrolyser technologies:

Emerging electrolyzer technologies: .

a AWE b c d High-temperature
H, %
H,0 < m— H.0 (Sregom)
1
H,0 Cathode Anode Cathode Anode
lon)y — T
Cathode Anode
i
H,O memp - W
: H,0
o H,0 =) H ' (Sr;aom}-
Cathode Anode
« Advantage: « Advantage:
« AEL long investigated technology .

Mature proton exchange membrane (Nafion)
*  Mature diaphragm (Zirfon) « High current densities (2 - 10 A cm™)
* Non-noble catalyst .
- Disadvantage: * Disadvantage:
«  Low current densities (300 mA cm-?) * Require ultra-purified water
o ngh KOH concentrations (32 VVt%) « Noble metal Cata|ysts (20

Tran Hoang Phi @ Faculty of Physics & Chemical Engineering — K11




V. HYDROGEN GENERATION BY ELECTROLYSIS

9 LEQUYDON

> . L‘: -
é,b Technical U*versity

Acid PEM Water electrolyzers — Hydrogen from Electricity and ultraclean water

PEM stack

Cathodic Reaction
Hydrogen Evolution Reaction (HER)

2H* + 28" > H,

> Pt/Cis commercialized

PEM electrolysis
(20-100°C)

Cathode ~

t

Membrane

H,0 — 2H" + 7,0, + 2¢
2H" + 2 — H,

Anode
Cathode

H,0 —> H,+ 750,

Total Reaction

Single PEM cell

L Y

Anodic Reaction
Oxygen Evolution Reaction (OER)

2H,0 > O, +4H" + 4e-

> Replacement of Iridium
(0.59,/kW to 0.01 g,/kW)

> Increase efficiency (reduce
Voltage losses)

(21
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I" & 50%Ir/a.Tio, R )
| & 60%Ir/a.TiO, IrO, film
5 .
o, 10°7 & 70%Ir/a.TiO,
'C_ 1 o U . s * e 3 L &
g ] micore IrO, powder
2
< |on'|
: 104_: ro, miim . * <+
9 ] . * o+ *
£ ] *
>
pd
» 10°4
&
Ir film
= - - -
EDEEDEEDEEQE
SIS | S22 S5 252
Nb Ti O dlA|e|a|la|w|H 8w YN ®
100 50%Ir/a.TiO, | 60%Ir/a.TiO, | 70%Ir/a.TiO, Umicore
nm

» Synthesis of supported catalysts for reducing noble metal loading.

» Catalyst’s structure design of supported catalysts

» Stability and activity of the catalysts, in comparison to the commercial materials

ACS Catal. 2023, 13, 23, 15375-15392 Zeitschrift fur Physikalische Chemie, 234(5), 787-812
Chem. Mater. 2022, 34, 21, 9350-9363 Nature, 587, 408-413 (2020) (22
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V. HYDROGEN GENERATION BY ELECTROLYSIS Bl ) o
water coverage "'71 % =

Water on the world
-4 e ) ) | TR 1‘\;‘*"’&“’\
=z A i
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> Utl|lzatI0n Of seawater as water resource

Source: https://upload.wikimedia.org/wikipedia/commons/6/6a/World_oceans_map_mollweide_de.png Source: https://water.usgs.gov/edu/earthwherewater.html (2 3
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To unlock hydrogen economy: -
Demand for clean hydrogen must be stimulated |
Infrastructure must be developed to enable end-user access to H, /f%ﬁl "‘\\ )
Cost competitiveness, by mass-production of clean H, \ / \
o\ B 3 :

HYDROGEN
ECONOMY

Changing policy &

Developing Infrastructure @ @

HARDER-TO-ABATE INVESTORS
INDUSTRIES

ENERGY NET ZERO
GNINZ8Y CO: EMISSIONS Nk @
TARGET
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POLICY-
MAKERS

Recognizing Hydrogen as
Energy transition Solution

<.

Tran Hoang Phi

9
0



VI. CONCLUSION

Thank you for your affention
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