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GIAI PHAP HOAT DONG HON HOP GIO - DIESEL DAO PHU QUY

ThS.Vé Hong Thai', TS. Nguyén Biic Huy?, TS. Tran Nam Trung?
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?Dai hoc Bdch khoa Ha Néi
3Tap doan bién luc Viét Nam
Tém tat

Hé théng cung cdip dién déc IGp tir cdic nguén phdn tdn cho cdc viing khéng ¢é6 Iuéi dién Quéc gia dang duoc quan
tdm. Trong bai bdo nay, nhém tdc gid gidi thiéu mét sé vdn dé can gidi quyét trong qud trinh vén hanh hé théng lai
ghép 3 turbine gié va 6 té6 mdy phadt diesel trén ddo Phu Quy. Tir d6, nhém tdc gia dé xudt gigi phdp nhdm néng cao
khd ndng huy déng céng sudt cia cdc turbine gié, dam bdo su 6n dinh cia hé théng dién trén ddo va giam gid thanh

sdn xudt dién.

Tirkhéa: Nguén phan tdn, turbine gié, hé théng lai ghép, lugi c6 Idp, mic @6 thdm nhdp, chét luong dién ndng.

1. Gi6i thiéu
1.1. Thuc trang hé théng dién gi6 - diesel trén ddo Phi Quy

Du &n Phong dién Phu Quy dugc Téng cong ty Dién
luc Dau khi Viét Nam/Tap doan Dau khi Viét Nam dau tu
xay dung tai ddo Pha Quy, tinh Binh Thuan, vdi téng cong
suat 6MW, cao hon t8ng cdng suat nha may dién diesel
(3MW). Cong suat cia mai turbine gié 16n (2MW/turbine).
M4y phat dién gi6 la loai DFIG do d6 phai c6 may phat
diesel phat cing. Néu may phat dién gié la loai dong bo
kich thich vinh cu thi c6 thé phat doc lap, khéng phu
thudc nhiéu vao diesel.

Trong khi d6, may phat diesel trén ddo Phu Quy da van
hanh hon 10 nam, thai gian dép tng yéu cau clia hé théng
cham. Céng suat phat bi han ché, méi may phat diesel chi
phat dién trong khodng 165 - 420kW.

Phu tai trén dao I6n nhat khoang 1,9MW, thap hon
nhiéu so véi nguén phat (9MW) [1]. Thita cdng sudt tac
dung (P) va thi€u cong suat phan khang (Q). Dac biét, khi
ty 1& tham nhap P cla turbine gi6 tang cao thi thiéu Q tram
trong, hé s6 cosg ctia tram diesel c6 khi xuéng dén 0,6.

Ty |é phat dién gi6 - diesel thuong la 50/50. Trong
trudng hop phu tai nho hon 1.100kW va téc dé gié lon
hon 7,2m/s thi ty & gi6 - diesel cho phép dat dén ty lé
70/30.Trong trudng hop gié manh va phu tai thap, 7,2 m/s
<van téc gid < 17,8 m/s va phu tai < 665kW hoac 17,8 m/s
< van téc gié < 25 m/s va phu tai < 965kW thi khéng thé
van hanh dugc turbine gi6 [2].

Thai gian phat dién trén ddo Phu Quy hién nay khong
lién tuc, chi 16 gid méi ngay (ti 7 gid 30 phut dén 23 gis
30 phut). Hién tai chi c6 mét cot turbine gié phat dién két
hap véi cdc may phat diesel. Trong trudng hgp gié thap va
phu tai cao thi ¢ thé phét dugc 2 cot turbine gio. Rat khé

dé phat dugc déng thai 3 cot turbine gié do phu tai thap
(mac du co thé cho 3 turbine gié cling phét dién khi van
téc gio thap tlr 4 - 6m/s).

Thuc té qua 10 thang van hanh thuong mai téc dé
gi6 khac rat nhiéu cac thong s6 do dugc trusce khi lap
du an. Su khac biét trén c6 thé do chua khao sat triét
dé vé gi6, hodc thdi gian khao sat da qua lau (sau gan
10 nam khao sat), su thay d6i vé khi hau dan dén thay
déi vé téc do, hudng gié trong ngay (c6 nhiing ngay vao
mua gio6 Bac, gid giat rat manh, dao dong I6n). Diéu nay
anh huéng dén viéc nang cao ty l1é phat cda turbine gid.
Trong trudng hgp nay, van hanh vién phai dat céng suat
du phong néng diesel réat cao, cac diesel van hanh non
tai. Bén canh dé du doan sy tang truéng phu tai trong
thuyét minh du an dau tu Nha may Phong dién Phu Quy
chua chinh xac (thuc té phu tai hién tai thap hon). Thiét
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Hinh 1. Hé théng hdn hop gi6 - diesel dao Phi Quy
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bi turbine chua dugc thuc hién phat céng suat phan
khang Q, chua co giai phap lap dat tu bu hop ly, cose
diesel thap. Gia dién trén dao cao.

Déi vai diéu kién thai ti€t khac nghiét trén dao, nhat la
vao mua gio6 Bac, Cong ty Dién luc Phd Quy thudng xuyén
cat dién dé ra si, FCO dé chéng mudi bam, chéng phong
dién. Do d6, céng tac van hanh hé théng hén hop gio -
diesel gap nhiéu kho khan, do turbine can dugc dam bao
van hanh én dinh. Trén truc chinh ngi, Phong dién Phu
Quy dang st dung cac bd FCO dé dong cat phan doan
dudng day 22kV, do vay chi can sy c6 nho sé dan dén dut
chi FCO va gay ra ludi...

1.2. Hé théng dién gié - diesel I6n dién hinh

Céng suat phat cua dién gié
Cong suat yéu cau phu tai

Muc &6 tham nhap tuc thoi =

Muic d6 tham nhap trung binh =

San lugng phat cta dién gid (kWh)

San lugng tiéu thu cla phu tai

Céc hé théng dién c6 st dung nang lugng gié c6 thé
dugc phan loai theo muc dé tham nhap cta dién gio,
dugc dinh nghia nhu sau [5]:

Theo cach phan loai néi trén, National Renewable
Energy Labolatory (NREL) dinh nghia vé cac hé théng hén
hgp diesel gi6 [5]:

- Hé théng tham nhap thap (mdc d6 tham nhap tuc
thai < 50%, muc do tham nhap trung binh < 20%): Vé&i
hé théng nay, cdc may phat diesel phai van hanh lién tuc
(8.760 gi®), nang lugng sinh ra tr cac turbine gié dugc cap
truc ti€p cho phu tai. V&i mic d6 tham nhap thap, khong
can thiét phai c6 mét hé théng diéu khién hén hop.

- Hé théng tham nhap vita (mdc dé tham nhap tuc
thdi ti 50 - 100%, muc d6 tham nhap trung binh tur 20
- 50%): V&i hé théng nay, cac may phéat diesel ciing phai
van hanh lién tuc. Khi t6c dé gié cao, cong suat phat
clia diesel gidm, can c6 thiét bi phu trg dé dam bao
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muc tai t6i thiéu cho diesel, hodc cac turbine gi6é phai
giam cong suat. V&i muc d6 tham nhap trung binh, can
c6 hé théng diéu khién hén hop véi muc dé phiic tap
vUua phai.

- Hé théng tham nhap cao (muc dd tham nhap
tuc thai tir 100 - 400%, muc do tham nhap trung binh
50 - 150%). Vi muic d6 tham nhap nay, cac t6 may
diesel c6 thé dung khi t6c d6 gié du I6n nén can cé
céc thiét bi phu trg dé diéu khién dién ap va tan s6,
déng thdi cdn mot hé théng diéu khién hén hop
phuc tap.

1.3. Cdc loai mdy phdt dién sir dung trong cdc tur-

Hinh 2. So dé6 hé théng dién gié - diesel I6n dién hinh
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Hinh 3. So sdnh gitia DFIG va PMSM/SCIG
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LA

Chu y:
1. PMSM: Kich thich vinh ¢iru, khéng tigu thy Q
2. DFIM:

e I (ew thy Q)

bine gié hién nay

Hién c6 3 nguyén ly st dung may phat dién trong
cac turbine gié néi lugi chd yéu (Hinh 3) [2]:

- May phat déng bo kich thich vinh cutu
(Permanent magnet excited
generator - PMSG):. Loai may phat nay dugc diéu
khién hoa véi lugi nhas thiét bi bién déi dién ti
cdng suat nam xen gilta stator va ludi. Thiét bi
gom 2 phan chinh: nghich luu phia luéi (frontend
converter) va nghich luu phia may phat (generator-
side converter). Dong nang lugng khai thac tu gié
sé dugc ldy qua turbine tdi stator, sau d6é chay qua
thiét bi bién dé&i l1én ludi.

synchronous

- Méy phat khéng dong bo rotor l6ng séc
(Squirrel-cage induction generator - SCIG): Tuong tu
may phat dong bo kich thich vinh cltu, loai may phat
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Bdng 1. So sdnh giiia cdc logi mdy phdt dién gid [2]

May phat dién gié loai SCIG,

May phat dién gio loai DFIG
(néi luéi truc ti€p)

Tuong dai thap
Thiét bi dién ti céng suat nam &
phia rotor (xen gilta rotor va ludi)
nén c6 cong suat ¢ bang 1/3 cong
suat may phat.
Dai tdc do gio bi gidi han
Stator ndi truc ti€p vaéi lusGi nén téc
dé dong bo la do tan sé ludi quyét
dinh va DFIG chi c6 thé hoat dong
trong pham vi +33% xung quanh
téc d6 déng bo

Kha phic tap

Stator néi truc ti€p véi ludi nén viéc
diéu khién may phat rat phu thuéc
lugi, dac biét khi phia ludi c6 su cé.
Khé dap ung yéu cau ride-through

Diéu khién khéng qué kho (do dugc
bam Iuéi cing) ma giad thanh rat

Diéu khién rat kho (vi khong c6 ludi
cling dé bam) nén kho bao dam én
dinh ngén han va dai han. Dac biét
khé khan khi phai van hanh vai luéi
cdng suat nho

Bdng 2. Sy khdc biét gitia c6 va khéng néi luGi quéc gia

Panh gia

Gia thanh toan hé théng ctia may
phat dién gid loai DFIG ré hon so
véi loai SCIG & PMSG

Khad ndng tan dung nang lugng
gié cla mdy phat dién gi6 loai
DFIG kém hon so véi loai SCIG &
PMSG

Kha nang diéu khién may phat cda
loai DFIG phtc tap hon loai SCIG &
PMSG va khé dap ung yéu cau
ride-through hon

Nén s dung loai DFIG dé hoa ludgi
qudc gia

Nén st dung loai SCIG hodc PMSG
dé st dung hoa lusi doc lap
(ngoai dao)

l PMSG (ndi lugi gian tiép)
Kha dat
Gia thanh Thiét bi dién t& cong suét
1 toan hé nam xen gilfa stator va ludi
théng nén c6 cong sudt dung bang
céng suat may phat
Kha ning Toép dai téc dé gio ,
N Thiét bi dién t céng suat
tan dung N . e
2 ning ndm xen gitfa stator va Ui
Iuong gid nén toc dcf), dong bd khong
i do luéi quyét dinh
Kha don gian
Thiét bi dién t& cong suat
3 Diéukhién  ndm xen gilia stator va ludi
may phat nén viéc diéu khién may phat
it phu thudc ludi. Dé dap Ung
yéu cau ride-through
st dung Cz?ip can r}héc ’ Rat nén
s biéu khién don gian, c6 thé
4 hoa lugi bt e i
quéc gia kh\an thac gio t6i da nhung gia r
thanh cao thap
Rat nén Khéng nén
Diéu khién don gidn nén dé
5 Strdung bdo dam 6n dinh ngdn han
ngoai ddo  va dai han. Pay la uu diém
mang tinh quyét dinh khi van
hanh véi lugi cong suat nho
1T Hoa luéi quéc gia

Ludi qudc gia la ludi ciing (cong sudt vé cung l6n,
dién &p va tan sé 6n dinh)

Cong suat phat P khéong phu thudc muc tiéu thu
Khéng can phat Q

Can kha nang ride-through

Khéng can hé théng phu trg

Can SCADA (diéu khién giam sat) dé diéu do ludi

ok~ w N

khéng déng bo rotor 16ng séc dugc diéu khién hoa vdi
luéi nho thiét bi bién déi dién ti cong sudt ndm xen giira
stator va ludi.

- May phat khong déng bd nguon kép (Doubly-
fed induction generator - DFIG): Dong nang lugng khai
thac tir gié duoc ldy qua turbine téi stator, sau d6 chay
truc ti€p lén ludi. Viéc diéu khién dong nang lugng d6
dugc thuc hién gian tiép nha thiét bi bién d6i nam &
phia mach dién rotor.

2. So sanh va danh gia gitta ly thuyét véi thuc té

Nhém tac giad so sdnh va danh gia cac loai mdy phat
dién gi6 gitia ly thuyét vai thuc té trong Bang 1, 2, 3.

Khéng hoéa luéi quéc gia

Ludi 6¢ dao l1a lugi mém (cédng sudt nho - rat nho, dién ap va tan sé
kém 6n dinh)

Cong sudt phat P phy thudc muc tiéu thy (phat nhiéu c6 nguy co phai
dét bé trén dumpload)

Bat budc phai phat Q

Bat budc phai c6 kha nang ride-through

Can phai cé hé théng phu trg (diesel tai thap, tai gia, kho dién...)

B3t budc phai cd SCADA dé diéu dd ludi

3.Hé théng hén hgp gi6 - diesel va cac gidi phap ky thuat

3.1. Cdc yéu cdu ky thudt déi véi hé théng hén hop gié
- diesel

3.1.1. Diéu khién tan sé

Khi hé théng chiu mét tac déong nao do, viéc duy tri 6n
dinh tan s6 sé dugc thuc hién qua cac budc sau:

- Tai thai diém dau tién khi bd diéu téc chua tac
doéng, cac bién dong trén ludi dugc phan anh bang su
thay d6i dot ngdt moment dién tac dong lén truc may
phat va su thay déi téc do quay rotor phu thudc vao quan
tinh ctia rotor va hé théng dong co [3].

- Sau mét thai gian nhat dinh (0,5 - 2 gidy), bé diéu
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Bdng 3. So sdnh, ddnh gid gitra cdc du dn phdt dién déc Idp

T Cau hinh Nguyén ly néi lugi
Nén st dung may

Turbine gi6 + diesel phét dién loai SCIG

Hé théng phu
trg sitdung

Hé théng luu

Panh gia
Hé théng 6n dinh va c6 thé dat muc tham
nhap cao (muc d6 tham nhap tuc thoi tu

! Ly thuyét :é:e ltl?(?nng+ll:; t:; hodc PMSG néi ludi f/;ut;ar:g Iuong 100 - 400%, muc d6 tham nhap trung binh
glueng+targla - jidh tiép 9 50 - 150%)
Il Thucté
Turbine gié (3 x P Hoat déng chua thuc su 6n dinh, ty 1& tham
1 PhuQuy 2MW) + diesel (6 x ?iglG’ néi ludi tryc Khéng cé nhap dién gi6 chua cao, chua khai thac
0,5MW) P dugc hét 3 turbine gi6
. L Van hanh hé théng hén hgp gié - diesel rat
Bach Long Turbllne gl,o (B.OOkW) SCIG néi ludi gian R . phtc tap. Khong dam bao dugc cong tac
2 + may phat diesel 2 .. Khéng c6 A s 2 N , g ax
Vi tiép van hanh, bdo dudng, sifa chita dan dén
X 414kVA) N N
ngung hoat déng
Tutbine gié (1,84) He théng hén hop pin mt (1 urbine o
) + pin mat troi SCIG néi lugi gian = Acquy va tai két hop v6i tai gia, ac quy ciing vGi bo
3  bacHa : chuyén doi va hé thong diéu khién & quy

(6,72kW) + ac quy tiép gid
(1200Ah) + tai gia

Turbine gié (3 x
330kW) + diesel (6 x = PMSG néi lugi gian
500kW) + Banh da  tiép

(500kW)

Turbine gi6 (3 x
275kW) + diesel tai

4 Ross Island

SCIG néi lugi gian

Banh da

Diesel tai thap
va banh da

> CoralBay <0 (7 x 320kW) + | tiép
Banh da (500kW)
E s
& uf
. A . .
- * / “ Thai ‘guian (s) Y “ ® Y:
Pap ung DPép ung bép ung
do quan tinh do diéu téc do HTPK hén hop

Hinh 4. Bdp ing tdn s6 cua hé théng gié - diesel

on L] o8 .0 o8 (2] on

Hinh 5. Ddc tinh cng sudt phdt ciia mdy phat diesel Cummin
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mo cdng suat nhd dam bao cung cap dién
6n dinh, hiéu qua

Ty 1é tham nhap dién gi6 dinh dat téi 65%.
Banh da c6 thé luu trit hodc cung cap cong
suat 500kW trong vong 30 giady dé duy tri
tan s hé théng khi gio thay déi dot ngot
Ty 1é tham nhap dién gio cao, t6i 93%. Viéc
két hgp st dung banh da va cac may phat
diesel tai thap cling vdi cac turbine gi6 lam
cho hé théng phat dién 6n dinh va tin cay

téc cdm nhan dugc su thay déi téc do va sé diéu
chinh dau ra clia né nham dua téc do vé gia tri
dinh muc. Trong linh vuc van hanh hé thong dién,
day dugc goi la hé théng diéu tan cap 1. Vi bo diéu
téc clia may diesel dugc thiét ké d€ van hanh doc
1ap, no sé tac dong dé dua tan s6 vé gia tri dinh
muc (diéu tan cap Il).

- Sauthdigian 10 - 15 gidy ti€p theo, hé théng
diéu khién hén hop sé tac dong va phan chia lai
céng suat cua gié - diesel theo phuong thic dinh
truéc. Bay dugc goi la muic diéu tan cap Il

3.1.2. Diéu khién dién dp va céng sudt phdn khdng

Céc may phat diesel nhin chung cé kha ndng
phat cong suat phan khang tuong déi tét, véi hé
s6 cong suat dinh mic & muc 0,8 - 0,85. Khi hé
s6 cosg thap hon 0,8 (ché dd phat Q), cong suat
cGia may diesel bi han ché& thém bdéi phat nong
cla rotor.

Qua cac bdo cao chay tin cdy, hé s6 cong suat
clla may phat dién gio trén dao Phu Quy luén
dugc dat bang 0,98 - 1. Diéu nay c6 nghia, trong
ché d6 van hanh binh thudng, t§ may dién giod
khéng tham gia vao cung cap coéng suat phan
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khang cho lugi dién. Mac du theo dac tinh céng suat
phat ctia méy phat V80 (Hinh 6) thi V80 c6 thé phat dugc
cong suat phan khang.

3.1.3. Kha nding tru luéi khi cé sut dién dp

Kha nang tru ludi khi cé sut dién ap la cho phép may
phéat dién gi6é duy tri tinh trang néi ludi, déng thai cung
cap coéng sudt phan khang cho lugi nhdam gop phan khoi
phuc dién ap. Trong t6 may phét Vestas V80, chic nang tru
lugi khi cé sut dién ap va bao vé chéng qua ap mach DC
dugc thuc hién béi khoi AGO2 [4].

3.1.4. Duphong néng

Dy phong néng (hay du trlf quay - spinning reserve)
la su thay ddi cdng suat ma cac may phat dién dang van
hanh c6 thé dap (ng dugc khi c6 cac thay déi cla tai.
Dé dam béo du phong néng, mét s6 may phat trong hé
thong sé khéng dugc phép van hanh & muc day tai [9].

3.2. Két qua tinh todn ché dé xdc ldp luéi dién trén ddo
Phii Quy

Cac tinh toan trao luu cong suat dugc thuc hién bang
phan mém PSS/ADEPT. Bay la phan mém dugc st dung
rong rai dé mé phong lugi dién phan phéi véi 3 pha
khong can bang. Két qua mé phong trao luu cong sudt
thang 1/2012 la khéng c6 qua tai dudng day, may bién ap
mang tai cao nhat |a may bién ap Tam Thanh 2 (78%), tén
that trén ludi la 1,2%. Két qua mé phdong khdp véi két qua
do cua bién lyc Phu Quy.

Két qua mo6 phong su c6 phia dau xuat tuyén 471
va tuyén 472 thang 1/2012 la ton that cla ludi tang lén
2,58%, dién ap cudi dudng day giam xuéng con 21,5kV,
gid tri cosg clia may phét diesel khéng déi (0,92).

Két qua mé phdng déng thir nghiém turbine gié T3
(thdng 12/2011) (muic d6 tham nhap dién gié 40%) tén
thatgiam con 1,11%, cos clia nha may diesel giam xuéng
con 0,82, truc 471 khéng ¢é su thay d6i nao so véi khi van
hanh khéng cé dién gio.

Két qua moé phong thi nghiém turbine gié T3 (thang
12/2011) (muic d6 tham nhap dién gié 80%) la chénh léch
dién ap gilta dau cuc dién gio6 va diém cudi xuat tuyén 471
(Ngl Phung) 1a 0,3kV. T6n that tang lén 1,5%. Cose cua
nha may diesel giam xuéng con 0,46.

Két qua mod phdng nam 2013, mach ha va mach kin,
muc do tham nhap dién gié 80% la khéng cé dudng day
hay may bién dp nao & muc qua tai.
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Hinh 6. Ddc tinh cong sudt phdt cta mdy phdt V80 [4]

Line-to-line voltage
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Hinh 7. Quy dinh vé kha néng tru lui khi ¢ sut dién dp cta Buc

Murc d6 tham nhap téi da, max = 0,82981

L] 20

L] 8 . 10 12 14

18 24
Gia (h)
Hinh 8. Ché d6 vdn hanh hién tai khi khéng khéng ché
muc dd tham nhdp

Mdrc d6 tham nhép téi da, max = 0,69613
2000 T T T T T T T

8 20 22 24

14 S (h)m
Hinh 9. Ché d6 van hanh d@é xudt
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3.3. Xdc dinh miic thdm nhdp té6i da dua trén quy trinh
van hanh hién tai

Céc rang budc ky thuat:

Hén

hop By Ehii Gid Fid Ehii Tach
Béng Bong diesel ] phue gidm gidm phue rarbine
47 an +gio 4 " nhg manh g gt
L L 1 L 1 L L 1 L ]
Ll L Ll L I L} L L} Ll L}
0 20 40 60 a0 100 120 140 160 180 (s)

Hinh 10. Kich ban mé phdng dé xem xét tinh 6n dinh

ludi dién Phu Quy
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Hinh 11. K&t qua m6 phéng ngdn mach khi phdt 2 turbine gid,
3 diesel, miic d6 tham nhdp 70%
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Hinh 12. Két qua mo phdng véi 2 mdy diesel, tham nhdp 85%
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Hinh 13. So sdnh én dinh tdn s6
cua cdc kich ban tham nhap trén 70%
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Can bdng coéng suat tac dung: TGng cong sudt phat ra
cUa diesel va gié bang cong suat tai tiéu thu.

Can bang céng sudt phan khang. Khi khéng co thiét
bi phu trg, cdc may phat diesel sé phat cong suat phan
khang 1én luéi. Khi phu tai trén 1.100kW, ty & phat dién
dugc gilr c6 dinh 50/50. Khi phu tai dusi 1.100kW, dién gié
phat c6 dinh 550kW. Cho phép muic d6 tham nhép tang
dén t6i da 70%.

Cong suat tac dung diesel P, > 165 kW. Cong suat
biéu kién clia t6 may khéng qua 600kVA.

Du phong cta hé théng diesel, néu van téc gié >
7,2m/s dugc tinh nhu sau:

S6 may diesel van hanh x P - t6ng cdng suat

phat diesel > 150kW.

maxdiesel

G ché d6 van hanh hién tai khi khong khéng ché
muc d6 tham nhap thi khong ddm bao doé tin cay do hién
tugng sut gidm quan tinh va thi€u hut du phong néng.

3.4. Ché dé vén hanh dé xudt

Muc dé tham nhap téi da dat dugc dao déng tir 0,5 -
0,69 trong ngay. Muic d6 tham nhap co thé dat dugc trén
60% trong hau hét cac gid. Trén nguyén tac diesel dam
nhiém toan bd du phong néng, mic d6 tham nhap t6i da
dat dugc sé la 70%. Tuy nhién, trén thuc té€ & nhiéu muc
phu tai, s&é khéng dat dugc muc tham nhap t6i da do céac
may diesel tham gia van hanh khéng thé phat thap hon
cobng suat tdi thiéu (165kW). D€ tang muic dé tham nhap,
c6 thé dat muc du phong néng am, bang cach cho phép
sa thai mot s6 phu tai khi dién gié bi cét ra.

3.5. Kich ban va két qua mé phdong

Qua cac két qua md phdng & trén cé thé thay hé
théng dam bao dugc 6n dinh véi cac kich ban da nghién
clu. Hé théng c6 thé van hanh 6n dinh & mdc tham
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Hinh 14. K&t qua mé phdng 6n dinh khi ¢ va khéng cé hé théng
luu trit ndng lugng (ESS)
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nhap 70%. Tuy nhién, dé ddm bao hé théng van hanh
thuc su 6n dinh & muc dé tham nhap nay can kiém tra
lai cai dat clia cac role tan s6 va dam bao quy tac du
phong néng.

So sanh cac két qua & trén c6 thé thdy, vaéi 2 may
diesel van hanh, d6 sut tan s6 khi dién gio bi cat ra cao
hon han so véi khi c6 3 may diesel (hién tuong sut gidam
quén tinh). Néu gitt nguyén 2 may diesel va thay ddi

muc tham nhap, muc sut tan s6 khi dién gi6 bi cat ra
cling c6 xu hudéng tang nhe theo muc tham nhap tai
thai diém trudce khi turbine gié bi cdt. Do chi c6 2 may
diesel khi muc tham nhap trén 70 va tdang muc tham
nhap cla dién gi6 1én khodng 80% c6 thé thay chénh
léch vé d6 sut tan s6 la kha ldn so vai trudng hop git
muc tham nhap & 70% va 3 may diesel van hanh. Do sut
tan s6 chénh nhau hon 1Hz.

Bdng 4. So sdnh kinh té, ky thudt cdc giai phdp phu trg [6, 7, 8, 10]

So sanh . . > ;

- Can béng Phat Q Ondinh Ondinh Tingddtham Ungdung Duv an ap Gia tham
Thiét bi P tansé  diénap nhéap chinh dung khao
phu tro

’ Rottnest
< o
Dieseltzi | PhatPti ;g;gki‘; f’h‘:e” Tingtham  Island,
1 - 5% Pdinh  PhatQ Tét Tét a y nhap vatang Hopetoun, 1.200USD/kW
thap . thé diesel P
muc théna thusn on dinh Bremer Bay,
9 9 Denham
Tlon 70.000 -
2 Taigia TiéuthuP  Khong 46i tég[ Khéng  Khéng Tang 6n dinh 100.000USD/
200 - 500kW
3 Banhda B,u da|:‘).P Khong Rat tot Khong  Khéng Tang 6n dinh  Ross Island
tuc thoi
= N N . . . . e 300.000
4 Siéutu BudéngP BudongQ Tot Tot Khéng Tang 6n dinh Euro/1MW
Al Tang tham Tang tham
< Can bang 3 p " R S A x .
5 Acquy P Phat Q Tot Tot nhap khithdi  nhapvating Kinglsland
gian luu tri dai  6n dinh
. . Tang tham Tang tham
Pin nhién ALk . A, x A o A s ax
6 lidu Can bangP PhatQ Tot Tot nhap khithsi  nhap vatang
i gian luu trit dai  én dinh
L 4in Tang tham Tang tham
7 yc‘;:{g'rf” CanbingP Ph&tQ Tét Té6t  nhapkhithdi  nhapvating
9 gian luu trrdai  6n dinh
N R . R Tuong R N 50.000
8 Tubu Khéng Phat Q Khéng d6i 16t Khéng BuQ USD/600KVA
i ia Tiéu thu P BuQva
9 Id 99%  g&can PhatQ Tot T'{fjnfj Khéng tang 6n
Tu bu N doi tot .
bang P dinh
Tang tham Tang tham
10 'i'al gid + Cén bang Phat Q RSt 16t Tét nhap khi tI’JO'I nvhapA\’/a Wales
ac quy P gian luu trit tang 6n Alaska
dai dinh
Taigid+  Canbdng Budong . x . R Tang én
11 sidu tu p Q Rat tot Tot Khéng dinh
Tang 20% Tana tham 893.000
Taigid+ . dén 25% khi nhég s Euro/800kW
12 diesel tai o 9 PhatQ Rittst  Tét  thaythé e diesel +
thap diesel théng 'ng 1.000kWe tai
R dinh -2
thudng gid
Banhda+ 5 ban Fingtham | ehdner

13  diesel tai 9 PhatQ T6tnhat = Rat tét "9 nap Y Coral Bay

thap P nhap tang 6n
dinh
SBUTUF o bin Ting tham Iir;g t/gam
14 diesel tai 9 phatQ R&ttSt Rt tot 19 nap ¥
< P nhap tang 6n
thap dinh
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Hinh 15. Két qua tinh todn vdi diesel dam nhiém 100% du phong néng, thai gian xét 7 ndm
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muc d6 tham nhap t6i da
- cho phép cda dién gio (t6i
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Hinh 16. Mdc dé tham nhdp t6i da cua dién gi6, vdi thdi gian xét 7 ndm,
diesel dam nhan 100% du phong néng

Cac mé phong trén thuc hién véi gia thiét téc do gio
I6n. Vi vay, khi mat mot turbine gié & ché dé tai cuc dai,
turbine con lai van phat dugc ~800kW va cac may diesel
phat ~1000kW van trong gidi han lam viéc. Néu téc do gié
thap hon va bi mat moét turbine gio thi sé dan dén hién
tuong ra lugi do may diesel khéng thé cung cap du cong
sudt. Nhu vay, véi hé théng hién tai thi midc tham nhap trén
70% khéng dam bao van hanh én dinh, an toan va tin cdy.

4. Phan tich kinh té, ky thuat cac giai phap phu trg cho
du an Phong dién Phu Quy

4.1. So sdnh kinh té, ky thudt cdc gidi phdp phu tro
4.2. Phan tich kinh t€ gidi phdp sit dung diesel tdi thdp
Cacrang budcky thuat chinh bao gém: can bang cong

suat tadc dung va phan khang; déc tinh céng suat phat cta
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1.3

ban dién khac nhau va véi
céac gia thiét vé hé sé tang
trudng tai khac nhau. Hinh
15 thé hién muc céng suat
t6i uu cho may phat diesel tai thap, ing vai cac gia ban
dién khac nhau va muc d6 tang trudng phu tai khac nhau,
véi thai gian xét clia du an la 7 ndam. Diesel d@dm nhan
100% du phong néng.

TU dir liéu trén, két qua tinh toan cho thdy chi nén
dau tu thém diesel tai thap & muc do t6i thiéu (300kW) va
chi khi gia ban dién tang lén 14UScent/kWh, viéc dau tu
diesel tai thap mai cé hiéu qua. Mdc dd tham nhap t6i da
cla dién gi6 ing vai cac két qua tinh toan trén dugc trinh
bay trén Hinh 16. Tuy theo kich ban (muc do tang truéng
tai va gia dién, mdc dé tham nhap t6i da co thé dat dugc
dao déng tur 74 - 85%). K&t qua tinh toan cho thay muc
tham nhap t6i da c6 thé dat dugc la 85%, véi trudng hap
xét thoi gian dau tu 7 nam.
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4.3. Tinh todn dau tu thiét bi phu tro

Nhém tac gid st dung cac thong s6 dau vao dé tinh
toan: gia ban dién 7,8UScent/kWh; phu tai trung binh/ngay
theo s6 liéu thuyc té trén dao Phu Quy 1.400kW/ngay; s6
ngay phat dién 350 ngay/nam. Tham nhap cla dién gio khi
phat ty 1é& théng thudng 50/50 va 70/30 khi gio thap, phu
tai cao: 35%. Tham nhap cla dién gid khi phat ty Ié thong
thuang 70/30 theo thuc té va ndi suy: 40%. Tham nhap cla
dién gio khi phat ty lé théng thudng 85/15 theo thuc té va
noi suy: 45%. Suat dau tu may phat diesel tai thap 1.200USD/
kW. Chi phi chay may phat diesel tai thap: 0,25USD/kW. Chi
phi dau tu hé théng luu trir nang lugng 1.000kW bang siéu
tu: 300.000 Euro. Chi phi dau tu 800kW diesel tai thap va
1.000kWe tai gid ma Danvest chao: 893.000 Euro.

Két qua tinh toan dau tu thiét bi phu trg khi thai gian
phat dién trén ddo Phu Quy la 16 gid/ngay.

- Khi nang ty Ié phat dién tu 50/50 lén thanh 70/30,
doanh thu sé tang thém 642 triéu dong/nam.

- Chi nén dau tu 300kW diesel tai thap khi gid ban
dién dat 12UScent/kWh va phu tai tdng 20% hoac gia ban
dién 14UScent/kWh.

- Chinén dau tu 1000kW siéu tu khi gia ban dién dat
14UScent/kWh va phu tai tang 15%.

- Chinén dau tu 800kW diesel tai thap va 1.000kWe
tdi gid khi gid ban dién 12UScent/kWh va phu tdi tdng 20%
hodc gia ban dién dat 14UScent/kWh va phu tai tdng 5%.

Két qua tinh toan dau tu thiét bi phu trg khi thai gian
phat dién trén ddo Phu Quy la 24gio/ngay.

- Khi nang ty lé phat dién ti 50/50 Ién thanh 70/30
sé thu dugc thém 858 triéu déng moi nam.

- Chi nén dau tu 300kW diesel tai thap khi gia ban
dién dat 10UScent/kWh va phu tai tdng 20% hoac gid ban
dién dat 14UScent/kWh va phu tai tang 15%.

- Chi nén dau tu 1.000kW siéu tu khi phu tai tang
20% hodc giad ban dién 10UScent/kWh va phu tai tang
15% hodc gid ban dién dat 12UScent/kWh.

- Chi nén dau tu 800kW diesel tai thap va 1.000kWe
tai gia khi gia ban dién dat 10UScent/kWh va phu tai tang
15% hoac gia ban dién dat 12UScent/kWh va phu ti tang
10% hoac gia ban dién dat 14UScent/kWh.

5. Kétluan

- Déi véi cac du an phong dién phat dién doc lap,
khéng noi ludi Quéc gia can luu y: lugi 6¢ dao la luéi

mém (cong suat nhd - rat nhd, dién &p va tan s6 kém 6n
dinh); céng suat phat (P) phu thudc mc tiéu thu (phat
nhiéu c6 nguy co phai dot bo trén dumpload); bat budc
phai phat Q; bat budc phai c6 kha nang ride-through.
bac biét, nén lya chon may phat dién gi6 la loai may
phat khong déng bé rotor 16ng séc (SCIG) hodc may phat
déng bd kich thich vinh clru (PMSG) dé diéu khién don
gidn, bdo ddm 6n dinh ngén han va dai han. Pay la uu
diém mang tinh quyét dinh khi van hanh vai lugi cong
suat nhoé. Can phai cé cac hé thédng phu trg dé ting muc
dé tham nhap cla dién gid cing nhu 8n dinh hé théng
dién doc lap; bat budc phai cé hé théng diéu khién giam
sat (SCADA) dé diéu do ludi.

- D0ivéidu an Phong dién Phua Quy, can lam viéc vai
Vestas dé€ st dung cac chic nang diéu khién clia may phét
V80 nhu: diéu khién cdng suat phan khang, chic nang tru
lugi khi c6 sut dp théng qua mach AGO2, chiic nédng diéu
khién tan s6. Hé thdng diéu khién hén hop can bé sung
thém moét s6 chiic nang sau: Xac dinh diém lam viéc cla
may phat theo ca céng suat P va Q so sanh véi dac tinh
céng sudt cho phép lau dai ctia may phat; chiic nang tinh
toan muic dé tham nhap t6i da clia dién gié theo cac rang
budc ky thuat. Cdc mé phdng va bdo cdo chay tin cay hién
thai cho thay hé théng gio6 - diesel trén dao c6 thé dam
bao &n dinh tan s6. Vi vay, viéc dau tu cac thiét bi phu trg
dé tang én dinh (nhu banh da, tai dumpload cé diéu khién
nhanh) chua thuc su can thiét.

Trong s6 cac gidi phap phu trg, viéc dau tu may phat
diesel tai thap c6 kha nang dem lai lgi ich kinh t& cao nhat
& thoi diém hién tai. May phat diesel tai thap sé cho phép
dién gié tang muc tham nhap, do d6 cé thé thudng xuyén
phat dugc 2 turbine, thay vi 1 turbine nhu hién tai. Néu
phia mua dién (EVN SPC) va nha dau tu (PV Power) c6 thé
théng nhat dugc phuong thiic van hanh cho phép miuc
tham nhap trén 70% va cac may diesel lam viéc & hé s6
céng suat thap (khoang 0,45 - 0,5), thi nén can nhac viéc
dau tu lap dat may phat diesel tai thap.

Véi hé théng hién tai (khi chua dau tu thém thiét bi
phu trg), hé thdng c6 thé dat ty & phat dién cla turbine
gié/diesel la 70/30 ma van dam bao cac tiéu chi ky thuat
an toan, tin cdy va én dinh. V&i phu tai trén dao Pha Quy <
2MW va gia ban dién 7,8UScent/kWh nhu hién nay thi dau
tu thém thiét bi phu trg sé khéng hiéu qua.

Véi thuc té ciia dao Phu Quy, néu phailua chon dau tu
thém thiét bi phu trg dé tang kha nang tham nhap dién
gi6, tdng thém 6n dinh va dem lai lgi ich kinh t& cho chl
dau tu thi chi dau tu thém may phat diesel tai thap véi
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cong suét t6i thiéu la 300kW. Khi d9, ty 1é tham nhap dién
gio t6i da sé 16n han 70% va én dinh hon so véi hé théng
hén hop turbine gio - diesel hién tai. Ngoai ra, c thé xem
xét dau tu thém cac thiét bi phu trg dé€ nang cao dé 6n
dinh vai thi tu vu tién: (1) banh da hoac siéu tuy; (2) tai gia
va (3) thiét bi luu tr.

- Tréncdsénghién ctiu nay, nhom tac gia dé xuat ch
dau tu (Tap doan Dau khi Viét Nam/PV Power/PV Power
RE) can dé nghi vai EVN SPC dé nang ty |é phét cong suét
gi¢/diesel 1én thanh 70/30; tang thdi gian phat dién tu 16
gid/ngay Ién 24 gid/ngay dam bao hé théng van hanh 6n
dinh, lién tuc. Dong thdi, cht dau tu can xem xét dau tu
thém may phat diesel tai thap dé tang thém muc d6 tham
nhap cua dién gid; ki€n nghi tinh Binh Thuan gidm gia ban
dién dé san xuat ciing nhu sinh hoat trén dao vé muc gan
bang véi gia ban dién chung ca nudc; khuyén khich tang
phu tai trén dao.

Tai liéu tham khao

1. Congty CPTuvan Xay dung dién 3. Thuyét minh du
dn ddu tu Nha mdy Phong dién Phd Quy. 2010.

2. PV Power RE. Quy trinh phéi hop vdn hanh hén hop
gio - diesel trén ddo Phu Quy. 2012.

3. Nguyén Phung Quang. Bung né s6 luong du dn
phong dién: Liéu Viét Nam da thuc su sén sang? Tap chi Tu
ddng hoa Ngay nay. 2013; 146.

4. Vestas Control Systems A/S. V80 944653 - control
systems. www.vestas.com.

5. National Renewable Energy Laboratory. www.nrel.
gov.

6. Power Systems Engineering Research Center
(PSERC). Impact of increased DFIG wind penetration on
power systems and markets. 2009.

7. Beacon Power. About flywheel energy storage.
www.beaconpower.com.

8. ABB in Vietnam. Flywheel energy systems. www.
abb.com.vn.

9. Roger Peters, Linda O’Malley. Storing renewable
power: Primer. Pembina Institute. 2008.

10. Danvest Energy A/S. Danvest energy system.
www.danvest.com. 2011.

Solution for wind - diesel hybrid system in Phu Quy island

Summary

Vo Hong Thai', Nguyen Duc Huy? Tran Nam Trung?
'Vietnam Petroleum Institute

2Hanoi University of Science and Technology

3Viietnam Electricity

Isolated supply systems distributing sources for areas without national grid have received more attention in recent
years. This paper presents some problems in the actual operation of a hybrid system which has 3 wind turbines (3
X 2MW) and 6 diesel units (6 x 0,5MW) on Phu Quy island. The authors analysed and simulated some solutions for
maximising the penetration of wind power to keep the system stable on the island and reduce the production cost of

electricity.

Key words: Distributed energy, wind turbine, hybrid system, isolated grid, penetration, electrical quality.
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