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Co s6 k¥ thuat - kinh t€ cua mo hinh cum CCUS tédp trung va dinh
hudng cho Viét Nam
Doan Thi Tram"*, Lé Quang Duyén', Nguyén Khic Long', Nguyén Van Thanh', Tran Vin Quang?

) ! Truong Pai hoc Mo - Dia chat, Ha Néi, Viét Nam
2 Tong cong ty Dién lyc Dau khi Viét Nam — Cong ty co phan, Viét Nam

TOM TAT

Trong bdi canh Viét Nam cam két dat phat thai rong bang “0” vao nam 2050, cong nghé thu gii, sir dung
va luu trit carbon (CCUS) dwogc xem 1a giai phap quan trong ddi voi cac nganh cong nghiép kho giam phat
thai. Tuy nhién, chi phi dau tu va van hanh 16n ctia cac du an CCUS doc lap dang 1a rao can chinh d6i véi
viéc trién khai thuong mai. Bai bao phan tich co s¢ ki thuat — kinh té ctia mo hinh cum CCUS tap trung
(CCUS Hub) thong qua phuong phap danh gia ky thuat — kinh té (TEA), két hop tong hop kinh nghiém
qudc té tir Hoa Ky, Chau Au va Trung Qudc. Két qua cho thay viéc chia sé ha ting thu gii¥, van chuyén va
luu trir CO: tao ra lgi the kinh té theo quy mé 15 rét, gitp giam dang ké chi phi thu gir quy dan (LCOCQ),
dic biét ddi véi cac ngudn phat thai quy md nho va trung binh. Nghién ctru dién hinh tai cum cong nghiép
Louisiana (Hoa K¥) cho thiy mé hinh ha tang dung chung c6 thé giam ti 66% chi phi van chuyén va toi
36% chi phi thu giit so véi phuong an doc 1ap. Trén co so phan tich cac mé hinh kinh doanh, co ché tai
chinh va riii ro chudi gia tri, bai bao danh gia mirc do sin sang ciia khung phéap 1y Viét Nam, dong thoi dé
xuit dinh hudng phat trién cac cum CCUS tiém ning tai Nhon Trach va Hai Phong. Két qua nghién ctru
cho théy viéc trién khai thanh cong CCUS tai Viét Nam can duoc hd tro béi co ché hop déng chénh 1éch
carbon (CCfD), m6 hinh ha ting dung chung c6 su tham gia ctia Nha nudc va mot hanh lang phép 1y hoan
chinh d6i véi Iuu trit dia chit CO.. Day la nhiing tién dé quan trong dé CCUS tré thanh cong cu hd trg
chuyén dich ning luong va nang cao nang lyc canh tranh cua nganh cong nghiép Viét Nam trong nén kinh
té carbon thép.

Tir khoa: CCUS Hub; Thu giir va luu trit carbon; Kinh té k¥ thuat; Net Zero; Chinh sach khi hau; Viét Nam.

1. Dit van d@é

Su néng 1én toan cau va cac cam két dat mirc phat thai rong bang khong (Net Zero) vao gitra thé ky 21
da dit ra nhitng thach thirc di v6i cac nén kinh té dang phat trién. Trong no lyc hién thyc hoa cac muc tiéu
khi hdu, cong nghé thu gitr, s dung va luu trir Carbon (CCUS) da chuyen tir vi thé ciia mot cong nghé thu
nghiém dit do6 sang mot giai phap cong nghiép then chét, dic biét 1a doi véi cac linh vyc dwoc phan loai 1a
“kho giam phat thai” nhu san xuat xi mang, sit thép, héa chit va nhiét dién hoa thach (Tubagus Aryandi
Gunawan va nnk., 2024). Mac du céc giai phép nhu dién khi hoa, chuyén dbi nhién liéu sang hydro hay
amoniac xanh va nang cao hiéu suat nang luong dong vai tro quan trong, luong phat thai tiém nang co thé
dugc cat giam théng qua CCUS van duoc danh gia 1a vuot troi hon dang ké so véi dién khi hoa trong cac
nganh cong nghi¢p nang (Tubagus Aryandi Gunawan va nnk., 2024).

Tuy nhién, sy phat trién cia CCUS trén quy md toan cau trong giai doan vira qua da bi han ché boi ciu
trac cua cac du an tich hop don 1é: mot nha may phat thai duy nhat phai tu dau tur toan bo hé thong tur thap
thu gitr hoa hoc, mang lu6i dudng 6 ong van chuyén ap suét cao, cho dén viéc tham dinh dia chat va van hanh
cac giéng bom ép sdu dudi long dit (Zhang Jiutian va nnk., 2022). Sy phan b rui ro theo chiu doc nay
khong chi doi hoi chi phi dau tu co ban (CAPEX) 16n ma cc‘)n dit ganh nang ky thuat dia chit 1én cac nha
san xudt cong nghiép - nhitng don vi vén khong c6 chuyén mén vé tham do dau khi hay quan 1y céu trac
ngim (Zhang Jiutian va nnk., 2022).

Theo d6, thé gi6i dang ching kién mot sy chuyén dich mé hinh mang tinh bude ngodt: phat trién cac
Cum CCUS tép trung thay vi hoat déng ¢ lap, nhidu ngudn phat thai cong nghiép trong ciing mot khu vuc
dia ly duogc két ndi vao mot mang luéi ha téng van chuyén va luu trlr dung chung (Economic Research
Institute for ASEAN and East, 2023).

* Tac gia lién hé
Email: doanthitram@humg.edu.vn
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Mo hinh cum cho phép tdi da hoa loi thé kinh té theo quy mé, cat giam chi phi don vi va dic biét 1a mo
ra co hoi khir carbon cho cac co s& phat thai quy mo nho va vira - nhitng déi twong ma viée tu xay dung hé
thong CCUS doc lap 1a ‘chua kha thi vé mat tai chinh (Tubagus Aryandi Gunawan va nnk., 2024).

Béo cdo nay cung cAp mot phén tich da chiéu vé co sé nhiét dong luc hoc, ciu tric ch1 phi, cac ruii ro
chudi gia tri va sy d6i méi trong m6 hinh kinh doanh cua cac cum CCUS trén thé gidi. Bing viéc ddi chiéu
céc bai hoc tir Hoa Ky, Chau Au va Trung Qudc véi hé thong thé ché dang thay d6i nhanh chéng ciia Viét
Nam, dong thoi kién nghi quy hoach khong gian va chinh sach tai chinh trong twong lai véi dinh hinh mot
16 trinh chién lugc gitip Viét Nam hién thyc héa cac cam két tai COP26, chuyén héa CCUS tir mot ganh
nang tuan thi moi trudng thanh mot loi thé canh tranh cbt 16i trong chudi cung timg xanh.

2. Phwong phap nghién ciru
2.1. Pham vi tai ligu va nguon sé liéu

Dit liéu kinh té - nang luong: Dir liéu co s¢ vé chi phi nhan cong lao dong, gia khi ty nhién va biéu gia
dién ludi dwoc tham chiéu tir B Lao dong Hoa Ky (U.S. BLS); Co quan Théng tin Nang luong Hoa Ky
(EIA) va nghién ctru ciia Vién Pai hoc Princeton (tiéng Anh: Princeton University), con goi 1a Pai hoc
Princeton (mdt vién dai hoc tu thuc toa lac ¢ Princeton, New Jersey, Hoa Ky).

Tai lidu chién luge va phéap 1y: Nghién ctru tong hop céc bao céo danh gia cia Uy ban Lién chinh phi
vé Bién d6i Khi hau (IPCC), Vién CCUS Toan cau (GCCSI) va nén tang 1ap trinh t6i wu hoa SimCCS cia
Pai hoc Princeton. Ddi v&i bdi canh thuc tién tai Viét Nam, bai viét phan tich dya trén cac chinh sach gém:
Nghi dinh s6 119/2025/ND-CP ngay 09/06/2025 ctia Chinh phu vé Stra d6i, bd sung mot sé diéu ctia Nghi
dinh s6 06/2022/ND-CP ngay 07/01/2022 ctia Chinh phii quy dinh giam nhe phat thai khi nha kinh va bao
vé tang 6-don va Quyét dinh s6 21/2025/QD-TTg ngay 04/07/2025 ctia Thii tuéng Chinh phit vé Quy dinh
tiéu chi moéi trudng va viéc xac nhan dy an dau tu thudc danh muc phan loai xanh.

2.2. Tiéu chi lya chon cdac nghién ciru dién hinh quoc té

Cum CCUS Louisiana (Hoa Ky) dai dién cho mo hinh quy hoach tuyén tinh str dung thuét toan tdi uu
hoa, danh gia sy danh dbi giita viéc ding duong dng thong gié hay ng ap suit cao, thic day boi chinh sach
Tin dung Thué Lién bang 45Q; Alberta Carbon Trunk Line (Canada) dai dién cho ciu truc tuyén dng din
dudng dai lién tinh, sir dung mé hinh vén tir cac quy huu tri va tim kiém loi nhudn thong qua viéc ban CO,
phuc vu tang cudong Thu hdi Dau (EOR).

2.3. Tiéu chi phan tich chi phi — chinh sdch

Vé chi phi: Str dung Khung Phan tich K§ thuat - Kinh té (TEA) dé lwong hoa hé s6 co gidn quy md cén
bién. Chi phi dau tu (CAPEX) duoc tinh toan bang cach ap dung hé sé Lang, hé s6 du phong cong nghé
cho du 4n tién phong va rui ro cai tao vao chi phi thiét bi goc. Toan bod cac dong tién bao gdm CAPEX va
OPEX (cb dinh, bién d6i) dugc chiét khau va san phang dé tim ra chi phi thu giit quy dan (LCC) trén mdi
thn CO,.

Vé chinh sach: Phén tich tap trung vao niang lyc cta cic cong cu didu tiét nham san 14p “khoang trong
tai tro”, kha nang cd 1ap rui ro trén bang can ddi ké toan cua cic nha may coéng nghiép va cach nha nude
can thiép dé ngan chin sy doc quyén phi van chuyén.

2.4. Gidi han ciia nghién ciru

Céc phuong trinh tinh toan chi phi gia dinh cac co s& cong nghiép di "sin sang dé cai tao". C6 nghia la
cac nha may nay dugc cho 1a co sin quy dat dé xay dung va ludng khi thai khong can thuc hién thém cac
bude tién xtr 1y tap cht truée khi dua vao thap hap thy.

Mo hinh kinh té gia dinh toan bg co s¢ ha tang dugc xdy dung va hoan thanh ngay lap tic (overnight
construction) thay vi phan ky dau tu theo thoi gian thyc. M6 hinh ciing ap dat gia dinh dy an s€ hoat dong
6n dinh & mirc cong suit 90% lién tuc trong sudt vong doi 30 nam.

Trong tinh toan hiéu qua Net Zero, nghién ctru chi ra “hinh phat carbon”. Thiét ké mo phong sir dung
tram dong phat chay bang khi tu nhién dé cung cip nang luong boc tach nhung khong thu hoi chinh luong
khi thai tir tram nay, khién murc giam phat thai rong thuc té cia cum cong nghiép chi dat khoang 53%, thap
hon nhiéu so véi thiét ké 95% cua hé théng thap hap thu.

Kha ning sai s6 chi phi trong thyc tién van hanh. Thue té tir du 4n Alberta Carbon Trunk Line cho thiy
OPEX da ddi 1én hon 60% chi trong 3 ndm dau va san luong thu hdi hut gin 33% so v&i cong sudt thiét ké,
pha v& cac mé hinh dy phong ban dau.
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2. Co s6 k§y thuit va nhiét dong lwe hoc cita chubi gia tri CCUS

Dé danh gia chinh xac tinh wu viét ctia mo hinh cum tap trung, trudc tién can phai danh gia cc rao can
k¥ thuat ndi tai ciia timg phan hé trong chudi gia tri CCUS, bao gom: thu giir tai ngudn, tién xir 1y va nén
khi, van chuyén duong ong va bom ép luu trit dia chat.

Thu gt carbon 1a cong doan phirc tap nhat va chiém ty trong chi phi 16n nht trong toan bo chudi gia tri
(Tubagus va nnk., 2024). Déi véi cac co s cong nghiép hién hiru, giai phap cong nghé c6 mirc d6 trudng
thanh cao nhit va kha thi nhat d ap dung cai tao 1a cong nghé thu giit sau qua trinh chay (post-combustion
capture) st dung dung méi amine dang 16ng. Dung méi phd bién nhat duogc thiét ké va mo phong trong céc
nghién ciru k¥ thuat 1a Monoethanolamine (MEA) véi ndng do 30% theo khdi lugng (wt%) (Tubagus va
nnk., 2024).
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Ranh giéi hé théng

Hinh 1. So' do khéi ciia cac hé thé'n‘g thu hoi CO> mé phong ding d@é xir Iy cdc dong khi muc tiéu véi
nong do CO: la 5, 10 va 15 mol%.

Khéi déng phat cung cép toan bo nhu cau nhiét va dién tu dung. bdi véi cac dong khi myc tiéu c¢6 99
mol% CO., chi bao gdm céac khdi duge t6 xam; nhu cau dién tu dung duoc cung cép tir lu6i dién va nhu
cau nhiét tu ding & mirc thap dugc dap Umg thong qua qua trinh ddt khi thién nhién.

Hé théng thu giit nay bao gdm mét chu trinh khép kin véi hai thiét bi ¢t 13i: thap hip thu (absorber) va
thap tai sinh (stripper). Khi thai tir cdc 10 hoi hodc tuabin khi, mang theo khi CO; ¢ ap sudt gan ap suét khi
quyén va nhiét d6 khoang 50°C, duoc dua vao day thap hép thu (Tubagus va nnk., 2024). Tai day, khi thai
di chuyén ngugc chiéu voi dong dung mdéi MEA chay tir trén xudng. MEA phan tng héa hoc voi CO,, tao
ra mot hop chat giau carbon. Phan khi sach (chii yéu 1a nito va oxy con du) duoc thai ra méi truong. Dung
moi gidu CO; sau d6 dugc bom sang thap tai sinh, noi né dugc gia nhiét dén nhiét do cao (thuong sir dung
hoi nudc tir chu trinh phét dién hodc 10 hoi phu tro) dé bé gay lién két hoa hoc, giai phong CO; tinh khiét
va phuc hdi dung mdéi MEA nghéo carbon dé dua tro lai thap hip thu (Tubagus va nnk., 2024).

Kich thudc va chi phi cta thap hdp thu phu thudc phi tuyén tinh vao ndng d6 CO, trong dong khi thai
(Tubagus va nnk., 2024). Khi thai cong nghiép c6 ndng do CO; cuc ky da dang. Cac nha may xir Iy khi tu
nhién hodc san xuit amoniac thudng phat thai dong khi c¢6 ndng do CO2 1én t6i 99% (chi can tién xur 1y va
nén ma khong can hé théng hip thy hoa hoc tén kém). Nguoc lai, khi thai tir cac tuabin khi chu trinh hdn
hop (CCGT) thudng chi chira 3% dén 4% CO,, trong khi khi thai tir 16 hoi dbt than hodc 16 nung xi ming
¢6 ndng d6 dao dong tir 12% dén hon 20%. Khi ndng do CO, thip (nhu 5 mol%), hé thong phai xir Iy mot
luu lwong khi khdng 16 chira phan 16n 1a khi nito tro dé thu dwoc mot lwong CO, muyc tiéu. Su gia ting khdi
luong khi thai nay doi hoi dién tich mat cit ngang cua thap hap thu phai mo rong dang ké dé duy tri van
toc dong chay on dinh, ngin ngira hién twong ngap lut (flooding) bén trong thap, tir &6 lam ting vot chi phi
ché tao, vat liéu va khong gian lap dat. Khdng ché ky thuat thuong gii han duong kinh tdi da ctia thap &
mirc 15 m va chiéu cao 20 m dé t5i da hoa kha ning ché tao tai xuéng nham tiét kiém chi phi xay dung;
néu yéu cau vuot qua gidi han nay, nha may phai xay dung song song nhiéu thap hap thu (Tubagus va nnk.,
2024).

4. Phan tich chi ph1 - lgi ich va mo hinh tdi wu hoa Cum tap trung

Hiéu qua kinh té ctia cong nghé CCUS dugc thé hién rd nhat théng qua ham s6 chi phi phu thude vao
quy md. Su hién dién cta hiéu tmg quy mé nay chinh 13 luan diém nén tang hd tro sw phat trién cta cac
cum CCUS thay vi cac du an doc lap.
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4.1. M6 hinh ham chi phi va hi¢u irng quy mo
4.1.1. Khung todan hoc chi phi thu gitr quy dan (LCOC)

Hiéu qua tai chinh xuyén subt vong doi hoat dong cua dy an CCUS dugc danh gia dya trén thudc do
tiéu chudn: Chi phi thu giir quy dan (Levelized Cost of Capture - LCOC, hoic md rong 1a LCC). LCOC san
phing dong tién dau tu thd ban dau va chi phi van hanh hang niam trén mot mit bang quy chiéu ctia san
lugng CO; thu giit thyc té:

CAPEX x CRF + OPEXj;, + OPEX,,,
N (1

Trong d6, tir s thé hién tong chi phi hang nim quy dan. CAPEX 14 tong chi phi dau tu ban dau dé ché
tao, lip dat va chay thir hé thong. CRF 1a Hé sb thu hoi von (Capital Recovery Factor) nham chuyén dbi
chi phi von tra truéc thanh mot chudi nién kim déu dan hang nam. CRF chiu sy chi phdi chit ch& boi hai
bién s6: ty suat chiét khau “i” (hay chi phi v6n binh quan gia quyén WACC) va vong doi hoat dong ky
vong cua du an “n” (nam):

LCOC =

crp— LT
(I+i) — 1 2
Mau s6 Q 1a san luong CO» khdi luong tinh thyc té duge hé théng thu giir thanh cong trong mgt nam tai
chinh OPEX;;, la chi phi van hanh c6 dinh (nhan sy, bao hiém, O&M cb dinh) va OPEX,q, 1a chi phi van
hanh bién déi (nang lugng hoi nudce tai sinh, dién ludi nén si€u t6i han, dung moéi amine bu hao hut).

4.1.2. Phwong phdp ludn dinh c& chi phi vén (CAPEX)

Dé udc tinh chi phi dau tu cia cac thiét bi chinh trong chudi CCUS khi thay d6i quy mé cong suit ma
khong phai thiét ke lai tir dau (bottom-up), ky thuét 1ap dy toan chi phi ap dung Phuong phap dinh c& quy
mo phi tuyén (Scaling Method):

b

Q
C=C,x (—)
Qo (3)

Trong d6: C 1a chi phi vbn wdc tinh cua hé théng muc ti€u; Cy la chi phi vbn thue té da duge ching thuc
cua mot hé théng mo neo tham chiéu; Q va Qo lan luot 1a cong suét thiét ké cua hé théng muc tiéu va hé
thdng tham chiéu; b: 13 hé sé dinh ¢& quy mé (scaling exponent) mé ta dic tinh phi tuyén. Theo quy chuin
chat luong ciia NETL (Bo Ning lugng Hoa Ky), cac hé s6 “b” cho timg phan hé thiét bi thu gitr CO, bao
gom: hé thong thap hap thy hoa hoc (b=0,6), hé nén khi da cép va lam khé (b=0,61), hé quat hut khoi luu
luong 16n (b=0,69) va hé trao d6i nhiét (b=0,7).

Dé khai quat hoa viéc tinh toan cho cac dong thai cong nghiép c6 ndng do va luu lugng bat ky, nghién
ctru cta Pai hoc Princeton di thiét 1ap ham hdi quy phi tuyén dang lily thira dé du bao truc tiép tong chi
phi dau tu lap dit (Coap - tinh bang 2020 USD/(tC CO2/ndm) va tong chi phi quy din (LCC - tinh bang
2020 USD/t CO,) duéi dang:

Ccap = Cox M™"
LCC = Cyx M~ (4)

Trong d6: M 1a cong sudt thu gitr thuc té ctia nha may muc tiéu (tin C CO2/nim); Co 1a hang sé mé neo
thuc nghiém cho timg ndng d¢ phat thai.

Céc hang s6 mo6 neo Co va hé s6 quy mé phi tuyén “b” d6i v6i nha may thwong mai thé hé sau (NOAK)
duoc xéc 1ap cu thé nhu sau:

a. Hé s6 Chi phi Von ldp dat (Coap):

Dong khoi thai lodng (5 mol% CO,): Co=696; b=0,167 (hé s twong quan R2=0,91).

Dong khoi thai trung binh (10 mol% CO2): Co=580; b=0,197 (hé s6 twong quan R?=0,92).

Dong khoi thai cong nghiép nang (15 mol% CO,): Co=540; b=0,207 (hé sb twong quan R>=0,92).

Dong qua trinh tinh khiét (99 mol% CO,): Co=141; b=0,528 (h¢ s6 tuong quan R?=0,99).

b. Hé s6 dinh Chi phi Thu gitt quy dan (LCC):

Dong khoi thai lodng (5 mol% CO,): Co=123; b=0,146 (h¢ s6 twong quan R?=0,90).

Dong khoi thai trung binh (10 mol% CO2): Co=105; b=0,167 (hé s6 twong quan R?=0,91).

Dong khoi thai cong nghiép nang (15 mol% CO5): C=99; b=0,175 (hé s6 tuong quan R?=0,90).

Dong qua trinh tinh khiét (99 mol% CO,): C¢=27; b=0,415 (hé s twong quan R2=0,97).
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4.1.3. Chi phi van hanh (OPEX)

OPEX quyét dinh tinh bén vimg tai chinh ctia dy 4n sau khi van hanh, Dong OPEX rix thuong duge ndi
suy chiém tir 1,5% dén 3,0% tong CAPEX dé chi tra cho nhan sy truc ca, bao hiém va bao tri vét Iy an mon
(Tubagus va nnk., 2024).

Dong OPEX,q, chiu su thdng tri cia "hinh phat nang lugng" (energy penalty) (Tubagus va nnk. ,2024).
Nhiét lugng can thiét cho qua trinh hoan nguyén dung mdi trong thap Stripper doi hoi trung binh 3.6 Gl/tan
CO». Bé dap mg lugng nhiét va dién ky sinh khong 16 nay ma khong phu thudc vao ngudn hoi nude trich
ly cia nha may goc (v6n thuong khong du cong sudt (Tubagus va nnk., 2024), hé théng thu gitr thiét ke tich
hop mot tram dong phat (cogeneration) d6t khi thién nhién st dung 16 h(n va tuabin hoi ddi ap (4p suat dau
vao 130 barg, ap suat d6i ap 18 barg) dat hiéu suét nhiét tong thé 1én t6i 93% (84% hoi nude, 9% dién rong)
(Tubagus va nnk., 2024). Chi phi van hanh bién d6i dugc mé hinh hoa theo mit bang gia ning luong cong
nghiép tai Ving Vinh: gia khi thién nhién dat 3 USD/GJ (tinh theo thong s6 ning lugng cao HHV), dién
ludi cong nghiép dat 49 USD/MWh va dung méi MEA thuong mai dat 2880 USD/tan (Tubagus va nnk.,
2024).

4.2. Nghién cuu z?ién hinh tai cum Louisiana
4.2.1. M6 hinh kiém chirng

Dé kiém chung tinh vu viét cia chia sé ha ting, mot nghién ctiru md phong khong gian mang ludi két
hop thuét toan t6i uru hoa (SimCCS) di dwoc thyc hién déi voi Cum Cong nghiép S6 4 (Cluster 4) nam tai
hanh lang cong nghiép Geismar, Pong Nam bang Louisiana, Hoa Ky (Tubagus va nnk., 2024). Khu vuc
nay hoi tu 22 co so cong nghiép thudc nhidu linh vuc khac nhau (héa dau, phan béon amoniac, nhiét dién,
ché bién khi) v6i tong phat thai khoang 8,12 triéu tin CO2/ndm, trong d6 phan 16n la cac co s& quy md nhod
va vua (Tubagus va nnk., 2024).

Nghién ctiru mo6 phong ndm kich ban véi cac mure do chia sé ha tang tinh tién, tir c6 1ap dén tich hop toan
dién (Tubagus va nnk., 2024). Thong qua thuét toan t6i wu hoa SIimCCS~PRO, 5 kich ban thiét ké chudi
CTS (Capture, Transport, Storage) duoc md phong chi tiét:

a. Kich ban 1 (Standalone Point-to-Point):

MJbi nha may tu xay thap thu git, tukéo dng thép riéng biét dan CO2nén thing dén giéng Class VI. Kich
ban nay ganh chiu mitc CAPEX khong 10, trung binh tir 900 USD dén 1.400 USD cho moi tan cong suat
hang nam.

b. Kich ban 2 & 3 (Diing chung dwong ong midstream):

Cho phép két ndi cac ngudn phat vao mot truc duong dng chinh ding chung (trunkline) dé dua vé bé
chira Bayou Sorrel. Két qua dinh luong chimg minh: Viée chuyén sang dung chung truc Ong giup giam tGi
2/3 chi phi van chuyen trung binh (giam xudng dai chi con 8 USD/tan so voi mirc Standalone trung binh).
Pong thoi, tong chiéu dai mang ludi duong 6ng thép thi cong trén thyc dia sut giam ngoan muyc tir hon 700
km xudng chi con 200 km, loai bo phan 16n chi phi giai phong mat bang va rii ro cham tré phap 1y cua
giéng Class VI (Tubagus va nnk., 2024).

c. Kich ban 4 & 5 (Chia sé thap thu giir trung tam):

Thay vi mdi co s& tu xay thap hip thu MEA dét do, khoi thai (flue gas) tir cic nha may duoc dan truc
tiép qua hé thong duong éng dan khi ap suét thip (ducting) v& mot thap hip thu dung méi ding chung cua
nhém nhé (Scenario 4) hodc mot siéu thap thu giit trung tim khdng 16 duy nhét cho toan cum (Scenario 5)
(Tubagus va nnk., 2024).

Hiéu qua tiét kiém LCOC khau thu giit: Scenario 4 gitp giam trung binh 19% chi phi thu giit quy dan.
Pic biét, Scenario 5 (siéu thap trung tim cum) gitip giam téi 36% chi phi thu giit quy dan trung binh nhd
khai thac tdi da lgi thé quy mo phi tuyén (b=0,167 dén b=0,207cho dong khi loang).

Ctru canh cho cac nha may nho: Ddi voi cac co s phat thai siéu nhé (dudi 0.1 Mtpa), viéc tham gia vao
thap trung tim cua Hub gitp giam t6i 55% LCOC thu giit, bién mot du an “bét kha thi vé tai chinh” thanh
mot phuong an kinh té kha thi.

Su danh di cua chi phi dan khoi thai (ducting): Do khéi thai & ap sudt khi quyén c6 thé tich khong 10,
viéc xay dung hé thong ong dan khéi duong kinh l6n lap quat tang ap hudng truc (ducting) c6 CAPEX va
OPEX van hanh dét gap 3 dén 5 1an so voi duong 6 ong vén chuyén CO, 16ng nén. Tuy nhién, do mirc tiét
kiém CAPEX tir viéc gop thap thu giit qua khdng 15, toan bo chi phi phat sinh tir hé thong ducting b triét
tiéu hoan toan. Téng chi phi chudi CTS rong ctia Scenario 5 van ghi nhan muc giam rong 17% (tir 138
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USD/tin xudng mirc tdi uu).

Phan tich cho théy, su dich chuyén tir S1 sang kich ban S2 va S3 giap téng d6 dai duong dng van chuyén
COs; siéu toi han giam hon hai phan ba (tr hon 700 km xudng chi con khoang 200 km) (Tubagus va nnk.,
2024). Do chi phi xay dung, cap phep tuyén hanh lang va quan tri rti ro chiém phan 16n trong tong mirc
dau tu cia cac dy an dudong dng, mang ludi chia sé trong md hinh cum dem lai murc tiét giam chi phi van
chuyén 1én t&i 66% (Tubagus va nnk., 2024).

4.2.2. Khdc biét giita thu giit tdp trung va van chuyén khi thai tho

Véi mire giam an tuong trong chi phi thu giir (giam 55% chi phi CAPEX va OPEX thu gir tai S5), mo
hinh thu gom trung tam lai gap phai mot rao can tai chinh an: chi phi thiét 1ap hé thng 6ng dan khi thai thd
(Tubagus va nnk., 2024). Khac v6i CO; siéu toi han di chuyen dé dang trong ong thép nho gon ¢ ap sudt
cao, khi thai tho chira nong do tro rit cao (oxy, nito), thé tich khong 16 va chi c¢6 ap suat ngang bang khi
quyén.

Dé di chuyén khéi luong khi nay tir dng khoi nha may hién hitu dén tram thu giir tap trung, can phai xay
dung cc duong dng dan khi 16n bang kim loai chéng dn mon. Hon nita, viéc duy tri dong lugng cua dong
khi nay doi hoi phai 1ap dit cac quat ly tim cong suét cuc 16n doc tuyén, gdy phat sinh chi phi dién ning va
chi phi van hanh. Tai kich ban S5 ctia cum Louisiana, cac m6 hinh toan hoc chi ra rﬁng chi phi dan khi thai
tho cao gip tir 3 dén 5 14n so v&i chi phi van chuyén CO; siéu t6i han (Tubagus va nnk., 2024).

Do @6, sy thanh bai ciia md hinh S5 phu thudc vao mat d¢ khong gian cia cac nguén phat thai. Trong
ban kinh nho (thuong dudi 10-14 km), su gia tang chi phi duong 6ng thong gié duge bu dép du thira boi
loi ich giam chi phi dau tu thiét bi cua nha may thu giit trung tdm (Tubagus va nnk., 2024). Nhung vuot
qua khoang cach nay, loi ich quy mé lai bi triét tiéu. Dic diém ky thuét nay cho thz‘iy bai toan quy hoach la
yéu t6 then chdt dé kién tao mot cum cong nghiép CCUS kha thi.

4.2.3. Thuec 16 tai Louisiana

CF Industries Donaldsonville & Danh muc cia ExxonMobil: vao thang 7/2025, ExxonMobil da chinh
thirc dwa vao van hanh thuong mai chudi T&S két nbi véi T6 hgp Donaldsonville (nha may amoniac 16n
nhét thé gioi cuia CF Industries), danh ddu mébc dy 4n CCS thuong mai quy mé 16n dau tién ciia ExxonMobil
tai My. V&i duong 6ng dai 2,3 dim két ndi Donaldsonville vao mang ludi 1.500 dam cua ExxonMobil, hé
thong hién dang thu hoi, say kho va nén thanh cong 2 triéu tin CO; tinh khiét mdi ndm dé phuc vu luu trix
vinh vién. Su burt pha tiép tuc dién ra vao thang 2/2026 khi ExxonMobil khéi dong dy 4n CCS thwong mai
thir hai tai Louisiana: thu gom va luu trit toi 1.2 triéu tin CO, mdi ndm tir nha may xir ly khi thién nhién
New Generation Gas Gathering (NG3) tai Gillis. Hién tai, tong danh muc hop ddng CCUS cua ExxonMobil
tai Louisiana d4 1én t&i hon 9 triéu tin/nam (bao gdm cac khach hang 16n khac nhu Nucor Steel - 0.8 Mtpa
va Linde — 2,2 Mtpa chuin bi van hanh trong nam 2026, Lake Charles Methanol II — 1,3 Mtpa, AtmosClear
— 0,7 Mtpa).

Su bé tic ciia Dy an Air Products Louisiana: Su twong phan sdc nét nhat vé mat kinh té gitta m6 hinh
Hub dung chung va du 4n don 1é (Standalone Greenfield) dwoc phoi bay qua quyét dinh dinh chi du 4n cua
Air Products tai Ascension Parish, Louisiana. Ban dau dugc thiét k& 1a t6 hop hydro xanh/lam tri gia tir 4,5
ty USD dén 7 ty USD v&i muc tiéu thu gilr va ty luu trir doc 1ap S triéu tAn CO»/nam, Air Products da chinh
thirc tuyén bd tam dirng toan bd chi phi dau tw méi vao thang 5/2025. Mic du dy an du diu kién nhan tro
cép 85 USD/tin CO, tir tin dung thué 45Q néng cap ciia Pao luat Giam lam phat (IRA), mirc chi phi CAPEX
thuc t& bi doi 1én dai 900 - 1.400 USD cho mdi tin cong suit nim di bop nghet mé hinh tai chinh. Thém
vao d6, dir liéu thuc té tir nha may thu giit Port Arthur (Texas) cua ho trong giai doan 2021-2024 cho thiy
hiéu suét thu gitt thuc té chi dat 50-60% so véi muc tiéu ly thuyét 90%+, lam gia tang lo ngai rui ro van
hanh. Df)ng thoi, cac nghién ctru doc 1ap tir IEEFA chi ra du an standalone ndy s€ gy ra ganh ndng phat
thai thir cap khong 16 (energy penalty) va ro ri methane thuong ngudn, tao ra rat it loi ich méi truong thuc
té bat chap viéc thu téi hon 6 ty USD tién thué ciia nguoi dan My trong 12 nam. Thét bai 1am sang nay
ctng cb luan diém rang: cac siéu du an standalone tu gdnh ha ting midstream/downstream greenfield 14 bat
kha thi v& tai chinh, budc cac nha phat trién phai dich chuyén sang mé hinh chia sé ha ting Hub dé phan b
chi phi.

5. Sy tién h6a mé hinh kinh doanh va riii ro chudi gi4 tri

Su dich chuyén tlr cAu tric du an don 1€ sang cAu tric cum tap trung doi hoi cdc moé hinh kinh doanh
tuong Gmg dé quan 1y dong vén va giam thiéu xung dot loi ich ctia nhidu dbi tac lién quan. S6 tay vé Chinh
sach va Mo hinh kinh doanh CCUS ctia T6 chirc Hop tac va Phat trién Kinh té (OECD) va Co quan Nang
lwong Qudc té (IEA) da vach ra ba mé hinh ¢t 15i chi phdi thi truong CCUS hién tai (IEA, 2023).

44



5.1. Céu triic mé hinh kinh doanh tdp trung

M5 hinh phén tach chudi gia tri: Dé tranh viéc ép budc mot cong ty san xuét phan bon hay xi ming phai
diéu hanh giéng bom ép dia chat (mot nang lyc cdt 16i ciia cac cong ty dau khi), mé hinh nay chia tach phap
nhan kinh doanh thanh ba mang doc lap: Cong ty thu giit (Capture Company), Cong ty trung ngudn
(Transport/Midstream Company) va Cong ty luu trir (Storage Company) (IEA, 2023). Viéc boc tach nay
cho phép t6i wu hoa chi phi von (WACC); cac quy huu tri va dinh ché tai chinh dai han sin sang cip vén
cho ha tang dudng dng véi mie lgi nhuan ky vong thap vi tinh rii ro van hanh thip, khac biét hoan toan
v6i loi nhudn ky vong cao ctia mang héa chit.

M6 hinh mang lu6i trung tdm va v¢ tinh: Mot don vi phat trién ha tang (thuong la doanh nghi¢p do nha
nudc tai tro hodc tap doan nang luong da qudc gia) tién phong xay dung mot tuyén dudng 6ng xuong séng
va phat trién mot khu vuc luu trit dia chét c6 stre chira du thira so voi nhu cau hién tai (IEA, 2023). Cac nha
may cong nghiép xung quanh déng vai tro 1a cac vé tinh, chi can tra mot mirc phi tinh trén mdi tan CO, dua
vao hé thong. M6 hinh nay giai phong hoan toan ganh ning rai ro dia chat va tim kiém céu trac ngam khoi
bang can d6i ké toan ciia nha may cong nghiép, cho phép ho tap trung ngudn luc vao hoat dong kinh doanh
cot 16i.

M6 hinh thu gitt nhu mét dich vu: Mot don vi thir ba chuyén nghiép cung cp goi dich vu chia khéa trao
tay. Bang vn dau tu cta minh, td chirc thi cong va truc tiép van hanh hé thng thu hdi carbon ngay tai
khuon vién nha may cta khach hang, sau d6 thu phi dich vu xir Iy moéi treong. M6 hinh nay dang thu hit
su chil y manh mé tir cac tap doan cong nghé 1am sach da qudc gia (IEA, 2023).

5.2. Ruii ro giao thoa

Su phan mang chudi gia tri, du tdi wu héa chuyén mén, lai sinh ra “Rui ro Giao thoa” 1a diém yéu cia
mo hinh cum, kinh nghiém thyc tién tir qua trinh phat trién CCUS tai Trung Qudc (noi mé hinh cum dang
dugc hoach dinh dé ddi phé voi mang ludi cong nghiép khong 10) cung cp cai nhin hién thuc vé rii ro niy
(Zhang va nnk., 2022).

Su phuy thudc 13n nhau theo chudi tao ra hiéu tng riii ro ddy chuyén, truong hop mot nha may luyén thép
- ngudn phat thai moé neo ciia cum - tam dimg san xuit dé bao dudng hodc pha san do suy thoai kinh té,
mang lu6i dudng dng s& mat di phan 16n luu luong van chuyén Khong c¢6 dong luu lwong 6n dinh, nha
khai thac duong ong va don vi luu trir s& khong c6 doanh thu dé tra ng vay ngan hang (Zhang Jiutian va
nnk., 2022). O chiéu  nguoc lai, néu qua trinh bom ¢p CO; tai mo dia chat gap su ¢b ky thuat (vi du: ap suét
via chua tang dot bién) budc phai dimg tiép nhan khi, tit ca cic nha may dang két ndi vao hé thdng s& gip
khung hoang. Ho budc phai xa CO truc tiép ra moi truong (pha v& cam két giam phat thai, chiu an phat tir
thi truong carbon) hodc t6i té hon, phai tam dimg diy chuyén san xuét chinh (Zhang va nnk., 2022).

Hon nita, rai ro bat dong bo trong trudng hop sir dung CO, dé ting cudng thu hdi Dau (Enhanced Oil
Recovery - EOR) 1a cuc ky 16n. Cac nha méay phat thai tao ra ludng CO; lién tuc voi san lugng khong doi
trong sudt ndm van hanh (Zhang va nnk., 2022). Nguoc lai, nhu cau CO; ctua mot du 4n EOR bién dong
manh theo vong doi ctia mo: ban dau can mot lwong khong 16 dé tao ap sudt day dau, nhung vai nam sau,
lrong CO, bom xudng s& hoa tron véi dau va duge khai thac 1én lai bé mat. Luong CO; téi sinh nay s&
dugce boc tach va bom nguoc lai mo, lam giam manh nhu cau CO, moi can mua tu h¢ thong cong nghiép
(Zhang va nnk., 2022). Sy 1éch pha vé cung - cau nay khong thé dugc giai quyét bang cac hop dong song
phuong don thuan tay.

Pung trude cac van dé nay, IEA khuyén nghi khong thé pho mic toan bd cho co ché thi truong tu do,
su thanh bai ciia cum CCUS bit budc phai c6 su hién dién ciia Chinh phit trong vai tro “Ngudi mua cudi
cung” (IEA, 2026). Co quan nha nudc phai dong vai trdo nhu mot quiy bao hiém hé thong, cam két chi tra
cac khoan bu dép rii ro cho nha khai thac ha tang néu mot mét xich trong chudi bi dut gdy ngoai y mudn,
tir do giap du an tré nén c6 kha nang dwoc ngén hang cho vay. Dong thoi, rii ro trach nhiém phap 1y dai
han d01 v6i sur ¢ 10 ri khi CO, khoi ting luu trit ngam - von kéo dai nhiéu thé ky - ciing can dugc Chinh
phu tiép nhan va chuyén giao sau khoang 10-20 nim moé dong ctra thanh cong (IEA, 2023).

6. Thiét ké chinh sach va co ché tai chinh

Ban chét cia CCUS (néu khong két hop voi EOR) 1a hoat dong xtr ly chét thai thuan tay, khong tao ra
san pham hang hoa c6 gla trj thiang du truc tiép trén thi truong tiéu dung. Do d6, dong lyc thuong mai duy
nhét tdn tai la gia tri ciia “tin chi carbon” hodc viéc tranh phai nop “thué carbon”. Tuy nhién, sy bién dong
cuc doan cua thi trudng mua ban han ngach khi thai (nhu Hé théng ETS ciia Chau Au) khién cdc nha diu
tu can nhic d6i véi cac dai du an CCUS kéo dai hang thap ky. Dé kién tao tinh 6n dinh vé dong tién, cac
qudc gia phuong Tay da thiét ké cac co ché tai chinh tién phong (Economic Research Institute for ASEAN
and East, 2023).
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6.1. Hop dong chénh léch Carbon (CCfD)

CCfD dugc dénh gia 1a co ché chinh sach tot nhat hién nay, dwoc cai bién tir thi trudng ning luong tai
tao sang Iinh vuc khir carbon cdng nghiép (Clean Air Task Force, 2024). Trong tdm cua CCfD la bao v¢ du
an khoi rui ro gia tri carbon sup db.

Co ché hoat dong bat déu bang viéc nha dau tu du an tinh toan chi phi quy dan cia hé théng (LCC) dé
dé xuat mot gia thuc hién - tirc 1a mirc gia c6 dinh trén mdi tn CO, thu hoi can thiét dé du an hoa vén va
¢6 bién loi nhuan hop 1y (Clean Air Task Force, 2024). Co quan nha nude s& ky hop dong bao ho dai han
(tr 10 dén 15 nam) v6i mic gia nay. Trong qué trinh van hanh, néu gia ching chi carbon trén thi truong
thap hon mirc gid thyc hién, ngan sach nha nudc s& giai ngan tién mat bu dép phan chénh 1éch nay cho nha
dau tu. Diém tinh té ctia CCfD 1a co ché phong vé hai chidu ¢ mot s qudc gia: néu gia tri thi truong carbon
tang vot va vuot qua gia thuc hién, doanh nghiép phai hoan tra phan lgi nhuan siéu ngach lai cho nha nuéc,
bao vé ngudi ndp thué khoi sy lang phi tai trg.

Mo hinh nay dang dugc trién khai manh mé ‘qua cac bién thé & Chau Au:

Ha Lan (Chuong trinh SDE++): La nong c¢6t cho du 4n Cum Porthos tai Cang Rotterdam, SDE++ sir
dung m6 hinh CCfD bét d6i xting (khong yéu cau hoan tra khi gia cao hon dy kién) dé tro cép su chénh
léch chi phi thyc té cho viéc thu giir tir cac cum cong nghiép luyén kim va héa dau (Economic Research
Institute for ASEAN and East, 2023). Ngén sach duoc phan b6 hang nam c6 lac 1én tdi 13 ty Euro dé duy
tri niém tin dau tu (Clean Air Task Force, 2024).

Vuong qubc Anh (Hop ddng ICC): Nudce Anh té chirc cac dot ddu thau chon loc dya trén hé thong tiéu
chi khit khe: 30% diém kha thi giao hang, 25% diém giam phat thai, 20% loi ich kinh t& va 15% hiéu qua
chi phi (Clean Air Task Force, 2024). Cac du 4n thing thau (yéu cau ty 18 thu giir trén 85% va két ndi vao
ha ting cum T&S) duge Cong ty Hop ddng Cac-bon Thap (LCCC) cua chinh phu ky béo trg véi mirc gia
¢b dinh (vi du 83 Bang/tan) trong vong 10 nam dau tién dé 6n dinh kha nang vay ng ngan hang (Clean Air
Task Force, 2024).

DBan Mach (Quy CCUS): Chuong trinh trg' gia dugc tinh toan chi tiét bang cach 16ng ghép du bao dai
han cua thi truong ETS va thué carbon ndi dia vao mé hinh gia thyc hién, trao thau thong qua cac hop dong
kéo dai dén 20 nam, tap trung vao viéc tao khdi luong giam phat thai (additionality) nhanh nhét c6 thé
(Clean Air Task Force, 2024).

6.2. Thué doanh nghiép

Khac véi triét Iy quan 1y gia cia Chau Au, Hoa Ky 4p dung mét cong cu kinh té ty do hon: Tin dung
thué 45Q (Pao luat Giam Lam phat - IRA) (Economic Research Institute for ASEAN and East, 2023). Thay
vi tao 1ap hop dong phirc tap, co ché nay cung cép mot khoan khau trir thué thu nhap doanh nghiép ¢6 dinh
- 1én téi 85 USD cho mdi tin CO; dugc luu trir vinh vién thanh cong (Economic Research Institute for
ASEAN and East, 2023). Co ché nay mang tinh kich cdu tryc tiép, bién viée xtr 1y réc thai moi truong thanh
mét loi thé kinh té thuc thu. Nhuge diém 1a du 4n phai phu thude vao cac cong ty c6 quy mo lgi nhuan 16n
dé tan dung loi ich nay, din dén céu trac tai trg Vén phtre tap.

Dbi v6i phan co so ha ting mang ludi dudng 6ng ding chung, cac qudc gia dang khuyén khich ap dung
co ché RAB (Regulated Asset Base) (IEA, 2026). Trong RAB, mot doanh nghiép xay dung ha tAng xuong
sdng (dudng éng quy mé 16n) va dugc co quan quan ly nang luong cho phep thu phi ddi voi nguoi ding
(spokes) & mirc dam bao thu hdi di vén dau tu cong véi mot ty suét loi nhuén ¢b dinh dugc nha nuge phé
duyét (IEA, 2026). M6 hinh nay, twong tu nhu cach van hanh lugi dién qudc gia hodc ha ting truyén tai khi
d6t tu nhién, giai quyét hoan hao bai toan xung dot trong giai doan so khai ctia nganh CCUS.

7. Hoan thién khong gian phap ly tai Viét Nam

Su phat trién kinh té bt pha ciia Viét Nam song hanh véi rii ro gia ting phat thai tir nén cong nghiép
ché bién ché tao nang. Cot mdc cam két Net Zero tai COP26 dé budc Viét Nam phai cap nhat Pong gop do
qudc gia tu quyét dinh (NDC) va dinh hinh CCUS nhu mét trong tdm cong ngh¢ trong Quy hoach Dién
VIII (Quyet dinh s6 768/Qb-TTg ngay 15/04/2025) va Chién luge Quéc gia vé Bién dbi Khi hau dén nam
2050 (Quyét dinh sb 896/QD-TTg ngay 26/07/2022). Giai doan 2024 - 2026 danh diu nhing nd luc kién
toan thé ché mang tinh budc ngodt nhim don dau dong vén tai chinh xanh (Economic Research Institute
for ASEAN and East, 2023).

7.1. Vé lap phdp

Maic du Viét Nam chua ban hanh mt quy dinh riéng dé diéu chinh toan dién chudi gia tri CCUS (U.S.
Department of State’s Bureau of Energy Resources, 2024), su ra doi cua cac van ban phap luét nén tang da
thiét 1ap mot hé sinh thai phap ly hira hen cho m6 hinh cum tap trung:

Thi trudng Carbon thi diém va han mirc xuat khau tin chi (Nghi dinh 119/2025/ND-CP): Nghi dinh nay
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14 ¢t hich tao ra nhu ciu tiéu thyu cong ngh¢ CCUS noi dia (Economic Research Institute for ASEAN and
East, 2023). Nghi dinh yéu ciu cac co sd phat thai 16n (d6i twgng kiém ké nha kinh) tuén tht han ngach va
dugc phép sir dung tin chi carbon dé bu trir tdi da 30% nghia vu (Economic Research Institute for ASEAN
and East, 2023). Pang cht y, nham t6i da héa dong luc cho CCUS, Chinh phu cho phép cac dy an CCUS
dugc quyén xuét khau 1én t6i 90% sb tin chi carbon tao ra (Economic Research Institute for ASEAN and
East, 2023). Quyet dinh nay giip cac nha phat trién du an CCUS tlep can dugc mit bang gia carbon qubc
te cao hon nhiéu so véi thi truong nodi dia, déng thoi dam bao ngudn ngoai té dé tra no cho cac nha cung
cap thiét bj nudc ngoai.

Luat Pau tu cong 2024: Nut thit di v6i cac du an tai Viét Nam 1a cong tac dén bu giai phong mit bang
phirc tap va kéo dai, Luat Pau tu cong sira d6i nam 2024 cho phép tach roi hang muc bdi thuong, tai dinh
cu va giai phéng mit bang thanh mot tiéu du 4n doc lap. Diéu nay mang lai loi thé cho viéc thiét lap cac
hanh lang dudng dng CO; lién tinh két nbi cac cum cong nghiép v6i thém luc dia.

Danh muyc Phan loai Xanh (Quyét dinh 21/2025/QBD-TTg): Viéc chinh thirc dwa CCUS vao hé thong
phan loai xanh ndi dia 1a hanh phép ly cho phép cac lién danh dau tu du an tiép can cac goi tin dung xanh
tir hé théng ngan hang thuong mai va ngudn trai phiéu xanh wu dii (Economic Research Institute for
ASEAN and East, 2023).

Luat Dau khi 2022: Trong bdi canh thiéu ving luat riéng biét, Luat Dau khi hién 12 vin ban c6 thim
quyén quan 1y truc tiép nhit d6i véi hoat dong Iuu trit dia chit (U.S. Department of State's Bureau of Energy
Resources, 2024). Cac diéu khoan vé tham do, khoan khai thac va quéan 1y 1ong dat day bién dang dugc diéu
chinh linh hoat dé 4p dung cho quy trinh bom ép va niém phong CO; vao cic mo dau khi can kiét.

7.2. Khodng tréng phdp Iy

Bén canh nhiing diém sang, Bo cdo ky thuat S6 tay CLDP (2024) va cac nghién ctru ctia IEA ciing chi
ra nhitng rai ro phap 1y con ton dong can tré dong von tu nhan (IEA, 2026):

Khung luat phap hién tai chua xac dinh ro vi thé cua CO, trong chudi gia tri CCUS ddi voi viée xac
dinh CO, 12 chit thai nguy hai can tiéu huy hodc hang héa thwong mai chiu thué GTGT, hay mot tai nguyén
can cap phép khai thac? Sy mo hd nay gy ling ting trong thu tuc hai quan nhap khéau luu lugng khi ciing
nhu cac quy chudn an toan lao dong (U.S. Department of State's Bureau of Energy Resources).

Vé dai han: Khung phép 1y Viét Nam chua c¢6 quy dinh vé co ché chuyén giao trach nhiém tir doanh
nghiép khai thac vé lai cho Nha nudc sau mot khoang thoi gian theo doi an toan nhat dinh hau déng mo.

Chuin muc do ludng, bao céo va thim dinh: Cac du 4n CCUS can tuan thu nghiém ngat cac tiéu chudn
ky thuét vé chat luong khi (d6 4 am, do tinh khiét) chong an mon dudong 6 ong va phuong thirc quan tric ro ri
tang chira. Viét Nam can som ndi ludt hoa cac tiéu chuan ISO twong ing dé dam béo tin chi carbon sinh ra
dugc cong dong quéc té cong nhan (IEA, 2023).

8. Quy hoach cic cum CCUS tiém ning tai Viét Nam

Su chénh 1éch gita vi tri phan bd cac khu cong nghiép phat thai 16n va vi tri cua cac mé ciu tao dia chat
phit hop tao ra hai dic thu kinh té viing mién ¢6 nhiéu khac biét. Cau trac mé hinh tai chinh can dugc nghién
ctru, danh gia trén co so dac thu cho tung khu vuyc trong diém: Cum Pong Nam B (Nhon Trach) va Cum
Phia Béc (Hai Phong) tai Bang 1.

Bdng 1. Tong hop dic diém quy hoach cho Viét Nam.

Pic diém Quy

Cum Pong Nam B9 (vi du Trung tam

Cum Céng nghiép Phia Bic (Trong diém Hai

hoach dién lwc Nhon Trach) Phong)
Ciu triic nguoén | Cum dién khi ty nhién CCGT (Nhon Trach | Hdn hop cong nghiép ning: Nhiét dién thar}, Xi
phat thai 1,2,3,4). mang, Luyén thép, San xuat Hydro/Hoa chat.

Pac tinh nhiét
dong luc hoc

Nbng d6 CO2 cyc thf:lp (3-4%). Yéu cau
thap hap thu khong 10, tiéu hao ndi b cuc
ky ton kém.

Nong do CO2 cao (Nhiét di¢n than 12-14%, Xi
mang >20%, Hydro 99%). Hiéu suat hap thu rat
tét.

Panh gia chi
phi thu giir

Mirc rfit cao, dao dong tlr $60 dén $90 trén
mdi tin CO; thu hdi.

Mtc trung binh dén thép, dao dong tur $25 (Hydro)
dén $40 - $70 (Than) trén mdi tin CO..

Loi thé van
chuyén va ha
tang

Tiép can hé thdng duong dng khi Nam Con
Son hién hfru; kha nang cai tao thanh ludng
van chuyén nguoc (reverse flow).

Khong c6 ha tang duong ong lién két sin c. Doi
héi dau tu mang ludi thu gom (Gathering network)
mai hoan toan.

Tiém ning luu

Truc tiép lién k& Bé tram tich Ciru Long

Khoang cach xa dén Bé Song Hong hoc bt budc

trir dia chat (kha niing chita 692 tridu tén), noi tap trung | tim kiém cac tAng ngdm nudc min (saline aquifers)
nhiéu mo dau dang trong giai doan suy kiét. | trong dat lin. Thicu so li¢u dia chat sau.
Dong tién Doanh thu truc tiép va 1én tir viéc ban CO2 | Trong cdy hoan toan vao thi truong tin chi carbon,

dé thyc hién ting cuong thu hoi dau (EOR)
tai cac mo Bach HO, Rang Pong.

tranh thué bién giéi CBAM ciia Chau Au, khong
c6 doanh thu gia tang gid tri tai nguyén.
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8.1. Bai todan LCOE tai Nhon Trach va Chién lwoc EOR

Khu vyc Nhon Trach véi td hop cac nha may dién khi dang van hanh va dang xay dung (ddc biét 1a du
an Nhon Trach 3 & 4 cong suat 1624 MW) mang trong minh day di tiém nang dé tré thanh hat nhan cta
cum CCUS dau tién tai Viét Nam.

Tuy nhién, bai bio cao phan tich chi tiét cong nghé CAP tai Nhon Trach 2 chi ra thach thirc nghiém
trong vé hiéu qua tai chinh, véi n@)ng d6 CO; chi tir 3-4% trong khi thai tuabin CCGT, viéc lép dat hé théng
MEA khéng chi ngdn mot khoan CAPEX khong 16 ma viée chia s¢ hoi nuéc cho qua trinh tai sinh dung
moi s& 1am tut giam manh cong suét phét dién tinh ctia nha may. Hé qua 1a gia thanh san xuat dién quy dan
(LCOE) ctia Nhon Trach 2 ¢6 thé bi day 1én cao hon tir 20% dén 50% so véi gia thanh co so (Economic
Research Institute for ASEAN and East, 2023).

Trong bbi canh chi phi thu giir cao ($60 - $90/tan), phuong an kinh té cho cum Nhon Trach 1a sy két
hop v6i hoat dong EOR ngoai khoi thém luc dia. Bom CO, vao cic mo can kiét tai Bé Ciru Long khong
chi gitip giai bai toan phat thai khi nha kinh ma con khoi phuc ap sut via, day lugng dau tho kho khai thac
1én bé mat, mang lai ngudn doanh thu bt dap mot phan chi phi van hanh 16n ctia hé thong. Su phdi hop noi
b giita Tap doan Cong nghiép- Nang luong Qudc gia Viét Nam (PetroVietnam - don vi khai thac EOR)
va PV Power (don vi phat dién) s& tao ra chudi gia tri khép kin, t6i wu hoa dong tién va giam chi phi giao
dich thuong mai giira cac khau (Economic Research Institute for ASEAN and East, 2023).

8.2. Dong lyc tin chi Carbon tai Cum Hdi Phong

Trai nguoc vai sy bu dép chi phi tir EOR & phia Nam, Cum trung tim cong nghiép nang Hai Phong 1a
bai kiém tra d6 bén vimg vé chinh sach tai chinh thuan tay. Ngudn phat thai tir xi mang va luyén thép & dy
mang tinh ¢6 déc cao, gitp chi phi thu gitr tai ngudn ¢ murc kha 1y twong ($25 - $70/tan). Viéc xay dung
mo hinh Hub chia s¢ mang ludi duong ong thu gom (nhu kich ban S4 trong nghién ctru Louisiana) tai Hai
Phong sé ti da hoa hiéu qua kinh té.

Tuy nhién, do rao can vé khoang cach luu trir dén Bé Song Hong va su thiéu vang co hoi EOR, cum
Hai Phong sé& phai ganh chiu toan bg chi phi chim cho ha ting luu trir. Pong luc duy nhét dé cac nha may
nhiét di¢n than va xi mang tai day lép dat CCUS 1a sy de doa ctua Co ché Diéu chinh Bién gidi Carbon
(CBAM) do Lién minh Chau Au 4p dit va sy hip dan ctia ngudn thu tir xuat khéu tin chi carbon theo Nghi
dinh 119/2025/ND-CP. Cum Hai Phong 13 dia diém 1y twéng dé Chinh phu 4p dung cac cong cu tro gia
theo mo hinh Chau Au.

9. Kién nghi

Viéc hién thuc hoa quy hoach cac kich ban CCUS quy mé 1 GW dién khi vao nam 2030 va mo rdng
thém 3,2 GW nhiét dién than cai tao cong 1,2 GW nhiét dién khi méi mdi nam trong giai doan 2035 - 2050
doi hoi hanh dong manh mé& tir Nha nuéc. Duya trén thyuc trang phéap 1y va phan tich k¥ thuat kinh té, sau
day 1a cac nhom kién nghi kha thi cho Viét Nam.

9.1. Ludt héa co ché hop dong chénh léch carbon va khung gid

Kinh nghiém tir co ché SDE++ ctua Ha Lan chimg minh rang thi truong ty do khong thé giai quyét chi
phi CAPEX rét 16n caa CCUS (Clean Air Task Force, 2024).

Hinh thanh quy CCfD: Chinh phii xem xét thanh 1ap mot co ché Hop ddng chénh léch Carbon (CCfD),
sir dung ngudn tai tro tir cac cam két quéc t& (nhu Ddi tac Chuyén dich Nang lugng Cong bang - JETP) va
ODA. Déi v6i cum cong nghiép nang nhu Hai Phong - noi thiéu dong doanh thu tir EOR, nha nuéc sé ky
cam két bao tiéu. Trudong hop gia tin chi carbon noi dia va qubc té giam sut va thap hon chi phi thu hdi
(LCC) trung binh cuia nha may xi mang, quy CC{D s& ty dong bu dap khoang chénh Iéch nay. Su chic chin
vé dong tién nay 1a diéu kién tién quyét dé cac dinh ché tai chinh chap thuan giai ngan von vay dai han.

Chinh sach FiT cho dién khi: Tai Cum Déng Nam Bo, dé giai quyét bai toan LCOE ting 30-50% tai cac
nha may Nhon Trach do ton hao ning luong chay thiét bi hap thy, Bo Cong Thuong xem xét ban hanh
khung gia dién sach cho Hop dong Mua ban dién (PPA) dic thu véi co ché gia mua dién nang (FiT) cao
hon hoic co ché bao tiéu linh hoat khi tich hgp hé théng CCUS (PVPower, 2022).

9.2. Uu tién mé hinh ha ting ding chung va vai tro Nha nwdc

Quy hoach hanh lang tuyén tinh cép Quéc gia: Khai thac t8i da diém dot pha trong Luat Pau tu cong
2024 vé tach roi cong tac giai phong mit bang (Economic Research Institute for ASEAN and East, 2023),
Nha nuée xem xét dung ngan sach trung wong hodc von dbi img dé bdi thuong giai phong mat bang va 4n
dinh som cac hanh lang dudng 6 dng CO, xwong sdng chién lugc lién két dét lién ra thém luc dia, ciing nhu
két ndi lién vang.
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Vai tro dau mbi ctia PetroVietnam: Xem xét thi diém giao dau mdi xay dung hé théng duong dng va
thim dinh kho chira ngim cho PetroVietnam nhd bé day chuyén mén dia chat. PetroVietnam s& dau tu va
quan ly theo m6 hinh RAB, thu lai chi phi thong qua khoan phi van chuyén luu trit dwoc Nha nude diéu
tiét, bao dam ty suat hoan v6n ¢ mirc an toan cho doanh nghiép nha nudc (IEA, 2026).

Co ché bao tiéu: Dé ngan chan hi¢u ung sup d6 ddy chuyén khi mot mét xich trong cum gp su b (vi
du m6 bom ¢p bi qua ap hoac duong dng 10 i), B6 Tai chinh phai dong vai tro 1a bao tiéu cudi cung (IEA,
2026), dong thoi cung cép co ché bao lanh tin dung tam thoi hodc trg cap ngung san xut dé dam bao dong
tién dé cac nha khai thac ha tang trong thoi gian hé thong bao tri su cb.

9.3. Hoan thién hanh lang phdp Iy vé khong gian ngam

Cubi ciing, moi mé hinh kinh té s& khong dat ky vong trong truong hop dong von FDI tir chéi tham gia
vi rtii ro phap 1y khong dinh luong dugce. Qudc hoi va Bo Nong nghiép va Mbi trudng can nghién ciru bd
sung cac quy dinh:

Dinh danh ban chit phap 1y cua COs tinh khiét sau thu hoi dé 1am rd nghia vy hai quan, quy trinh xin
gidy phép luu chuyen hang héa nguy hiém (U.S. Department of State’s Bureau of Energy Resources, 2024).

Thiét 14p co ché chim dit trach nhiém minh bach. Doanh nghiép diéu hanh du 4n luu trit dia chét tai
Viét Nam chi chju trach nhiém giam sat mé chira trong mot s ndm nhét dinh (vi du 20 nam) sau khi hoan
tat viéc bom ép va dong niém phong giéng. Néu hé thdng quan tric xac nhan khong c¢6 hién tugng di cu
khi bat thudng, toan b trach nhiém phap 1y va bao hiém cho mé luu trit trong thoi gian tiép theo s& dugc
chuyén giao cho Nha nudc quan 1y (IEA, 2026).

10. Két luan

M5 hinh Cum CCUS tép trung cé cAu truc toan dién vé kinh té hoc k¥ thuat, béng viéc san sé chi phi cd
dinh cia mang ludi duong 6ng dat do va thu nap nhimg khi thai phan tan vao cac thap hip thy trung tim,
loi thé kinh té theo quy mé lam giam chi phi xir 1y trén mdi don vi carbon xudng muc c6 thé chip nhan
dugc vé miat thuong mai (Tubagus va nnk., 2024).

Dbi voi Viét Nam, ky nguyén Net Zero di mé ra véi nén tang phap 1y dang dan dinh hinh théng qua
Nghi dinh 119/2025/NB-CP va Quyét dinh 21/2025/Qb-TTg. Co hoi phat trién Cum Nhon Trach lién minh
v6i lgi thé EOR cta Bé Ciru Long, hay viéc bién Cum Hai Phong thanh trung tdm céng nghiép xanh khép
kin chdng lai thué bién gi6i chdu Au 12 nhitng dai diém c6 tiém nang. Tuy nhién, dé thuc thi Nha nude phai
xem xét cac chinh sach tai phan bd rui ro phu hop.

Bén canh do, viéc van dung Hop dé)ng CCfD, Khung gia FiT cho dién sach tich hgp cho nhiét dién, vai
trd bao tiéu trong hé théng rii ro chudi, sy hd trg tai chinh song hanh ciing v6i quy hoach khong gian ha
tang tuyén tinh mach lac, cong nghé CCUS s€ co co hoi vuot qua giai doan thi diém, chuyén héa thanh mét
hé sinh thai tudn hoan, bao vé nén tang cong nghi¢p ndng cta Viét Nam trude cac ché tai thué quan ngay
cang khit khe cta thuong mai xanh toan cau.
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Handbook for Policymakers.

Quyét dinh s6 768/QD-TTg ngay 15/04/2025 ctia Tha tuéng Chinh pha phé duyét Piéu chinh Quy hoach
phat trién dién lyc quoc gia thoi ky 2021-2030, tam nhin dén nam 2050 (goi tdt la Diéu chinh Quy hoach
dién VIII) va Quyét dinh sb 896/QD-TTg ngay 26/07/2022 ciia Thu tuéng Chinh phi phé duyét Chién
lwoe quoc gia vé bién doi khi hdu giai doan dén nam 2050; Nghi dinh s 119/2025/ND-CP ngay
09/06/2025 ciia Chinh phu v& Sita doi, bé sung mét sé diéu ciia Nghi dinh s6 06/2022/ND-CP ngdy
07/01/2022 ciia Chinh phii quy dinh giam nhe phdt thai khi nha kinh va bao vé tang 6-dén va Quyét dinh
s0 21/2025/QD-TTg ngay 04/07/2025 ctia Thi tuéng Chinh phit vé Quy dinh tiéu chi méi truong va viéc
xdc nhdn dw dn dau tw thudc danh muc phan logi xanh.

ABSTRACT

Techno-economic foundations of centralized CCUS hubs and
development pathways for Vietnam

Doan Thi Tram', Le Quang Duyen', Nguyen Khac Long', Nguyen Van Thanh!, Tran Van Quang?
! Hanoi University of Mining and Geology, Hanoi, Vietnam
2 PetroVietnam Power Corporation (PV Power), Vietnam

In the context of Vietnam’s commitment to achieving net-zero greenhouse gas emissions by 2050,
Carbon Capture, Utilization and Storage (CCUS) has emerged as a critical decarbonization pathway for
hard-to-abate industrial sectors. However, the high capital and operating costs associated with standalone
CCUS projects remain a major barrier to large-scale deployment. This study investigates the techno-
economic foundations of centralized CCUS hubs through a Techno-Economic Assessment (TEA)
framework, combined with an analysis of international experiences from the United States, Europe, and
China. The results indicate that shared capture, transport, and storage infrastructure generates significant
economies of scale, substantially reducing the Levelized Cost of Carbon Capture (LCOC), particularly for
small- and medium-scale emission sources. A case study of the Louisiana industrial cluster demonstrates
that shared infrastructure can reduce transportation costs by up to 66% and capture costs by up to 36%
compared with standalone configurations. Based on an examination of business models, financing
mechanisms, and value-chain risks, the study evaluates the readiness of Vietnam’s emerging regulatory
framework and identifies strategic opportunities for CCUS hub development in Nhon Trach and Hai Phong.
The findings suggest that successful CCUS deployment in Vietnam will require the establishment of Carbon
Contracts for Difference (CCfDs), state-supported shared infrastructure models, and a comprehensive legal
framework governing geological CO: storage. These measures are essential to transforming CCUS from an
environmental compliance tool into a strategic instrument for energy transition and industrial
competitiveness in a low-carbon economy.

Keywords: CCUS Hub; Carbon Capture, Utilization and Storage; Techno-economic assessment; Net Zero;
Climate policy; Vietnam.
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