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Hydro - giai phap ning lwong sach cho twong lai va tiém
nang san xuat tir nguon nang lwong tai tao tai Viét Nam:
mot nghién ciru véi treong hop nha may Pam Ca Mau

Ngb Ha Son*
Khoa Ddu khi va Ning lwong, Trudong Pai hoc M6 - Dia chdt, Viét Nam

Tém tat

Hydro dang tré thanh mét yéu té quan trong trong xu huéng chuyén dich ndng lwong toan cdu. Véi khd
ndng cung cdp ndng lwong ma khéng tao ra khi thdi gdy hiéu trng nha kinh, hydro cé thé déng mét vai
tro quan trong trong viéc gidm bt sw phu thudc vao nhién liéu héa thach. Ddc biét, viéc sdn xudt hydro
ttr nguén ndng lwong tdi tao - nhw dién gié va dién mdt troi - dang mé ra nhieng co hgi méi cho sw phdt
trién bén vieng. Cong nghé hién tai cho phép chiing ta chuyén héa ndng lwong tdi tao thanh hydro théng
qua qud trinh phén ly nwéc, tao ra mét ngudn ndng lwong sach cé thé dworc lwu trie va vdn chuyén. Tuy
nhién, van con nhiéu thdch thitc cdn dwoc gidi quyét, bao gém viéc lam gidm chi phi sdn xudt va phdt
trién ha tdng phdn phéi. Du vdy, vdi nhitng tién by cong nghé gdn ddy, hydro tir ngudn ndng lwong tdi
tao dang tré thanh mét khd ndng ngay cang hdp dan trong twong lai gan.

Ttr khda: hydro, chuyén dich ndng lwong, dién phdn nwéc, phdt trién bén virng, cong nghé sdn xudt hydro.

1. Mé dau

Hydro (Hz), thwong dworc goi la ‘hydro’, dang ngay cang dwoc cong nhan la mot vector nang
lwong sach va dang tin ciy cho viéc gidm carbon va loai bo nhién liéu héa thach [1]. Nhu cau toan cau
vé hydro dv kién tang ttr 70 triéu tin vao nam 2019 1én 120 triéu tdn vao nam 20241 [1]. Hydro dworc
san xuat théng qua qua trinh phan ly nwéc, mot qua trinh tach nwée thanh hydro va oxy, st dung dién
nang dwoc tao ra tir cAc nguon tai tao [2]. Tuy nhién, viéc mé rong san xuit hydro xanh déi mat véi
nhiéu thach thirc - nhwng cong nghé sé hién dai c6 thé cung cip mot sé giai phap [2].

Cac cong trinh nghién ctru da chi ra rang viéc két hop hydro dwoc tao ra tir qua trinh dién phan
véi viéc Ivu trir hydro trong cac mdi treong 16 chd dwdi long dat nhw cac hod chira dia chat va hang
muoi phtt hgp véi viéc chuyén déi ndang lwong dw thira vao thoi diém khong cao diém dé dap g nhu
cau vao thoi diém cao diémh. Cac céng trinh nghién ctru khac da chi ra rang viéc st dung hydro dé luu
trit sdn lwong dw ctia Nang lwong tai tao (Renewable Energy - RE) la mot giai phap hira hen dé dat
dwoc mot nén kinh té hydro 100% tai tao va bén virng [3].

Tuy nhién, mic du hydro xanh dang thu hut sw chi y tir cdc nganh cong nghiép, né van déi mat
vGi nhiéu thach thirc. Mot trong nhitng thach thirc 1ém nhat la viéc thiéu hi€u biét vé thiét ké tdi wu va
loi tirc d4u tw, do d6 han ché kha nang thanh khoan [4]. Ngoai ra, nganh cong nghiép hydro xanh con
thi€u ngudén nhan lyc chuyén mén va chi phi hoat déng cao [4].

Trong bai bdo nay, tac gid sé nghién ctru cac xu hwéng hién tai trong viéc chuyén dich sang st
dung hydro trong nganh san xuit nang lwong, cing nhw kha ning san xuit hydro tir cic nguén nang
lwong tai tao. Tac gia cling sé so sanh cac thanh twu da dat dwoc trong cong nghé san xuat hydro va dé
xudt cac hwéng di ti€p theo cho nganh cong nghiép nay. Dac biét, cic tinh toan so b vé viéc thay thé
mot phan khi tw nhién bang khi hydro trong phan ¢ng téng hop urea nham gidm thiéu khi thai gay
hiéu &rng nha kinh va da dang héa sdn pham dau ra ctia nha may ciing dwoc dé cip. Cac kich ban c6 lién
hé dén s bién ddi cta thi treomg nang lwong cling nhw kha nang dap trng va thich nghi cia viéc chuyén
doi sang str dung mdt phan nhién liéu hydro trong san xuit phan dam nay.

2. Vai tro ctia hydro trong chuyén dich nang lwong va cac cong nghé san xuat hydro

* Tdc gid lién hé
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Chuyén dich nang lwong1a mot xu huwéng toan cau, trong d6 viéc tim kiém va st dung cac nguén
nang lwong thay thé, tai tao dang dwgc wu tién [5]. Trong qua trinh nay, hydro déng mot vai tro quan
trong [3,6,7] . Cac phwong an hién nay dé thuc hién viéc chuyén dich nang lwgng hiéu qua bao gom
viéc tap trung vao viéc loai bo din nhiét dién than, déng thoi quan ly tic déng ciia qua trinh chuyén
doi nay déi véi ngudi dan va doanh nghiép hoat déng trong nganh than [8] [9]. Pong thoi, cin xem xét
vai tro thich hop cta cadc nguon nhién liéu chuyén doi, vi du nhw khi thién nhién [10].

Mic du tdng nhu ciu nang lwong trong van tai, din dung va san xuat khong thay déi dang ké
trong giai doan 2020-2050, xu hwdng dién hoa va ting hiéu qua st dung niang lwong dan dén sw suy
giam nhu ciu san phdm dau mé (Hinh 1a, b). Bén canh d6, sw gia tang thinh virong trong nén kinh té,
sw néng l1én toan ciu, xu thé dién hoda, sé lam tang nhu ciu st dung dién ctia cac ho gia dinh. Ngoai ra,
linh vuc cong nghiép nidng sé ghi nhin sy thay thé cta khi tw nhién/LNG cho than, dé ting hiéu suat va
dam bao yéu té moi trweong [11] [12] [13].

Trong linh vwc vén tai, van tai dwong bo chiém 80% téng nhu ciu nang lwgng cho khoi véan tai.
Do xu hwéng dién héa va hiéu suit st dung nang lwgng ting, mac du s6 lwong phwong tién ting manh
gan 100%, nhwng nhu ciu lai gidam. Dong lwc chinh cho xu hwéng chuyén dich nay dén tir chinh sach
dé giam phat thai va sw giam chi phi cia c6ng nghé pin lwu trir cho xe BEVs (Battery Electric Vehicles)
va FCEVs (Fuel Cell Electric Vehicles ) [14]. Van tai bién va hang khong chiém khoang 4% tong nhu ciu
ning lwgng toan cau. Tuy nhién, xu huwéng dién hoa sé 1a khong dé dang trong linh vuc van tai bién va
hang khéng (van tai hang ndng). Do d6, cac ngudn nang lwong nhw LNG va NH3/H; va electrofuels sé
dan thay thé HFO (Heavy Fuel Oil)/LSFO (Low-Sulfur Fuel Oil)/MGO (Marine Gas Oil) trong van tai
bién, trong khi biofuels sé thay thé mot phan lam nhién liéu cho may bay. Trong thuec té, & khoang cach
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Hinh 1b. Nhu cdu ndng Iwong cta thé gidi theo linh vwec (nguodn: IEA, DNV 2020).
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ngan, hang khong c6 thé bi canh tranh béi sw phat trién clia tau dién/tau cao tdc (xu hwéng dién hoa).
Ngoai ra do anh hwdng cia dai dich Covid-19, birc tranh nganh hang khéng cé thé bi anh hwdng. Dé
dat muc tiéu IMO 2050, co cdu nhién liéu cho van tai bién sé c6 sw thay d6i manh véi viéce ting ty trong
nhiéu liéu it hodc khong phat thai CO2. H; cling dang dwoc xem xét str dung cho cac may bay hang nhe.
Viéc str dung Hz 10ng sé gitp giam khdi lwong, nén c6 thé stir dung cho cac may bay 16n hon [15].

Hydro c6 vai tro quan trong trong qua trinh chuyén dich nang lwong. Hydro cé thé dwogc st
dung lam “chit mang nang lwong sach” va 1a phwong tién lwu trix, van chuyén ning lwgng tai tao va
nguyén liéu trong cac nganh cong nghiép. Tai Viét Nam, trong cac nganh cong nghiép, hydrocarbon tir
cac nguon nhw khi thién nhién, LPG, naphtha dwoc st dung dé san xuit hydro thong qua qua trinh
reforming hoi nwéc hodc cac phan xwdng cong nghé tai nha may loc daut. Tuy nhién, dé théa man yéu
cau vé sy phat trién bén vitng, cAic ngudn nguyén liéu dua trén hoa thach dang dan duwoc thay thé bang
cac ngudn tai tao3. Do dd, qua trinh san xuit hydro dang dian chuyén sang qua trinh dién phin nwéc st
dung nang lwong tai tao*. Hydro tai tao, mdt phwong phap lwu trir nang lwgng, dac biét 1a nang lwgng
tai tao, dwoc dw dodn sé tré thanh phwong phap chinh dé san xuat hydro cho cac nganh céng nghiép
va nhién liéu trong twong lai. O’ cc khu vire ¢6 ngudn sinh khoi, hydro c6 thé dwgc san xuit thong qua
qua trinh khi héa sinh khoi. Tuy nhién, viéc trién khai san xuét hydro gap phai mot s6 vin dé. Mac du
cong nghé khi hoa sinh khoi da dwoc thwong mai héa hoan toan, cong nghé dién phan nwéc méi duwoc
thwong mai hda mét phén [16]. Mot van dé khac la gid thanh san xuat hydro con cao [17].

Pén nam 2050, hydro c6 kha nang cung cip gan 29 E]J trong nhu ciu ning lwong toan ciu, hai
phén ba dén tlr cAc ngudn téi tao (tdng nhu ciu nang lvgng 2050: 500 - 700 EJ) [15].

Linh virc cong nghiép (chu yéu la trong cac phan nganh sat/thép va SX ammonia) tiéu thu 14
EJ hydro tai tao 1 EJ = 278 ty kWh ~ san lwong dién 1 nam cda Viét Nam

Trong linh virc van tai, hydro c6 thé dwoc stt dung trong cac xe dién chay bang pin nhién liéu
(FCEV), cht yéu d€ van chuyén hang héa cong kénh va van tai hanh khach, véi khoang 4 E] mdi nam
vao nam 2050.

Trong linh vuc nhién liéu dan dung, hydro dwoc pha trén véi KTN hodc két hop dé tao ra khi
methane téng hop va dugc van chuyén trong mang ludi khi.

Vi du cu thé, Tap doan Dau khi Viét Nam (PVN) da tién hanh mdt s6 nghién ciru dé danh gia so
bd vai tro cta hydro trong bic tranh chuyén dich ning lwong va khao sat so bd kha nang san xuét
hydro tir cic nguon tai tao [18]. Tuy nhién, két qua tinh todn so' bo cho thiy, khi str dung H; thay thé
khi tw nhién cho sdn xuit dam tai Nha may Pam Ca Mau, gia Hz san xuit ra can thap hon khodng 2
USD/kg Hz dé dam bao c6 1¢i.

Dé trién khai qua trinh san xuat hydro tai tao & quy mé cong nghiép tai Viét Nam, cac vian dé
sau can duoc xem xét:

- Nguon nuérc, cé thé 1a nwde séng, nwéde bién hodc nwde da dwoc khir khoang, tuy thudc vao
dia phwong, cin dwoc xtr Iy so bo dé loai bd cac tap chat. Hién nay, mot s6 nghién ciru dang tip trung
vao viéc phat trién cac hé thong dién phan cé thé hoat déng truc ti€p v&i nwée bién.

- Ngudn sinh khdi, c6 thé 1a cAc phu phdm nong nghiép nhw rom ra, vé trau, 16i bip va ba mia,
phan bd rong khip ca nuéc nhung tén kém chi phi thu gom, van chuyén va tién x ly. Cong nghé khi
héa sinh khéi cho phép tao ra khoang 50 kg hydro tir méi tdn sinh khéi.

- Ngubn nang lwong tai tao, c6 thé la dién gi6 hodc dién mat troi, hién tai c6 chi phi san xuit
thap hon va dwoc hwdng gid mua wu dai. Cac ngubn nay c6 thé canh tranh dwoc véi cdc nguén nang
lwong truyén théng néu tinh dén chi phi méi treong. Mot van dé cin giai quyét 1a viéc ddu ndi dé duwa
dién tai tao vao hé thong lwéi dién quéc gia.

Tém lai, hydro c6 tiém niang l16m trong qua trinh chuyén dich ning lwong. Tuy van con mdt s
thach thirc nhw gia thanh cao va cong nghé chwa hoan thién, nhwng véi sy phat trién ctia cdng nghé va
téc d6 phat trién cia nganh nang lwong tai tao, hydro c6 trién vong tré thanh mot phan quan trong cia
hé thong nang lwong trong twong lai.

Cac cdng nghé san xuit hydro phd bién nhit hién nay dworc trinh bay trong Bang 1 [19-21]:

- Reforming/khi hoéa khi thién nhién (Natural Gas Reforming/Gasification): Hon hop cta
hydro, carbon monoxide va mot lwong nhé carbon dioxide dwoc tao ra bang cach phan (g cia khi tw
nhién v&i hoi nwdc & nhiét dé cao (700°C - 1.000°C). Phwong phéap nay la ré nhit, hiéu qua nhit va phd
bién nhat.
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Bdng 1. So sdnh cdc cong nghé sdn xudt hydro dang dworc dp dung hién nay [22].

Cong nghé Nang lwgng cung Nguyén liéu Hiéu suit | Tinh trang nghién
cap (%) ctru/trién khai

Reforming hoi nwéc Nhiét Hydrocabon(HC) | 70 - 85 Thwong mai hoa
Oxi hod mot phan Nhiét HC 60-75 Thwong mai hoa

Reforming tu gia Nhiét HC 60-75 Ngan han

nhiét

Plasma reforming bién HC 9-85 Dai han
Reforming pha léng Nhiét Carbohydrate 33-55 Trung han
Reforming amoniac Nhiét NH; NA Ngan han
Khi hoa sinh khdi Nhiét Sinh khéi 30-50 Thwong mai hoa
Quang phan Nang lwvong mat troi | Nwdc 0.5 Dai han
Lén men toi Nang lwong sinh hoa | Sinh khéi 60 - 80 Dai han
Quang lén men Nang lwong mét troi | Sinh khéi 0.1 Dai han
bién phan dung moi bién Nwéc 50- 60 Thwong mai hoa
kiém (Alkaline)
Dién phan mangtrao | Dién Nwéc 50-70 Thwong mai héa
doi proton (PEM)
Phan ra nhiét hod hoc | Nhiét Nwéc NA Dai han

- Cong nghé dién phan: Pay 1a mot cong nghé da dwoc thwong mai héa mot phan. Chi phi san
xuit hydro - H; bang phwong phap dién phan nwéc c6 thé canh tranh véi phwong phap truyén théng
(reforming hoi nwére khi tw nhién) néu c6 thé giam dworc chi phi dau tw (capex) va gidm gia thanh dién
dau vao.

- Reforming chat 16ng c6 nguon géc tir sinh khoi.

- Chuyén doi sinh khoi vi sinh vat.

Ngoai ra, con ¢c6 mdt s6 cong nghé hién dang dwgc phat trién nhw: Tach nwéc nhiét héa hoc,
tach nwdc bang quang sinh hoc va tach nwéc quang dién hda.

Mic du cac cong nghé san xuit hydro mang lai nhiéu lgi ich, chiing ciing gédp mot so6 thach thic:

- Lwu trir con bi han ché vé cong suét.

- Viéc van chuyén gap nhiéu khé khan.

- Chi phi dé san xuat hydro tir qu4 trinh dién phan dat do.

- Cung mot lvgng twong dwong nhw nhau, hydro san sinh it nang lwgng hon la xang. Nén dong
co chay bang hydro c6 cong suit yéu hon dong co xang.

- Khi hydro con 1am cho binh chita bang kim loai tré nén gion hon (do tinh tan dugc trong kim
loai).

Tuy vay, vdi su tién bo ctia cong nghé va su ting trwdng clia nganh nang lwong tai tao, hydro
c6 trién vong tré thanh mét phin quan trong cia hé théng nang lwong trong twong lai.

Chi phi cta cic phwong phap san xuit hydro dwoc trinh bay trong Bang 2. Hién nay, nhw da
trinh bay & trén, phwong phdp san xuit hydro phé bién nhét la chuyén héa tir nhién liéu hda thach,
nhung phwong phép nay gay ra khi thai nha kinh va 6 nhiém méi trrdmg. Mot phwong phap sén xuit
hydro thay thé la dién phan nwéc, trong d6 duing dién dé tach nwéc thanh hydro va oxy. Phwong phap
nay c6 nhiéu wu diém so v&i cic phwong phap thong dung khac [23], cu thé nhw sau:

Dién phan nwéc 1a mot qua trinh sach, khong gay ra khi thai nha kinh hay 6 nhiém méi truong.
Néu str dung dién tlr cAc nguon tai tao, nhw gié, mat troi hay thay dién, qua trinh nay con gitp giam
lwong carbon trong chu trinh nang lwong.

bién phan nwéc la mot qué trinh linh hoat, c6 thé dworc diéu chinh theo nhu ciu va diéu kién
ctia nguoi str dung. N6 c6 thé dwoc thuwe hién & quy mo nho 1€ hay 16m, & cic dia diém xa x6i hay gan
cac khu vuec tiéu thu. N6 ciing c6 thé két hop voi cac cong nghé lwu trir va van chuyén hydro khac dé
tao ra cac hé thong nang lwong hiéu qua va bén virng.
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Bdng 2. Chi phi ctia cdc phwong phdp sdn xudt hydro [19], [20].

A Chi phi san xuit Hz
Qua trinh (USD /ke)
Reforming khi tw nhién 1.03
Reforming Kkhi tw nhién + hé théng thu hoi va ton chira CO: 1.22
Reforming khi tw nhién + hé thong thu hoéi va tén chira CO2 + 156
hé thdng tinh ché H2 bang hip phu '

Khi ho4 than 0.96
Khi hod than + hé thong thu hoi va ton chira CO2 1.03
Dién phan st dung dién gi6 6.64
Khi hoa sinh khéi 4.63
Nhiét phan sinh khéi 3.80
Phan rd nwdc bang nhiét nguyén ti 1.63
bién phan nwéc 24-6.7

Dién phan nuwéc 1a mot qua trinh tién tién, c6 tiém nang phat trién va cai tién trong twong lai.
Cac nha khoa hoc dang nghién ctru cac cong nghé méi dé gidm chi phi, ting hiéu suit va do bén ctia cac
thiét bi dién phan. Cac rng dung méi ctia hydro ciing dang dwoc kham pha va trién khai, nhw xe chay
bing pin nhién liéu, may bay khong ngwoi 14i hay may bay ché khach.
3. Cong nghé san xuat hydro bang qua trinh dién phan nwéc

Cong nghé dién phan nuwéc dé san xuit hydro vé mat ki thuat c6 thé dwoc gidi thiéu tom tat
trong so' d6 & Hinh 2:

Hé théng dién bao gdm moét cap dién cuc ngdm trong dung dich kiém (KOH) & nong do6 25 dén
30% va dwoc ngan cach bodi mang ngan. Chit dién phan la mang polyme ¢ tinh axit cho phép trao doi
cac proton (H+). Pién phin bang oxit rin - solid oxide electrolyzer (SOE), 1a thiét bi dién phan nhiét do
cao (High Temperature Electrolyzer - HTE), thyc hién dién phan hoi nwéc & nhiét dd cao, mang lai
hiéu qua cao hon. Tuy nhién, cdng nghé ndy chwa sdn sang dé dwoc thwong mai héa vi van dé vé do
bén clia hé phan g & diéu kién khac nghiét [19]. CAc thong tin so sanh vé cic cong nghé dién phan
nwdc hién nay dworc trinh bay trong Bang 3.

Alkaline Electrolysis PEM Electrolysis Solid Oxide Electrolysis
I.,tj-, | F : [ e, ,{ }

H,0 H,0

’ 4 ol-
o, = ": H,

Anode (Ni, Co, Fe) Cathode (Ni/C) Anode (Ir) Cathode (Pt) Anode (LSM) Cathode (Ni/YS2)

Diaphragm Polymeric membrane Ceramic oxide

Anode

[EXLLEEN  4H,0 + 4 — 40H + 2H, 4H*+ 4e” — 2H, H,O +2e" — H, + O%

Hinh 2. Sor @6 phwong phdp dién phdn nwéc dé€ sdn xudt hydro.
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Chi riéng chi phi dién (trung binh 30%) da chiém mét phan chinh trong tong chi phi san xuit hydro
tir dién phan va n6 phu thudc vao dién tich 1p dit, s6 gio van hanh (load hours) va dia diém dit hé
théng dién phan. Theo IRENA, hydro san xuit tir dién c6 thé canh tranh néu gia dién giam xudéng dwdi
30 USD/MWh hodc néu chi phi dién phan gidm dang ké. Gidm chi phi cho dién nang sé ting cwong hiéu
qua chi phi cta viéc san xuit hydro thong qua qua trinh dién phin. Diéu nay dic biét quan trong & Hoa
Ky, thi tredmg dién nang lwong mit troi 1on thi hai trén thé gidi, noi ma hién tai da c6 cac hop dong
mua ban dién (PPA) v&i gia thiap hon $25/MWh [21] [24] [25].

Bdng 3. So sdnh cdc cong nghé dién phdn nwérc hién nay.

DPic tinh Don vi Kiém PEM SOE
Do phé bién ba thwong mai | Pathwong R&D
héa rong rai mai hoa
Nhiét do cia t& bao dién phan °C 60 - 80 50-80 | 900-1000
Hiéu suit dién héa % 62 - 82 67 - 82 81-86
Nang lvong tiéu thu riéng KWhN/m3 42-48 44-5.0 25-35
Do bén clia cac ngan Nghin gior 55-120 60-100 8-20
Do bén cia hé dién phin nam 20-30 10-20 -
Do tinh Khiét ciia hydro % <99.8 99.999 -
Thoi gian khéi dong cia hé phut 15 <15 >60
Sudt dau tw (2017) EUR/kW 750 1200 >2000

Sw phét trién cia san xuat dién tir ndng lwong tai tao c6 thé dan dén gia dién 4m trong twong
lai. Diéu ndy tao ra mot co hoilém cho viéc san xuat hydro tir dién, gitp can bang hé théng dién lwdiva
tan dung cac thoi diém gia dién thap (thap diém). Khi gia dién giam, viéc san xuit hydro tré nén kinh
té hon, gitp toi wu hoa viéc str dung nang lwgng va tao ra mét ngudén nang lwong sach, bén virng cho
twong lai.

Hién Viét Nam van chwa c6 co ché dic thu cho hgp dong mua ban dién truc tiép tir ngudn ning
lwong téi tao. Trong khi d6, déi véi dién tir nang lwong tai tao, cac quéc gia trén thé gi¢i da thuwe hién
co ché mua ban dién truc tiép (vé mit thwong mai), gitip cat gidm khau trung gian, gidm chi phi, ting
tinh canh tranh.

4. Tinh toan so’ bd hiéu qua Kkinh té cho trivdrng hop thay thé mot phian khi tw nhién bang Hydro
tai nha may dam Ca Mau

Trong qua trinh san xuit dam, hydro 1a thanh phin quan trong dé téng hop ammonia va urea.
Hydro duoc tao ra cht yéu tir khi thién nhién théng qua qua trinh reforming hoi nwéc, trong dé khi
thién nhién phan tng v&i hoi nwéc dé tao ra hon hop syngas gobm H; va CO. Lwong hydro thu dwoc
phu thudc vao ham lwgng CO- cé trong khi thién nhién. Nha may Pam Pha M§ va Pam Ca Mau 1a hai
nha may dam 16m ctia Viét Nam, cung cip khoang 1,6 triéu tAn urea moi nim, gép phan dang ké vao an
ninh lwong thuc qudc gia. Tuy nhién, do sw suy giam vé san lwong va chit lwong cla cac nguodn khi
trong nwérc, cing véi xu hudng tang gia cta khi thién nhién, cic nha may dam cin phai tim kiém céc
giai phap da dang héa nguén nguyén liéu dé dam bao hoat déng 6n dinh, hiéu qua va bén virng. Trong
dai han, khi cdc nguén khi trong nwéc c6 ham lwong CO2 ngay cang cao, viéc bo sung nguon H; la thiét
yéu. Bén canh d4, cic nguon khi thién nhién giau CO; cta Viét Nam (chiém hon nira tong trir lwong
khi) 1a mét nguon tiém nang can dworc khai thac hiéu qua. Do d6, dé str dung dworc ca hai thanh phan
hydrocarbon va CO; c6 trong khi cho muc dich san xuit dam, viéc c6 nguon hydro b6 sung la diéu kién
tién quyét. Nhuw vay, viéc tim kiém cac phwong phap tao ra nguén hydro b6 sung véi chi phi thap la yéu
cau then chét dé khai thac dwoc cac ngudn khi thién nhién giau COz1am nguyén liéu cho nha may dam.

Viéc tn dung dwoc nguon khi giau CO; tai Viét Nam va bo sung hydro dé san xuit nhién liéu
sach va hiéu qua 1a co s& dé thuc hién du 4n dau tw. Hydro c6 thé dwoc san xuit tir ngudén nang lwong
tai tao nhw dién gio, dién mat trod, hodc tir qua trinh dién phan nwéc, khi hoa sinh khéi... Hydro tai tao
dwoc san xudt bang cach dién phan nuwéec, véi chi phi chi yéu phu thudc vao dau tw ban dau va gia ning
lwong. Cac phwong phap hién tai cho phép hiéu sut tir 70% dén 80%. D€ san xuat 1 kg hydro, can
khoang 50 dén 55 kWh dién [26]. Bang cach st dung cdng nghé nay, lwong khi thai giy hiéu tng nha
kinh c6 thé duwoc gidm thiéu va c6 kha nang tham gia déng gop vao muc tiéu phat trién xanh cta Viét
Nam. Ngoai ra, viéc thay thé ciling c6 thé da dang hda san phadm clia cAic nha may dam bang cach chuyén
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sang san xuit cac héa chit khac nhw methanol, DME, formaldehyde,... Diéu nay sé gitp t6i wu hoa chi
phi san xuit, nang cao hiéu qua hoat déng ciia nha may, va mé rong thi phan.

Gia dinh: trong qua trinh sdn xuit Urea, CO; dwoc thu hoi tir hai nguén chinh: dong khi
Permeate va dong khi giau CO; ra khoi thiét bi tong hop Urea. So d6 qua trinh dwgc minh hoa & Hinh
3. Piéu nay dwoc thwe hién véi chi phi khong dang ké, tao ra mot ngudn CO; tai ché cé thé dwoc st
dung trong qué trinh tong hgp Urea. Viéc tai st dung CO, nay gitip gidm nhu cau CO; tir phdn &ng chinh
xudéng con 94%. D€ ddm bao cong suit san xuit Urea khong thay doi, lwu lwong khi nguyén liéu sé
dwoc gidm twong ing 6%. Diéu nay dong nghia v&i viéc phai bu thém 6% H: cho phan (ng téng hop
NHs. Nhu vay, thong qua viéc tai ché va tai sit dung CO,, chling ta khong chi gidam dwoc lwong khi thai
ra moi trirdng ma con t6i wu hda qua trinh san xuit Urea.

So d6 tinh toan so bo vé lwu lwgng cac dong dwa trén cac gia thiét thay thé mot phan khi tw nhién
bang hydro dwoc minh hoa trong Hinh 4. Dwa trén céc con sé tinh todn nay, viéc wéc tinh gia thanh san
xudt hydro theo cackich ban gia ctia cdc nguén dau va khi thong dung dworc thue hién. Cu thé nhw sau:

Truwong hop 1: Gia st gid khi 1a 0.46 lan gia HSFO (high sulfur fuel oil - gia nhién liéu nhiéu luu
huynh) cong véi 1.17 (thué dot). Véi gia HSFO 1a 35 USD/bbl va 1 bbl (barrel - thung) HSFO twong
dwong véi 6.287 MMBtU (Million British Thermal Units - triéu don vi nhiét Anh), gia khi Itic dé sé la:

2.56 +1.17 =3.73 USD/MMBTU
Khi d6, 6% nguyén liéu cung cap sé twong dwong véi 132 MMBTU /h, twong dwong véi 405 USD/h.
Do d6, gia H; toi da d€ c6 loi khi thay thé khi ty nhién sé la:
405/625 = 0.65 USD/kg H..

Ha: 115,298 Nm¥h - UREA: 2,600 ton/da
A0 Nm? - Ténghgp | N _ ik Y
1.5 riéu Nm?/day = o Ho+ N — A "
Phan irng 2+ Nz NH3 1,350 ton/day Tong hc_:p
Gas from GPP ch uyén hoéa Urea NHj 2 ton/day
(7.5% CO2)
COq 1,900 ton/day
CO; (80%)
—

£ X i 40,000 Nm?¥/day
Dot cap nhiet ————

Permeate gas

(415% CO2) ;
70,000 Nm¥/day :
. , Thuhéico, | I
115 ton/day
Hinh 3. Sor dd quy trinh sdn xudt Ure ctia nha mdy Pam Ca Mau.
; ; Thém H, 6% ~ 7000 Nmd/h (1 train 20 MW ctda Thyssenkrupp c6 céng sudt 4000 Nm2/h)
| Giam 6% ~ 3750 Nm#¥h | ~ 625 kg/h
% ~139 GJ/h |

~132 MMBTU/h

v

Hz: 108,380 Nm¥h - UREA: 2,600 ton/da
o - | Téng hdp Qi —_— Y
1.41 trigu Nm“/day P H, + N : ] 2
Phan trng 2+ N NH3 1,350 ton/day Téng hop
Gas from GPP chuyén héa Urea NH; 2 tonfday
(7.5% CO32)
co, 1,785 ton/day t 1,900 ton/day
(gidm 6%) '
' COz (60%)
1
Firy /7 ca I 40,000 Nm?/day
Do6t cap nhiet ———— ' !
1
Permeate gas : i
(41.5% CO2) ! |
70,000 Nm¥day I i
! ' i
R Thuhsico, | |
115 ton/day

Hinh 4. Sor db tinh todn so bd lwu lwong cdc dong nguyén lidu va sén phdm ctia qud trinh sdn xudt
Urea khi thwc hién viéc thay thé€ mot phdn khi tw nhién bang hydro tai nha mdy Pam Ca Mau.
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Truwong hop 2: Vi gid HSFO la 58 USD/bbl (gia & thoi diém trudce dich Covid), ta c6 gia khi la

4.25+1.17 =5.42 USD/MMBTU

Khi d6, 6% nguyén liéu cung cap sé twong dwong véi 715 USD/h. Do d6, gia H, tdi da sé 1a:

715/625 = 1.14 USD /kg H..

Trwong hop 3: Gia str gia khi 1a 12.7% gia Brent (trong trwong hop 14y 100% khi Malaysia) va
gia Brent 1a 40 USD/bb], ta c6 gia khila 5.08 + 1.17 = 6.25 USD/MMBTU. Khi d6, 6% nguyén liéu cung
cap sé twong dwong véi 825 USD/h. Do d6, gia H toi da sé la:

825/625 = 1.32 USD/kg H..

Trwong hop 4: Giad st gia khila 12.7% gia Brent va gia Brentla 70 USD/bb], ta c6 gia khi la 8.89
+1.17 = 10.06 USD/bbl. Khi d6, 6% nguyén liéu cung cip sé twong dwong véi 1328 USD/h. Do d6, gia
H, t6i da sé la:

1328/625 = 2.12 USD/kg H..

Nhuw vdy, thdng qua cac phin tich trén, ta c6 thé thiy rd sy thay déi cua gia H, téi da tuy thudc
vao gia ctia HSFO, Brent va phan tram nguyén liéu cung cip. Diéu nay cho thy sw linh hoat va kha ning
thich Grng ctia qua trinh san xuat véi cac bién déi cla thi treong.

Két qua tinh toan so' bd cho thay, khi str dung H; thay thé khi tw nhién cho san xuat dam tai nha
may dam Ca Mau, gia H2 san xuit ra c6 thé can thip hon khoang 2 USD/kg H, d€ dam béo c6 lgi. Hién
nay, trén thé gidi, chi phi san xuit hydro tir qua trinh dién phan hién nim trong khodng 2.4 - 6.7 euro
mdi kg tity thudc vao gia dién va capex clia hé dién phan (s6 liéu nam 2017). Trong khi d6, gia dién mit
trod va capex clia hé dién phan dang c6 xu hwéng gidm nhanh (dw bao gidm tir 750 EUR/KW vé 480
EUR/KW cho hé dién phan kiém).

Khi ty 1é dién tai tao tang 1én, cing v&i viéc giam gia thanh cac gidi phap ton chira (nhw pin lwu
trit, PoHy,...), xem xét dau tw hé théng ton chira tai cic khu virc c6 nhiéu nguén dién tai tao. Ddi véi cac
nha may dam c6 phan vén gop ctia PVN, khi ham lwgng CO; trong khi nguyén liéu tang, sé can phai bo
sung nguon H; d€ can bang véi lwong CO; ting 1én. Diéu nay gitip mé ra hwéng di cho cac nha may
dam c6 phan v6n gop ctia PVN, gidp t6i wu chuyén héa cac nguon khi c6 ham lwgng CO2 cao (nhw
“permeate gas” tir GPP Ca Mau, khi L6 B, khi Thién U'ng/Dai Huing). Can dwoc xem xét, tinh toan cu thé
hiéu qua kinh té€ mang lai, trén co s& déc thu gia khi va diéu kién tw nhién ctia khu vuec.

Can thiét lién hé/lam viéc truc ti€p véi cac nha ban quyén cong nghé (khi héa plasma, phan
tach nhiét, dién phan nwéc) dé hiéu roé hon vé tiém nang phat trién/thwong mai hda ctia cic cong nghé.
Xem xét xy dung chwong trinh nghién ctru dai han vé hydro, bao gobm san xut, ton chira, van chuyén,
phtt hop véi dinh hwéng dich chuyén ning lwong dang dién ra manh mé trén Thé gi¢i va tai Viét Nam.

Xem xét va dé xut véi co quan chitc nang c6 co ché khuyén khich, nhdm muc tiéu cin bing
dién, phat trién hoan thién chudi gia tri, bao gdm co ché cho phép mua ban dién tryc tiép tir ngudn
nang lwong tai tao. cling nhuxem xét xay dung Roadmap cho phét trién “nén kinh té hydro” tai Viét
Nam.

5.Kétluin

Cong nghé san xuat hydro tir dién phan nwéc da dwoc thwong mai hda va trién khai & nhiéu
noi trén thé gi¢i. Chi phi san xuit H, bang phwong phap nay cé thé canh tranh véi phwong phép truyén
thong (reforming hoi nwée khi tw nhién) néu cé thé gidm dwoc chi phi dau tw (capex) va giam gia thanh
dién dau vao. Nho nhitng cai tién vé ki thuat, chi phi sdn xuit bang cong nghé PEM va Alkaline ngay
cang tré nén canh tranh hon trong khi cac chi phi dau tw cho co sé ha ting cling dwoc du bao sé giam
dang ké (tir 50 - 80%).

Sw phét trién ctia san xudt dién tir nang lwong tai tao thAm chi con c6 thé dan dén gia dién am.
Diéu nay tao diéu kién thuan loi cho giai phap san xuit H, tir dién, dé gitip cAn bang hé thdng dién lwdi,
tan dung cac thoi diém gia dién thap (thap diém). Tuy nhién, cdng nghé dién phan nwéc bién hién van
chuwa thwong mai héa do khé khin vé ki thuat va chi phi rat cao. Cac nghién ctru xoay quanh van dé
nay nham giai quyét cac van dé ki thuat va gidm chi phi vn dang dworc trién khai.

Doi véi treong hop ciia Nha may dam Ca Mau, viéc dau tw san xuat hydro tir dién phan nwéc
dé ting cong suit ciia nha may, hay tirng buwéc bo sung ngudn khi thiéu hut trong twong lai xem xét,
tinh toan cu thé hiéu qua kinh té mang lai, trén co s& déc thu gia khi va diéu kién tw nhién ctia khu virc.

24



Nhuw vy, viéc tim hiéu va dp dung cac cong nghé méi trong san xuit hydro khong chi gitp téi

wu héa qua trinh san xuit ma con gép phin vao viéc bao vé moi truedrng va phat trién bén virng.
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ABSTRACT

Hydro - A Clean Energy Solution for the Future and Potential
for Production from Renewable Energy Sources in Vietnam:
A Study with the Case of the Ca Mau Fertilizer Plant

Ha-Son NGO*
Faculty of Petroleum and Energy, Hanoi Unviersity of Mining and Geology, Hanoi, Vietham

Hydro is becoming an important factor in the global energy transition trend. With the ability to provide
energy without generating greenhouse gas emissions, hydro can play a key role in reducing dependence
on fossil fuels. Especially, the production of hydro from renewable energy sources - such as wind and solar
power - is opening up new opportunities for sustainable development. Current technology allows us to
convert renewable energy into hydro through water electrolysis, creating a clean energy source that can
be stored and transported. However, there are still many challenges to be addressed, including reducing
production costs and developing distribution infrastructure. Nevertheless, with recent technological
advances, hydro from renewable energy sources is becoming an increasingly attractive possibility in the
near future.
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