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HYDRO-NHAN TO CHiNH TRONG CUOCHUA
PHAT THAI RONG BANG “0” VAO NAM 2050

Mé dau

Hydro la Ioal nhién liéu thay thé hap dan. Tuy
nhién, khéng gidng nhw than da, khi dét hodc dau
mad, hydro khong pha| la ngudn nang lweng chinh.
Hydro c6 thé duwoc Iy tir cac ngudn tai nguyén da
dang, ca tai tao (thdy dién, gio, séng, mét troi, sinh
khéi va dia nhiét) va khong tai tao (than, khi tw nhién
va hat nhan). N6 c6 thé dwoc lwu trik nhw mot loai
nhién liéu va dwoc st dung trong van chuyen va
phan phdi nhiét va hé thong phat dién s dung pin
nhién liéu, déng co dbt trong hoac tuabin, véi san
ph&m phu duy nhét tai diém st dung la nwéec.

Kha nang thay thé nhién liéu hoa thach cua hydro
trong linh virc giao thong van tai co thé giai quyet mot
trong nhirtng van dé moi treong 16n cua thé gidi.
Hydro ciing c6 thé dung lam phwong tién Iwu trir dién
nang duoc tao ra tlr nang Iu’cmg mat trdi, gid, song
va thay triéu; do d6 nd cung cép giai phap chinh cua
nang lwong bén vieng. Mién Ia hydro duoc sén xuét
tee nguyén liéu khéng phai nhién ligu hoéa thach, thi
no la mét loai nhién liéu “xanh” thurc su.

Chudi nang lweng hydro dlen hinh sé& bao gébm
san xuat, phan phdi va cung cap hydro thong qua
qua trinh Iwu trir hydro va sl dung no. Chudi nang
lweng cho nang Iu’o’ng hydro bén virng sé lién quan
dén viéc thu cac ngudn nang lvong sach dé tao ra
hydro, lwu trir va phan phéi chdt mang nang lwong
nay dén viéc st dung né & mat thiét bj cudi - tap
trung vao pin nhién Iiéu hoéc qua trinh dét chay -
trong d6 n6 dwoc chuyen ddi thanh dién nang.

Sw hién thwc héa nén kinh té dwa trén hydro cé
thé c6 nhirng loi ich to I6n vé moi trwdng va kinh té,
va tang cwong an ninh nang lwgng. Tuy nhién, viéc
chuyén dbi tiv hé thdng ndng lvong dwa trén nhién
liéu héa thach sang nén kinh té dwa trén hydro lién
quan dén nhirng rao can dang ké v& mat céng nghé
va kinh té x& hoi. Hydro ¢ tiém nang vwot troi dé tré
thanh nhéan t6 chinh thic day qua trinh chuyén doi
nén kinh té nang lwong toan cau dwa trén carbon
sang nén kinh té sach, tai tao va bén virng.

Dau vao nhién liéu xanh cho nén kinh té
Hydro rét ddi dao, 1a nguyén t6 phd bién nhat trong
va tru. Mat troi tiéu thu 600 triéu tan hydro moi gidy.
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Nhung khéng giéng nhw dau ma, khong thé tim thay
cac triv Iu’o’ng I&n hydro trén trai dat. Cac nguyén tce
hydro lién ket voi nhau trong phan tlr voi cac nguyen
t6 khac, va can nang lwgng dé chiét xuat hydro dé no
c6 thé dwoc st dung cho xe ¢cb hoac p|n nhién liéu.

Hydro la mét nguon nang lwong bén virng, khong
gay 6 nhiém, c6 thé dwoc stv dung trong cac trng dung
c6 dinh va di dong. La mét “vat mang” nang lwong,
hydro c6 thé tadng cwong suw da dang va an ninh nang
lwong bang cach giam sy phu thudc clia ching ta vao
nhién liéu gbc hydrocacbon. Mac du hydro la nguyén
t6 don gidn nhat va khi ddi dao nhat trong v try,
nhung n6 khéng bao gior tw xuét hién ma ludn duoc
két hop v&i cac nguyén t6 khac nhw oxy va carbon.
Mét s cong nghé san xuét chinh la:

Steam reforming (cai tao hoi) métan tir khi tw nhién.
Qua trinh nay chuyén déi métan va cac hydrocacbon
khac trong khi tw nhién thanh hydro va cacbon
monoxit bang cach st dung phan tng cua hoi trén
chét xuc tac niken:

Sw dién phan s dung dong dién dé tach nuwoc
thanh hydro & cwc am (-) va éxy & cuc dwong (+).
bién phan hoi nwoc st dung nhiét dé cung cap mot
s6 nang lwong can thiét dé tach nwac va co thé lam
cho qua trinh tiét kiém n&ng lwong hon (Buwoc str
dung rong rai nhat).

Tach nwéc bang nhiét hda st dung hda chét va gia
nhiét theo nhiéu budc dé tach nwéc thanh hydro va oxy.

Quang phan la mét qua trinh quang dién hoa st
dung anh sang mat trdi va cac chat xuc tac dé tach
nuwéece.

Tach nwéce sinh hoc va quang hoc str dung anh
sang mat tréi va cac sinh vat sinh hoc dé tach nuwéc.
Téach nwéc bang nhiét st dung nhiét dd cao 1000°C
dé tach nuoc.

Khi héa sinh khéi str dung vi sinh dé phan hily cac
nguyén liéu sinh khdi khac nhau thanh hydro.

Néu hydro duoc tao ra tir cac ngudn nang liong
tai tao, viéc san xuét va str dung né co thé xem la
mot phén cda chu trinh sach, tw nhién.

Nhién liéu hoa thach dang can kiét nhanh chéng,
dén dén khiing hoang nang lugng (nhién ligu). Ngoai
ra, viéc dbt nhién liéu hoa thach dang gay ra sw suy
thoai nhanh chéng ctia méi truvong.
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Figure 4 illustrates the on-site hydrogen production
system; Figure 5, the hydrogen production system is
far from the place of use.
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Figure 5: Technology used to transport and distribute hydrogen
(K. Reddi et al., 2016)

Output and reference of some practical applications
for future fuel sources

One of the most practical applications of hydrogen
is in transportation (Internal combustion engine
vehicles (ICEVs); Fuel cell electric vehicles (FCEVs);
battery-powered generators; running an internal
combustion engine (using direct injection or for power
generation).
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Figure 6: Hydrogen production pathways and processes
(C.Wulf, M. Kaltschmidtt 2016)
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Figure 6 is a generalized depiction of the
pathways and hydrogen production processes
involved in vehicular travel. The four main blocks are
production, fuel distribution, vehicle manufacturing,
and their recycling.

Hydrogen is the most abundant chemical element
in the universe and has the potential to consume
much less than gasoline. As a vehicle fuel, it can be
stored as compressed gas or liquid. It can be made
from a number of sources, but today most hydrogen
is extracted from natural gas. When used in fuel cell
vehicles, which have been developed by many car
manufacturers, hydrogen does not produce harmful
pollutants, and when used in internal combustion
engines, producing extremely low emissions. When

derived from renewable sources such as solar
energy, there are no carbon dioxide emissions.

Today's hydrogen fuel cell vehicles can travel
150-300 miles before needing refueling. Worldwide,
there are already fleets of vehicles with hydrogen fuel
cell buses, cars and light utility trucks, as well as
hydrogen internal combustion engine vehicles
(HICEVSs). As alternative fuel vehicles and alternative
fueling stations become more available in the coming
years, there will be less dependence on gasoline as
a fuel. Hydrogen is charged immediately like gasoline
and does not need to wait for an electric charge like
battery-powered electric vehicles.

Some practical fuel cell applications

The hydrogen fuel cell drone jet, called the Hyfish,
flew near Bern, Switzerland. HyFish has a body
length of 1.2m and a wingspan of 1m.

Boeing's manned fuel-cell airplaneproject began
in 2003 and has already conducted tests this year of
a manned airplane powered only by a fuel cell and
lightweight batteries.

Horizon Fuel Cell Technologies has a hydrogen
fuel system for remote control model cars. New
England's first fuel cell hybrid bus has been used on
the streets of Hartford.

Nuvera Fuel Cells will supply Toro Company with
a PowerFlow PFV-5 fuel cell system for integration
into the Toro Workman utility vehicle.

Toyota Motor Corporation provides its city-gas-
powered 1-kW residential fuel cell cogeneration
system to Toho Gas Co., Ltd. (Toho).

The auto industry believes hydrogen is the
ultimate solution, but it will take a decade or more for
hydrogen-powered cars and the infrastructure to
support them to become widely available. Meanwhile,
other alternative fuels will act as steps towards a
hydrogen fueled future. In the immediate future, more
hybrid electric vehicles with improved battery and
cost, as well as plug-in hybrid electric vehicles are
connected to the grid by its multiple sources.

Conclusion

Energy security is one of the top policy priorities
of every country. An energy revolution is underway
and will be driven by concern for the environment,
economy and power production needs.

Hydrogen is a major substitute for fossil fuels in
the industry and a key player in reaching net zero
CO, emissions by 2050. But will there be enough
hydrogen to meet the expected growth, low carbon
gas production will need to be scaled up. Let's
welcome the latest research and development in the
not too distant future. v
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Xét riéng mang nhién liéu cho déng co dbt trong,
ta thay thir can thiét Ia nhién liéu “chay - sach”, ¢
thé thu dwoc tir cac ngudn tai tao, dwoc xac dinh dé
dam bao sw ton tai an toan va lau dai clia déng co
dét trong. Nhién liéu hydro dwoc hiva hen voi tiém
nang khéng con déi nhién liéu héa thach va suy thoai
méi trwdng do dbt chay chung.
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Hinh 1: Chu trinh nu6c (Nguén: L.M.Das, 2016)

Hydro l1a nhién liéu (ngudn tai nguyén co ban) cé
thé tai ché trong mét chu ky thdi gian ngén, thé hién
trong hinh 1. Phan t& nwéc cé thé dwoc phan tach
béng cach st dung nhién liéu héa thach hodc nhiéu
ngudn phi héa thach nhw nang lwong mat trdi, gio,
hat nhan, chét thai hiru co, va nhirng thtr khac. Khi
dbt chay hydro, hoi nuéc thoat ra tir dng xa clia déng
co va nwéc nay quay tré lai sinh quyén - noi né dén.

Cac rao can dé dat dwoc tdm nhin vé nén kinh té
hydro nhw sau: - Phét trién va giéi thiéu cac hé thdng
pin nhién liéu va hé théng Iwu trir hydro hiéu qua vé chi
phi, bén, an toan va than thién véi méi trwong; - Phat
trién co s& ha tAng cung cap hydro cho nguoi str dung
xe hang nhe; - Gidm manh chi phi san xuét hydro tir cac
ngudn nang lwong tai tao trong mét khung thoi gian hang
thap ky; - Thu gilr va lwu triv (“co 1ap”) sén phadm phu
CO, clia qué trinh s&n xuét hydro tir than va khi tw nhién.

Ha tang phat trién ngudn nang lweng méi kiéu
xanh nay

Viéc st dung rong rai hydro nhw mét chat mang
nang lwong sé phu thudc dang ké vao sw san cé cla
cac ky thuat hiéu qua, sach va kinh té dé st dung va
chuyén ddi n6 thanh dién / nhiét. Sw bd sung hiép
dong ctia hydro va dién dai dién cho mét trong nhirng
con dwong hap dan nhat cho mét twong lai nang
lwong bén vikng va pin nhién liéu cung cap, dwoc cho
14, thiét bi chuyén ddi hiéu qua nhat dé chuyén hydro
va cac nhién liéu mang hydro khac thanh dién.

Sy phat trién clia cong nghé san xuét, lwu trir va
str dung hydro can dwoc thiét lap d& dong vai tro
trung tam trong viéc giai quyét cac médi quan tam

ngay cang tang vé& phat thai carbon va bién dbi khi
hau, cing nhw tinh s8n cé va an ninh cGa nguén
cung cap nang lvong trong twong lai. Van con mét
chang dwong dai dé di trwde khi mét cude cach mang
nang lwong hydro thue sw cé thé xay ra - nhwng day
sé& la mot hanh trinh hap dan, tha vi. Cac hé théng
nang lwong hydro dwoc biéu dién trén hinh 2.
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Hinh 2: C4c hé théng néng luong hydro (Nguén: L.M.Das, 2016)

Chudi gia tri hydro la chudi gia tri gia tang trong
qua trinh tao ra gia tri cho néen kinh té.
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Hinh 3: Chuéi gia tri hydro (Nguén: N.Frischauf 2016)

Cac hé théng nang lwong hydro va chudi gia tri
hydro c6 lién hé mat thiét v&i nhau. Chudi gia tri nhan
manh vao gia tang gia tri trong chudi va dé xuét gia
tri cho khach hang. Bién tao ra tlr st dung hydro co
thé phuc vy hau khép cac nganh nghé.

Xét riéng hydro phuc vu nganh giao théng van tai,
mot nganh cd mirc dd gay 6 nhiém khéng khi cao, 1am
vi du. C6 2 phuong thire chinh @& san xuét hydro va di
kém la céac hé théng trang thiét bi va ha tng ky thuat.
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Hinh 4: B tri cac cdu phén ca tram nap hydro Iéng hodc khi
(K. Reddi et. al., 2016)
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Hinh 4 minh hoa hé théng san xuét hydro tai chd;
hinh 5, hé thong san xuat hydro & xa noi st dung.
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Hinh 5: Céng nghé st dung dé van chuyén va phén phéi hydro
(K. Reddi et. al.,, 2016)

DAau ra va tham khao mét s6 trng dung thyec tién
cho ngudn nhién liéu twong lai

Mét trong nhirng (ng dung thuc tién nhat ctia hydro
chinh la st dung cho xe ¢ -phwong tién giao thdng van
tai (xe hoi ding dong co' dét trong, xe dién dung “pin”
nhién liéu), may phat dién (kiéu “pin” nhién liéu), chay
dong co dét trong (dung trwe tiép hodc phat dién).

San it Tai ché
nhién liéy xch

nhién ligy

Hinh 6: Céc duong dan va qua trinh sén xuét hydro
(C.Wulf, M. Kaltschmidtt 2016)

Hinh 6 chinh 1a m6 t& khai quat hoa cac duwong dan
va qua trinh san xuét hydro lién quan dén di chuyén
bang xe cd chd ngudi. Bon khéi chinh 1a san xuét, phan
phdi nhién liéu, san xuét xe cd va tai ché chang.

Hydro Ia nguyén t& héa hoc phong phu nhéat trong
vl tru va co kha nang tiéu ton it hon nhiéu so voi
xang. La mot loai nhién liéu cho xe ¢d, n6é co thé
duwoc lwu trlr dwdi dang khi nén hoac chét 16ng. N6
c6 thé dwoc tao ra tr mot sd ngudn, nhwng ngay nay
hau hét hydro dwoc chiét xuét tir khi tw nhién. Khi
dwoc str dung trong cac loai xe chay bang pin nhién
liu, vén da dwoc nhidu nha san xuét 6 t6 phat trién,
hydro khdéng tao ra cac chét & nhiém ddc hai, va khi
dwoc st dung trong dong co dét trong, lwong khi
thai cwc ky thap. Khi bat ngudn tir cac ngudn tai tao
nhw nang lwong mét troi, khdng cé khi thai carbon
dioxide.
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Xe chay béng pin nhién liéu hydro ‘ngay nay co
thé di dwoc 150-300 dam trwde khi can tiép nhién
lidu. Hién trén thé gi®i, da co cac dobi xe voi xe buyt
chay bang pin nhién liéu hydro, 6 t6 va xe tai tién ich
hang nhe, cling nhw cac phuong tién chuyén doi
dong co dét trong st dung nhién liéu hydro. Khi cac
phwong tién st dung nhién liéu thay thé va cac tram
nap nhién liéu thay thé cé nhiéu hon trong nhirng
nam t&i, sé it phu thudc hon vao xang lam nhién liéu.
Hydro dwoc nap ngay nhw xéng va khéng can che
sac dién nhw cac loai xe dién dung accu.

Mét sé irng dung pin nhién liéu trong thuec tién

Chiéc may bay phan lwc khéng nguwdi lai chay
bang pin nhién liéu hydro, dwoc goi la Hyfish, da bay
gan Bern, Thuy ST. HyFish c6 chiéu dai than 1a 1,2m
va sai canh dai 1m.

D an may bay trinh dién pin nhién liéu ctia Boeing
bat dau vao nam 2003 va da tién hanh bay thir
nghiém mét chiéc may bay c6 ngudi lai chay béng
pin nhién liéu va pin nhe.

Horizon Fuel Cell Technologies cé hé théng nhién
liéu hydro danh cho 6 t6 mé hinh diéu khién tir xa.

Xe buyt hybrid chay bang pin nhién liéu dau tién cta
New England da dwoc st dung trén dwéong phéd Hartford.

Nuvera Fuel Cells cung c&p cho Toro Company
hé thdng pin nhién liéu PowerFlow PFV-5 dé tich hop
vao xe tién ich Toro Workman.

Tap doan 6 t6 Toyota cung cap hé théng dong
phat dién pin nhién liéu dan dung 1 kW chay bang
khi dbt trong thanh phé cho Toho Gas Co.

Nganh cong nghiép 6 t6 tin rang hydro la giai phap
t6i wu, nhung phai mat mét thap ky hodc hon niva 6 to
chay bang hydro va co s& ha tang hé trg' ching méi
dwoc phé bién rong rai. Trong khi do, cac loai nhién liéu
thay thé khac sé dong vai trd nhw nhitng budrc tién i
mot twong lai st dung nhién liéu hydro. Truwéc maét 1a
nhiéu loai xe dién hybrid v&i gia thanh va pin dwoc cai
thién, cling nhw céac loai xe dién hybrid cam dién duwoc
két ndi voi lwai dién béng nhiéu ngudn cda no.

Két luan

An ninh nang lvgng la mét trong nhirng chinh
sach wu tién hang dau ctia moi qubc gia. Mot cude
cach mang nang lvong dang dién ra va sé dugc thuc
day bdi s quan tam dén mai trwdng, kinh té va cac
nhu ciu san lwong dién.

Hydro 1a mét nhan té thay thé chinh cho nhién liéu
hoa thach trong cong nghiép va la nhan t6 chinh trong
cudc dua khong phat thai rong CO, trwéc 2050. Nhuwng
liéu co du hydro dé dap wng sw tang trwdng ky vong,
san xuét khi kiéu cacbon thap s& can phai dwgc md
rong qui md. Cung chao don nhirng nghién ctru va phat
trién moi nhéat trong twong lai khéng xa./. v
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HYDROGEN - A KEY FACTOR IN THE
RACE TO NET ZERO EMISSIONS BY 2050

Preamble

Hydrogen is an attractive alternative fuel. However,
unlike coal, gas or oil, hydrogen is not the primary
source of energy. Hydrogen can be produced from
diverse resources, both renewable (hydroelectric,
wind, wave, solar, biomass and geothermal) and non-
renewable (coal, natural gas and nuclear). It can be
stored as a fuel and used in heat transport and
distribution and power generation systems using fuel
cells, internal combustion engines or turbines, with a
single by-product at the point of use is water.

Hydrogen's ability to replace fossil fuels in the
transportation sector could solve one of the world's
major environmental problems. Hydrogen can also
be used as a means of storing electricity generated
from solar, wind, wave and tidal energy; therefore it
provides the main solution of sustainable energy. As
long as hydrogen is produced from non-fossil fuels,
it is a true "green" fuel.

The typical hydrogen energy supply chain would
include the production, distribution, and supply of
hydrogen through hydrogen storage and use. The
energy chain for sustainable hydrogen energy will
involve capturing clean energy sources to generate
hydrogen, storing and delivering this energy carrier to
its use in an end device, focusing on fuel batteries or
combustion in which it is converted into electricity.

The realization of a hydrogen-based economy
could have enormous environmental and economic
benefits, and enhance energy security. However, the
transition from a fossil fuel-based energy system to
a hydrogen-based economy involves significant
technological and socioeconomic barriers. Hydrogen
has outstanding potential to be a key player in the
transition from a carbon-based global energy
economy to a clean, renewable and sustainable
economy.

Green fuel input for the economy

Hydrogen is abundant, being the most common
element in the universe. The sun consumes 600 million
tons of it each second. But unlike oil, large reservoirs of
hydrogen are not to be found on earth. The hydrogen
atoms are bound together in molecules with other

‘DR.IRAN ANH QUAN,
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elements, and it takes energy to extract the hydrogen
so it can be used for combustion or fuel cells.

Hydrogen is a sustainable, non-polluting source
of power that could be used in mobile and stationary
applications. As an energy carrier, it could increase
our energy diversity and security by reducing our
dependence on hydrocarbon-based fuels. Although
hydrogen is the simplest element and most plentiful
gas in the universe, it never occurs by itself but is
always combined with other elements such as
oxygen and carbon. Some of the main production
technologies are:

« Steam methane reforming from natural gas. This
process converts methane and other hydrocarbons
in natural gas into hydrogen and carbon monoxide
using a reaction of steam on a nickel catalyst:

* Electrolysis is the process of using electricity to
split water into hydrogen at the cathode (-) and
oxygen at the anode (+). Steam electrolysis uses
heat to provide some of the energy needed to
separate water and can make the process more
energy efficient (Most widely used).

* Thermochemical water separation uses chemicals
and multi-step heating to decompose water into
hydrogen and oxygen.

* Photolysis is a photo electrochemical process
that uses sunlight and catalysts to split water.

 Biological and optical water separation uses
sunlight and biological organisms to separate water.

» Thermal water separation uses a high temperature
of 1000°C to separate water.

» Biomass gasification uses microorganisms to
break down various biomass materials into hydrogen.

If hydrogen is generated from renewable energy
sources, its production and use can be seen as part
of a clean, natural cycle.

Fossil fuels are rapidly depleting, leading to an
energy (fuel) crisis. In addition, the burning of fossil fuels
is causing rapid degradation of the environment.

Considering the fuel segment for internal combustion
engines alone, what is needed is a "clean burning
fuel”, which can be obtained from renewable sources,
determined to ensure the safe and long-term
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existence of the internal combustion engine. Hydrogen
fuels are promising with the potential to eliminate
fossil fuel starvation and environmental degradation
caused by burning them.
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Figure 1: Water cycle (Source: L.M.Das, 2016)

Hydrogen is a fuel (basic resource) that can be
recycled in a short period of time, shown in Figure 1.
Water molecules can be separated using fossil fuels or
a variety of non-fossil fuels such as solar, wind, nuclear,
organic waste, and others. When hydrogen is ignited,
steam escapes from the engine's exhaust and this
water returns to the biosphere, where it came from.

There are major hurdles on the path to achieving
the vision of the hydrogen economy:

- To develop and introduce cost-effective, durable,
safe, and environmentally desirable fuel cell systems
and hydrogen storage systems;

- To develop the infrastructure to provide hydrogen
for the light-duty-vehicle user,;

- To reduce sharply the costs of hydrogen
production from renewable energy sources, over a
time frame of decades;

- To capture and store (“sequester”) the carbon
dioxide by-product of hydrogen production from coal
and natural gas.

Infrastructure for the development of this green
new energy source

The widespread use of hydrogen as an energy
carrier will depend significantly on the availability of
efficient, clean and economic techniques to use and
convert it to electricity/heat. The synergistic addition
of hydrogen and electricity represents one of the
most attractive avenues for a sustainable energy
future, and fuel cells offer, arguably, the most efficient
converter for transferring hydrogen and other
hydrogen-carrying fuels into electricity.

The development of technologies to produce,
store and use hydrogen needs to be established to
play a central role in addressing the growing concerns
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about carbon emissions and climate change, as well
as the availability of hydrogen and security of future
energy supplies. There's still a long way to go before
a true hydrogen energy revolution can happen, but it
will be a fascinating, exciting journey. Hydrogen

energy systems are shown in figure 2.
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Figure 2: Hydrogen energy systems (Source: L.M.Das, 2016)

The hydrogen value added supply chain is
significantly contributing to the process of creating
value for the economy.

O 0 1O
T
s \ | ‘ '
! San xuat H, | LeutrrH, | Phén phéi H, | St dung H,
= Diénphan = Hoé chat
» Caibién = Dbt chay
= Nhiét = Pinnhién liéu

Figure 3: Hydrogen value chain (Source: N.Frischauf 2016)

Hydrogen energy systems and hydrogen value
chains are closely related. The value chain
emphasizes adding value in the chain and offering
value to the customer. Electricity generated from
hydrogen can serve almost any industry.

Considering hydrogen for the transportation
industry alone, an industry with a high level of air
pollution, for example. There are two main ways to
produce hydrogen and the accompanying equipment
systems and technical infrastructure.
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Figure 4: Component layout of a liquid or gaseous hydrogen
filling station (K. Reddi et al., 2016)





