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Tom tat:

Bai bdo tap trung nghién clru mo phdng bai toan tinh gid dién tai ndt trong trudng hgp co
ngudn dién phan tan (DG) va khdng c6 DG dé& xét anh hudng ctia DG ddi vai gia nit. K&t qua
mo phéng cho thay: khi dua DG vao mang phan phdi thi cho két qua giad thanh hiéu qua hon
va déng thdi tdn that trong mang dién giam. Gia dién trong thi trudng dién canh tranh khdng
chi phu thuéc vao khong gian ma con phu thuéc theo thai gian; va gia dién cé kha nang diéu
ti€t phu tai, diéu chinh hanh vi cla cac bén tham gia thi trudng nhdm dam bao an ninh hé
thdng. K&t qua md phéng gilp cac ngudn phat DG cb thém théng tin thi trudng d€ dua ra
chién lugc chao gia thanh cong.

T khoéa:
Ngudn dién phén tan, gia dién, nit, diém lagrang.

Abstract:

The article focuses on a simulation study in tariff calculation with or without distributed
generation (DG) to consider the impacts of DG on tariffs. The simulation results show that with
DG in the distribution networks, tariffs are more efficient and simultaneously power losses are
reduced in the network. Tariffs in a competitive electricity market depend not only on space
but also on time; and likely to regulate loads and adjust the behavior of market participants in
order to ensure system security. The simulation results help DG sources provide further
information to offer a successful bidding strategy.

Keywords:
Distributed generation, tariffs, node, Lagrangian point.

1. GIO1 THIEU khong nhiing mang lai mot s6 loi ich
', . kinh t&, ma con mang lai mot s6 loi ich

Trong thuc t€ van hanh, cac nguon dién mit k¥ thuat, Chgng han ¢6 thé lam
phén tan (Distributed generation - DG) giam tdn thdt cong suét, ting do tin
cdy, tang cong suat du phong cho hé

Ngay nhan bai: 7/9/14; Ngay chdp nhan: thorng... Tlrlemxvao (.ixo’ Vol mot S0 may
04/11/14; Phan bién: PGS.TS Pham Vn Hoa ~ Phat DG c6 the tu diéu chinh, n6 co the
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dua ra chi phi thdp hon vao hé thong
boi khong can phai xay dung cong suat
du phong cho nhiéu nam, c6 kha ning
ning cao chit luong dién ning dén
khéch hang bang cach giam thiéu thoi
gian ngung cung cip dién dén khach
hang do sy ¢6 vé dién cling nhu tang
kha ning dap ung cong sudt cho hé
thong do thiéu dién. Do d6, v6i nhiing
mang dién co lép dat DG thi viéc xay
dung co ché gid tai cac nut s& mang lai
mot hiéu qua kinh té. Viéc nghién ctu
vé DG va anh huéng cia DG ddi véi
gia dién nut c6 y nghia thyuc tién cao.
Bai béo tap trung nghién ctru mo6 phong
cho bai toan tinh gia nat trong truong
hop ¢6 DG va khong c6 DG dé xét anh
hudng cua DG déi vé6i gia nat. Két qua
mé phong cho thiy: khi dua DG vao
mang phan phdi thi cho tin hiéu gia
hiéu qua hon va dong thoi ton that
trong mang di¢n gidm. Gia dién trong
thi truong dién canh tranh khong chi
phu thugc vao khong gian ma con phu
thudc theo thoi gian; va gia dién c6 kha
ning diéu tiét phu tai, diéu chinh hanh
vi cua cic bén tham gia thi truong
nhiam dam bao an ninh hé théng Két
qua md phong gitip cac ngudn phat DG
c6 thém thong tin thi truong dé dua ra
chién lugc chao gia thanh cong.

2. PHUONG PHAP LUAN
2.1. Gia dién nat [1]

Theo y nghia thi truong, gid thanh san
xuit dién 1a toan bd chi phi bang tién
cua nha may dién bo ra trong qua trinh
san xuit va tiéu thu san pham dién.
Théng thuong gia thanh dugc tinh theo
yéu to chi phi san xuét hodc tinh theo
khoan muc chi phi. Mdi nha may dién

c6 chi phi san xuét dién gdm chi phi ¢d
dinh va chi phi bién d6i khac nhau.
Dua trén chi phi san xut dién cua timg
nha may, nguoi ta xdy dung ké hoach
huy dong phat cua cac nha may dién
trong hé thong.

Gia nat duge phan tich theo su thay dbi
ciia nhimg thanh phan phu hop voi
nhitng nhan t§ lién quan, nhu sy phat
dién, kha nang truyén tai, gioi han dién
ap va nhiing rang budc khac. Thong tin
day du cho gia nit khong nhimg cai
tién hi¢u qua sir dung lu6i di¢n, kha
nang phan bd cong suat ma con dé thiét
ké céu trac gia hop 1y trong hé thong
dién, hay dé dua ra nhitng tin hi¢u kinh
té cho viéc du tu phat trién ngudn va
luédi dién [2].

Gia nat 1a phuong phép xéac dinh gia
cung cip cho thi truong, tinh toan cho
ting vi tri trén ludi truyén tai. Mdi nit
tuong (mg voi vi tri vat Iy trén hé thong
truyén tai & d6 cong suit duoc dua vao
boi may phat va ldy ra boi tai. Gia tai
mdi nit twong tng véi gia dién theo vi
tri, bao gém chi phi san xuat dién, chi
phi phan phéi va cac rang budc [3].

V&i mot ludi dién phan phdi co n nut,
dic trung cho nut 13 cong suét tac dung
P va cong suét phan khang Q.

P=(pi...pn) va Q= (q1...qn)

o day pi, qi tuong ung la cong sut tac
dung va cong suat phan khang yéu cau
cua nut thu £.

Néu goi cic bién trong van hanh hé
théng dién 1a X = (Xi... X,), 1a_phan
thuc va phan do cua dién 4p mdi nit
(do lon dién ap va goc pha cua nd) thi
bai toan van hanh hé thong dién véi tai
cho trudc (P, Q) c6 thé xem nhu 13 bai
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toan t6i uwu dong coéng suit OPF
(Optimal Power Flow) [4].

Min (X, P, Q) for X (1)

GX P, 0)=0 ()
HX P, 0)<0 3)
Trong do: G(X) = (@i(X, P, 0O)...,

gn(X.P,0))"

Va H(x) = (h(X.P, 0)),..
c6 n; va n, phuong trinh tuwong tng.
AX,P,0): ham muc tiéu C,quqc dién ta
nhu 14 chi phi van hanh ngan han;
G(X,P,Q). dai qung vector, nhitng
rang budc can bang (can bang cong
suat nut);

HX,P,Q): dai lugng vector,
rang budc khong can bang;

nhiing

X: vecto gia tri dieu khién va céc gia tri
on dinh (dién &p nut va géc pha & cac
nut tai).

2.2. Ham muc tiéu

Muc ti€u chinh dé giai quyet bai toan
phan bd téi wu cong sudt 1a xac dinh
cac bién diéu khién va cac bién trang
thai hé théng ma tdi uu gia tri ham muyc
tiéu. Lua chon ham muc tiéu ham muc
ti€u s€ dya trén cac phan tich than trong
clia cac yéu t6 vé an toan van hanh va
kinh té ctia hé thong.

Ham muc tiéu trong phan bd cong suat
t6i wu phan anh cac chi phi dugc lién
két voi cong suét phat trong hé thong.
M6 hinh binh phuong chi phi duoc
dung cho ham muyc tiéu. Ham muc tiéu
cho toan hé théng 6 thé duoc viét nhu
1a tong cong cac md hinh binh phuong
chi phi ctia mdi mdy phit [5].

- h(X,P,0))"

(ISSN: 1859 - 4557)

/ ham chi phi nhién liéu cia hé thong,

bién thién theo ham so.

SX.P,Q) = 2fi(X.P.0)

=3(a;+ bipgi + cip’g); $/h (4)

fi: chi phi nhién liéu ctia may phat thu i;

voi:

n: s6 to may phat;

i=1,2,3..n

Pgi: cong sudt tic dung cia may
phat thur i;

a;, b;, ¢;: hé s6 chi phi ciia may phat
thur 7.

2.3. Cac rang budc can bang

Cac rang budc can bing g(x) trong
phan bd cong suat tdi vu duoc dua ra
cho cac rang budc can bang cong suat,
ma tong cong sudt cia cac may phat
phai dap ung toan bo tong cong sut
nat tai va ton that cong suét:

Pi:Pgi_Pdi

ZZUin(GUCOS 9y+BUsin9y) ®)

J=1

Qi = le - Qdi

= Z Uin(Gif sin 8, — B, cos Qﬁ) (6)
j=1

Trong do:
i=1,2,3...nm;
G = 6 - 0: goc léch pha dién ap cac
nuat
Pgi, Qgit cong sudt tac dung va cong
suat phan khang dugc dua vao nut i;
Py, Qui: cong Suét tac dung va cong
suat phan khang yéu cau ¢ nut i;
Gy, Bj: dién dan va dung dan cuia (i)
thanh phan trong ma tran tong dan.
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2.4. Cac rang buéc khéng can bang
Gi6i han trén va gidi han dudi cua cong
suat tac dung va cong suat khang cta
may phat.

Pgi,min < Pgi < Pgi,max

Qgi,min S Qgi S Qgi,max

Gi6i han ciia dong cong sut P; trén
duong day i phai thoa man:
1Pl < Pijmax]
Py = |-GU'; + GUUros(6; - 6) + By
U;Usin(6, - 6)

Gi6i han trén va gidi han dudi cuia ti s6
bien ap (¢) va sy dich pha (o) cia may
bien ap.

tij,min < tij < tij,max

Aij min < ay ij max

Gioi1 han trén va gidi han dudi cia dién
ap nut

l]ij,min < (Jij < (]ij,max

3. HAM TOAN VA CHUONG TRINH
MO PHONG

Trong bai bao nay tac gla chon phuO’ng
phap ham Lagranglan dé g1a1 quyét bai
toan toi wu phan bd cong suét trude khi
hinh thanh gia dién nat. Nhuoc diém
ciia phuong phap nay 1a khdi lugng
tinh toan khé 16n. Tuy nhién véi toc do
may tinh hién nay thi nhuoc diém nay
c6 thé bo qua. Uu diém cia phuong
phap nay 13 c6 thé dwa cac rang budc
vao hé cac phuong trinh mot cach
dé dang, don gian trong tinh toan.
Ham Lagrangian L khi d6 dugc dinh
nghia la:

LX, 4 p P, Q) =fiX, P, Q)
+AG(X, P, Q) + pH(X, P, Q)

Voi = (... k) va p=(p1, ...pn) la
h¢ s nhan tr Lagrangian. Nhu vay:

PHX, P, Q) =Zph(X, P, Q);i=1...m

O diém tdi wu (X, A, p) voi cong suat
(P,Q) gia nut cua céng suat P,Q & moi

nat tr k=1,...,n c6 thé duoc biéu dién
nhu sau:
_OL(X,A,p,P,Q)
Pk 6pk
0 OH
L2954 p (7)
8pk 8pk op,
— aL(X’ﬂ')p’P7Q)
o 0q
_of 06 +p6H ®)
0q, 0q, 0q,
Trong do:

Tk VA Tyx la gida nit twong Ung cong
suat P, O ¢ nut thu k;

Tp,i = Tpj VA Tq; - Tg; 1a chi phi chuyén
dich cong sudt P,Q tur nut j toi i.

Tom lai: Gia cong suit tac dung va
cong suit phan khang 1a mot ham phu
thudc vao bién sé van hanh hé théng,
cac hé sb nhan tir Lagrangian ng voi
cac rang budc cin bing va khong can
bing, cong suat tac dung P, cong suat
phan khang Q. Vi vay khi cac bién sb
nay thay déi thi gia nat s& thay doi.

Trong bai bao nay tac gia da s dung
phan mem Matlab dé giai quyét bai
toan toi uu cong suat trén co s¢ do xay
dung chuong trinh xac dinh gia dién
nut trong hé théng dién. Mot s6 ham

12
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duogc viét sin trong Matlab ciing dugc
su dung trong bai bdo nay va tap hop
mot so file trong Matpower.

Mot sé file.M trong Matpower

Runopf: chay chuong trinh téi wu phéan
bd cong suét dua trén s6 liéu dau vao.
Ngoai ra két qua con cho biét gia tri
ham muyc tiéu, thoi gian thuc hién
chuong trinh va cho biét chuong trinh
c6 hoi tu hay khong.

Idx_branch: Pinh nghia hing s ma
tran nhanh. Ham “idx_branch” tra vé
cac gia tri: f bus, t bus, br r, br b,
rate a, rate b, rate c, tap, shift,
br_status.

Idx_bus: Pinh nghia cho hing s6 ma
tran nat. Ham “idx_bus” tra vé céc gia
tri:pq, pv, ref, none, bus i, bus type,
pd, gs, bs, vm, va, base kv, vmax,
vmin, lam_p, lam_gq.

Idx_cost: Dinh nghia hing s6 cho ma
tran chi phi. Ham “idx_cost” tra v& cac
gia tri: pw_linear, polynomial, model,
startup, shutdown, ncost, cost.

Idx_gen: Pinh nghia hing s6 cho ma
tran may phat. Ham “idx_gen” tra vé
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cac gia tri: gen bus, pg, qg, qmax,
gmin, vg, mbase, gen status, pmax,
pmin, mu_pmax, mu_pmin, mu_gmax,
mu_qmin, pcl, pc2, qclmax, qc2min,
gc2max, ramp_age, ramp_10, ramp_30,
ramp_q, apf.

Makesbus: Xay dung vector ma tran
phuc Sbus = makeSbus(baseM VA, bus,

gen)

Makeybus: xay dyng ma trn tong dan
nit va ma tran tong dan nhanh [Ybus,
Yf, Yt]J=make Ybus (make MVA, bus,
branch).

Trén nén tang cac fileM cua
Matpower, tac gia thuc hién chay
chuong trinh tinh toan gia dién tai cac
nat va phan tich anh hudng ciia DG d6i
v6i gia nat ctia mang phan phdi 23 nut.

4. THONG SO DAU VAO BAI TOAN

Gia sir ngudn DG c6 sin va luén luon
hoat dong trong ludi. Khao sat gia nit
v6i cing mot thoi diém tai c6 DG va
khong c6 DG. Vi mang dién 23 nat
nhu hinh 1, d6 thi phu tai 24 bac cua
mang 23 nut cho trong hinh 2 [6, 7].

Bang 1. Dit liéu mdy phdt

Bus Pg Qg Ounax Ouin Vg mBase | Status | Pux Poin
1 0 0 50 0 1.06 100 1 110 0
5 5 0 5 0 1.06 100 0 5 0
Bdng 2. Dir liéu ham chi phi mdy phdt DG
Bicciiada | S6 hésé | Chiphi | Chiphi tit 2 ClI o
thirc khoi dong

2 3 0 0 0.185 5 600
2 3 0 0 0.1225 5 335
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Hinh 1. So d6 mang dién 23 nut

File Edt View Insert Tools Desktop Window Help a
Deda|(Mams (@ 0a =0
22|AA B 7 | EEE\N\NNNTOO|®&

Hinh 2. D6 thj phu téi 24 béc

Hinh 3. Dé thj so sdnh gid dién tai cdc nut
& trurong hop khéng ¢6 DG va c6 DG

Két qua tinh toan cho trong hinh 3.
Trong do:

Khi khéng c6 DG: AP = 0.046MW);
AQ = 0.08(MVAR)
Khi c¢6 DG: AP =
AQ =0.02(MVAR).

0.012(MW);

Nhin xét két qua nhin dwgc: Khi
cong suét tai tai mot nat 1én va nit & xa
ngudn phét thi gia dién cyc dai. Khi
cong suét tai tai mot nat nho va nat &
gin ngudn phat thi gia dién dat cuc
tieu. Khi dwa DG vao niit s6 5, véi chi
phi phat cia DG nho hon chi phi phat
tainut 1, ta théiy:

e Nut 5 la nat dugc dua vao DG voi
chi phi phat thip nén gia dién tai nat 5
thip nhat. Gia dién tai cac nit giam di
so vo1 khi chua dua DG vao nut 5;

e Gia dién toan bo hé théng ciing
giam di. Ton that cong suat tac dung va
cong suat phan khang giam.

Gia dién tai cac nat giam thuc chét 1a
do gia dién tai cac nit phu thudc vao
ham chi phi va phu thudc vao ton that.
Nhu vdy khi dua DG vao thi tén thét
giam, nhu vdy chi phi cho ton thit giam
dan dén gia dién giam, ddng thoi ham
chi phi phat cia DG nho hon ham chi
phi ciia mdy phat tai nat 1 nén P dugc
bom vao cac niit v6i chi phi thap nén
gia dién tai cac nat nho hon so véi
truong hop chua c6 DG. Trong truong
hop khi dua DG vao véi chi phi phat
cua DG cao hon chi phi phat cia may
phat tai niit 1. Khi thay d6i ham chi phi
may phat (bang 2), két qua tinh toan
cac thanh phan ton that nhan duoc la:

14
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Tén that AP= 0.012MW);
AO=0.02(MVAR)

Nhin xét két qua: Khi dwa DG vio nit
s6 5, v6i chi phi phat cuia DG 16n hon
chi phi phat tai niit 1, ta thay:

e (Gid dién tai cac nut giam di so voi
khi chua dua vao bus 5 nhung so véi
truong hgp ham chi phi phat nhé hon
thi cao hon;

e Gia dién toan bo hé thdng ciing
gidm di. Ton that cong suat tac dung va
cong suat phan khang giam.

Gia dién tai cac nut giam thuc chét 1a
do gia dién tai cac nut phu thudc vao
ham chi phi va phu thudc vao ton that.
Nhu vay khi dua DG vao thi ton that
giam, nhu vdy chi phi cho ton that
giam dan dén gia dién giam, dong thoi
ham chi phi phat cia DG 16n hon ham
chi phi cia may phat tai nit 1 nén cong
suat dugc bom vao cac nit véi chi phi
cao hon nhung do chi phi ton that giam
nhiéu hon so véi viéc chi phi phét cong
sudt ting ciia DG nén gia dién tai cac
nit van giam so v&i trudng hop chua
c6 DG.

Nhu viy, gia dién nat phy thudc vao
ham chi phi phat va ton that. Khi DG
phat cong sudt tac dung P, néu viéc
giam chi phi do giam ton that khi gin
thém DG 16n hon so voi vigée tang chi
phi khi DG phat cong suat P thi gia nit
s€ giam so voi truong hop khi c6 DG,
t6n that cling giam. Tinh toan tuong tu
v6i cac khoang thoi gian tir 1h-24h, ta
¢4 dd thi so sanh gia dién cua mang 23

(ISSN: 1859 - 4557)

nit ¢ truong hop c6 DG va khong co
DG, c6 két qua nhu hinh 4.

File Edt View Insert Tools Desktop Window Help

DeEakeans[E 0@ =o
d2lAA(B z|EE=E\\NNTOO|Ha&

Khéng c6 DG

Hinh 4. Biéu db so sdnh gid dién cua mang
23 nut trong khodng théi gian tir 1-24 gicr
& trrong hop cé DG va khéng ¢ DG

Ngoai ra ta thdy gia dién nut khong
nhitng thay d6i theo khéng gian, ma
con thay d6i theo thoi gian, khi phuy tai
thay dbi thi gia dién nit ciing thay dbi.
Khi tham gia thi truong dién, viéc du
bao gia dién va phu tai chinh xac gop
phan rit quan trong trong viéc xay
dung chién luoc chao gia thanh cong.
Pé ti wu hoa loi nhuan, nha may can
chao gia cao vao nhitng thoi diém ting
tai hodc thiéu ngudén. Tur hinh 4 ta
thdy, ngudn phat DG cé thé chao gia
cao vao cc thoi diem 9h, 16h, 21h dé
tang loi nhuan.

5. KET LUAN

Nghién ctru anh huong caa DG dbi véi
gia dién nut c6 y nghia thyuc tién cao.
Bai bio di di so dung phin mém
Matpower ldp trinh mdé phéng cho bai
toan tinh gia nut trong truong hop cod
DG va khong c6 DG dé xét anh hudng
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cia DG d6i voi gia nat. Két qua mo
phong cho thy khi dua DG vao mang
phan phéi thi cho tin hidu gia hiéu qua
hon va dong thoi ton that trong mang
dién giam. Gia dién trong thi truong
dién canh tranh khong chi phu thudc
vao khong gian ma con phu thudc theo

thoi gian; va gia dién c6 kha niang diéu
tiét phu tai, diéu chinh hanh vi cia cac
bén tham gia thi truong nham dam bao
an ninh hé théng dién. Két qua mo
phong gitip cac ngudn phat DG c6 thém
thong tin thi truong dé dua ra chién

lugc chao gia thanh cong.
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