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Tom tat

Sau khi dugc thu hoi nhiét tai cac 10 hoi thu hoi nhiét, khdi thai tir cac turbine khi tai Nha mdy Dién Nhon Trach 1 & 2 ¢6 nhiét do
khodng 100 - 113°C. Nhiét lugng trong dong khdi thai khdng dugc thu hoi bang cac phuang an thu hoi nhiét truyén thong do khong mang
lai hiéu qua. Chu trinh rankine hitu co (organic rankine cycle, ORC) st dung cac mdi chat hitu co c kha nang bay hai & nhiét do thap nén c6
kha nang thu hoi nhiét tir dong khoi thai nhiét do thap. Két qua khao st chu trinh ORC cho thdy, véi méi chat R245fa cong suat Nha may
Dién Nhon Trach 1 tang thém 2 MW va vdi moi chdt R113 cong suat Nha may Dién Nhon Trach 2 tang thém 3,6 MW.

Turkhoéa: Chu trinh rankine hitu co, khéi thai, moi chat, cong suat dién, Nha may Dién Nhon Trach 1, Nha may Dién Nhon Trach 2.

1. Giéi thiéu

Nha may dién Nhon Trach 1 & 2 ¢6 cau hinh céng
nghé 2-2-1, gém 2 turbine khi, 2 16 haoi thu héi nhiét va 1
turbine hoi. Nhién liéu chinh la khi thién nhién, céng suat
thiét k& ctia Nha may Dién Nhon Trach 11a 450 MW va Nha
may Dién Nhon Trach 2 13 750 MW. Hinh 1 mé ta téng quat
56 d6 cong nghé Nha may Bién Nhon Trach 2.

Hon hgp khong khi va khi nhién liéu dugc dét chay tai
buéng dét, sau dé gian na lam quay turbine khi. Khi thai
tU turbine khi cé nhiét d6 cao dugc thu hoi sdn xuét hoi
tai 10 hai thu hoi nhiét. Khi thai sau thu héi nhiét tai cac
nha may co6 nhiét dé khoang 100 - 113°C dugc thai ra moi
trudng qua 6ng khai thai. Nhiét do téi thiéu cho phép ddi
vGi cac dong khoi thai co lién hé chat ché véi cacvan dé an
mon vét liéu, do d6 nhiét do t6i thiéu cho phép cha khéi
thai dugc duy tri cao hon so véi nhiét dé diém suang acid
cta dong khai thai. Tuy nhién, 6ng khoi ctia Nha may Dién
Nhaon Trach 1 & 2 dugc ché tao bang vat liéu thép khong
gi, vi vay gidm thiéu dugc van dé duy tri nhiét do téi thiéu
clia dong khai thai.

V6i khodng nhiét do trén, nhiét lugng cla cac dong
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khoi thai khdng thé tiép tuc thu héi bang cac phuong phap
truyén théng do khéng mang lai hiéu qua. Trong trudng
hagp nay, chu trinh rankine hiiu co cho phép thu héi nhiét tir
cac nguodn nhiét thai cap thap dé san xuét dién. Chu trinh
rankine hitu co da dugc tiing dung rong rai dé thu hai nhiét
tUr cdc nguén nhiét thai trong cac linh vuc cong nghiép
khac nhau nhu: cdng nghiép luyén thép, céng nghiép san
xudt xi mang, cong nghiép dau khi, nha may dién [1, 2].

Chu trinh rankine hitu co la mét chu trinh nhiét dong
Iuc hoc, chuyén ddi nang lugng nhiét thanh nang lugng
dién. Dién san xuat t&r ORC la dién 3 pha c6 muc dién ap
380- 500V, tan s6 50 - 60 Hz, c6 thé dugc st dung tiéu thu
noi bod trong nha may dé giam ty lé dién ty dung [3]. Chi
phi van hanh chu trinh rankine hiru co thap do hé théng
dugc van hanh ti nhiét thira cia cac qua trinh cong nghé
chinh, cu thé 1a nhiét thia tir dong khoi thai. Nguyén ly
hoat déng clia chu trinh rankine hitu co va bé tri cac thiét
bi ca ban tuong ty nhu chu trinh rankine truyén thong.
Diém khac biét chinh la méi chat hitu co cé nhiét do bay
hai thap dugc sir dung thay vi hai nudc. Hinh 2 mé ta mét
chu trinh rankine hitu co sit dung thu héi nhiét tir dong
khéi thai ra khoi hé théng [0 hoi thu héi nhiét tai cac nha
may nhiét dién khi.

Mot chu trinh rankine hitu co gdém céc thiét bi co ban
nhu bom moi chat, thiét bi bay hai, thiét bi gian nd, thiét



PETROVIETNAM

l;‘. —= e g L o
Smen i ae] a HE
[—‘-—,- T f i 3 = k H = ! G
. 1 1 [
i e ; . e
Lo hoi thu hdi Turbine hoi
nhiét
s f i
! LT s s s } ——
Turbine khi Ld-'—-_
i b ‘
=T Wehmppgien | { = ¢ sonim s
... e el
Plant Output (et} = T5T.6 MW Mhon Tl’ach 2
Pt EMicancy fnol) = 57,10 % SCCH-4D00F 321
20 SO0 C-Cary
Heat Flow Ciagram SIEMENS AG
b iskas S PG W711
Hinh 1. S0 dd cong nghé Nha mdy Dién Nhan Trach 2.
- Sau d6, hai thai dugc ngung tu tai thiét bi
Mdy phat ngung tu bang nudc lam mat hodc khéng khi va bat
Thiét bi gian ng dau mét chu trinh lam viéc mdi.
Nudc T N iy 1a
[am mét - Méi chat lam viéc trong chu trinh la cac chat I1édng
’ Thiét bi Khoi thai Thiét bi hitu co dugc dic trung bai khéi lugng phan tif cao
Bom nudclammat | ngung tu bay hoi hon va nhiét do bay hai thap hon nudc nén thich hop
Méi chit dé thu héi nhiét tir cac nguén nhiét cap thap. Mét

Bom mai chat
Hinh 2. S0 d6 chu trinh rankine hitu co.
bi ngung tu. Nguyén ly lam viéc clia chu trinh rankine hitu co
(Hinh 2) nhu sau:

- Mbéi chat lam viéc c6 nhiét dé séi thap dugc bom vao
thiét bi bay hai, tai day qua trinh trao déi nhiét gilta nguén
nhiét thai nhiét d6 thap va moi chat dién ra lam héa hoi moi
chat. Thong thudng, hai méi chat tai dau vao thiét bi gian né
trang thai bao hoa hai. D6i véi iing dung thu hoi nhiét tir cac
dong khéi thai tai cac nha may dién, méi chu trinh rankine hiiu
€O sé bao gobm 2 thiét bi bay hoi la 2 16i trao d6i nhiét dat trong
2 hé théng 16 hoi thu hoi nhiét;

- Tiép theo, hoi ap suat cao dugc dan vao thiét bi gian nd,
day la thanh phan quan trong cutia toan bo nha may dién ORC,
quyét dinh hiéu suat cta hé théng ORC. Chat léng lam viéc
dugc gidn nd tao ra ca nang rdi bién ddi thanh dién ning nha
1 may phat dién két hgp vdi truc turbine;

chu trinh rankine hitu co phu hgp véi nhiét d6 va luu
lugng ngudn nhiét thai sé dugc lua chon théng qua
khao sat cdc moi chat khac nhau. Cong suat dién cla
chu trinh tng véi méi méi chat dugc t6i uu thong qua
xac dinh nhiét dé/ap suat bay hoi/ngung tu thich hop.
P6i v6i ngudn nhiét thai cé nhiét dd thap, moi chat
R245fa dugc nhiéu nha san xuét st dung trong chu
trinh ORC [4], bén canh d6, nhém tac gia da danh gia
thém nhiéu maoi chat khac (nhu R141b, R601, R152a,
R113,R123...) nham tim ra méi chat tiém nang d6i véi
nguodn nhiét cé sdn tai méi nha may dién.

Xét vé khia canh kinh té&, chi phi dau tu cho hé
théng ORC dugc udc tinh bang téng chi phi dau tu
cac thiét bi chinh, chi phi xay dung, chi phi quan ly
du an va chi phi duy phong khac. Trong d¢, chi phi
thiét bi nhu thiét bi bay hai, thiét bi ngung tu, thiét
bi gian ng, cdc bom moi chat, bom nudc lam mat
dugc trich xudt ti phan mém chuyén dung. Hinh 3
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minh hoa két qua udc tinh chi phi thiét bi tr phan mém.
Mot trong nhiing chiic nang clia phan mém trong udc
tinh chi phi thiét bi la cho phép nguai dung lua chon loai
vat liéu - moét trong nhiing yéu té c6 anh hudng I6n dén
chi phi thiét bi. Nhom tac gia da lua chon vat liéu titanium
déi v6i phan 6ng cla thiét bi ngung tu, nagi chat luu la
nudc lam mat. BSi vai 16i trao d6i nhiét dat trong 6ng
khoi, vat liéu thép khong gi da dugc lua chon. Theo tham
khéo tir cac du an da thuc hién, cac chi phi dau tu con lai
dugc uédc tinh chiém khoang 70% chi phi thiét bi, trong
do chi phixay dung, quan ly du an, chi phi du phong khac
lan lugt chiém 53%, 8% va 10%.

Ngoai ra, nhom tac gia da st dung thém khai niém chi
phi dién binh quan héa (LEC) d€ danh gia tinh kinh té khi
st dung céng nghé ORC thu hoéi nhiét thai tir dong khoi
thai dé san xuat thém dién. LEC dugc xac dinh bang cong
thuc sau [5]:

CRF X C,,p + COM

LEC = USD/kWh M
top X Wnet ( / ]

CRF _id+ g7

T (1+i)Mr - @)
Trong do:
LEC: Chi phi dién binh quan héa (USD/kWh);
CRF: Hé s6 thu héi von;
LTpI:Tuc‘Si tho hé théng ORC, 20 nam;
i Lai suat, 5%;
C,.. Téng chi phi dau tu;
COM: Chi phi van hanh, bao dudng, chiém 1,5% chi

phi dau tu;

top: Thai gian van hanh, 8.000 giG/nam;

W__: Cong suat dién rong ctia hé thong ORC.

2. Ung dung chu trinh rankine hitu co tai Nha may
bién Nhon Trach 1

Theo két qua phan tich mau khi thai dinh ky 3 thang/
lan trong nam 2021 ctia Nha may Dién Nhan Trach 1, ham
lugng SO, trong khéi thai nam trong khoang khong phat
hién, 10 mg/Nm? va ham lugng H,O trong khdi thai vao
khodng 9,4% thé tich. Theo két qua tinh toan bang phan
mém mo phéng, nhiét d6 diém suang khoi thai nam
trong khodng 85,7 - 98,5°C (tuong ung vai do chuyén
héa SO, thanh SO, la 1 - 5%). Tuy nhién, 6ng khéi cia Nha
may Pién Nhon Trach 1 dugc ché tao bang thép khéng gi,
do d6 nhiét d6 khoi thai cho phép van hanh xuéng dudi
nhiét d6 diém suong acid.

Viéc danh gia phuang én thu hoi nhiét khi thai cta
Nha mdy Dbién Nhon Trach 1 s& dung chu trinh rankine
h(tu ca sé dugc thuc hién véi cdc théng sé gia dinh va rang
budc nhu Béng 1.

Két qua danh gia va tinh toan kinh té€ cho mé hinh ORC
vdi tiing loai médi chat lam viéc dugc thé hién trong Bang 2.

Bding 1. Thong sd'thiét ké chu trinh ORC Nha mdy Dién Nhon Trach 1

Cacthéng s gia dinh Gia tri
Nhiét do ngudn nhiét thai vao ORC (°C) 98,3
Luu lugng ngudn nhiét thai vao ORC (kg/s) 521,5%2
Nhiét @6 dau vao clia nudc lam mat (°C) 30
AT cda nuéc lam mét (°C) 7
Céc diéu kién rang budc Gidi han
Chénh éch nhiét do t6i thiéu gitta dong ndng 55
va lanh (°C)
Hé s6 hiéu chinh Ft >0,75[6]
Cac bién thay doi Giéi han
Luu lugng chdt long lam viéc (kg/s)
Ap suat lam viéc clia moi chat ORC (bar) Phu thudc vao dudng

(bao gom dp sudt sau bom va sau turbine) bao pha ctia luu chat

Templste  |SumenaryGeidTempiate_1 = | | Save s mew | Paste | | Sendto Eceltasw
| Sammary Lhilities Lnit cperation | Equipment | | TEMA HEC | | Cucted equipment | | Non-condense turbine | | Centrif pusnp| -
Mame B Equipmeént Cast [USD] [Equipment Weesght [LBS] Total Installed Weight [LES] Saing Evors Evaluation Ermars
=100 156300 533700 TThé E
93,300 K00 4051
E-100 21,500 3400 5TTE
|* je-100-10 T20, B0 B0 STRE
K. 100-11 16,700 30 42923
|+ Je-100-12 525,200 2E50 AETRD
106013 138,800/ 25000 a5404
= [E=100-14 430,900/ 26000 SEETH
-100-15 589,900/ Tan smnT
|- =100 554,400 33000 SE1
-100-3 727,600 B340 TS5
+ 1004 £15.500 31800 53057
(1005 708,800 380 =
=100-4 542200 32600 b
K-100-7 613,500 31600 570
=100-2 07,500 31400 pratd

Change grid prisntation

Hinh 3. Udc tinh chi phi thiét bj bdng phdn mém chuyén dung.
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Két qua danh gia (Bang 2) cho thdy véi cdc méi chat
lam viéc R123, R601, R245fa, R113, R141b, hé théng ORC
déu c6 chi phi san xuat dién thap hon chi phi san xuat dién
cUa nha may. Danh gia vé thai gian thu hoi von va LEC,
moi chat R245fa thé hién uu thé hon so véi cac méi chat
con lai vai cdng suat dién nha may tang thém 2 MW va
thai gian thu héi vén 1a 4,6 nam.

3. Ung dung chu trinh rankine hitu co tai Nha may
Pién Nhon Trach 2

Theo két qua md phong, dong khi thai ra khéi cum 1o

hoi thu héi nhiét cia Nha may Dién Nhon Trach 2 ¢ nhiét
dé diém suong acid 1a 81,8°C. Tuy nhién, 6ng khéi ctia Nha
may Dién Nhan Trach 2 dugc ché tao bang thép khéng gi,
do d6 nhiét do khoi thai cho phép van hanh xuéng dudi
nhiét d6 diém suang acid. Viéc danh gia phuong én thu
hoi nhiét khi thai cia Nha may Dién Nhon Trach 2 st dung
chu trinh rankine hitu co dugc thuc hién véi cac théng sé
gia dinh va rang buéc nhu Bang 3.

Két qua danh gia va tinh toan kinh té cho mé hinh
ORC vdi ting loai méi chat lam viéc dugc thé hién nhu
trong Bang 4.

Bding 2. Thing sd ky thudt va kinh t& hé théng ORC Nha mdy Bién Nhon Trach 1

. Cong Théng s6 van hanh
©ng Gt Cong L fip sust Thoi
Cong sudt pom  osust  Nhiet lvong  Apsuat daura Chi phi gian
Moi  suit  bom o o dokhi m}ag d';u o lwong U dauty LEC
chat turbin moi N L thaira . X moi - (triéu | (USD/kWh) v
w0 lam rong . lam turbine w moi von
e(kW) chat \ khéi \ chat . usD) <
(W) mat (kw) ORC(Q) mat (bar) (ka/s) chat (ndm)
(kW) (kg/s) (bar)
R123 2918 43 304 2571 67 1.077 1,45 190 3,80 12,448 0,058 7,4
R245fa 2.252 58 192 2.001 78 680 2,34 107 7,60 5,991 0,036 46
R113 2.682 24 291 2367 68 1.028 0,77 200 2,10 10,771 0,054 6,9
R141b 2.918 33 299 2.585 67 1.059 1,25 143 3,30 13,607 0,063 8,1
R152a 2.861 197 307 2357 67 1.086 9,00 131 18,70 28,116 0,142 18,3
R601 2.836 35 303 2498 67 1.074 1,10 86 2,88 16,785 0,080 10,3
Bding 3. Thdng sd'thiét ké chu trinh ORC Nha mdy Bién Nhon Trach 2
(ac thong s gia dinh Gia tri
Nhiét ¢ nguon nhiét thai vao ORC (°C) 12,7
Luu lugng ngudn nhiét thai vao ORC (kg/s) 646 X 2
Nhiét @6 dau vao ciia nudc lam mat (°C) 30
AT cda nudc lam mét (°C) 7
Cac diéu kién rang budc Gidi han
Chénh léch nhiét d tGi thiéu giita dong nong va lanh (°C) >5
Hé s6 hiéu chinh Ft >0,75[6]
Nhiét d cla khi thai sau khi ra khdi ORC (°C) Khong rang budc
(ac bién thay doi Gidi han

Luu lugng chat ong lam viéc (kg/s)

Ap suat 1am viéc cia méi chat ORC (bar) (bao gém ap suat sau bom va sau turbine)

Phu thudc vao dutng bao pha ctia luu chat

Bding 4. Thdng sd ky thugt va kinh té hé thdng ORC Nha mdy Bién Nhon Trach 2

(6ng suat Thong 56 van hanh Théi gian
_ (ongsuat Congsuat o' o COngsuat Nhictdo 0 APSUL ) 1 igng APSUBL TONgChi e
Moi chat turbine bomméi . ., diénrong khithaira , : .. o~ @aura phidautu v

v lam mat . nudclam . moi chat e [raen (USD/kWh)  von

(kW)  chat (kw) (kW) (kW)  khéi ORC mét (ka/s) turbine (ka/s) bom méi (triéu USD) (nam)

(°C) 5 bay 9 chit (bar)

R123 5.279 80 507 4.724 70 1.792 1,45 316 412 24,009 0,061 8,3
R245fa  3.398 107 220 3.070 93 779 23 120 1" 9,780 0,038 5,2
R113 3.937 46 281 3.610 88 996 0,8 189 3,55 9,847 0,032 45
R141b 5.079 65 461 4553 73 1.632 1,33 221 3,92 20,048 0,052 7,2
R152a 4812 380 455 3.977 74 1.609 9,54 198 21,8 29,921 0,090 12,3
R601 5.104 67 467 4.570 73 1.653 11 131 34 24,711 0,064 8,8
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Két qua danh gia (Bang 4) cho thay véi moi chat lam
viéc la R245fa, R113,R601,R141b, R123 hé théng ORC déu
c6 chi phi san xuat dién thap hon chi phi san xuat dién cta
nha may. Vai khia canh danh gia vé thai gian thu héi von
va LEC, m6i chat R113 thé hién uu thé hon so véi cadc méi
chat con lai véi cong suat dién ting thém la 3,6 MW va
thai gian thu héi vén 1a 4,5 nam.

4. Két luan

Giai phap thu héi nhiét tir dong khoi thai ra khoi hé
théng 16 hai thu hoi nhiét bang chu trinh rankine hitu co
dugc dé xuat cho Nha may Dién Nhon Trach 1 & 2. Két
qua khao sat chu trinh rankine hitu co v6i cdc moi chat
lam viéc khac nhau cho thay giai phap mang lai hiéu qua
cho ca 2 nha may dién khi céng suat dién tang lén. Doi
véi Nha may Dbién Nhon Trach 1, khi ap dung giai phap
thu hoi nhiét khoi thai bang chu trinh rankine hiiu co v6i
moi chat R245fa da gép phan tang cong suat thém 2 MW
V@i gid tri kinh té 1a 1,3 triéu USD, chi phi dau tu cho giai
phép la 5,992 triéu USD va thaoi gian thu hoi vén la 4,6
nam. DGéi véi Nha méy Dién Nhon Trach 2, khi 4p dung
giai phap thu hoi nhiét khoi thai bang chu trinh rankine
hiru co véi méi chat R113 da gép phan tang céng suat
thém 3,6 MW véi gia tri kinh té€ la 2,2 triéu USD, chi phi
dau tu cho giai phap la 9,847 triéu USD va thai gian thu
h6i von 1a 4,5 ndm.

Tai liéu tham khao

[1]1 Sanne Lemmens, “Technological innovation in the

energy sector: Case of the organic rankine cycle”, Universiteit
Antwerpen, 2017.

[2] Dongxiang Wang, Xiang Ling, Hao Peng, Lin Liu,
and Lanlan Tao, “Efficiency and optimal performance
evaluation of ORC for low grade waste heat power
generation’, Energy, Vol. 50, pp. 343 - 352, 2012. DOI:
10.1016/j.energy.2012.11.010.

[3] ElectraTherm, "6500B+ specification sheet".

[4] Steven Lecompte, Martijn Van den Brock, and
Michel De Paepe, “Optimal selection and sizing of heat
exchanger for organic rankine cycle (ORC) based on
thermo - economics’, Proceedings of the 15% International
Heat Transfer Conference, Kyoto, Japan, 10 - 15 August 2014.
DOI: 10.1615/IHTC15.rne.008989.

[5] Yonggiang Feng, Yaning Zhang, Bingxi Li, Jinfu
Yang, and Yang Shi, “Comparison between regenerative
organic rankine cycle (RORC) and basic organic
rankine cycle (BORC) based on thermoeconomic multi-
objective optimization considering exergy efficiency
and levelized energy cost (LEC)", Energy Conversion and
Management, Vol. 96, pp. 58 - 71, 2015. DOI: 10.1016/j.
enconman.2015.02.045.

[6] Suraya Hanim Abu Bakar, Mohd Kamaruddin Abd
Hamid, Sharifah Rafidah Wan Alwi, and Zainuddin Abdul
Manan,“A simple case study on application in synthesizing
a feasible heat exchanger network’, Chemical Engineering
Transaction, Vol. 56, pp. 157 - 162, 2017. DOI: 10.3303/
CET1756027.

RECOVERING HEAT OF FLUE GAS FROM HEAT RECOVERY STEAM
GENERATOR SYSTEM AT NHON TRACH 1 AND NHON TRACH 2 GAS
POWER PLANTS BY ORGANIC RANKINE CYCLE TO PRODUCE POWER

Le Hong Nguyen, Dang Thi Tuyet Mai, Dang Thi Bich Phuong, Luu Thi Anh Trinh

Vietnam Petroleum Institute
Email: nguyenlh.pvpro@vpi.pvn.vn

Summary

Flue gas from gas turbines at Nhon Trach 1 and Nhon Trach 2 gas power plant are in the temperature range of 100 - 113°C after heat
has been recovered at the heat recovery steam generator. These heat flows are not recovered by conventional methods since they are not
effective. Meanwhile, the organic Rankine cycle (ORC) uses organic fluids with low boiling point, that is why it can recover heat from low-
temperature flue gas streams. Results of the ORCinvestigation reveal that with R245fa as a fluid, the Nhon Trach 1’s capacity will increase
by 2.0 MW, and the Nhon Trach 2's capacity will see an increase of 3.6 MW with R113 as a fluid.

Key words: Organic Rankine cycle, flue gas, organic fluid, power capacity, Nhon Trach 1 gas power plant, Nhon Trach 2 gas power plant.
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