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Cong nghé dbt kém amoniac trong cac nha may dién than: Hién trang,
thach thirc va trién vong gidm phat thai CO-

L& Quang Duyén'", Nguyén Vin Thanh', Nguyén Qudc Nam?
) ! Truong Pai hoc Mo - Dia chat
2 Tong cong ty tham do khai thac dau khi PVEP

Tom tit

Trong bdi canh cac qubc gia trén thé giéi cam két giam phat tha1 khi nha kinh va huéng t61 myc tiéu trung hoa
carbon, nganh dién than — hién van chiém ty trong 16n trong co céu cung cép dién toan ciu — dang chiu ap luc 16n
trong viéc cit giam phat thai CO,. Cong ngh¢ d6t kém amoniac (NHs co- -firing) trong céc nha mdy dién than ndi lén
nhu mot gidi phéap chuyén tiép tiém ning, cho phép giam phat thai CO. dang ké ma khong can loai bo hoan toan ha
tang dién than hi¢n hitu. Amoniac, v4i vai tro 1& mot nhién liéu khong chira carbon va c6 kha nang luu trlt — van
chuyén thuén loi, dugc xem 13 vit mang hydro hiéu qua trong hé théng ning luong tuong lai.

Bai bao nay téng quan mot cach c6 hé théng cac nghién ctru va két qua thuc nghiém lién quan dén cong nghé dbt
kém amoniac trong céac 10 hoi dbt than. Trude hét, cac dic tinh nhiét — hoa cua amoniac ¢ anh hudng truc tiép dén
qua trinh chay, bao gdm nhiét tri thip, nhiét do tw bdc chay cao va tbc do chay cham, dugc phan tich nhim lam rd
nhiing thach thirc khi 4p dung trong méi truong 10 hoi truyén théng. Tiép theo, bai bao trinh bay cac ciu hinh dét kem
amoniac khac nhau, tir phun truc tiép vao budng ddt, sir dung burner riéng cho NHs, dén cac chién luge dét phan
tﬁng, cung voi anh hudng cua ty 1€ @6t kém dén hiéu suit 10 hoi va d6 én dinh ngon lura.

Céc dic diém phat thai ciing duoc phan tich chi tiét, trong 6 nhan manh sy gia ting tiém ting ciia NO,, N2O va
hién twong NH; slip, cling nhu vai trd ciia cic cong nghé kiém soat khi thai nhu burner low-NO,, SCR va SNCR. Bén
canh do, bai bdo tong hop cac danh gid kinh t& — k¥ thuat, so sanh chi phi va hiéu qua giam phat thai cia dt kém
amoniac v&i cac giai phap khac nhu CCS hoic chuyén dbi nhién liéu hoan toan.

Cubi cing, cac du 4n trinh dién tiéu biéu tai Nhat Ban, Han Qudc va chau Au dugc xem xét nhidm rat ra bai hoc
kinh nghiém, x4c dinh cac thach thirc con ton tai va khoang tréng nghién ctru. Bai bao két luan ring dbt kém amoniac
6 tiém ning tré thanh mot giai phap quan trong trong 16 trinh giam phét thai cua dién than, dic biét dbi véi cac qubc
gia dang phat trién, dong thoi dé xudt cac hudng nghién ctru va trién khai trong twong lai, trong d6 c6 khu vuc Dong
Nam A va Viét Nam.

Tir khoa: Nhiét dién, Than ; Amoniac

1. Pt van dé

Trong bdi canh bién ddi khi hau va yéu cau cat giam phat thai khi nha kinh ngay cang trd nén cap
béach, nganh dién than — mic du dong vai trd quan trong trong dam bao an ninh ning luong tai nhidu qubc
gia — dang d6i mit véi ap luc 16n vé moi trudng. Viée thay thé hoan toan dién than trong ngén han gip
nhiéu rao can vé kinh té, k¥ thuat va an ninh cung tmg. Do d6, cac giai phap chuyén tiép nhim giam phat
thai CO: trong cac nha may dién than hién hiru dugc xem la huéng tiép can kha thi. Trong s d6, cong
nghé d6t kém amoniac (NHs co-firing) ndi 1én nhu mét giai phap tiém nang, cho phép glam dang ké phat
thai CO: nho sir dyng nhién liéu khong chira carbon ma khong cén loai bo hoan toan ha tang hién co.

Tuy nhién, viéc ap dung cong nghé dét kém amoniac van ton tai nhidu van dé khoa hoc va ky thuat
chua duogc giai quyét triét dé. Pac tinh chay bt lgi cia amoniac nhu nhiét tri thép, nhiét do tu béc chay
cao va téc do phan tng chay cham gy kho khin cho viéc 6n dinh ngon lira trong 16 hoi d6t than. Bén
canh d6, sy gia ting phat thai NO,, N2O va hién twong NH; slip trong qué trinh d6t kém van 14 thach thic
16n vé moéi trudng. Ngoai ra, cac nghién ciru hién nay con phan tan, chu yéu tap trung vao quy md thi
nghiém hodc trinh dién, thiéu cac danh gia tong hop vé hiéu suat 16, tdc dong mdi trudng, chi phi cai hoan
va kha ning trién khai trén quy mé cong nghiép, déc biét tai cac qudc gia dang phat trién..

Trén co s¢ do, nghién clru ndy da tién hanh tong hop, phan tich c6 hé théng cac cong trinh khoa hoc,
béo céo k§ thuat va két qua trinh dién lién quan dén cong nghé dt kém amoniac trong nha may dién than.
Cac ndi dung chinh bao gom: phan tich déc tinh nhiét —hoa va dong hoc chay cia amoniac; téng quan cac
cAu hinh d6t kém va ty 18 phéi tron amoniac — than; danh gia anh hudng ctia amoniac dén hiéu suét 16 hoi,
d6 6n dinh chay va dic tinh tro xi; tdng hop cac két qua do dac phat thai va cac bién phap kiém soat khi
thai; dong thoi xem xét cac phan tich kinh té — k¥ thuat va chudi cung g amoniac.

* Tac gia lién hé
Email: lequangduyen@humg.edu.vn
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Két qua nghién ctru cho thdy dbt kém amoniac c6 thé gitip giam dang ké phat thai CO. tir cac nha may
dién than, v&i murc giam ty 1¢ thuan véi ty 1& amoniac str dung. Cac nghién ciru va du 4n trinh dién cho
thiy viéc dot kém & mirc 5-20% nang luong 1a kha thi v6i nhiing cai hon ky thudt han ché, trong khi cac
ty 1¢ cao hon doi hoi t6i wu hoa burner va hé thong kiém soat khi thai. Pong thoi, nghién ciru ciing chi ra
rang kiém soat NOx va NHs slip 1a yeu t6 then chot quyét dinh tinh bén viing ctia cong ngh¢. Nhing két
qua nay khang dinh tiém ning cia d6t kém amoniac nhu mot giai phap chuyen tlep quan trong trong 16
trinh giam phat thai ciia dién than, dong thoi 1am rd cac hudng nghién ciru va trién khai can tiép tuc duoc
uu tién trong thoi gian tdi.
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Hinh 1. So dé hé thong dét kém than véi Amoniac

2. Cac tinh chit vat Iy va héa hoc ciia amoniac lién quan dén qua trinh d6t hén hop
2.1. Tinh chit nhi¢t — héa ciia NH;

Amoniac 1a hop chit vo co don gian, gdm mot nguyén tir nito va ba nguyén tir hydro, c6 lién két N-H
bén ving. Do khong chira nguyén tir carbon, qué trinh chay 1y tuéng cia NHs khong sinh CO., san pham
chay chii yéu 1a N2 va Hz0. Tuy nhién, sy c6 mit ctia nito trong phéan tir NHs khién qua trinh chay dé phat
sinh cac hgp chét nito oxit (NOx, N20). V& mit nhiét — hoa, NHs ¢6:

e Nhiét tri thdp hon dang ké so vi nhién liéu hydrocarbon,

e Nhiét do tu bdc chay cao,

e  Nhiét do ngon Itra doan nhiét théip hon,

e Phan ng chay phy thugc manh vao diéu kién nhiét do va ty 1€ khong khi du.

Nhirng dic diém nay lam cho NH; kho chay hon, dic biét trong didu kién dong dét vai than trong 10
hoi cong nghiép.

2.2. Ddc tinh chay ciia NH
2.2.1. Nhiét tri thdp, nhiét @6 tw béc chay cao

Nhiét trj thip (LHV) ctia NHs vao khoang 18,6 MJ/kg, chi bang:

e ~50% so v&i than déa dién hinh,

o  ~40-45% so v6i khi ty nhién,

e ~35% so v6i hydro (theo khdi luong).

Bén canh d6, nhiét do tu bbc chay cua NHs (~650 °C) cao hon dang ké so vé6i than va khi ty nhién.
Diéu nay dan dén:

e Yéu cau nhiét 46 budng d6t cao hon dé duy tri phan tng chay,

e Kho6 khin trong giai doan khoi dong va on dinh ngon Iira,

e Phu thudc 16n vao nhién liéu mdi (than, diu, hodc hydro).

Trong hé dong d6t, than dong vai tro quan trong trong viée cung cap nhiét ban dau va duy tri moi
truong nhiét do cao can thiét cho qué trinh oxy hoa NHa.

2.2.2. Téc dp chay thép, khé bat hia o ‘
NHs c6 toc dd lan truyén ngon Itra (laminar flame speed) rat thap, chi khoang 0,07-0,1 m/s trong diéu
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kién khi quyén, thap hon nhiéu so véi: Khi tu nhién (~0,35-0,45 m/s) va Hydro (>2 m/s). Hé qua la:

e Ngon Itra NHs kém 6n dinh,

e D2 bi dap tat khi c6 dao dong dong chay,

e Yéu cau thiét ké burner dic biét (ting xoay, chay phén tang).

Trong ddng dot than — NHs, viing chdy than c6 vai trd “neo ngon hira”, tao diéu kién cho NHs chay
hoan toan hon.

2.3. So sanh NH; voi than, khi ty nhién va hydro
So sanh cho th?iy NH; ¢6 loi thé 16n vé phat thai carbon nhung bét 1oi rd rét vé dic tinh chay, dac biét
khi so v6i hydro va khi ty nhién.
Bdng 1. Pdc tinh chdy cia cdc thanh phan trong 1o dot

Dic tinh Than Khi tw nhién Hydro Amoniac
Ham lugng C Cao Cao Khong Khong
Nhiét trj thap (MJ/kg) 20-30 ~50 ~120 ~18,6
Téc d6 chay Trung binh Cao Rét cao Rét thap
Nhiét do tu boc chay Trung binh Thép Th?ip Cao
Phat thai CO: Cao Trung binh 0 0
Nguy co NOy Trung binh Trung binh Thap Cao

2.4. Dong hoc phan wrng chay cia NH;s

Qua trinh chay ciia NH; dién ra thong qua chudi phan ng phtre tap, bao gdm cac gbc trung gian nhu
NH:, NH, N, extraction H va O. Phan tmg phan huy ban déu ciia NHs: NH;—NH+H 1a bude gidi han toc
d6, doi hoi nang lugng kich hoat cao.

Dong hoc chay cua NHa:

e Nhay cam manh véi nhiét do,

e  Phu thudc 16n vao néng do cac géc OH va O,

e DPuoc ting cudng dang ké khi dong ddt voi hydro hodc nhién liéu giau hydro.

Trong hé ddng d6t v4i than, cac gbe tu do sinh ra tir qué trinh oxy héa chét bdc ctia than gop phan thiic
déy chudi phan g chay cua NHs.

2.5. Hinh thanh NO. va N:O trong qud trinh dét NH;

Khac v6i nhién lidu hydrocarbon, NHs 13 ngudn nito nhién liéu (fuel-N), do d6 co ché hinh thanh NO,
chu yéu 1a fuel-NO, thay vi thermal-NO,.

Céc con duong chinh gom:

e Oxy hoda cac géc NH, NH: tao NO,

e  Phan ng canh tranh tao N> (mong mudn),

e Hinh thanh N>O & vung nhiét d6 trung binh (800—1100 °C).

Ham lugng NOx phat thai phu thugc manh vao:

e  Nhiét do ngon lura,

e Ty 1¢ khong khi du,

e Miuc d6 chay phén ting.

Céc chién lugc kiém soat bao gdm:

e Chay phan cép (staged combustion),

e  Low-NO, burner,

e Két hop SCR/SNCR, trong d6 NH; c6 thé dong thoi dong vai tro nhién liéu va tac nhan khir.,

3. Cac khai niém va cAu hinh d6t hén hop trong 16 hoi dét than

Dbt hdn hop duge hiéu 1a qua trinh dua dong thoi hai hodc nhiéu loai nhién liéu vao budng d6t cua 10
hoi, trong d6 than van giit vai trd nhién liéu nén (base fuel), con nhién liéu thir cdp dugce bd sung theo ty
1¢ xac dinh (theo khdi luong, thé tich hodc nang lugng).

Muc tiéu chinh cta dét hdn hop bao gdm:

e  Giam phat thai CO: va cac chét 6 nhiém,

e Duy tri hodc ning cao hiéu suét 10 hoi,

e Tan dung thiét bi hién hitu, han ché dau tw méi,

e Tang tinh linh hoat van hanh va an ninh nang lugng.

Trong bdi canh chuyén dich ning lugng, d6t hdn hop dwoc xem 1a giai phap “cau ndi” giita nhiét dién
than truyén théng va cac hé théng phat dién carbon thép.

3.1. Dot hén hgp dong cip ligu (Direct co-firing)
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Trong cdu hinh nay, nhién liéu thir cp duoc tron tryc tiép vai than trude khi cap vao 10 hoi.

Ap dung chu yéu véi sinh khéi ran nghién min,

[t thay doi két cau 16 hoi,
Chi phi déu tu thip,

Han ché v& ty I¢ nhién liu thay thé (thuong <10-15% nang lugng).
Cau hinh nay khéng phu hop véi NHs hodc H do khac biét trang thai va dac tinh chay.

3.2. Dét hon hop qua burner riéng (Indirect / Separate burner co-firing) )
Nhién li€u thur cap dugc cap vao budng dot thong qua burner doc 1ap, tach biét vai hé cap than.

e  Phu hop vd&i NHs, khi ty nhién va hydro,
e Dé&kiém soat ty 1€ nhién liu,

e Tiangdo 6n dinh ngon lira,
]

Cho phép nang ty 1& dong ddt 1én 20-50% ning luong.

Bumers

{All48tobe N_
modified)

Boiler

Pulverized coal
and primary air

Outline Diagram of Ammonia Co-firing Burner

(Existing Burners to be Partially Modified)

Hinh 2. So do tong thé ciia 16 hoi va cdc dau dot (burner) dwgc cdi tién
Pay la cau hinh pho bién nhat trong cac nghién ctru va dy an trinh dien dot than — NHa.

3.3. Dot hén hop phin ving trong buong dot
(Staged co-firing)

Trong cau hinh nay, nhién liéu dugc cip vao
cac ving chay khac nhau theo chiéu cao 16 hoi:

Ving day: than + mot phan nhién liéu moi,

. Ving trung gian: NH; hogc khi thir cép,

. Vung trén: cip khong khi hoan thién
chay.

Uu diém:

. Kiém soat NO, hiéu qua,

. Téi vu phéan bd nhiét,

. Giam NHs slip.
Céu hinh nay thuong két hop v6i low-NOy burner
va over-fire air (OFA).

3.4. Dot hon hop két hop tién xik Iy nhién ligu
Bao gdém cac phuong an:
. Cracking NHs — Ha + N2 trude khi dét,
e Khi héa sinh khéi/than roi dong dot khi
tong hop,
. Pha tron NHs—Hz: céi thién dac tinh chay
Céu hinh nay s&
. Nang cao tinh on dinh ngon lua,
. Giam NOy va NHs slip,
e Ting chi phi dau tu va do phuc tap.
Dic tinh d6t chay va hiéu suit 16 hoi
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Viéc bd sung amoniac vao qua trinh dbt than
lam thay d6i dang ké dic tinh chay, phan bd
nhiét va hiéu sudt téng thé cia 16 hoi. Nhing
thay d6i nay xuat phat tir cac dic tinh nhiét—hoa
va dong hoc chay dic thu cua NHs, déng thoi
phu thugc manh vao cAu hinh burner, ty 1& df)ng
ddt va ché do van hanh.
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4. Dic tinh d6t chay va hi¢u suét 16 hoi khi dong dét NHs—than
4.1. Anh hwéng ciia NH; dén én dinh ngon liva
NH: 14 nhién liéu c6 toc do chay thap va kha nang bat lira kém, do d6 viéc dua NHs vao budng ddt than
¢6 xu hudng 1am suy giam d6 6n dinh ctia ngon lira, dic biét tai ving dau burner.
Céc quan sat chinh cho thay:
e Oty 1& NHs thip (<10-15% theo ning luong), ngon lira than van chiém wu thé, dong vai tro modi
chay va neo ngon ltra; anh huong dén on dinh chay 1a khong dang ké.
e Khi ty 1€ NHs tang 1én 20-30%, xuét hién hién tugng kéo dai ngon lira, dao dong cuc bd va tang
nguy co tat lira & tai thap.
e Trén 40-50% NHs, néu khong c6 cai tién burner (ting swirl, staged combustion hodc dong ddt voi
H:), ngon Ira trd nén kém 6n dinh va kho duy tri & ché d6 van hanh linh hoat.
Trong cac thi nghiém pilot va van hanh trinh dién, viéc sir dung burner riéng cho NHs va phan ving
chay theo chiéu cao 10 da ching minh hi¢u qua rd rét trong viée cai thién 6n dinh ngon Itra.

4.2. Anh hwong dén nhigt dp buong dot
Viéc dong d6t NHs lam thay doi phan bd nhiét do trong budng dét do:
e Nhiét tri thép hon ctia NHs,
e Nhiét d6 ngon Itra doan nhi¢t cia NHs thép hon so véi than,
e Tdc do phan mg chay cham hon.
Céc két qua thuc nghiém cho thay:
e  Nhiét do cuc dai vung burner ¢6 xu hudng giam nhe (20—100 °C) khi tang ty 1€ NHa.
e Phan bd nhiét tr& nén déu hon theo chiéu cao buéng dbt, dac biét khi NHs duge cép & cac burner
trung gian.
e O ty 1€ NHs cao, vung nhiét do cao dich chuyén 1€n phia trén, lam thay ddi tai nhiét 1én cac bé mat
truyén nhiét.
e Sy suy giam nhiét do cuc bd cod thé anh hudng dén:
e  Muc d6 chay kiét cua than,
e Hiéu qua khir NO, trong cac ving chay phan ting,
e Diéu kién lam viéc cua dan qua nhiét va tai nhiét.
4.3. Anh hwong dén higu sudt 1o hoi
Hiéu sut 16 hoi chiu tc dong tong hop tir:
e  Mirc d6 chay hoan toan cua nhién ligu,
e Phan b nhiét hop 1y trong budng dét,
e Tbon thét nhiét do khi thai va chay khong hoan toan.
Két qua so sanh cho thiy:
e Oty 16 NHs <20%, hiéu suét 10 hoi gan nhu khong thay ddi dang ké so voi ché do ddt than thuan,
néu hé théng burner duoc toi wu.
e Oty 1& NHs 30-50%, hi¢u suét co thé giam nhe (0,5-2%) do ting ton thit chay khong hoan toan
va thay doi phan b nhiét.
e Viéc tbi wu hé s khong khi du va bd tri OFA gitip han ché suy giam hiéu suét.
Trong véan hanh thyc t, nhidu nha may ghi nhan rang hiéu suat 10 c¢6 thé duoc duy tri néu diéu khién
chay duoc hiéu chinh phu hop voi dac tinh ciia NHa.

4.4. Viin dé chdy khéong hoan toan va NH: slip

Chay khong hoan toan ciia NHs din dén hién tuong NHs slip, tirc NHs chwa phan ng hoan toan thoat
ra theo dong khi thai.

Céc nguyén nhan chinh gdm:

e Nhiét d6 vung chay khong du cao,

e  Thoi gian luu khi ngén,

e Phan bd khong khi va nhién liéu khong dong déu.

NH: slip gay ra nhiéu hé qua bat loi:

e  Phat thai mui kho chiu,

e Hinh thanh mudi amoni (NH4HSOs, (NH4)2SO4) trén bé mit trao d6i nhiét,

e  Gia ting nguy co tic nghén va dn mon & cac thiét bi phia sau 10 (air preheater, SCR).

Céc giai phap kiém soat da dugc ching minh hiéu qua bao gdm:

e Chay phan ting hop 1y,
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e Duy tri nhiét 6 vang NH; du cao,
e  Phoi hop chat ché gitta cap NHs va hé SCR/SNCR.

4.5. Anh hwong dén tro, xi va an mon thiét bi
Viée bo sung NH; khong lam tang truc tiép lugng tro do NHs khong chira khoang. Tuy nhién, cic anh
hudng gian tiép can luu y:
Thay d6i nhiét d6 va méi truong oxy hoa—khur c6 thé anh huong dén dic tinh nong chay cua tro than.
NH: slip két hop véi SOs tao mudi amoni, gy dong can va an mon nhiét do thap.
Su hién dién ctia hoi nudc ting 1én c6 thé thuc day an mon mot sé hop kim & ving nhiét do trung gian.
Trong cac thir nghiém pilot va van hanh thyc té, hién tugng xi bam khong ting dang ké & ty 1¢ NHs

thdp—trung binh, nhung can giam sat chit ché khi nang ty 1¢ dong dbt.

4.6. So sanh két qud thi nghi¢m, pilot va vdn hanh thuc té

Bdng 2. So sanh két qua thi nghiém, pilot va vdn hanh thuc té

Cép dd

Pic diém chinh

Keét ludn rit ra

Thi nghiém (lab-scale)

Kiém soat tot diéu kién, dé
quan sat dong hoc chay

Xac dinh co ché chay, NO,, NHs slip

Pilot-scale

M6 phong gan thyc té, danh
gia burner

Xac nhan kha nang on dinh chay dén
~30-50% NH;

Van hanh thuc té

Picu kién phuc tap, rang
budc thi€t bi

Kha thi thwrong mai ¢ ty 1¢ NHs trung
binh, cin t6i wu diéu khién

5. Pic diém phat thai va tic ddng mdi truwong khi dong dot NHs—than

Viéc ddng ddt amoniac v&i than trong 16 hoi lam thay d6i dang ké dic tinh phat thai so v6i ché do dot
than truyén thong. Cac thay d6i nay khong chi lién quan dén khi nha kinh ma con anh huéng dén chat
luong khong khi cuc bo, hé sinh thai va tudi tho thiét bi. Phan nay phén tich co hé thong cac loai phat thai
chinh va tdc dong moi truong tuong Ung.

5.1. Phat thdi CO: va y nghia gidm phat thdi carbon

Do NH; khong chira carbon, viéc thay thé mot phan than bang NHs dan dén giam phat thai CO: gin
nhu tuyén tinh theo ty 1é ning luong NHs trong hdn hop dbt. Cac két qua thi nghiém va van hanh trinh
din cho thiy:

e Dodng dbt 10-20% NHs gitip giam twong tmg 10-20% phat thai CO: tai dng khoi.

e O mirc 30-50% NH;, tiém ning giam CO: 1a rat dang ké, didc biét véi cc to may than cong suét 16n.

Tuy nhién, danh gid méi truong day dii can xét dén phat thai vong doi ciia NHs, trong d6 NH; xanh
(san xudt tir dién tai tao) moi thuce sy mang lai lgi ich carbon rong.

5.2. Phit thdi NO; va co ché hinh thanh
Khac v6i nhién liéu hydrocarbon, NHs 1a ngudn nito nhién ligu, do d6 phat thai NOy chi yéu xuat phat
tir co ché fuel-NO;. Khi dong dot NHs—than:
e O nhiét do cao va du 0Xy, cac géc NH, NH: dé bi oxy héa tao NO.
e O ving chay phan téng hodc thiéu oxy, phan tmg canh tranh tao N2 ¢6 thé chiém wu thé.
Quan sat thyc nghiém cho thiy: NOj ¢6 xu huéng tang khi nang ty 16 NHs néu khong co bién phap kiém soat.
Viéc ap dung low-NOy burner, chdy phan ting va over-fire air (OFA) gitp giam dang ké NO, ngay
trong budng dot.

Total emissions (NO+N,O, ppm)

- Coal/NH; co-firing system - deNOx process in EPA, US (EPA-456/F-99-006R, 1999)

Coal (Basis)
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Hinh 4. Pdc diém phat thai Nox trong dot kém NH3
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5.3. Phat thii N:O — khi nha kinh tiém in

N:O 14 khi nha kinh c6 tiém ning lam néng toan ciu cao, c¢6 thé hinh thanh trong qué trinh d6t NHs &
vung nhiét 6 trung binh (=800-1100 °C).

Céc dic diém dang chu y:

e Ham luong N:O thudng thip trong 10 hoi than phun do nhiét d6 cao,

e (o xu hudng tiang trong cic cau hinh nhiét d¢ thip hodc thoi gian luu dai,

e Ty 1& NH: cao lam gia ting nguy co hinh thanh N>O néu phan b nhiét khong hop 1y.

A

Viée kiém soat nhiét do va tranh cac ving chay “ngudi” 14 yéu t then chét dé han ché phét thai N»O.

5.4. NH:; slip va tic dong méi trwong thir cp ) ) )
NHs slip 1a mot trong nhiing thach thitc moéi truong 16n nhat khi dot NHs. NHs du trong khi thai co the:
e Gay mui kho chiu, anh huong chat lugng khong khi xung quanh nha may,
e  Tham gia phan ting tao aerosol amoni (PM..s thir cip) trong khi quyén,
e Két hop véi SOs tao mudi amoni gay bam dinh va dn mon thiét bi.
Trong cac hé thong c6 SCR/SNCR, NHs slip tir budng dt can duge kiém soat chat ch& dé tranh cong
huong NHs du ¢ ha luu.

5.5. Phat thdi SOy, bui va kim logi ngng
NHs khong chira Ivu huynh va kim loai, do d6:
e  Phat thai SO2/SOs phu thudc chi yéu vao ham lugng S trong than,
e  Tbng lugng tro bay khong ting do NH; khong sinh tro.
Tuy nhién, NHs slip ¢6 thé lam:
e Thay d6i tinh chat bé mit cua hat bui,
e Anh huong dén hiéu suét thu bui cfla ESP hoac baghouse,
e Gia tang nguy co déng can & bo siy khong khi.
Bdng 3. Tdc déng méi triong tong hop va so sanh cdc cap do nghién ciru

Khia canh Thi nghiém Pilot Vén hanh thye té
Giam CO: RO rang Xac nhan Phu thudc ty 1€ NHs
NO, Bién dong 1on Co thé kiém soat | Can SCR/SNCR
N20 Quan sat dugc Thap Rét thap (PC boiler)
NH; slip Dé phat sinh Kiém soat duoc Yéu t6 rui ro chinh
Tac dong moi trudng Pinh tinh Ban dinh luong Panh gia toan dién

6. Két qua va thao luan

Cac két qua phan tich cho thiy dong d6t NH; véi than trong 10 hoi 14 kha thi vé mat k¥ thuat va co tiém
nang giam phat thai CO: 16 rét, dac biét khi tdn dung ha téng nhiét di€n than hién hiru. NHs, véi dac tinh
khong chira carbon, gitp giam CO: theo ty 1é ning luong thay thé; tuy nhién, cc dic tinh chay bat lgi (nhiét
tri thap, toc do chay cham, nhiét d6 tw bdc chay cao) doi hoi thiét ké burner va chién luoc van hanh phu hop.

O mirc dong dot thép—trung binh (£20-30%), 6n dinh ngon lira va hi¢u suat 10 hoi ¢6 thé dugc duy tri
néu ap dung burner riéng, chay phan tang va diéu khién khong khi t6i wu. Khi ting ty 16 NHs, cac thach
thirc ndi bat 1a NO,, N2O va NHs slip, ciing v&i thay ddi phan bd nhiét va tai nhiét 1én bé mit truyen nhiét.
Céc bién phéap k¥ thuat nhu low-NO; burner, OFA, SCR/SNCR cho thay hiéu qua 13 rét trong kiém soat
phat thai, song can dugc tich hop dong bd ngay tir khau thiét ké — retrofit.

So sanh giita thi nghiém — pilot — van hanh thuc t& cho thiy xu hudng nhat quan vé mit co ché, dong
thoi khang dinh vai tro quyét dinh cua thiét ké burner, phan ving chdy va didu khién van hanh trong viéc
hién thuc héa lgi ich méi truong ma khong danh ddi hiéu sudt va do tin cay.

Trong bdi canh muc tiéu trung hoa carbon, NH; co-firing déng vai tro giai phap chuyén tiép (bridging
solution) quan trong. Thay vi dong ctra sém céc nha may than — gy rii ro “tai san mac ket” va ap luc an
ninh nang luong — ddng d6t NHs cho phép giam phat thai timg budc, linh hoat theo kha ning cung tmg
nhién lidu va muc dau tu.

NH; con mang y nghia lién két cac hé ning luong: tir san xudt dién tai tao (tao NHs xanh), luu trit —
van chuyen nang lugng quy mo 16n, den phat dién nén 6n dinh. Khi két hop voi CCUS hodc chuyen dan
sang d6t NHs/H: ham luong cao, cac t& may than hién hiru c6 thé duoc “tai dinh vi’  trong hé thdng dién
carbon thip twong lai. Tuy nhién, lgi ich méi trudng rong chi thuc sy dat dugc khi chudi cung tmg NHs
xanh dugc trién khai & quy mé thuong mai.

Dinh huwong nghién ciru va wng dung trong twong lai tai Viét Nam:

Viét Nam, véi hé théng nhiét dién than chiém ty trong 16n trong san luong dién, dang dbi mat ap luc

giam phat thai carbon ma khong lam suy giam an ninh ning lugng. Pdng dét amoniac — ddc biét NHs
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xanh (san xuét tir dién tai tao) — c6 thé tro thanh giai phap chuyén tiép quan trong gitip giam CO: timg
budc. Trude hét, can xac dinh 16 trinh ty 1¢ dong dot phu hop cho cac t6 may than hién hitu tai Viét Nam.
Cac nghién ctru va thi diém nén bt dau véi ty 16 NHs thap—trung binh (10-30% theo nang lugng) dé dam
bao 6n dinh ngon Iira, hiéu suét 10 hoi va kiém soat NO,/NHs slip hi¢u qua.

Ky thuat then ch6t bao gdm thiét ké burner chuyén dung, chién lugc chay phéan tang (staged
combustion) va h¢ thong Kiém soat NO tién tién (low-NO; burner két hop OFA, SCR/SNCR). Pong thoi
Viét Nam can phat trién mo hinh mo phong CFD da quy mé phi hop véi diéu kién than ban dia dé tdi uu
hé thong chay va phan b nhiét. Mot hudng nghién ctru quan trong khéc 1a pha tron NHs—H. hodc tién xtr
Iy NH; dé nang cao tinh 6n dinh ngon lira va giam NHs slip.

V& co s¢ ha ting, can chuan bj chudi cung ing NH; xanh trong nuéc, két ndi san xuat NHs véi cac
ngudn ning luong tai tao (giod, mat troi) va luu trir van chuyén an toan. Chinh sach va co ché khuyén
khich - nhu tin chi carbon, thué phat thai, hd trg dau tu retrofit — s& thuc day trién khai cong nghé nay.
Heé thdng kiém dinh an toan, tiéu chuan ky thuat cho NHs trong 16 hoi ciing can duoc xay dung.

Tom lai, & Viét Nam, NH; co-firing nén phat trién theo 16 trinh c6 kiém soat: nghién ctru mo phong —
thir nghiém pilot — trién khai thuong mai, song song véi xay dung ngudn NH; xanh va khung chinh sach
pht hop, nham can bang gitta giam phat thai, hiéu qua van hanh va an toan nang lugng quéc gia.
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ABSTRACT

Ammonia Co-Firing Technology in Coal-Fired Power Plants: Current
Status, Challenges, and CO. Emission Reduction Prospects
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! Hanoi University of Mining and Geology
2 Petrovietnam Exploration Production Corporation (PVEP)

In the context of global commitments to reduce greenhouse gas emissions and achieve carbon
neutrality, the coal-fired power sector—still accounting for a significant share of electricity generation
worldwide—is facing increasing pressure to substantially cut CO: emissions. Ammonia co-firing (NHs
co-firing) in coal-fired power plants has emerged as a promising transitional solution, enabling significant
CO: emission reductions without the need to completely phase out existing coal power infrastructure. As
a carbon-free fuel with favorable storage and transport characteristics, ammonia is also regarded as an
effective hydrogen carrier in future energy systems.

This paper provides a systematic review of research activities and experimental results related to
ammonia co-firing technology in coal-fired boilers. First, the thermochemical properties of ammonia that
directly affect the combustion process—such as its low heating value, high auto-ignition temperature, and
low flame speed—are analyzed to clarify the challenges associated with its application in conventional
boiler environments. Subsequently, various ammonia co-firing configurations are presented, including direct
injection into the combustion chamber, the use of dedicated NHs burners, and staged combustion strategies,
together with an assessment of how the co-firing ratio influences boiler efficiency and flame stability.

Emission characteristics are examined in detail, with particular emphasis on the potential increase in
NOy and N2O emissions and the issue of NHs slip, as well as the role of emission control technologies
such as low-NOy burners, selective catalytic reduction (SCR), and selective non-catalytic reduction
(SNCR). In addition, the paper synthesizes techno-economic assessments, comparing the costs and
emission reduction effectiveness of ammonia co-firing with alternative solutions such as carbon capture
and storage (CCS) and full fuel switching.

Finally, representative demonstration projects in Japan, South Korea, and Europe are reviewed to draw
lessons learned, identify remaining technical challenges, and highlight research gaps. The paper
concludes that ammonia co-firing has the potential to become a key option in the decarbonization
pathway of coal-fired power generation, particularly for developing countries, and proposes future
research and deployment directions, including in Southeast Asia and Vietnam.
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