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Toém tat - Ngay nay, nhu cAu sl dung dién ngay cang gia tang
trong khi cac nguon nang lwgng hoa thach ngay cang can kiét. pé
dap ¢ng nhu cau tiéu thu dién cling nhw giai quyét cac van dé moi
trwdng, cac ngudn nang lwong méi, déc biét Ia nang lwong gio, da
va dang duoc khai thac va dwa vao sir dung ngay cang phé bién
& Viét Nam noi riéng va trén thé gi6i néi chung. Tuy nhién, dac tinh
ngAu nhién cia ngudn nay gay ra nhiéu khé khan khi két ndi va
lam viéc trong hé théng dién. Trong bai bdo nay, phwong phap mé
phdng ngudn nang lvong gi6 cling nhw phwong phap pht hgp cho
phan tich va tinh toan hé théng dién cé két ndi ngudn nang lwong
gi6 dwoc tap trung nghién ctru v&i muc dich dwa ra nhirng danh
gia toan dién hon vé hé théng khi van hanh.

Tir khoa - hé thdng dién; van tc gio; cong suét gio; duong cong
c6ng suat; ham phan bo.

1. Pat vin dé

Ngay nay, cling v6i su phét trién ctia kinh té x4 hoi thi
nhu cau sir dung dién ngdy cang gia ting, trong khi cac
nguén nang luong hda thach nhu than da, diu mé, khi ddt,

.. ngay cang can kiét. Ngoai ra, vi€c str dung cac nguén hoéa
thach 1a mot trong nhitng nguyén nhan giy ra 6 nhiém moi
truong. Trude tinh hinh do, viéc tim kiém dé dua vao khai
thac sir dung cac nguon nang luong tai tao (nang luong sach)
cang tré nén burc thiét. Trong sb cac ngudn nang luong nay,
nguon nang lugng gio 1a mot trong nhirng nguon tai tao pho
bién nhat. Nha may dién gié da va dang duoc chu trong dau
tu va xdy dung ngay cang nhiéu ¢ Viét Nam.

Vian téc gi6 v6i didc tinh ngdu nhién, thay déi lién tuc
kéo theo cong suat dau ra ciia nha may dién gio ciing thay
d6i theo. Do d6, khi hda nha may dién gi6 vao ludi dién s&
anh huong tryc tiép toi sy van hanh cua luéi. Pé co thé tinh
toan va phan tich hé thdng dién co nguon gi6 két ndi vao,
can c6 phuong phap md phong nguén gié ciing nhu c6
phuong phép tinh toan hé thong dién phu hop.

Déi véi cac phuong phép tinh toan hé thong dién truyén
thong, céc thong tin dau vao ciia bai toan nhur thong s6 van
hanh cia ludi dién (cong suat phu tai, cong sudt dau ra ciia
cac nha may dién.. D thong s6 hé thong (tong tro duong
day, may bién ap.. .) déu duoc lay bang nhiing gia tri c6
dinh. Ngoai ra, cAu tric ludi xem nhu da biét trude. Vi
thong tin diu vao nhu vay, két qua dau ra cua bai toan (dién
4p nit, cong suit truyén tai trén cac nhanh, ...) ciing 1a
nhitng gié tri ¢ dinh. Nhu vay, bai toan tinh toan hé thong
bo qua sy bién dbi nglu nhién cua thong tin déu vao nhu
su bién dbi ngau nhién cua phu tai, kha nang su ¢b céc thiét
bi, su bién doi ngau nhién cua cac ngudn ning lugng moi,

Abstract - Today, the demand for electricity is increasing while
fossil fuels are becoming increasingly exhausted. To meet the
demand for electricity as well as solve environmental problems,
renewable energy resources, especially wind power, have been
being exploited and widely used in Vietnam in particular and in the
world in general. However, the random nature of this source
causes many difficulties in integration and operation in the
electrical system. In this article, the method for modelling wind
energy resources as well as the appropriate method for analyzing
and calculating power systems with integrated wind resources is
studied for the purpose of giving comprehensive evaluation of the
system.
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dac biét la nang lugng gid.

Hién nay, trén thé gi6i c6 rat nhidu phuong phap tinh
toan hé thong dién c6 xét dén sy bién d6i ngiu nhién cua
thong tin dau vao, nhin chung c6 cac nhom phuong phéap
sau day: phuong phap mé phong (dién hinh 1a mé phong
Monte Carlo) [1 - 5] va phuong phép giai tich [6 - 8]. Mdi
nhém phuong phap c¢6 nhing wu, nhugce diém riéng va
duogc lya chon tng dung mot cach phu hop tuy theo ting
muc dich tinh toan [9]. Trong pham vi bai bao nay, phuong
phéap mo phong Monte Carlo dugc lya chon vi phuong
phap nay cho d6 chinh xac cao, cac thong tin dau vao cia
bai toan duge mo phong mot cach dé dang, dic biét 1a cong
sut dau ra ctia cic nha may dién gio.

Bai b4o trinh bay phuong phap mé phong ngudn ning
luong gio dé tir ¢ lam dau vao cho bai toan phan tich va
tinh toan hé thong dién co két ndi ngudn gié. Két qua cua
bai toan cho phép dua ra nhiing danh gia toan dién hon vé
cac thong s6 ché do cua hé théng dién.

2. M phéng ngudn niing lwgng gié ding cho tinh toin
hé thong dién
2.1. 86 liéu siv dung va phwong phdp mé phong nguon
nang luong gio

Dé cung cap dau vao cho bai toan tinh toan hé thong dién
c6 xét dén sy bién doi ngau nhién cua cac dai lugng dau vao
[1 -5, 9], ham phan bd x4c suat ciia cong suat dau ra nha
may dié€n gi6 dugc yéu cau. Tur ham phén bo xac suat xay
dung dugc, bd so li€u ngau nhién mau cho nha may dugc
phat ra va stir dung cho bai toan tinh toan [1 - 5, 9].

Dé tao ra bo sb lidu ngiu nhién thé hién duoc dic tinh
ngau nhién cla cong suat phat cia nha may dién gid, co hai
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huédng tiép can sau day:

® Phuong phdp 1: Dung sb liéu do duoc tir - cong suat phat
ctia nha may dé xdy dung ham phan bo x4c suit phu hop nhét,
sau d6 dung ham nay dé phat ra bo s6 liéu cong suat d4u ra;

e Phirong phdp 2: Dung s6 lidu do ctia van tdc gio dé xay
dung ham phan bd xac sudt cho van téc gi6, dung ham nay
phat ra bd sb liéu ngau nhién cla van tde, sau do dung
dudng cong cong sudt (duong cong quan hé cong suat dau
ra theo van toc gié) [10] dé tao bo sb liéu ngiu nhién ciia
cong suat dau ra.

Dbi v6i mot nha may dién gié da va dang van hanh, s6
lidu c6 thé thu thap dugc 1a van tde gio do dugc tai cac cot
do gi6 va cong sudt phat ra cua nha may. Dbi véi nha may
nay, c6 thé ap dung ca hai phuong phap tiép can trén.
Nguoc lai, voi nha may dang trong qué trinh khao sat dé
xay dung thi s6 liéu vé cong suat phat ctia nha may chua
c0, d6i voi nha may nay chi co thé ap dung cach tiép can
thr 2. Ngoai ra c6 mot thuc té, d6 1a viée xay dung ham
phan bd xac suit cho van tdc gié nhin chung dé thyc hién
va cho d0 chinh xac cao hon so v6i xay dung ham phan b
tryc tiép cho cong suat phat, vi s6 liéu nay thudong phan bd
theo nhitng quy ludt rat phirc tap [10]. Do do, trong thuc té,
phuong phap 2 thudong dugc lya chon phd bién hon va
trong bai b4o nay, phuong phap 2 cling dugc lua chon sir
dung. Tuy nhién, dé 4p dung phwong phap 2 thi dudng cong
cong suat cho nha may dién gi6 dugc yéu cau, viée xay
dung dudng cong nay dugc trinh bay trong Muc 2.3. Trong
bai bdo nay, bd so liéu do dem hang gio vé van toc gio
(ding & Muc 2.2) va cong suat phat tai mot nha may dién
gi6 thuc t& 0 Y (cong suét lap dat 90 MW, van tdc gio khoi
dong Veurin = 3m/s, van tdc gi6 dimg may Veutout = 20m/s)
trong thoi gian mot nam dugc str dung. Van toc gio va cong
suét dAu ra thu thap dugc nhu trong Hinh 1 va 2.
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Hinh 2. Céng sudt ddu ra nha mdy dién gié
2.2. M6 ti vin toc gié
Van toc gi6 trong nghién ciru thyc té thudng dugc bicu
dien bang cac ham phan phoi xac suat pho bien nhu
Weibull, Gamma, Rayleigh, ... Him phéan phoi xéc suat tich
Ity va ham mat do xac suat cua cac ham nay dugc trinh bay

trong [11]. Véi mdi bo sb liéu van tde thu thap dugce tir mot
nha méy dién gi6 thuc té, dung cac phuong phap udc lugng
ham trong xac suat s& tim dugc ham phan phdi phu hop
nhat d6i véi bo s liéu c6 duge.

Hinh 3 trinh bay cac ham phan phdi xac suat tich liiy
khac nhau dugc wéc lugng cho van tbe gi6 do dém tai nha
mady dién gid trinh bay & Muc 1.1, trong d6 ham Gamma (c6
tham s hinh danga=2,75 va tham soty1eb=1,93) [11] la
ham phu hop nhat (duong cong tmg v6i ham Gamma bam
st duong cong sd licu thuc té Data trén Hinh 3). Ham phan
b nay duoc ding dé phat b sb liéu ngiu nhién cho vén toc
gi6 (voi s6 mau tao ra Nsample = 5.000, bang véi s6 lugng
mau can cho bai toan tinh toan trong Muc 4).
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Hinh 3. Ham phdn phéi xac sudt tich liiy ciia van toc gié
2.3. Xay dung dwong cong cong sudt cho nha mdy dién gié

Vi bo s6 lidu van tde gid va cong suit dau ra cta nha
may dién gio thu thip dugc, dung cong cu Curve Fitting
Toolbox [12] trong Matlab c6 thé cho phép udc lugng duoc
duodng cong cong suat phit hop nhit cho tirng nha may. Tuy
nhién, trong thyc té, bo sb liéu thu thap dugc thuong chira
dung mot $6 luong s6 liéu 131 nhit dinh do mot s nguyén
nhan nhu 18i do thiét bi do, 15i do thiét bi truyén dir liéu,
15i sao chép, luu trit, ... Cac cip sb lidu 16i nay khong tuan
theo quy luat quan hé cong suit - van tdc dung véi hoat
dong binh thuong clia nha may va cac cip sb liéu nay nén
dugc loai bo trude khi wée lugng dé dat dugc két qua chinh
xéc nhét. Cac cap s liéu 16i thuong gap tmg v0i cac truong
hop nhu [10]: van toc gi6 co gia trl am; vén toc gié co gia
tri 16n hon Veyeow nhung cong suat phat khac 0; cong suét
phat c6 gia tri nho hon 0 hodc 16n hon cong suét lap dat; sb
lidu van toc gio duy tri, it thay doi trong khoang thoi gian
dai vai gio,... Sau khi loai cc cap sb liéu nay xong, s6 lidu
van toc gid tir Veurin 3n Veurour duge chia theo cac khoang
déu nhau 0,5 m/s dé hinh thanh céc bin (thung) [10], s liéu
cong suit (mg voi van tde trong timg bin ¢6 do 1éch qua xa
S0 VGi cong suat trung binh trong timg bin s& bi loai ra
(trong bai bao nay sb lidu 1éch so véi gia tri trung binh qué
4 1an phuong sai s& bi loai) [10]. Hinh 4 biéu dién s6 liéu
sau khi loc (Filtered data) va s6 liéu ban dau (Data).

Trong cong cu Curve Fitting [12] c6 rat nhleu phuong
phap va duong cong dé wdc luogng cho bo sb lidu van tdc,
cong suat nhu Fourier, Polynomial, Smoothing spline, .
Sau khi chay cho tit ca cac phuong phap, sy phu hop cﬁa
céc phuong phap dugc danh gia bang gia tri Goodness-of-
Fit Statistics, va dua vao gia tri nay s€ chon dugc phuong
phép phtt hop nhéat véi bo sb liéu. Hinh 4 biéu dién duong
cong uéc lugng duge Gng voi bo s6 liéu luc chua loc
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(Curve 1) va bg s6 liéu sau khi loc (Curve 2), ca hai déu
twong ung voi ham Polynomial (bac 8). BPuong Curve 2
dugc chon ding dé lam dudng cong quan hé cong suit -
van tdc cho nha may dién gi6 dang xét.

Dbi v6i mot may phat dién gio, quan h¢ cong suét - vén
toc 1a mdt quan h¢ phi tuyén [10]. Mdi quan hé phi tuyén
cong suat - van toc clia mdt nha may dién gi6 cang phirc
tap hon vi nha may bao gom nhiéu tudc bin gi6 va cac tudc
bin nay khi gié thdi qua s& anh hudong 1an nhau va anh
huong dén dic tinh cong suét - van tdc ciia timg hé thong
tudc bin — may phat. Dac biét, trén Hinh 4 cho thay khi van
toc gi6 1on hon khoang 14 m/s, nhitng anh hudng trén lam
cho cOng suat dau ra ciia nha may c6 xu huéng giam xudng.
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Hinh 4. 86 liéu va dieong cong cong sudt xdy dyng cho
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2.4. Két qui
B6 s6 liéu van toc gi6 dugc phat ra tir ham phan bd wdce
lugng dugc & Muc 2.2 va bo sb lidu cong suat dat dugc sau
khi dung bo sb liéu vén tbc gié phat ra va dudng cong wdc
lwong dwoc & Muc 2.3 1an luot biéu dién trén Hinh 5 va
Hinh 6.
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3. Thuit todn tinh toan va phén tich hé théng dién c6
két noi nguon nang lwong gio6

Nhu da phan tich & trén, phuong phap mé phdng Monte
Carlo [9] duoc ap dung trong bai bao nay, cac budc thuc
hién nhu sau:

e BurGe 1: Nhap thong tin dau vao cua bai toan tinh todn
hé thong dién (truyén thong) nhu thong sé hé thdng, cau
trac ludi.

e Burée 2: Dya vao s liéu thu thap dugc ddi véi timg bién
dAu vao (cong suét phuy tai, cong sudt dau ra cac nha may dién,
X4c sudt su cd cac phan tir...), xay dung ham phén b cho timg
dai lwong. Trong bai bao nay, nhom tac gia tap trung di su vao
viéc xdy dung ham phan b cho cong suat nha may dién gio.

e BurGe 3: Chon sb luong mau (Nsample) va phat ra cac
b6 sb liéu miu cho timg bién dau vao dua trén ham phan
bd dat duge & Bude 2.

o Budc 4: Chay bai toan tinh toan ché d¢ xac 1p cho tat
cd C4C mau (Nsample) va luu lai két qua dau ra (gom
Nsample két qua dau ra cho dién ap nut, cong suat truyén
tai cac nhanh...).

® Budc 5: Dung bd $6 liéu dau ra cho tung dai lugng, xay
dung ham phén b va danh gia kha ning qua tai, qua hodc
thiéu dién 4p, ... (néu co) dé tir 46 dua ra giai phap khic
phuc. Cac ham nay phan anh mot cach day du quy luat bién
d6i cua cac dai lugng trong sudt qua trinh van hanh dé tir
d6 c6 thé danh gia mot cach day du su 1am viée ciing nhu
mirc d0 an toan ctia hé théng.

4. Ap dung

Phuong phap mé phong va xay dung b sO lidu ngau
nhién cho ngudn gio va phuong phap tinh toan hé thong
dién c6 xét dén su bién doi ngu nhién cua thong tin dau
vao trinh bay ¢ Muc 3 [9] dugc ap dung cho hé thdng dién
mau IEEE-9 nlt c6 stra d6i nhu Hinh 7 [13]. Cac thong tin
vé cong suat phat cic nha may, cong suit phu tai tai cac nut
5,7, 9 dugc cho trén Hinh 7 [13]. Nha may ndi vao nut 3
la nha may dién gio trinh bay & Muc 2.
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Hinh 7. Hé théng dién \EEE-9 niit sita doi

Trong phan nay, bién dau vao cho bai toan tinh toan hé
thong dién (trinh ‘bay & Muc 3) gid str chi co céc bién ngau
nhién 1a cong suat phat nha may dién gi6 ndi vao nit 3 va
cong sut phu tai tai cac nat 5, 7, 9. Cac dai luong dau vao
khac xem nhu hing s (gia sir khong xét sy ngiu nhién).
Do khéng co $6 liéu thyuc té cua phu tai dé uée lugng ham
phan bd, cac phu tai gia sir bién ddi theo quy luat phan bd
chuén [14] v&i gia tri ky vong 1a gia tri xac 1ap va do léch
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chuan bang 8% ky vong. Cac ham nay dugc ding dé phat
mAu cho phu tai (v6i Nsample = 5.000 mau).

Hinh 8, 9, 10, 11 1n luot trinh bay minh hoa ham phan
bd cua dién 4 ap tai nut 6, dién ap nut 7, cong suét truyen qua
nhanh 8-9 va 4-5. Trong truong hop nay, dién ap tat ca cac
nut du c6 bién ddi ngiu nhién nhung khong c¢é trudng hop
quéa ap hodc thiéu ap (hai duong gioi han v& nét dit trén
Hinh 8 va 9). Trong khi d6, ludng cong suét truyén tai qua
céc nhanh bién doi manh theo sy bién doi ngdu nhién cua
phu tai va nguon gio n01 vao ludi. Trong truong hop dang
xét, cac ludng cong suit qua cac nhanh déu khong bi qua
tai, trir truong hop nhanh 4-5 c6 nguy co bi qua tai (cong
suét cuc dai cho phép truyén Smax = 95 MVA) vdi x4c suat
qua tai 14 2,42%. Tuy theo kha ning qua tai ma don vi quan
1y van hanh luéi dién s& co giai phap pht hop dé giam bt
nguy co xdy ra qua tai cho hé thong dién.
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5. Két luan

Bai bao trinh bay phuong phap md phong ngudn ning
lwong gié va phuong phéap tinh toan, phan tich hé thong dién
6 xét dén su bién d6i ngau nhién ctia cac dai luong dau vao
trong d6 c6 ngudn ning lugng gi6. Két qua dat duoc cho
phép dua ra nhimg danh gia toan dién hon vé cac thong sO
ché do cua hé thong dién cing nhu anh hudng cua sy bién
d6i ngiu nhién cua ngudn gié dén h¢ thong dién. Phuong
phép trinh bay trong bai bao c¢6 thé trién khai 4p dung cho
c4c hé thdng dién c6 nha may dién gio trong thuc té.
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