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Tom tat

Tai Nha méy Xt Iy khi Ca Mau, cum thiét bi diéu chinh C02 san xudt khoang 140 kSm?/ngay permeate gas, trong d6 6 khoang 40 - 50
kSm?*/ngay dugc st dung lam khi nhién liéu ap sudt thap (Low Pressure Fuel Gas) cho cac thiét bi gia nhiét. Lugng permeate gas du thira
khodng 90 - 100 kSm*/ngay dugc xa bd va d6t tai dudc. DE thu héi va tan dung dugc lugng permeate gas du thita nay, nhom nghién ciu
da dé xuat giai phap khoa hoc cong nghé st dung gas ejector thu hdi va chuyén dong permeate gas nay sang Nha may Dam Ca Mau. Dong
khi sau thu héi dugc hoa tron véi natural gas, b6 sung lam nguyén liéu cho qud trinh sén xudt phan dam. Gidi phap nay gitip t6i uu viéc st
dung ngudn nqguyén nhién liéu, gia tang san lugng san xuat urea, giam phat thai khi nha kinh ra moi truong.

Tir khéa: Permeate gas, khi nhién liéu ap suat thap, PM3 Ca Mau, Nha may Xt Iy khi Ca Mau, Nha mdy Dam Ca Mau.

1. Gidi thiéu

Nha mdy XUt ly khi Ca Mau (GPP Ca Mau) c6 nhiém
vu thu héi san phdm 16ng c6 gia tri (LPG, condensate)
tur nguén khi PM3 Ca Mau. Khi sau khi thu héi l6ng (khi
thuong pham - sales gas) dugc dua dén Trung tam Phan
phdi khi Ca Mau (GDC) dé cdp cho cac ho tiéu thu ha
nguén géom Nha may Dién Ca Mau va Nha may Bam Ca
Mau. Do dic diém vé yéu cau chat lugng khi, dong sales
gas dau ra ciia Nha may Xu ly khi Ca Mau cap cho céc ho
tiéu thu ha nguén dién va dam phai dap Gng yéu cau vé
ham lugng CO:2 1a < 8% mol va c6 nhiét tri t6i thiéu 1a 37
MJ/Sm3. Tuy nhién, sau khi tach C, tu dong khi dau vao,
khi dau ra sé c6 ham lugng CO2 tang 1én va vugt so vai yéu
cau. Do d6, Nha may Xt ly khi Ca Mau thiét ké 1 cum thiét
bi diéu chinh CO2 dé dua ham lugng CO2 trong dong khi
dau ra nha may dap Ung tiéu chuan chat luogng cla céc
hgp déng mua ban khi ha nguén.

Cum diéu chinh CO2 clia Nha may Xt ly khi Ca Mau
st dung céng nghé mang tach CO2 (CO2 membrane
adjustment), trong dé cac khi c6 khd nang thdm thau
t6t qua mang la CO2 va mét phan CHs sé qua mang
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tach ra ngoai theo dong permeate gas. Cac thanh phan
hydrocarbon con lai c6 d6 thdm thau thap hon sé di theo
dong residue gas.

Dong permeate gas ¢c6 ham lugng CO2 cao (chiém
khoang 42%), con lai chli yéu la CHa (chiém khoang 55%)
vGi ap suat khodng 3 barg dugc thiét ké dung mét phan
lam nguén cung khi nhién liéu (fuel gas) thap ap cho Nha
may X ly khi Ca Mau [1].

Luu lugng permeate gas trung binh tach ra khoang
140 kSm3/ngay. Permeate gas dugc si dung lam nguén
khi nhién liéu thap ap cho Nha may Xt ly khi Ca Mau vé6i
khoang 40 - 50 kSm3/ngay. Lugng permeate gas con du
sé dugc dét tai flare vdi luu lugng khoang 90 - 100 kSm3/
ngay [1]. Trong khi d6, Nha may Dam Ca Mau van phai ldy
thém khi dung lam nhién liéu dé€ gia tang nguén khi tu
nhién (motive gas) cho viéc tao ra cac san pham phuc vu
qua trinh san xuat phan dam.

Do d6, viéc dua ra gidi phap tan dung ngudn
permeate gas du tai Nha may X& ly khi Ca Mau cap thém
cho Nha may Bam Ca Mau lam nhién liéu la yéu cau cap
thiét, gitp t6i uu hoda viéc st dung ngudn nguyén nhién
liéu, gia tdng sdn lugng urea, gidm phat thai khi nha kinh
ra moi trudng.
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te gas tai Nha mdy Xt Iy khi Ca Mau.

a

thdng cung cdp permea

e

0 cong nghé hé

Hinh 1. S0
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2. Gidi phap cung cip permeate gas tir Nha may Xu ly
khi Ca Mau cho Nha may Pam Ca Mau

2.1. Phuong dn c6ng nghé thu héi permeate gas

Viéc dé xuat phuang an cong nghé sit dung permeate
gas tu Nha mdy X ly khi Ca Mau cho Nha may Bam Ca
Mau dugc thuc hién trén cg s& nghién ctiu cac di liéu sau:

- Tai liéu thiét k&, thong s6 ky thuat cla cac thiét bi
trong Nha may Xt ly khi Ca Mau va Nha may Bam Ca Mau.

- Séliéu vé nguodn khi, nhu ciu tiéu thu ctia hé thong
fuel gas ca 2 nha may.

Céc phuaong 4n cong nghé st dung permeate gas tu
Nha may XU ly khi Ca Mau cho Nha may Bam Ca Mau phai
dam bao:

- Céng suat thu hoi permeate gas cao nhat.

- Tan dung t6i da ha tang ky thuat hién co clia cac hé
théng trong Nha may Xt ly khi Ca Mau va Nha may Dam
Ca Mau.

- Hé théng van hanh an toan, hiéu qua.

- Han ché anh hudng dén cac hé théng thiét bi chinh
clia 2 nha may.

Kha nang ti€p nhan clia permeate gas tai Nha may
Pam Ca Mau dugc danh gid nhu Bang 1.

Lo d6t tai Nha may Pam Ca Mau st dung nhién liéu
chinh la khi tu nhién, cling la dong sales gas dugc cap tu
Nha may X& ly khi Ca Mau. Khi chuyén dén Nha may Dam
Ca Mau, dong khi nay & trang thai ti€p nhan c6 ap suat 40
barg, nhiét d6 41°C va ham lugng CO2 khéng qua 8%mol.
Nhiét tri trung binh dong khi nay xap xi khoang 37,2 MJ/
Sm?, nam trong khodng yéu cau ti 26 - 39 MJ/Sm? cla
16 d6t, do dé dap tng du tiéu chudn dé cung cap cho 1o.
Trudc khi dua vao 10 st dung, dong sales gas sé dugc giam
ap xuéng 5 barg theo cdng nghé ctia Nha may Dam Ca
Mau. Trong khi d6, permeate gas du chira cac hydrocarbon
(CHa, CaHe...) c6 thé d6t chéy sinh nhiét nhu khi tu nhién,
nhung ham lugng CO:z lai rat cao, lén dén 40 - 55% mol,
[am cho nhiét trj clla permeate gas chi dat khodng 19 - 25
MJ/Sm3, khong du tiéu chuan dé cap cho 1o dét.

Tuy nhién, viéc phéi trén permeate gas véi khi tu
nhién dé dugc hén hop khi mdi, véi ty 1& phu hop, sé gitp
cai thién nhiét tri dat yéu cau khi cap cho 16 dét. Permeate
gas von la thanh phan dugc tach ra tir dong khi ty nhién,
nén viéc phdi trén permeate gas va khi tu nhién la hoan
toan tuong thich. Do vay, permeate gas dugc danh gid la
phu hop dé két hgp cling véi khi tu nhién lam nhién liéu
cho |6 d6t tai Nha may Dam Ca Mau.

Sau khi nghién ctu, ky su ctia 2 nha may da phéi hap
dé xudt cac phuong an phdi tron cho muc dich tan thu
nguén permeate gas, gom:

- L&p dat may nén tai Nha may X ly khi Ca Mau: dé
nang ap suat dong permeate gas I6n hon 5 barg; dong
permeate gas dau ra may nén sé dugc phai trén véi dong
khi tu nhién (lam nhién liéu) d€ tao thanh khi hén hgp
trudc khi di vao hé théng cac dau dét tai lo dét.

- L3p dat gas ejector tai Nha may Dam Ca Mau: dé
phdi trdn dong permeate gas vaSi dong khi tu nhién lam
nhién liéu hién cé. Trong dé dong dong luc (motive gas)
la dong khi ty nhién trudc khi qua hé théng van giam ap;
dong khi &p suat thap (suction gas) la dong permeate gas.

Trong 2 gidi phap dugc nghién ctdu (mdy nén va
ejector), gidi phap st dung ejector dugc lya chon vi cac
ly do sau:

- Vé mat ky thuat, giai phap ejector dam bao nhiét tri
khi hén hgp nam trong dai hoat ddng ctia dau dét, khéng
can cap bu khi ty nhién va khong anh hudng xau dén hoat
dong cla thiét bi. Ngoai ra, cdu hinh hé théng ejector don
gian hon va tiéu hao nang lugng thap hon so vdi may nén.

- V& mat kinh té&, giai phap ejector co chi phi dau tu
va chi phi van hanh thap hon.

Phuong &n cling bao gém lap dat cac dudng éng va
cac van dé van chuyén permeate gas ti Nha may X ly
khi Ca Mau cung cdp cho Nha méay Dam Ca Mau. D& dam
bdo hoat ddng t&i uu va an toan, can diéu chinh lai hé s6
stoichiometric nham dam bao oxy du trong khoi |6 nam
trong khoadng an toan va t6i uu khi dét ngét mat nguén
permeate gas.

Bdng 1. Ddc tinh ngudn khi st dung cho o dét tai Nha mdy Dam Ca Mau va permeate gas [2]

Khi thién nhién
Nhiét d (°C) 4
Ap suat (barg) 40
Nhiét tri (MJ/Sm?) 37,2
Thanh phan €0, (%mol) 8

Permeate gas Yéu cau khi cap cho o dot
40 N/a
3 5
19-25 26-39
40 - 55 N/a
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Dong ap thap

Voi phun

B6 khuéch tén

Dong ap cao Dongra
Hinh 2. Thiét bi gas ejector.
Bdng 2. Nhu cdu nhiét uigng va luu lugng khi cho ndi hai

Nhiét o Permeate gas Natural gas tai Nha may Pam Ca Mau

cé‘nliun c';g (3 barg, 43°C) (39,5 barg, 28°C) Total gas
@ ?a) P Luulugng  Nhiétlugng Luu lugng Nhiét lugng Pddura  Nhiétluong

9 khi (Sm¥/gio)  (G)/gio) khi (Sm*/gio) (6)/gi0) ejector (barg)  (G)/gid)

283,13 2450 48,35 6.961,9 234,78 5,02 283,13

Gas ejector la thiét bi tinh, hoat déng dua trén hiéu
tng Venturi cia 1 voi phun héi tu - phan ky dé chuyén doi
nang lugng ap sudt clia dong luu chat chuyén dong thanh
nang lugng van téc. Su chuyén ddi nay tao ramot ving ap
suat thap, ma tai d6 luu chat co ap suat thap bi cudn theo
dong luu chat cé ap sudt cao dang chuyén déng. N6i cach
khéc, gas ejector st dung nang lugng bén trong luu chat
c6 ap sudt cao dé cudn theo, hut va nén luu chat cé ap
suat thap hon d&n muc ap suat trung binh [2].

& day nguyén ly Bernoulli cling dugc ting dung trong
hoat d&ng clia gas ejector. Khi dong luu chat chuyén dong
divao 6ng phun véi ap luc I6n va ap suat tang, lam ap suat
cuc bd gidm dodt ngdt trong phan ¢6 thu hep cla thiét bi.
Néi cach khéc la ap suat tinh gidm khi ap suat dong tang.
Nh& vay, luu chat 4p suat thap sé bi hat vao va cuén theo
dong chuyén dong. Khi d6, dong chuyén déng va dong bi
cudn sé dugc hoa tron vao nhau. Cudi ciing hén hop hoa
tron sé dugc phun ra tai clia ra cla thiét bi.

Trong (Ung dung nay, & diéu kién van hanh binh
thudng cua cum diéu chinh COz2 s dung membrane,
permeate gas dugc tao ra va luu trir trong binh chua
V-1486 & 4p suat van hanh 3 barg. Permeate gas nay vai
luu lugng phu hgp sé dugc van chuyén téi Nha méay Dam
Ca Mau théng qua hé théng dudng 6ng dan khi cling véi
hé théng cac van tay c6 |ap, van diéu khién va van bdo vé
an toan. Tai Nha may Dam Ca Mau, thiét bi gas ejector sé
dugc 1ap dat va van hanh. Thiét bi nay sé hoat dong theo
nguyén ly nén khi béng khi dong luc & ap suat cao dé 16i

48  DAUKHI - SO 4/2025

cudn dong khi ¢ ap suat thap hon. Dong khi déng luc
dugc st dung cho phuaong an nay la dong khi tach ra tu
thiét bi tach khi tu nhién (natural gas separator) tai Nha
may Dam Ca Mau. Dong khi ap suat thap bi 16i cuén theo
chinh la dong permeate gas dugc dua tdi va chd sén trong
dudng 6ng mdi dan khi tir Nha may Xa ly khi Ca Mau. Thiét
bi ejector lic nay cling dong vai tro la noi phéi tron va
nang &p suat dong khi nhién liéu hoa tron 1én dén ap suat
yéu cau (khoang 5 barg) ctia hé thong 16 dét boiler [2, 3].

Hinh 3 m6 ta phuang an cong nghé st dung thiét bi
gas ejector dé thu héi va tin dung dong permeate gas du
cung cap cho Nha may Pam Ca Mau.

Cac thiét bi chinh st dung trong phuong an cong
nghé thu héi permeate gas bao gom:

- Gas ejector dé€ thu gom permeate gas st dung lam
nguén nhién liéu cho hé théng 16 dét boiler.

- Cacvan tay va SDV dé c6 1ap hé théng dudng 8ng,
thiét bi.

- Cacvan diéu khién dé diéu khién cong nghé.

- Cacvan PSV dé bdo vé hé théng khi qua ap.

Luu lugng permeate gas va motive gas sé dugc diéu
chinh dua theo théng sé dau vao clia 2 nguén khi di vao
thiét bi ejector dat tai Nha may Dam Ca Mau dé dong khi
dau ra thu dugc c6 ap suat I6n han 5 barg.

Nhu vay, luu lugng khi I6n nhat dugc dung dé tinh
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toan cho gas ejector la 2.450 Sm?/gi¢ déi vai permeate
gas va 6.961,9 Sm>/gi¢ d6i véi motive gas [3].

2.2, Tinh todn thiét ké thiét bj cong nghé
2.2.1. Cdc théng s6 ddu vao

D{r liéu dau vao phuc vu tinh toan thiét ké bao gém
luu lugng, thanh phan khi, nhiét do, ap suat khi tai Nha

may X ly khi Ca Mau va cac théng s6 yéu cau vé khi s
dung tai Nha may Bbam Ca Mau.

- Tinh chat nguén permeate gas

+ Thanh phan CO2: khoang 42% vol.

+ Thanh phan chinh con lai la CHa: khoang 55% vol.
+ Ap suat: khodng 3 barg.

+ T6ng luu lugng: ~140 kSm>/ngay.

+ Luu lugng st dung cho fuel gas: 40 - 50 kSm>/ngay.

+ Luu lugng cung cdp cho Nha may Pam Ca Mau: 90
- 100 kSm*/ngay.

Thanh phan khi nghéo (chua it hydrocarbon nang,
lean case) dugc dung dé mé phéng san luong khi thu
dugc. Thanh phan khi giau (chda nhiéu hydrocarbon
nang, rich case) dugc st dung dé tinh toan théng sé cho
cac thiét bi[1, 3.

- Céng suat hé théng cung cap permeate gas

Dua vao Bang 3, nguén permeate gas sé dugc danh
gid nhu sau:

+ Trudng hop t6i da (maximum case):

Véi trudng hop khi nghéo, luu lugng permeate gas
I&n nhat cé thé cung cap 14 220.000 Sm3/ngay (theo SOW),
trong dé lugng cap cho hé théng fuel gas tai GPP la 40.000
Sm3/ngay nén lugng permeate gas c6 thé cip cho Nha
maéy Dam Ca Mau chi con 1 180.000 Sm>/ngay (7.500 Sm*/
gid®). Pay sé la luu lugng t6i da cho trudng hgp st dung
may nén.

+ Trudng hgp théong thudng (normal case):

Luu lugng thong thudng cla permeate gas la 140.000
Sm>*/ngay, trong d6 luu lugng st dung cho fuel gas la
40.000 Sm*/ngay, vi vay luu lugng permeate gas cung cap
cho Nha may Bam Ca Mau chi con lai 100.000 Sm*/ngay
(4.166,7 Sm*/gid).

+ Trudng hop t6i thiu (minimum case):

Trudng hop luu lugng thap nhat dugc xem xét bang
30% luu lugng trong trudng hgp t6i da (tuong duong
v&i muc luu lugng clia turndown case thong thudng clia
may nén khi).

Bang 3. Bdng ddc diém, thanh phdn permeate gas (theo SOW)

Gia tri
Lean case Rich case
Théng sé
Luu lugng (MMscmd) 0,22 0,06
Ap suét (min) (barg) 1,75
Ap sudt (normal) (barg) 2,77 2,70
Nhiét d6 (°C) Mn,13 ny
Khai lugng phan i (kg/kmol) 28,18 28,46
Khéi lugng riéng (kg/m?’) 4,0 4,1
Ap suat riéng phan cdia €0, (barg) 1,63 1,63
Thanh phan (% mol)
(o, 42,06 42,81
N, 1,16 0,79
(CH, 5511 54,00
GHs 1,67 2,39
GHg 0,01 0,01
i-C4Hqo 0,00 0,00
n—C4H10 0,00 0,00
i-GsHq, 0,00 0,00
n-GsHip 0,00 0,00
H,0 0,00 0,00
Nhiét tri LHV (MJ/m?) 19,831 19,734
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Vay nén luu lugng téi thiéu sé 1a 180.000 x 0,3 = 54.000 Sm*/ngay
(2.250 Sm*/qid).

Luu lugng trong céc trudng hop trén sé chi dugc dung dé tinh
toan cho phuong an s&r dung mdy nén khi. Cac phuong én st dung
gas ejector sé dua ra luu lugng (t6i da, t6i thi€u va théng thudng) phu
hap trong qué trinh mé phéng dé ddm bao ap suat dau ra cGa dong
permeate gas cap cho noi hoi dat yéu cau (5 barg) [3].

2.2.2. Tinh todn thiét bj ejector

Mét s6 gia thiét dugc sir dung dé xay dung mé hinh tinh toan [5, 6]:

+ M6 hinh 1 chiéu, dong chdy 6n dinh, doan nhiét. Chat luu di
vao va ra khoi gas ejector & trang thai bao hoa.

+ T6c d6 dong chat luu di vao 6ng phun va téc dé dong moi chat
ra khoi 6ng khuéch tan bang 0.

+ Qua trinh hoa tron 2 dong chat luu xay ra trong budng hoa
trén, bat dau tur vi tri diém “r” dén vi tri diém “ht”. Qua trinh hoa tron
nay dugc xem nhu xay ra tai 4p suat khéng déi (P, =P).

" n
r.

+ Dong bi cudn dat t6c d6 &m thanh tai vi tri diém
+ Hiéu suat 6ng phun va hiéu suat 6ng hut dugc chon 13 0,9.

+ Hiéu suat qua trinh khuéch tan dugc chon la 0,8. Hiéu suat nay
bao gém ca qua trinh tang ap dét ngdt va qua trinh tang ap trong
6ng khuéch tan.

Ong khuéch tan

Ongphun  Buénghdt  Budng hoa tron

\
Dong luu "5‘ — :___
dng G_I_’/“."“-"

(P, T,m)

Dong hoa tron

, (P, m)
st Dong bi 16i cudn
p suat (le Tz' mz)
— P
e
. ”
HKR“H nt
< f o
ht
—
Toc do 1 2 or ht s 3

am thanh

—

_ e L Toc do

Vi tri doc theo ejector

Hinh 4. Ciu hinh hé théng permeate gas ejector Idp ddt tai Nha mdy Dam Ca Mau.

Cac budc tinh toan thiét ké ejector dugc
trinh bay nhu sau [5, 6]:

Budc 1: Théng lugng khdi lugng dong luu
déng tai ¢ 6ng (diém “co”):

G _ Ceo _ /Z(hl_hco)_ 201 (h1—hco,de) (1)
co = = =

Vco Vco Vco

Trong dé:

hco’de = f(s1, P Enthalpy dang entropy cla
mai chat tai diém “co”;

s, h,:Lan lugt la entropy va enthalpy cta
mai chat tai diém 1;

h., ¢ V,: Lan lugt la enthalpy, téc d6 va
thé tich riéng clia dong 16i cudn tai “co”;

C

o’

61: Hiéu suat 6ng phun, chon 61 =0,9.

Ap suat moi chat tai 6 6ng P_ dugc lap
cho dén khi G__ dat gia tri cuc dai.

Budc 2: Thong lugng khoi lugng dong bi
cuén tai ctia ra (diém “r"):

G = car _ 2(hy—h2r) 202 (h2—har de) 2
2r — - -

Var V2r Var

Trong dé:

h,, 4 = f(s,, P): Enthalpy dang entropy cla
mai chat tai diém “r”;

s, h,: Lan lugt la entropy va enthalpy cta
méi chat tai diém 2;

h,, ¢,, v,: Lan lugt la enthalpy, t6c d6 va
thé tich riéng ctia dong bi cuén tai“r”;

8,: Hiéu suat éng hut, chon 6, =0,9.

Ap sudt tai ctra ra 6ng phun P_duoc lap
cho dén khi G, dat gia tri cuc dai.

Budc 3: Qua trinh hoa trén “ht” dugc tinh
toan dua trén cac phuong trinh bao toan khéi
lugng moment:

hiy + @hy = (1 + w)hye (3)
Cir + WCyr = (1 + W)y (4)
Trong dé:

h,, = f(s,, P): Enthalpy cGa dong luu dong
tai diém“r”;
c1r = +/2(h; — hp):T6Cc d6 dong luu dong

tai ctta phun;
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h
tron.

¢, Lan lugt la enthalpy, t6c dé cta dong hoa

Budc 4: T6¢c d6 cla dong hoa tron cé thé dugc tinh

2.2.3. Tinh todn FCV [3, 7]

Tinh toan lya chon FCV sé st dung C, (hang s6 van)
theo cac budc sau:

theo cong thic:
Budc 1: Lua chon phuong trinh thich hop:
Cne =y 2(hs — hp) = Jzekt(hS — hnede) (5) p
w = 7320FPCVP1Y M—lez (12)
Trong dé:
. L . Trong dé:

h,. e = f(s,» P,): Enthalpy dang entropy cla dong hoa

trén; w: Luu lugng khi;

s, = f(h,, P, ): Entropy clia dong hoa trén;
h,, P.: Lan luot la enthalpy va ap suat tai diém 3;
8, Hiéu suat qua trinh khuéch tan, chon 6,=0,8.
Budc 5: Ty |é cudn cua ejector la ty s6 luu lugng khéi
luong gilta dong bi cudn va dong luu déng:
W =" (6)

Budc 6: Dudng kinh ¢6 8ng phun, clra ra 6ng phun va
dudng kinh than 6ng dugc tinh todn theo cac cong thic

F,: Hang s6 hinh hoc dudng 6ng;
C,: Hang s6 van;

Y: Hang s6 gian ng;

x: Ty & d6 giam ap;

P: Ap sudt tuyét d6i dau vao;

T,: Nhiét do tuyét doi dau vao;

M : Khoi lugng phén t;

Z: Hé s6 nén.

dudi day: Budc 2: Kiém tra dong tiét luu
_ [aag, f4m1 - Hang s6 nhiét dung:
dco - T - TGeo (7)
k
F = 2 (13)

_ [4A1r _ [4mqVyy

dyr = \} T w’ TC1r ®
- /ﬂ —  |AOnatma)vne

dpe = | = p— 9)

Trong d6: A, d lan lugt la tiét dién va duang kinh 6ng
tai diém dang xét.

Budc 7: Ty & dién tich 1a ty s6 gilia dién tich mat cat

Trong dé:

F.: Hang s6 nhiét dung;

k: Ty I& nhiét dung (k = 1,31 d&i v&i khi ty nhién).
- Ty s6 d6 giam ap vai ap suat tuyét déi dau vao:

_ AP

. e e ' (14)
budéng hoa trén va dién tich mat cat co 6ng: .
Trong d6:
TLDT = 2ht = (@)2 (10) g
co Meo x: Ty s6 d6 giam ap véi 4p suat tuyét déi dau vao;
_ GeoVht (my1+my) _ GeoVnt COVA 2 L.
TLDT = - X 1m1 Z = - x(14+w) (@11) AP = (P, - P.): D6 giam &p;
Két qua tinh toan cho thiét bi ejector 1ap dat tai Nha P,: Ap suat dau vao;
may Dam Ca Mau dudgc trinh bay trong Bang 4 [3]. P,: Ap suét dau ra.
Bding 4. Két qud tinh todn ejector
A i o , Gia tri (6ng suat maximum Ap suat
T Thong sé tinh toan Dong (inch) (Sm¥/gid) (barg)
Butng kinh dng vao Motive gas 4 6.961,9 39,5
Duong kinh 6ng hat Permeate gas 6 2.450,0 3
3 Duang kinh ng phun Fuel gas cap cho boiler 8 9.411,9 5,12
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Budc 3: Tinh toan hang s6 gian ng

X

y=1- 3Fkxt (15)

Budc 4: Xac dinh hé sé nén

- Ap suat quy déi:

Trong do:

P: Ap sudt quy ddi;

P: Ap sudt dau vao;

P Ap suét tiéu chudn (667,4 psia).

- Nhiét d6 quy déi:

Trong dé:

T:Nhiét do quy déi;

T,: Nhiét d6 dau vao;

T.: Nhiét d6 tiéu chuan (342,8 R).
- TuP vaT, tinh hé sé nén Z.

Budc 5: Tinh C: St dung phuong trinh & Budc 1 dé
tinhtoan C, (gid st F, =1).

Budc 6: Lua chon kich thudc than van dua vao C. Tu
bang C, lua chon kich thugc van bé nhat ching sé dugc
tinh toan bang tay.

Budc 7: Tinh toan hang s6 hinh hoc dudng 6ng.
Budic 8: Két thuc tinh toan C,.

Budc 9: Tinh toan s6 Mach:

Qa
M(gas) = ——— 18
R (18)

Trong do6:

M: S6 Mach;

Q,: Luu lugng thuc;

A :Tiét dién dong st dung;

k: Hang s6 nhiét dung (k=1,31);

T: Nhiét do tuyét doi;
M, : Khoi lugng phén tur.

Budic 10: Tinh toén lai C, néu kich thudc than van thay
doi.

Két qua tinh toan cho cac van diéu khién FCV dugc
trinh bay trong Bang 5 [3].

2.2.4. Tinh todn PSV [3, 7]

Van an toan (PSV) sé dugc thiét ké, tinh toan dua theo
tiéu chuan API RP 520 va API 526 (Iua chon loai van).

Dién tich xa yéu cau qua thiét bi dugc xac dinh theo

cong thuc sau:
A=—W /Z (19)
CkgP1kpkc | My,

A: Dién tich xa yéu cau qua thiét bj;

Trong d6:

W: Luu lugng xa qua thiét bi;
C: Hang s6 dugc xac dinh tur hé s6 nhiét dung;

k,: Hé s6 xa hiéu dung, thudng st dung gid tri k, =
0,975;

P.: Ap suat x3;

1

k.: Hé s6 hiéu chinh do doi p, thudng sir dung gia tri

kb =1;

k : Hé s6 hiéu chinh khi st dung van an toan két hop
véi dia né an toan (rupture disk); khi khéng 13p rupture
disk thik_=1;

T: Nhiét d6 xa ctia khi;

Z: Hé s6 nén khi;

M, : Khoi lugng phén ti khi.

Dua vao cong thurc trén, tinh toan dugc bé mat x3,
A dap ung dugc luu lugng qua van an toan. Van an toan
dugc lua chon theo tiéu chuan API Std 526 phai c6 bé mat
xa hiéu dung I6n hon hodc bang bé mat xa (A) tinh toan
G trén.

Két qua tinh toan cho van bao vé an toan PSV dugc
trinh bay trong Bang 6 [3].

Bdng 5. Két qud tinh todn van FCV

o Luu lwgng maximum Kich thudc van - Kich thudc trudc/sau van
T Ténvan o . Gia tri Gy .
(kg/gio) (inch) : (inch)
1 41FV1011 2.888 4 171,47 6/6
2 41FV1010 5.361 2 10,47 4/4
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Bdng 6. Két qud tinh todn van PSV
. Luu lugng xa Luu Iu‘qng xa DI? n tiCh Dién tich Kich thuécvan
T Ténvan k /' id) maximum yéu cau lva chon (inch)
99 (kg/gid) (in?) (in?)
1 41PSV1011 2.888 4.169,03 0,892 1,287 23
Bding 7. Két qua tinh todn dudng vao/ra van PSV
m Tén duéng Mé ta Kich thudc lia chon
(inch)
4FG41007aBB1N Budng vao PSV 4
2 4FL41004aBB1N Dutng xa sau PSV 4
Bding 8. Két qua tinh todn duting éng cdp permeate gas
Dudng 6ng cap Pudng kinh Luulugng Nhiétdovao Apsuatvao Nhiétdora Apsuatra Vantécdong Tréluc
permeate gas tuf (inch)  (Sm*/gio) (°Q (barg) (°Q) (barg) (m/gidy)  (bard)
Nha may Xi ly khi
(a Mau sang Nha may 8 140.000 42,9 2,7 447 2,066 15,37 0,634
Pam (a Mau
Két qua tinh toan Iua chon kich thudc dudng vao va g \12 0,0833x4 29
dudng ra van PSV dugc trinh bay trong Bang 7 [3]. f=2x [(R_e) (cl+cz)1‘5] (22)
2.2.5. Tinh todn duding éng [3, 7] ) 16
Cl = {2,457[7’1 [Ts]} (23)
Theo tiéu chudn Norsok va ASME B31.8, kich thudc (7e)  +027xg
p o miA Lin A 16
ong dugc lua chon dua vao cac diéu kién sau day: C, = (37::0) (24)
- Van t6c I6n nhat cho phép trong 6ng khéng vugt
qua 100 ft/gidy (30,5 m/gidy) (tiéu chudn ASME B31.8). Re = Dxuﬂ (25)
- Ton that ap suat 16n nhat choﬂ phép trong 100 m Trong dé:
ong khong vugt qua 27 kPa (tiéu chuan Norsok).
W: Luu lugng;

Cong thuc tinh toan cho dudng 6ng dugc st dung
nhu dudi day:

- Van t6c dong khi trong 6ng nhu sau:

_ 4xQ
V_7T><d2

Trong do:

V:Van téc dong khi trong 6ng;

d: Budng kinh trong clia 6ng;

Q: Luu lugng khi;

- Céng thic tinh t6n that ap suat:

Theo cong thuc cda Darcy (Engineering Data Book)
thi tén that ap sudt dugc tinh theo cong thiic sau:

W? (62.530x100xf
APygo = — (—ds )

(21)
p

vdi fla hé s6 ma sat.
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f: Hé s6 ma sat;

AP100: Tén that ap suat mbi 100 m dudng 6ng;
L: Chiéu dai 6ng;

Z: Hé s6 nén cla khi;

d: Budng kinh trong clia éng;

p: Khéi lugng riéng cda khi;

£: D6 nham cha vat liéu éng;

p: D6 nhét cua chat khi;

Re: Hé s6 Reynold.

Bang 8 thé hién két qua tinh todn moé phdng dudng
6ng chinh cdp permeate gas tir Nha may Xt ly khi Ca Mau
sang Nha may Pam Ca Mau [8].
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2.3. Phuong dn dam bdo an toan

P& dam bao trién khai du &n mot cach an toan,
Téng cong ty KhiViét Nam (PV GAS) va Cong ty c6 phan
Phan bén Dau khi Ca Mau (PVCFC) da xay dung va thuc
hién déng thai nhiéu gidi phap nham kiém soat rai ro
va nang cao muc dé an toan trong toan bé qua trinh
thuc hién. Cu thé nhu sau:

- Tang cudng phéi hop gilia cac bén lién quan:
Ngay ti giai doan nghién ctu ban dau, 2 don vi da
thiét 1ap co ché trao d6i théng tin thudng xuyén, cap
nhat lién tuc vé tién do, thong s6 ky thuat va cac yéu
cau céng nghé. Viéc lua chon phuong an cong nghé
déu dugc thuc hién théng qua tham van va théng nhat
chung, dam bao tinh kha thi va an toan t6i da cho toan
hé théng.

- Danh giad rdi ro toan dién theo phuong phap
Phan tich méi nguy va kha nang van hanh (Hazard and
Operability Study - HAZOP): Mét trong nhiing hoat
déng trong yéu dugc thuc hién 1a té chiic danh gié an
toan van hanh theo phuong phap HAZOP cho toan bd
hé théng dudng 6ng dan khi tir Nha may Xt ly khi Ca
Mau dén Nha may Dam Ca Mau theo tai liéu ma s6 C-KL-
0150-WR-001. Qua trinh nay giip nhan dién sém cac
mai nguy tiém an, phan tich nguyén nhan - hau qua va
dua ra cac bién phap kiém soat thich hgp nham phong
ngla su c6 va dam bao van hanh lién tuc, an toan.

- Chay thr dong b6 toan hé théng: Hé théng dan
permeate gas tU Nha may X& ly khi Ca Mau sang Nha
may Dam Ca Mau da dugc dua vao chay thir an toan,
phu hgp véi cac kich ban mé phdng trong giai doan
thiét ké.

Théng qua viéc ap dung cac bién phap ky thuat
va t6 chiic néu trén, du an khoéng chi dap tng cac tiéu
chu&n an toan clia nganh diu khi ma con dadm bao tién
do trién khai, gép phan vao hiéu qua hoat déng chung
clla ca 2 don vi.

3. Phuong an b4 tri thiét bi va duéng ng [3]
3.1. Vi tri cdc diém ddu néi Tie-in

Permeate gas sé dugc ldy sau binh tach khi nhién
lieu thap ap (low pressure fuel gas) dé gidm téi thiéu
anh hudng téi thiét bi mang loc (membrane skid), vi tri
ldy permeate gas nhu Hinh 5.

3.2, Vi tri cdc diém ddu néi phu trg (nhém Instrument)

Hinh 6 thé hién st dung cable tray/ladder hién c6
cho tuyén cable vé phong diéu khién.

I ~I| o ,;?

Vitrildy '
Permeategas  [Sg

Hinh 5. Vi tri Idy permeate gas.

|y '
vaxIT—L
- = =\ | e
: = \
S\ w
(able tray/
/ ladder hién 6
3 il
Cable'tr-ay/ o
ladder hién c6 Ef

4 L Cable tray/ oy
B ladder hién c6

e ¥ . .

Hinh 6. Cable tray/ladder hién cd duigc st dung cho tuyén cable vé phong diéu khién.
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Hinh 7 thé hién vi tri ngudn cdp instrument air.
Instrument air cung cap cho cac shutdown valve, control
valve sé dugc cap tur cac dau chd du phong hién co.

Cac thong s6 chinh clia hé thong thiét bi cong
nghé dugc lya chon t6i uu theo Bang 9.

4. Panh gia hiéu qua cha giadi phap
4.1. Hiéu qud kinh té

Dua trén sé liéu san luong, nhiét tri khi, gia khi
mua/ban, chi phi van hanh va bao dudng stia ch(ra, chi
phi khau hao va ty gia tr nam 2019 - 2025, gia tri lam Igi
cla gidi phap dugc tinh toan nhu Bang 10.

4.2. Hiéu qua méi truong

Bén canh nhiing lgiich ro rét vé mat kinh té nhu tan
dung nguén khi sén cé, gidm chi phi nhién liéu dau vao
va t6i uu héa hiéu suat van hanh, giai phap thu hoi va
st dung permeate gas coOn mang lai gia tri I6n vé mat
mai trudng gém:

- Giam phat thai khi nha kinh: Thay vi dét bo,
luong permeate gas dugc tan dung lam nhién liéu dau

vao cho Nha may Dam Ca Mau. Theo tinh toan, diéu nay gitp
giam khoang 42.280 tan CO, tuong duong mébi nam - gép
phan dang ké vao muc tiéu gidm phat thai cia nganh dau
khi (Bang 11).

- Phu hgp dinh hudng phét trién bén viing: Giai phap
nay la minh ching ré rang cho dinh hudng phat trién kinh té
xanh, tuan hoan va giam phat thai carbon trong chudi san

Vitri dau chg
Instrument Air

Hinh 7. Vi tri ngudn cdp instrument air.

Bdng 9. (dc tham sd chinh ctia hé thong cong nghé dugc lua chon

STT Tham sd chinh Don vi 56 lugng Két qua tinh toan so bd cho thiét bi
- (ong suat: 2.450 Sm*/gi¢
. N - Ong vao: 4 inch

1 Ejector Gi 1 - Gng hit: 6 inch
- Ong phun: 8inch
- 1van kich thuéc 4 inch

2 Fv Van 2 - 1 van kich thuéc 2 inch

3 pSV Van 1 Size 2)3
- 1van ddt tai Nha mdy X Iy khi Ca Mau

4| Van 3 -2 van dt tai Nha mdy Bam Ca Mau

5 Permeate gas Dong 1 Luu lugng 2.450 Sm*/giG

6 Khi tu nhién tai Nha mdy Dam Ca Mau Dong 1 Luu luong 6.961,9 Sm*/gic

7 Thiét bi do luu lugng Cum 1 Dat tai Nha méy X( Iy khi Ca Mau

8  Duongdng Pudng dng 1 8 inch, Iap trén piperack 6 san

Bdng 10. Hiéu qud kinh t€ cia gidi phdp cung cdp permeate gas cho Nha mdy Bam (a Mau

2019 2020
Lu’qn? pfe\rmeate gas cung cap 19.264 23,446
(kSm?/gi6)
Gia tri lam lgi cho PV GAS (ty dong) 13,1 17,6
Gid tri lam lgi cho PVCFC (ty dong)” 28,0 22,6
Gia tri lam lgi cho PVN (ty dong) M, 40,2

(1) Tirthdng 3 dén thdng 12 ndm 2019; (2) Trong 6 thdng ddu ndm 2025;

2021 2022 2023 2024 2025
18.480 18.355 19.964 12.933 2473
9,1 73 11,9 7,8 14
354 31,8 47,9 31,8 6,5
44,5 39,1 59,8 39,6 7.9

(3) Gid tri lam lgi cda PVCFC udc tinh bdng gid tri lugng khi ddu vao tiét gidm trir di chi phi mua permeate gas.
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Bding 11. Hiéu qud méi truong cla gidi phdp thu hdi va st dung permeate gas

Chisoé
Luu lugng permeate gas cung cap cho PVCFC
Hé s6 quy doi giira khi nhién liéu va €0, (1)
Luu lugng €O, sau khi dot
Khéi lugng €O, tén dung

(1) Hé s&' quy ddi gitia khi nhién liéu va (02 duotc tinh nhu sau:

Don vi Gia tri
kSm?/ndm 22.200
1,0193

kSm?/ndm 22.628
tan 42.280

Bdng 12. Hg s6 quy ddi giita khi nhién liéu va (02

Thanh phan %mol
N, 1,07
0, 37,40
G 58,57
G 292
G 0,04
Tong 100

xuat cdng nghiép. Day ciing la budc di cu thé thé hién
trdch nhiém xa hoi va méi trudng cla cac don vi trong
nganh dau khi.

5. Két ludn

Gidi phap s dung gas ejector dé thu héi va van
chuyén dong permeate gas tir Nha may x{ ly khi Ca Mau
sang Nha mdy Pam Ca Mau da dugc ching minh tinh
hiéu qua r6 rét vé ky thuat, kinh t€ va méi trudng. Thiét
bi ejector cho phép 16i cuén dong permeate gas ap suat
thap (khodng 3 barg) bang dong khi tu nhién ap suat cao
(~39,5 barg) dé tao ra dong khi hén hgp dap tng yéu cau
van hanh 16 d6t (= 5 barg) ma khéng can st dung may
nén. Nh& dé, toan b lugng permeate gas du thua tuong
duong 90 - 100 kSm>/ngay trudc day phai dét bé da dugc
tan dung hiéu qua.

Vé mat kinh té, viéc thay thé mét phan khi tu nhién
bang permeate gas da mang lai hiéu qua kinh té dang
ké. Trong giai doan 2019 - 2024, hé théng cung cap téng
lugng permeate gas la 106.142 kSm?>, téng gia tri lam lgi
cho PV GAS 66,8 ty déng va 197,5 ty déng cho PVCFC.
Téng gia tri mang lai cho PVN dat 264,3 ty déng thé hién
tinh bén viing cla gidi phap trong t6i uu ngudn nang
lugng dau vao.

Vé méi trudng, viéc tan dung permeate gas thay
vi dét flare gép phan gidm dang k& phat thai khi
nha kinh. Véi lugng permeate gas cung cap khoang
22.200 kSm*/ndm, hé s6 quy d6i gitta khi nhién liéu
va CO, la 1,0193, tan dung 42.280 tan CO, mbi nam.
Téng thé, gidi phap thu héi permeate gas st dung gas

Hésd C Quy ddi €0, sau phan ing chay
0 0
1 37,40
1 58,57
2 5,84
3 0,12
101,93

ejector la phuong an ky thuat hiéu qua, kinh t€ va than
thién moi trudng. Day la mé hinh ¢é tinh thuc tién cao,
phu hgp dé nhan rong tai cdc nha may x{ ly khi c6 dong
khi permeate tuong tu nham nang cao hiéu qua st dung
tai nguyén va giam phat thai trong toan chuéi gia tri khi
- dam.
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TECHNICAL SOLUTION FOR SUPPLYING PERMEATE GAS FROM CA MAU
GAS PROCESSING PLANT TO CA MAU FERTILIZER PLANT

Dang Duc Thuyet, Le Xuan Thang, Duong Xuan Thao, Tran Huy Thuc, Nguyen Hong Quang, Mai Vu Hoang, Nguyen Ho Cam
Petrovietnam Gas Joint Stock Corporation (PV GAS)
Email: thuyet.dd@pvgas.com.vn

Summary

At Ca Mau Gas Processing Plant, the (02 adjustment skid produces approximately 140 kSm?/day of permeate gas, of which 40 - 50 kSm?/
day is consumed as low-pressure fuel gas for heating systems. The remaining permeate gas of 90 - 100 kSm?/day is discharged to the flare,
where it is burned along with gases associated with the processing. In order to recover and utilize the whole of permeate gas, the research
team proposed a technological solution using a gas ejector to transfer the permeate gas to Ca Mau Fertilizer Plant. The recovered gas is then
blended with natural gas and used as feedstock for urea production. This solution demonstrates the efficient utilization of permeate gas,
optimizes the use of fuel sources and reduces greenhouse gas emissions.

Key words: Permeate gas, gas recovery and utilization, gas ejector, Ca Mau Gas Processing Plant, Ca Mau Fertilizer Plant.
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