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TOM TAT

Nhién liéu hang khong hién tai bao g&m cac logi nhién liéu dan dung va quan sw. Nhién
liéu cho hoat dong cua dong co dwoc phan loai thanh nhién liéu cho tuabin khi hodac dong co
phan lyc (JET FUEL) va cho ddng co piston (AVGAS). Viéc chuyén déi tir nhién liéu hang khéng
truyén thong sang cdc loai nhién liéu thay thé it phat thai la rat can thiét. Bai bdo phan tich cdc wu
nhwoc diém ciia cdc loai nhién liéu hang khong, tiem nang cua cac loai nhién lieu moi nhuw Hydro,
Amoniac, Metane va nhién liéu hang khéng bén viing (SAF), tir @6 dwa ra nhdn dinh: Dé dat muc
tiéu giam phat thai, SAF la gidi phdp quan trong nhat trong 10-20 nam téi; CH , nhién liéu sinh hoc
va cdc logi nhién li¢u phi carbon NH,, H, c6 tiém nang Ion cdn dwoc vu tién thic day nghién citu,
dau tw phat trién cho twong lai.

Tw khéa: Nhién licu hang khong, Hydro;, Ammonia; SAF; Metan.
ABSTRACT

Current aviation fuels encompass various applications, including civilian and military,
with production sources varying depending on the type of engine used. Fuels for engine operation
are categorized into jet fuels for gas turbines or jet engines and aviation gasoline (AVGAS) for
piston engines. The transition from traditional aviation fuels to lower-emission alternative fuels is a
crucial step toward a sustainable future for the aviation industry. This paper analyzes and evaluates
the advantages, barriers, and challenges of various aviation fuels, the potential of new fuels such as
hydrogen, ammonia, methane, and sustainable aviation fuel (SAF). From this, it concludes that in
the future, to achieve emission reduction targets, SAF will be the most important bridging solution
in the next 10-20 years. Low-emission fuels such as CH,, biofuels, and carbon-fiee fuels like NH,
and H, are potential fuels that should be prioritized for research and development in the future.

Keywords: Aviation fuel; Hydrogen, Ammonia; SAF,; Metan.
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1. GIOI THIEU

Hién nay, nhu cau st dung nhién li¢u
ting nhanh giy nguy co can kiét nhanh ngudn
nhién liéu truyén thong va lam gia ddu mo tang
1én, anh huong truc tiép dén nén kinh té toan
cau. Gia nhién liéu ngay cang ting, c6 nguy
co gian doan ngudn cung cip gy ap luc 16n
cho nganh hang khong. Bén canh d6, nhién
liéu phan lyc truyén thong gop phan dang ké
vao lugng khi thai nha kinh va bién d6i khi hau
[1]. Viéc chuyén dbi tir nhién liéu hang khong
truyén thong sang cac loai nhién liéu thay thé it
phat thai 1a mgt budc quan trong hudng tdi mot
twong lai bén viing cho nganh hang khong. Do
tinh chat hoat dong & moi truong khic nghiét
va su phu thudc truc tiép vao dong co dé dam
bdo an toan, nhién liéu hang khong phai dap
{mg nhitng yéu cau k¥ thuat va an toan nghiém
ngdt hon bét ky loai nhién li¢u nao khac vé an
toan, hiéu suat va do tin cay.

Nhién liéu hang khong truyén thong
duoc chia thanh hai loai chinh:

1) Nhién li€u cho dong co phan luc (Jet
Fuel - JetGas): Pay 1a loai nhién liéu phd bién
nhat hién nay, ding cho cac may bay phan luc
(ddng co tuabin), bao gdm: JET-Al, JET A,
JET B, JP, TC-1, RT, T6, T8B... [2].

2) Xang may bay (AvGas - Aviation
Gasoline): Str dung cho cac may bay c6 dong
co piston, bao gdbm: Avgas 100, Avgas 100LL,
B59, B70... [2].

Céac ngudn ning lugng tai tao dang
ngay cang dugc chu trong khi nhién liéu dau
mo can kiét, doi hdi phai co céac lya chon thay
thé. Nganh hang khong dang dung truéc nhu
cau ngay cang tang ddi voi ca nhién lidu thong

thudng va nhién liéu thay thé nhu mot giai phap
sach hon cho nhién liéu may bay truyén thong.
SAF, NH,, H, va CH, la nhiing lya chon thay
thé day htra hen trong tuong lai. Nghién cuu
nay cung cap nhiing hiéu biét c¢6 gia trj vé tiém
nang cta cac nhién liéu thay thé va sy can thiét
phai tiép tuc nghién ctru sdu hon vé qué trinh
chay, dac tinh k¥ thuat, kha nang tuong thich
v6i dong co va tac dong cua chung d6i véi moi
truong khi st dung cho linh vuc hang khong.

2. PHAN TiCH, PANH GIA VE NHIEN
LIEU HANG KHONG

2.1. Nhién liéu truyén théng

Jet A-1 1a loai nhién li€u phan lyc tuabin
(Jet Fuel) duoc st dung pho bién nhét trén thé
gidi cho cd may bay thuong mai va quan suy.
Day 1 loai nhién ligu tiéu chuén toan cau, duoc
san xudt va kiém so4t chat lwong nghiém ngit
theo cac tiéu chuan qudc té nhu ASTM D1655
(M¥), DEF STAN 91-091 (Anh) va cac yéu cau
cua JIG (Joint Inspection Group) [2].

Nhién liéu TC-1 (hay TS-1) 1a mdt loai
nhién li¢u phan lyc tuabin, chu yéu duoc s
dung cho cac may bay c6 ngudn goc tir Lién
X6/Nga va cac qudc gia thude khdi Pong Au
cii, tudn thu tiéu chuan ky thuat GOST 10227
[2].

Jet A-1 va TC-1 la loai dau hoa
(kerosene) tinh ché, c¢6 thanh phan chu yéu
1a cac hydrocarbon. N6 dugc thiét ké dic biét
dé dap (mg cac yéu cau khit khe cia dong co
tuabin khi vé hiéu sudt, an toan va hoat dong ¢
nhiét do cao/thép. Rao can 16n nhét 1a van dé
moi trudng va an ninh nang lugng (trir luong,
phat thai CO, va cac khi nha kinh khéc).
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Bdng 1. So sanh cac dac tinh co ban cua TC-1 va Jet A-1 [2].

Jet A-1

Dac tinh GOST 10227 | ASTM D1655 Y nghta ky thuat
D6 tin cdy cao & nhiét do cyc thip. TC-1 ¢6 kha
biém dong bang <-47°C nang chiu lanh tot hon, phu hgp cho cac chuyén
bay ¢ vi d0 cao hodc vung khi hau cuc lanh.
An toan khi xtr Iy mat dat. Diém chép chay thap
2 . . o hon ctia TC-1 lam ting nguy co bit lira trong
> .
Biém chép chdy 238°C qué trinh bao quan va tiép nhién liéu so voi Jet
A-1, do6i hoi quy trinh an toan nghiém ngat hon.
Nhiét tri >42.95 MJkg | >42.80 Mi/kg Nhiét tri theo khoi Iuwgng cua 2 loai déu cao va
tuong duong nhau.
Ham luone h Chay sach. Ham luong chat thom thap hon cua
A fm op <25% TC-1 gitip nhién liéu chay sach hon, giam tao

mudi than (khoi) va bao vé dong co tot hon.

Khdi luong riéng

<780 kg/m?

775-840 kg/m?
(6 15°C)

Quan trong cho viéc tinh toan tai trong va can
bang may bay (phai nam trong khoang quy
dinh) va nhiét tri theo thé tich.

< 8,00 mm?/s

< 8,00 mm?/s

Do nhot qua cao s€ ngan can qua trinh phun

Do nhét dong hoc (& -20°C) swong va bay hoi nhién liéu, anh huéng dén qua
trinh khoi dong dong co phu ¢ nhiét do thap.
. Chi tiéu vé kha nang chay sach. Piém khoi cao
biém khoi > 25 mm cho thay nhién li¢u it tao bd hong (mudi than)

va khoi, gitip bao vé dong co.

2.2. Nhién liéu hang khong bén virng (SAF)

Trudc suc €p gidm phat thai khi nha
kinh (nganh hang khong gay ra khoang 2,4%
téng lugng CO, do con nguoi gay ra [1]), SAF
la giai phap then chdt dugce wu tién hang dau.
SAF 1a loai nhién liéu dugc san xut tir nguyén
lidu tai tao, khong c6 ngudn gbc tir dau mo.
SAF tuong thich truc tiép voi dong co hang
khong hién tai, khong can thay ddi co so ha
tang. Nghién ctru gan day da chi ra SAF 1a mot
giai phap thay thé tot cho nhién liéu phan luc

2.2.1. Uu diém

1) San pham chay cua SAF c6 luong
khi thai carbon thip hon téi 80% so v&i nhién
li¢u hang khong thong thuong [4], dap ung cac
yéu cau tiéu chudn nhién liéu hang khong qubc
té. Qud trinh chay ctia SAF sach hon, giam phat
thai PM (chat thai dang hat) va SOx.

2) Ngudn nguyén liéu dau vao da dang
(bang 2).

hoéa thach [3]. 3) Cong nghé san xuat da co dap tmg
cac yéu cau dé ra (bang 2).
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Bdng 2. Cdc quy trinh cong nghé san xudat SAF [5].

TT Quy trinh sin xuit Nguyén li¢u diu vao Ning suit
. Dau hoa paraffin téng hop duoc xir Iy bing Chat thai rin db thi, chit thai o
" | phuong phap Fischer-Tropsch (FT-SPK) lam nghiép °
D,au hoa pafaffm fong hop tur estf: va axit ’ Dau thai, m& dong vat, diu
2. béo dugc xtr Iy bang phuong phap hydro hoa thue VAt 42%
(HEFA-SPK) o
Isoparaffin tong hop tir dudng 1én men duoc xir f e o
3 1y biing phuong php thiy phan (HFS-SIP) Mia, cu cai dudng 13,6%
Dau hoa tong hop c6 chira cac hop chit thom
4, thu dugc bang phan ung ankyl hoa cac hop chat Sinh khoi 25-40%
thom nhe (FT-SPK/A)
Dau hoa paraffin tong hop chuyén hoa tir con Loae s 0
5. sang nhién liéu phan luc (ATJ-SPK) Chat thai lignocellulose 14%
Dau hoa duoc tong hop bang phuong phép thity . . 1 0
6. phan nhiét xtic tac (CHJ-SKA) Triglyceride va axit béo 7-12%
7 Hydrocarbon, este va dau hoa paraffin tong hop Hydrocarbon c6 ngudn gdc 50.1%
" | axit béo (HC-HEFA) sinh hoc e

Ning sudt ciia cic quy trinh san xuét
SAF the hién ty 1€ % khoi luong SAF dugc tao
ra so v&i tong ngudn nhién liéu dau vao thuc te.

4) Tinh nang “Drop-in”: Phan 16n SAF
dugc phat trién dudi dang “drop-in fuel”, nghia
la chung hoan toan tuong thich véi1 dong co
méy bay va co s& ha tang tiép liéu hién c6 ma
khong can stra doi. Hién tai, SAF thuong dugc
sir dung dudi dang pha tron véi nhién liéu phan
luc truyén thong (ty 1¢ pha tron t6i da co thé 1én
dén 50%, dang hudng téi 100% SAF) [6].

2.2.2. Thach thirc

1) Chi phi cao, ngudén cung han ché:
San xuat SAF con so khai, quy mé nhd, khién
gi4 cao gap nhiéu 1an nhién liéu hoa thach, tao
ap luc 16n 1én chi phi van hanh [7].

2) Ha ting va cong nghé: Thiéu nha may
san xuat SAF quy mo thuong mai. H¢ thong loc
héa dau hién tai chua sin sang, can dau tu nang

cap lon. Cong nghé san xuat tién tién va chiing
nhan quoc té chu yéu tap trung ¢ cac nudce phat
trién, gdy phu thudc cho cac nudc khac.

3) Ngudn nguyén liéu: Ngudn cung diu
an da qua su dung c6 gidi han va canh tranh gay
git voi cac nganh khac. Nguy co canh tranh dét
dai v6i cay luong thuc va van dé pha rimg, mat
da dang sinh hoc néu st dung sinh khdi tir thuc
vat khong bén viing.

4) Chinh sach va phap 1y: Thiéu co ché
thi trudng 6n dinh, tin hiéu gia ca rd rang va
céc chinh sach hd trg ddu tu dai han. Cac quy
dinh quéc té ap dat ty 1€ sir dung cao, tao ap luc
16n 1€n céac hang bay, dac biét 1a cac hang ¢ cac
nuéc dang phat trién.

5) Ky thuat va van hanh: Hi¢n tai chi
dugc phép pha tron téi da 50% SAF [7]. Kha
nang phdi tron va tiép nhién liéu tai sin bay
chua dong déu.
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2.3. Nhién liéu Hydro

Nam 2021, Hi¢p hoi Van tai hang
khong quéc té (IATA) da dua ra muc tiéu dat
phat thai rong carbon bang 0 trong nganh hang
khéng vao nim 2050. Sau d6, 130 qubc gia da
thiét 1ap hoic dang xem xét cac muc tiéu twong
tu [8]. Hydro dugc xac dinh 1a gidi phap hi¢u
qua nhat dé dat duoc muc tiéu d6 [9]. TH chirc
Hang khong dan dung qudc té (ICAO) ciing da
nhin manh vai tro tiém ning cta hydro trong
cac chién luoc khir carbon trong tuong lai [10].
Tuy nhién, hydro ciing dang ton tai rao can 16n
khi thay thé cho cic ngudn ning luong hoa
thach.

2.3.1. Uu diém

1) Nhién li¢u Hydro khong phat thai
Carbon: Hydro chay chi tao ra hoi nude (H,0),
loai bé hoan toan khi nha kinh (CO,) va cac
chat 6 nhiém khéc (trir mot luong nho NO -

2) Nhiét tri theo khdi lwong cao: Hydro
c6 nhiét tri theo khdi lugng cao gap khoang 3
1an so v6i nhién lidu truyén thong (120 MJ/kg,
so v&i 43 MJ/kg) [11]. Piéu nay cé nghia la
cung mot khdi lugng nhién liéu, Hydro cung
cap niang luong 16n hon, gitp may bay bay xa
hon.

3) Ning lugng danh Itra thap (0,02 m)J),
thap hon khoang 14 lan so metan gitip hé thong
danh Itra hoat dong hiéu qua hon [12].

4) Téc @6 lan truyén ngon lira cua
Hydro (3,36 m/s) cao giip nang cao hi¢u suat
cua dong co [12].

5) Hydro c6 gi6i han bat lira voi nong
do tir 4-75%, cac dong co nhi¢t co6 the van hanh
6n dinh v6i hon hop hydro/khdéng khi lodng
[12].

6) Cong nghé san xuat hydro da dang,
hiéu qua: chuyén hoa hydrocarbon bang nhiét;
dién phan nudc; sinh hoc... Phuong phap san
xuat hydro bén viing nhat 1a dlen phan nuoc
bang ning lugng dién c6 ngudn gbc tir cac
nguon tai tao nhu mat troi, gid hoac thuy dién.

7) Ngudn nguyen ligu san Xuat hydro
chu yéu 1a nuée, c6 thé c6 ngudn gbc tu’ nuoc

bién, né phai trai qua qua trinh khir mudi trude
khi di¢n phan [13].

2.3.2. Thach thurc

Mic di ¢6 lgi ich vé moi trudng va ning
luong, viéc img dung Hydro long (LH,) trong
linh vuc hang khong pha1 d6i mat v6i nhiéu rao
can ky thuat va kinh té:

1) Luu tr&r nhién li¢u (k§ thuit dong
lanh) nhiét d6 cuc thap: Hydro phai duoc héa
long & nhiét do cuc thap -253°C [14] dé ¢ thé
Iuwu trit va sir dung. Bon chira hydro 16ng can
dam bao an toan ¢ nhiét do cuc thép va tinh dé
chay ctia hydro [14]. Cac bon chira va hé thong
nhién lidu doi hoi hé thong cach nhiét tién tién,
can cac hé thong thong hoi dugc lap dit chinh
xac dé giam thiéu viéc hinh thanh hoi nhién
liéu dé chay [15].

2) Do LH, c6 mat d§ nang lugng theo
thé tich rat thap, ch1 bang khoang 1/4 so véi Jet
Fuel (8,48 MJ/m?, so v&i 33,7 MJ/m?) [14], do
d6 cac binh chua can thiét dé luu trit cing mot
luong ning luong s& c6 thé tich gip khoang
bén 1an [16]. Piéu nay doi hoi phai thay doi
hoan toan thiét ké than may bay.

3) Cong nghé dong co va hé thong tiép
nhién li¢u phtrc tap: Cac bo phan phai co kha
ning hoat dong on dinh trong méi truong nhiét
d6 cuc thap va ap suit cao. Yéu cau vé an toan
khi thiét ké hé thong nhién liéu hai pha: dang
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long trong binh chira, dang khi trong cac bo
phan tiéu thu. Do do, c6 su thay doi pha phuc
tap dién ra trong hé thong [17].

4) Hydro c6 thé chay dugc ¢ khoang
noéng do tir 4-75% va gay nd & khoang nong
do 15-59% [12]. Hydro rat nhay cam véi cac
ngudn nhiét do ning luong danh lira thap. Tc
d6 lan truyén ngon lira va giai phong nhiét cta
hydro rat cao lam ting nguy co chay nd va bat
lira nguoc nén can diéu chinh/thiét ké lai budng
dbt va voi phun. Nhiét do ngon lira cao lam
tang hiéu qua chay, nhung c6 thé dan dén luong
NO, cao, co thé lam qué nhiét cac chi tiét.

5) Chi phi san xuét, luu trir va phan phdi
cao: Bé Hydro thuc sy sach, no phai 1a Hydro
xanh, duoc san xuit bang ning luong tai tao.
Chi phi san xuit Hydro xanh hién van con rat
cao. Can phai dau tu 16n vao co sé ha tang luu
trir va hé thong tiép nhién liu LH, hoan toan
moi.

2.4. Nhién li¢u Amoniac (NH,)

Amoniac (NH,) dang duoc nghlen cliiu
nhu mét loai nhién liéu khong carbon tiém ning
cho nganh hang khong, twong tu nhu Hydro.
Hién tai, Amoniac dugc uu tién phat trién manh
mé hon trong nganh hang hai nhung ciing cé
trién vong 16n cho hang khong.

2.4.1. Uu diém

1) Luu trir dé dang hon: NH, hoa long
& nhiét d -33°C va ap suét 1 bar hoac ap suat
8-10 bar va nhi¢t do0 phong [18], gilp giam
déng ké chi phi so véi LH,.

2) Mat d6 nang luong thé tich cao hon:
Amoniac 16ng c6 mat do ning luong theo thé
tich cao hon so voi LH, [18], giup giam kich
thudc bon chia so voi LH

3) Hiéu qua vé chi phi: NH, nbi 1én nhu
mot giai phap thay thé tiét kiém ch1 ph1 voi gia
nhién liéu thip hon dang ké va loi thé bd sung
la tan dung co so ha ta‘ing hién co.

4) Van chuyén va luu trir dd duoc thiét
lap: NH, duogc hudng lgi tr cac cong nghé van
chuyén va luu trir d3 dugc thiét 1ap san.

5) San xuét tir nang luong tai tao: Co
the ap dung nhiéu nguon nang luong tai tao nhu
mat troi, gio, thuy di¢n,... d€ san xuat NH..

2.4.2. Thach thurc

Mic du c6 loi thé vé luu triy, NH, van
d6i mat voi nhidu rao can ki thuat va an toan
nghiém trong, dac biét trong ung dung hang
khong:

1) Bdc tinh va an toan ddc hai: Amoniac
1a mot chat doc, hit phai co thé giy kich tGng
manh va tir vong & ndong dd cao. Trong hang
khong, nguy co 10 ri khi doc ra moi trlr(mg la
moi quan tdm an toan hang dau va can cac hé
thong xtr Iy khan cip nghiém ngat.

2) Pét chay kém va phat thai chat 6
nhiém: NH, c6 tdc do chay cham va nhiét do tu
boc chay cao, dan dén hiéu suat dong co thap
néu ding (NH,) tinh khiét. Ngoai ra, qua trinh
chay NH, tao ra NO, va NH, du, day la cac
chat gay 6 nhiém khong khi [19]

3) Mat d6 ning lugng (khdi luong)
thép Mic du mat d6 ning luong theo thé tich
t6t hon LH ,nhung mat do nang lugng theo khoi
luong cua NH chi bang khoang mot nia cua
nhién li¢u phan luc thong thudng. May bay can
phai mang khéi lugng NH, 16n hon dang ké dé
dat dugc cung mot quang dudng bay, lam giam
tai trong hang hoa hodc hanh khach.
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4) Cong ngh¢ dong co NH, c6 kha nang
s& dugc sir dung trong hé thong nh1en liéu kép
(dual-fuel), noi né dugc pha tron vdi nhién
lidu d& chay (nhu Hydro) dé cai thién qua trinh
chay.

2.5. Nhién li¢u metan (CH)

bé dat muc tiéu giam phat thai, vi¢c
dua khi thién nhién hoéa léong (LNG) hoac
metan long (LCH,) lam nhi€n li¢u hang khong
la mot giai phap da dugc thyc hién. NASA da
danh gia viéc str dung metan va thiét ké may
bay v&i cac bon chira lanh khac nhau vao cubi
nhtrng nam 1970 [20]. Sosounov va Orlov [21]
da cong bd mot bao cao vé két qua chirng minh
hoat dong thanh cong cua dong co v6i LH, va
LNG trén may bay TU-155. Day 1a may bay
thir nghiém duy nhat da bay v6i dong co tuabin
khi 16n chay bang nhién liéu hydro va LNG.

2.5.1. Uu diém

1) CH, la hydrocarbon don giin nhat.
Nhiét trj kh6i lu0’ng cao: LCH, c6 mat d6 nang
lwong theo khdi lugng khoang 50 MJ/kg [19],
cao hon nhiét tri cia Jet A-1 vdoi 43 MI/kg.

2) Nhiét do tu bdc chay ctia metan cao
(630°C) nén an toan hon. Chi s6 octan 110-120
nén it gay kich nd, giam thiéu tiéng on tir dong
co [19].

3) Metan chay sach hon Jet A-1 va cac
hydrocarbon khac. No tao ra it CO, hon trén
mdi don vi nang luong giai phong va hau nhu
khong thai ra mudi than va SO, .

4) Metan 1ong 1a thanh phan chinh cta
LNG, 12 m{t mat hang co san trén toan cau.
Ngoai ra, qua trinh téng hop metan tir sinh khdi
va dién it phirc tap hon qua trinh tong hop SAF.

5) Ngudn gbc bén vitng: Metan co
nguon gbc tir khl thién nhién va c6 thé duoc san
Xuat tir cac ngudn tai tao. Synthetic Methane
(e-Methane) duoc tong hop tir CO2 va Hydro
xanh (quy trinh Power-to-Gas), bién né thanh
mot loai SAF.

2.5.2. Thach thic

1) Gidng nhu hydro, Metan ciing phai
dugc hoa long va la nhién li¢u dong lanh, doi
hoi nhitng thay d6i 16n ddi véi co sé ha tang
san bay. Dé str dung trong hang khong, n6 phai
dugc hoa long dé ting mat do ning luong va
tiét kiém khong gian. Metan can duogc lam lanh
sau dén khoang -162°C [19] dé duy tri & trang
thai 1ong. Piéu nay dit ra cac yéu cau khat khe
vé luu trir: bon chira ap suét cao, siéu cach nhiét
va niang hon bon chtra nhién liéu truyén thong.

2) Mat d6 thé tich thdp: Du c¢6 nhiét tri
khéi lugng cao, mat do nang lugng theo thé tich
cua LCH, van thap hon Jet A-1. Piéu nay yéu
cau bon chua nhién li¢u 16n hon, anh hudng
dén thiét ké may bay va khong gian ché hang/
hanh khach.

3) Pong co tua bin khi can duoc thiét ké
lai hodc cai tién dé st dung nhién liéu khi nén
hoic khi hoa 16ng thay vi nhién liéu long truyén
théng.

4) RO i Metan: Néu Metan chua chay
hét 1o ri vao khi quyén, n6 s& 1a mot van dé
nghiém trong vi Metan 1a mot khi nha kinh
manbh.

3. KET LUAN

Nhién liéu phan luc truyén thong Jet
A-1va TC-1 ¢6 tinh 6n dinh cao, dugc st dung
trong 100% dodi bay phan lyc thuong mai hién
tai; co6 chudi cung ung, kho luu trit va hé théng
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tiép liéu duogc thiét 1ap day du trén toan thé
gidi. Rao can 16n nhat la van d€ moi truong va
trtr lugng hoa thach.

SAF hién c6 sin vé mat ky thuat va
duoc ching nhan an toan dé pha tron voi Jet
A-1, nhung ngudn cung toan cau hién nay chi
dap ung dudi 1% tong nhu cau nhién liéu; co
tinh tuong thich tét, khéng can thay d6i két cdu
dong co hay co sé ha tang san bay hlen co, tuy
nhién, chi phi san xuit cao va ngudn nguyén
liéu thé bi han ché.

Hydro long 1a mot trong nhitng giai
phap tiém ning va hira hen nhat dé dat muc tiéu
ha‘lng khéng khong phat thai carbon, tuy nhién,
can thay ddi cong nghé trong thiét ké may bay,
thiét ké dong co va xdy dung co so ha ting san
xuét/luu triv/tiép liéu (LH,) tai san bay.

Amoniac 1a nhién liéu phi carbon tiém
nang cho nganh hang khong. Tuy nhién, do
tinh toc do lan truyén ngon ltra thép, thoi gian
tré danh lira dai, ranh gidi chay han ché, buc
xa va nhiét d6 ngon Itra vira phai,... can tiép
tuc nghién ctru dé nang cao hiéu qua qué trinh
chay. Can bao dam an toan trong hang khong
do nguy co 10 ri khi doc NH, ra moi trudong.

Metan long (LCH ) ¢6 loi thé mot mat
hang c6 san va qua trinh tong hop metan tir sinh
khéi va dién it phic tap. Gidng nhu hydro, nd
cling phai dugc hoa long va dong lanh, doi hoi
nhing thay d6i to 16n dbi véi thiét ké dong co,
may bay, co so ha ting san bay.

V61 muc ti€u gidam phat thai, SAF la
giai phap hiéu qua trong 10-20 nam téi. Nhién
li¢u it phat thai nhu CH, va cac loai nhién li¢u
ph1 carbon NH,, H, 1a cac nhién li¢u tiém nang
can dugc uu tlen thuc day nghién ciru, dau tu
phat trién cho tuong lai. <
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