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Toém tat - Cac ngudn nédng lwgng méi, nhw nang lweng gio va nang
lwgng mat troi, dwoce tich hop ngay cang nhleu vao cac hé théng
dién. Cac ngudn bét dinh thém vao tlr cac ngudn ndng lwong moi
nay cung v&i cac ngudn bét dinh truyen théng do ban chét thay 60|
ngau nhién cua tai va kha nang san sang lam viéc cuia cac nguon
phéat va cac hé thong truyen tai chi rd nhitng han ché cla cac
phwong phap truyén théng trong tinh toan va phan tich hé théng
dién, trong d6 cac yéu t6 bat dinh khong dwoc xem xét dén. Trong
bai bao nay, mot phwrong phap tinh toan va phan tich hé théng dién
c6 xét dén cac nguon bét dinh dwoc trinh bay. Viéc the nghiém
trén hé théng dién mau IEEE-14 nut chirng t6 phwong phap dé
xuét cho két qua tét va cé kha nang &p dung trong thuc té.

Tir khéa - ngudn nang lveng méi; yéu tb bat dinh; phwong phap
xac suat; ham phan bo; trao lwu cong suat.

1. it van dé

Cung v6i sy phat trién ciia x4 hoi, nhu cau tiéu thu dién
ngay cang ting. Pé dam bao cho hé thdng dién (HTD) van
hanh an toan, trong qué trinh van hanh cin phai tinh toan
kiém tra thong s6 ché do cua hé théng s0 vdi cac gia tri cho
phép, twong tng véi cac trang thai van hanh khac nhau.
Qua d6 danh gia mirc d6 an toan cia hé théng va tim giai
phap nang cao kha nang van hanh an toan cho HTD.
Phuong phap tinh toan trao luu cong suit truyén thong
duoc xem nhu 1a cdng cu co ban cho viée tinh toan va phan
tich HTD. Dé tinh toan xéc dinh cac thong sb ché do (dién
ap nat, dong dién va cong suét truyén tai trén duong day,
goc pha...) cia HTD, thudng st dung bai toan gidi tich
mang dién dya trén cac thuat toan nhu Newton-Raphson
hodc Gauss-Seidel, trén co s& d6 di c6 nhiéu phﬁn mém
tinh toan dugc xdy dung nhu: PSS/E, PSS/ADEPT,
POWERWORLD, CONUS...va cic phan mém nay dang
dugc sir dung rong réi trong tinh toan thiét ké va quan Iy
van hanh HTD trén thé giéi ciing nhu ¢ Viét Nam.

Dbi véi cac phuong phép truyén thong, trong qua trinh
tinh toan thi cac thong so van hanh (cong suat phu tdi, cong
suat phat cia may phat ...), thong s6 hé thong (tong tro
dudng day, tong tré may bién 4p...) déu cho bang gia tri ¢b
dinh (hang so) va cAu tric ludi (su lam viéc cua cac thiét bi
va cac dudng day lién két...) xem nhu khong thay doi. Vi
thong sb dau vao 1a nhitng gia tri ¢b dinh nhu vay, nén két
qué tinh toan cta cic phan mém déu cho gié tri thong sé ché
d6 ctia HTD 14 nhiing gia tri ¢d dinh. Tuy nhién, gia thiét
trén chi dung & cac thoi diém tac thoi va khdng phan anh
duoc thyc té van hanh caa HTD, vi ching ta biét cong sut
dAu ra ciia cic nha may dién khong phai 14 hang s trong sudt
qué trinh van hanh, phuy tai luon bién dbi theo thoi gian va

Abstract - Renewable energy resources, such as wind and
photovoltaic solar, are increasingly integrated into power systems.
Additional sources of uncertainty from these sources, further to the
conventional sources of uncertainty due to stochastic nature of
both the load and the availability of generation resources and
transmission systems, make clear the limitations of the
conventional approaches in calculation and analysis of power
systems in which uncertainty sources are not considered. In this
paper, an approach to calculate and analyze power systems taking
into account sources of uncertainty is presented. Testing on the
modified IEEE-14 bus test system indicates good performance and
practical applicability of the proposed approach.
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tuan theo nhiing quy luat riéng cua no, cac duong day, may
bién ap, may phat dién va cac thiét bj khac trong qué trinh
1am viéc c6 thé bi su ¢b v6i mot kha ning (x4c suat) nao do.
Ttr nhimng phan tich trén ching ta thdy rang, viéc tinh toan
céc ché do lam viéc cua HTD theo _phuong phap truyen
thdng néu trén thi khong xac dinh diy du cac yéu t6 anh
huéng dén qua trinh 1am viéc cua HTD, tinh trang lam viéc
ctia HTD chi dting véi tirng thoi diém nhét dinh (rat kho xac
dinh trong thyc t€). Hon nita, ddi v6i cac HTD hién nay, khi
két nbi thém cac ngudn nang luong moi nhu gio, mat troi,..
cong suat phat clia cac ngudn nay rat phirc tap, luén blen 601
rat nhanh va phuy thudc rat nhleu vao cac yéu td ngiu nhién
ctia diéu kién khi hau, thoi tiét. DBé khac phuc cac han ché
néu trén, doi hoi phai c6 mdt phuong phap tinh toan HTD
phu hop, trong d6 cac yéu t6 ngau nhién, ban chat clia cac
qué trinh, c4c hién twong lién quan dén cac thong sb dau vao
ctia qua trinh tinh toan (nhu sy thay ddi ciia phu tai, sy thay
dbi cua cong suat phat, cac kha nang sy cb cua thiét bi,...)
déu dugc tich hop vao qua trinh tinh toan. Bang cach sir dung
phuong phap nay, ket qua tinh toan duoc nhu dién ap, dong
dién, cong suét truyén tai,... khong con 1 cac gia tri ¢d dinh,
ma 14 cac ham phan b theo quy ludt cta nd, phan anh dung
ban chit thong s ché do ciia HTD thuc té va thong tin tir cac
quy luat nay s& rat hiru ich, dy du dé danh gia tinh trang
HTD trong thuc té.

Linh vuc nghién ctru tim giai phéap tinh toan trao luu
cong suét bang phuong phap xac suit duoc dé xuit va tro
thanh cong cu tinh toan rat hi¢u qua trong d6 tat ca cac yéu
t6 bit dinh trong HTD dugc mé ta bang cic quy luat xac
suét [1] va duge xem xét, tich hgp vao trong qua trinh tinh
toan. Y tuong duoc dua ra d4u tién boi Borkowska [2] va
ké tir d6 nhiéu cong trinh nghién ciru vé linh vyc nay dugc
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cong b trén thé gidi. Linh vuc nay ngay cang thu hiit nhiéu
nha nghién ctru dé tim giai phap thich hop cho cac HTD,
dic biét 1a cac HTD ¢6 nhiéu ngudn ning luong tai tao va
cac loai ngudn phan tan. Tuy nhién, & Viét Nam hién nay
chwa ¢6 cong trinh nghién ciru lién quan dén linh vuc nay
ndi chung cling nhu trong viéc ap dung tinh toan cho HTD
Viét Nam noi riéng.

Tinh toan trao luu cong sut va phan tich HTD bang
phuong phéap xac suat bao gdm hai nhom phuang phap
chinh: phuong phap sé va phuong phap giai tich. Moi
phuong phdp ¢ nhimg wu, nhuge diém riéng. Pién hinh
cho phuong phéap s6 la m6é phong Monte-Carlo [3-8].
Trong phuwong phap Monte-Carlo, cic bién ngiu nhién dau
vao (biéu dién cho cic qua trinh, bién ¢d ngau nhién) s&
dugc lay méu va sau d6 qua trinh tinh toan s€ dugc thyc
hién cho tat ca cac mau d6. Bo chinh xac cua phuong phap
nay phu thuge rat 1on vao ky thuat lay mau va s0 lugng mau
duoc lay (so lwong mau nay thuong rat 16n). Phuong phap
nay cho két qua chinh xac va tin cdy. Tuy nhién, nhuoc
dlem 16n nhét d6 1a thoi gian tinh toan lau, néu s6 luong
mau 16n dugc chon. Nguoc lai, phuong phap giai tich sur
dung céc thuft toan, cac ky thuat veé giai tich nhu: nira bét
bién (cumulant) [9, 10], chap (convolution) [11], su u6c
lugng diém (point estimate) [12]. Ap dung cac k¥ thuat giai
tich nay, két hop v6i mbi quan hé vao-ra cia bai toan cho
phép xac dinh duge ham phan bd cua bién ngiu nhién dau
ra theo sy phan bd da biét tir cac bién ngiu nhién dau viao.
Nhin chung, thoi gian tinh todn cua cac phuong phap giai
tich s& nho hon rat nhiéu so véi cac phuong phap so; tuy
nhién, phuong phap nay cho két qua khong chinh xac bang
phuong phap s6 (v6i s6 luong mau du l6n). Trong thuc té,
tiry theo (g dung cu thé ma ta chon phuong phap phu hop.

Bai bao trinh bay phuong phap tinh toan va phén tich
HTD theo yéu td bat dinh cua thong b van hanh, dic biét
di sau vao phuong phap moé phong Monte-Carlo. Ly do chu
yéu dé chon phuong phap Monte-Carlo trong bai béo nay
12 nhiam dat dugc do chinh xéac cao, trong khi thoi gian tinh
toan khong qua khit khe va khong can tinh ton qud nhanh.
Dé minh hoa cho phuwong phap, HTD mau IEEE-14 niit sira
d6i dugc chon dé ap dung.

2. M6 hinh tinh toan
2.1. Phu tdi

Phuy tai tai cac nut trong hé thong dién ludn bién doi
trong qué trinh van hanh theo quy lut riéng cta nd. Thong
tin vé quy luat bién doi va phén b6 cua phu tai co thé dat
duoc tir dir li€u qua khr hodc dugc cung cap boi cac
phuong phap dy bao phu tai.

Trong tinh toan, phu tai thuong duge mo td bang ham
phan phoi chuan (Gaussian distribution hoac normal
distribution) ky hiéu N(x, ¢) va c6 ham mat do [1]:

=y

o

1
\/ O'
Trong d6: u 1a ky vong toén (gié tri trung binh) va o la
do6 1éch quan phuong (d6 1éch chuan).

f)=

2.2. Cdc nguodn ning lwgng tdi tao

Cong suat dau ra cua cac nha may dién dung ngudn

nang luong tai tao pho bién nhu g6, mat troi,.
biéu dién bang cdc ham phan bd x4c suat.

.. cling duoc

Cong suét dau ra cia ngudn ning lwong mat troi phu
thudc rat nhidu vao diéu kién thoi tiét khi hau tai noi lip
dat. Ham phén b xé4c suat cua cong sudt du ra co thé dat
dugc tir dir liéu qua khir hodc thong qua du bao cong suat.
Hinh 1 m6 ta mot vi du ham phén bd cuia cong suit dau ra
cuia m§t nha may dién dung nang luong mat troi.
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Hinh 1. Vi du ham phén bé cong sudt dau ra
cua nha may dién mdt troi

Cong suét dau ra ciia cac ngudn ning luong gio 1a cac
ham theo vén téc gi6 thdi vao tuabin. C6 hai cach xay dung
ham phéan bd cua cong suat dau ra: truc tiép dat duoc tir
thong tin co dugc tir cong suat dau ra hodc mot cach gian
tiép thong qua thong tin vé vén toc gid. Mot vi du vé ham
mat d6 ctia ham phan b cong suét ddu ra ciia mot nha may
dién gi6 nhu Hinh 5.
2.3. Cdc nha mdy dién truyén thong

Céc t6 may phat cua cic nha may dién truyén théng nhu
thuy dién, nhiét dién,... trong qua trinh van hanh c6 thé bi su
€0 vOi mot xac suét nao d6. Pbi véi phuong phép xéc suét, khi
mot to may phat dang lam viéc thi cong suat dau ra ciia no
khong phai 14 gia tri cd dinh, ma 1a mot ham phén bd xéc suét:
lam viéc v6i xac sudt p va co kha nang hong hoc véi xac xudt
(1-p). Ham phan bb cho mdt to may phat nhur thé goi 1a ham
phan b 0-1 (“0”: hong hoc; “17: 1am viéc). Mot nha may dién
bao gdm N t6 may phat nhur vay thi ham phan bb cong suat
dAu ra cta ca nha may 1a tap hop cua cac ham 0-1 cua céc to
may phat. Trong truong hop dic biét, néu cac tb may phat
giéng nhau (ddng nhét) thi ham phéan bd d4u ra cia nha may
1a ham phan phdi nhi thire (Binomial distribution). Ham mat
d6 ctia ham phén phdi nhi thirc nhu sau [1]:

fan, p)=@ p*(1-p)" )
Trong do: [nj __ " - x=012..,n
x) xi(n—-x)!

2.4. H¢ thong truyén tii di¢n

Mot cach twong tw nhu cac to may phat dién & trén, trong
qué trinh van hanh thi duong day truyén tii va cac thanh
phan khac trong hé thdng truyén tai c6 thé bi hong hoc véi
mot xac sudt nao d6. Trang thai lam viéc ciia cac thanh phan
nay dugc mo ta bang cac ham phan bd 0-1 (Iam viéc véi xac
suat p va c6 kha nang hong hoc véi xac suét 1-p).

3. Thuit toan tinh toan va phén tich hé thong dién theo
yéu to bat dinh ciia théng so vin hanh

Thuét toan tinh toan va phén tich HTD theo yéu t6 bat
dinh ctia thong so van hanh dugc minh hoa trong so do6 khoi
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Hinh 2. Nhu ¢4 phan tich ¢ trén, phuong phap Monte-Carlo
duogc ap dung trong bai bao nay.

Tai _'u:ng tin déu vao
{Théing sd vdn hank. thing 56 hé
thang, cdu tric lwdi,...)

!

Chgn sa II\;rng miu N;
5
mau hda cée t 'u:r'm s& diu vao

(Giai bai todn tinh todn ché
dé xdc lap cho miu thi i

Luu tri¥ ket qua diu ra cua céc thing
s& vén hanh tinh todn cho miu §

Ham phén bé xéc sudt cho cac dai
lrgng dau ra; phin tich céc ham
phén ba

Hinh 2. So d6 khéi tinh todn va phan tich HTD

Duya vao céc dir liéu qua khir thu thap duogc hodc dugce
cung cép boi cac phuong phap du bao cho cac dai luong
dau vao nhu cong suat phu tai, cong suat dau ra ctia cic nha
may nang luong gi6, nang luong mat troi,... cling nhu
thong tin vé tin suat sy cd cta cac duong day va cac to may
phat,... cac quy luat phan b cia cac dai luong nay duoc
rit ra va biéu dién bang cac ham phan bd xac suit. Day la
thong tin diu vao cua bai toan.

Tiép theo, qué trinh mau hoa dugce tién hanh cho cac
dai luong dau vao duya trén cac ham phan bd xac suét dat
dugc ¢ trén [6-8]. Trong mé phong Monte-Carlo, d6 chinh
xdc cua phuong phap phy thude vao s6 lwong mau (N) dugc
chon (s6 luong mau 16n thi cho két qua voi d6 chinh xéac
cao). Sau khi mau hoa, qua trinh giai bai toan tinh toan trao
luu cong suét (Newton-Raphson, Gauss-Seidel) dugc thuc
hién dbi véi timg mau.

Két qua tinh toan 1a gia tri cia cac thong sb van hanh
nhu dién 4p tai cic nut, cong sudt va dong dién truyén tai
trén cac nhanh, goc pha,... twong ung véi ting mau. Qua
trinh nay dwoc lap lai cho timg mau cho dén khi tat ca N
mau duoc tinh toan.

Cudi cung, két qua dAu ra ctia qué trinh tinh toan 13 tap hop
N gi4 tri cho timg théng s6 van hanh ciia HTD, tir d6 xiy dung
duoc ham phan b cia timg dai Iwong. Cac ham nay phan anh
mdt cach dy du quy ludt bién ddi cua cac dai luong trong subt
qua trinh van hanh, dé tir d6 c6 thé danh gia mot cach day du
su lam viéc cling nhu mic d6 an toan ciia HTD.

4. Ap dung

_ Phuong phap trinh bay ¢ muc 3 dugc ap dung cho HTD
mau IEEE-14 nut stra d6i c6 so d6 nhu Hinh 3.

HTD dugc xem xét bao gdm: 2 nha may dién truyén thong
ndi vao nit 1 (thuy dién) va 2 (nhiét dién); cac nha may dién
gi6 duoc ndi vao cac nat 9, 10 va 12 véi cong suat lip dit lan
luot 14 27, 15 va 12 MW, cac nha may dién mat troi dugc ndi
vao nat 13 va 14 voi cong suat 1p dat 1an luot 13 15 va 21
MW. Céng suét phu tai tai cac niit nhu trong Bang 1. Thong
tin chi tiét vé cac thong sb ludi nhu trong [14].

(@) GENERATORS

SYNCHRONOUS 13
COMPENSATORS

(W) WIND TURBINES
PHOTOVOLTAIC SOLAR

-

THREE WINDING
TRANSFORMER EQUIVALENT ©

— 9

g =
Hinh 3. HTD mdu IEEE-14 niit siia doi
Bing 1. Céng sudt phy tdi tai cdc niit

Nuat 2 3 4 5 6 9
P (MW) 21,7 | 942 | 478 | 76 | 11,2 | 53,5
Q (MVAIr) 12,7 1190 | -39 | 16 7,5 | 16,6
Nuat 10 11 12 13 14 -
P (MW) 210 | 35 | 151 | 255 | 329 -
Q (MVAIr) 5,8 1,8 16 5,8 50 -

Déi véi mot HTD thue té, dua vao cac thong tin c6 duogc tir
phu tai, ngudn, Iudi,... cic quy luat phan bd cua cac dai luong
ndy dugc xdy dung. Tuy nhién, trong vi du tinh toan nay do
khéng c6 sb liéu thuc t& vé cac quy luat phén bé cua cac dai
luong dau vao, cho nén & ddy cac ham phan bd duoc gia str.

Phu tai gia st bién ddi theo quy ludt phan bd chudn véi
gi tri ky vong 1a gia tri xac lap va do léch chuan bang 9%
ky vong. Hinh 4 mé ta ham phan bd cong suét tic dung cia
phu tai tai nut 9.

0.15

w 01

0.05
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Py (MW)
Hinh 4. Ham mdt do cia cong suat tée dung cua phu tai tai nit 9
0.1
- 0.05-
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Hinh 5. Ham mdt d¢ cia ham phdn bo ciia céng sudt dau ra ciia
nha may dién gi0 noi vao niit 9

Cong suét du ra cia cic nha may dién gi6 va mat troi

gia sur tudn theo quy ludt phan bo Beta [15] vdi ham mat do:

F)=x*1(1-x)""m (3)
Trong do:
* @ va B 1ahai tham s6 dic trung ctia ham Beta, dugc
tinh toan dua vao ky vong u va dg léch chuan o (¢ day gia

st bang 12% gié tri cf)ng suat lap dat) nhu sau:

7(1 #)u w p=

, 1 -1

* m1a hé so duoc tinh nhu sau: , _ {J‘ X (1-x) dx}
0
o x = Pout ( Pins 1a cong suit lap dit ciia nha may; Pou
pmst

1a cong suét dau ra; gia sir gia tri ky vong cua cong suat dau
ra cua cac nha may dién gio ndi vao cac nut 9, 10 va 12 lan
luot 1a 24, 12 ya 9 MW, céac nha may dién mat troi ndi vao
nat 13 va 14 lan lugt 1a 12 va 18 MW).

0.1}
" 0.05
TS 17 18 19
Pia (MW)

Hinh 6. Ham mdt d¢ ciia ham phdn bo”:ctia cong sudt ddu ra ciia
nha may dién mat troi noi vao nit 14

Hinh 5 m6 ta ham phan bb ciia cong suat dau ra ciia nha

may dién gio ni vao nat 9. Hinh 6 mo ta ham phan b cua

cong suét dau ra ciia nha may dién mat troi nbi vao nut 14.

Twong tu, Xay dung cac ham phan b cong suét dau ra
cua tit ca cac nha méy dién gi6 va mit troi con lai.

Nha may dién nbi vao nut 1 (thuy dién) bao gom 10
may phat giéng nhau, mdi ‘may cong suat 25 MW, xéac suat
su cO 8%; nha may dién noi vao nat 2 (nhiét di¢n) bao gom
2 to may phat giéng nhau, mdi t6 cong suat 22 MW, xac
sudt sy ¢ 9%. Ham phan b cua cong suét dau ra cia cac
nha may nay tuin theo quy lut Binomial. Hinh 7 mé ta
ham mat d6 ctia cong suat dau ra nha may 2.

1

0.8
0.6

" 0.4l
0.2

0 I
0 22 44
Py (MW)

Hinh 7. Ham mdt d¢ cua cong suat dau ra nha may 2
Thuét toan Hinh 2 dwogc 4p dung, trong d6 10.000 mau
dugc chon dé mo phong va tinh toan. Dya trén cac ham phén
bo cua cac dai lugng dau vao, qua trinh mau hoa dugce thuc
hién va qua trinh tinh toan dugc thuc hién cho tirg mau.
Trén Hinh 8, ham phan b cua cong sut biéu kién

truyén tai trén duong day tir nat 2 dén nat 3 dugc biéu dién.
Hinh 9 m6 ta ham phan b ctia dién 4p tai nat 5. Dya vao
cac quy ludt phan bd nay, ta c6 thé danh gia duge mot cach
dady du su bién doi cua cac dai lwong trong qua trinh vén
hanh, tir d6 xac dinh dwoc diéu kién van hanh va mic do
lam viéc an toan cua HTD.

0.1

0.05

70 80 90 100
S, 4 (MVA)

Hinh 8. Ham phdn bé ciia cong gucfl truyén tdi
trén dwong day tir nut 2 dén nut 3

0.1t

0.05/
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C695 1 1.
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Hinh 9. Ham phdn b6 ciia dién dp tai mit 5

Gia sir gioi han cong sut truyén tai trén dudng day tir
nit 2 dén nat 3 1a SI% =95MVA (dudng thang dimg trén
Hinh 8), tir ham phéan bd trén Hinh 8 ta c¢6 thé xac dinh
dugc xac suét (ky hiéu Pro) dé cong suét truyén tai vuot
qua gidi han cho phép (muc d6 nguy hiém do qua tai cua
duong day) nhu sau:

Profs, 5 >S5 } =4,03%

Dbi vai dién ap, tir ham phan bé ta c6 thé danh gia duoc
dién ap tai mot nut nao dé nhu thé nao so voi gidi han lam
viéc. Gid st ving lam viéc cta dién ap tai nat 5 la
[0,95;1,05](p.u.) (hai duong thang dung trén Hinh 9), tir quy
ludt phan bd cua dién ap ta c6 thé xac dinh dugc xac suat
dé dién ap tai nat 5 ndm trong ving lam viéc cho phép trong
qué trinh van hanh:

Pro{0,95 <V, <1,05} =100%

Nhu véy, qua tinh toan ta ¢6 thé két luan ring, trong
suot qua trinh lam viéc véi nguon va tai ludn bien doi, dién
ap tai nat 5 ludn nam trong vung lam viéc cho phép.

Ham phan bd clia goc pha tai cc niit ciing c6 thé dugc
xéc dinh, dé tir d6 thiy dugc kha nang bién ddi cua goc pha
trong qua trinh van hanh. Hinh 10 mo td ham phén bo cua
g6c pha tai nit 3 (ky hiéu 6,), trong d6 6, c6 kha nang dao
dong trong vung [-0,346;-0,215](rad).
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0.1

*~0.05

Q0.35 -0.3 -0.25 -0.2

93 (rad)
Hinh 10. Ham phén bé ciia géc pha tai nit 3
Sau khi c6 dugc ham phan b cuia tit ca cac thong s6
ché d6 (cong suat truyen tai, dién ap nit, goc pha, ...), tinh
trang lam viéc cua HTD luc d6 dugc danh gia mot cach day
du nhat.

5. Két luan

Bai bao trinh bay phuong phap tinh todn va phan tich
hé théng dién theo yéu td bat dinh cua thong sb van hanh.
Két qua dat duoc tir bai toan cho phép phan tich va danh
gia sy lam viéc ciia HTD mot cach ddy du nhét, khic phuc
dugc nhitng han ché cua cac phuong phap tinh toan truyén
thong trong d6 cac yéu té bat dinh trong HTD khong dugc
xét dén. Phuong phéap duoc trinh bay c6 thé ap dung dé tinh
toan va phan tich cho HTP Viét Nam.
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