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The restructuring of the electricity industry and the development of the
electricity market have resulted in an increasing need for coping with
the problem of allocating the cost pertaining to deploying power grids
to market participants. One of the important components of network
usage charges is the cost of power loss. However, because of the
nonlinear relationship between power loss and branch power flow, the
power loss allocation in power systems is highly challenging. As a
result, current methods for allocating power loss usually do not ensure
fairness for power grid users. This paper provides a detailed
comparison of three alternative methods associated with power loss
allocation, including the procedure using the superposition theorem, the
methodology based on a modified distflow model and the marginal loss
coefficient algorithm. The calculation results of power loss allocation
for the IEEE 33-bus radial distribution grid are deployed with the aim
of comparing and evaluating these three methods.

SO SANH CAC PHUONG PHAP PHAN BO TON THAT CONG SUAT
CHO LUGI PIEN PHAN PHOI 33 NUT IEEE

Lé Toan, Dwong Duy Long, Ha Duy Giang, Nguyén Tuin Anh, Pham Ning Vin’
Truong Dién — bién tir, Truong Pai hoc Bdach khoa Ha Ni

TOM TAT

THONG TIN BAI BAO
Ngay nhén bai:  08/7/2022
Ngay hoan thién:  19/8/2022
Ngay dang: 19/8/2022
TU KHOA

Thi truong dién

Phan bo ton that cong suat
Nguyén 1y xép chdng

Trao luu cong suét cai bién
Hé s ton thit bién

Sy tai cau tric nganh dién va phat trién thi truong dién da dan dén nhu
cau thuc hién bai toan phan b chi phi st dung ludi dién cho cac don vi
tham gia thi trudng. Mot trong cac thanh phan quan trong caa chi phi sir
dung lu6i dién 1a chi phi cho ton that cong sudt trén lugi dién. Tuy
nhién, vi ton that cong suit va cong sudt nit c6 mdi quan hé phi tuyén
nén giai quyét bai toan phan b ton that cong suét trong ludi dién la mot
nhiém vu kho khan. Do d9, cac ' phuong phap phan b tbn that cong suit
hién tai chuwa dam bao duoc yéu té cong bang cho cac don vi sir dung
ludi dién. Bai bao nay so sanh ba phuong phép phan bd ton that cong
Suét cua ludi dién, bao gém phuong phap phan bo ton that cong suat sir
dung nguyén 1y xép Chong, phuong phap dya trén trao luu cong suat cai
bién va phuong phap hé s6 t6n that bién. Két qua phan b ton that cong
suét cho luéi dién phan phéi 33 nit IEEE dwoc sir dung dé so sanh va
danh gia ba phuong phap.
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1. Gioi thigu

Nganh cong nghiép dién trén toan thé gidi di va dang thay ddi tir mé hinh van hanh tap trung
sang mo6 hinh van hanh thi truong. Dé thyuc hién can béng thi truong, don vi van hanh thuodng st
dung thu tuc dau gia. Cac don vi phat dién gtri ban chao ban dién va cac don vi mua dién giri ban
chao mua dién. Sau d6, don vi vén hanh thi truong dién str dung cdc ban chao nay dé xay dung
duong cong chao gia (duong cung) va dudng cong tra gia (dudng cau). Giao dlern cua hai duong
cong 1a diém can bang thi truong, tr do tinh toan duoc gia thi truong, cong sudt ban cua cac don
vi phat dién va cong sudt mua cia cac don vi mua dién. Thu tyc déu gia thuong duge thyc hién
hing ngay va can bang thi truong cta ngay téi (ngay D) dugc xac dinh tai thoi diém budi trua
cta ngay trude (ngay D-1) [1].

‘Tuy nhién, quy trinh can bang thi truong néu trén khong xet luoi dién, tac la tén that cong
suat cua ludi dién khong duge xem xét. Tuy nhién, téng cong sut phat ctia cac nguon dién bang
tong cong suét tiéu thy cta phu tai cong voi t6n that cong sudt trén ludi dién. Tir do, van de datra
la “Ai s& la nguoi tra t1en cho nhiing ton that nay”. Viéc tra 1oi cau hoi nay dan dén nhu cau thuc
hién bai toan phan b ton thit cong suat cho cdc don vi tham gia thi trudng.

Dbi voi cac phuong phap phan bo ton that cong sudt, cac yéu cau sau can phai dugc dam bao:
(1) Pon gian; (2) Pam bao sy cong bang; (3) Nhat quan véi 10i giai phan tich trao luu cong sut;
(4) Ap dung dugc cho ca ludi dién ho va kin; (5) Khuyén khich s cai thién hé sO cong suét cla
tai va (6) Phén bd duge cho ngudn va tai. i chiéu v6i nhig yéu ciu trén, phan b ton thét
cong suét 13 bai toan rat phirc tap. Nguyén nhan 12 do mdi quan hé phi tuyén giira ton that cong
suét va cong sut nut.

Chinh mdi quan hé phi tuyén nay di thu hut nhidu nha nghién ctru dé xut cac phuong phap
khac nhau dé phéan b6 ton that cong sudt. Mot sb nghién ctru hién tai nhu sau:

1) Phuong Pphdp ma tran tong tro niit [2] dya trén ket qué phan tich trao luu cong sut. Phuong
phép nay co thé phan bd ton that cong suat cho ca nguon va phu tai. Tuy nhién, nhugc diém cia
phuong phap 14 khong thé ap dung cho luéi dién phan ph01 chi c6 duong day trén khong.

2) Phuong phap cong cong sudt [3] str dung hé sb kinh nghiém dé phan bd ton that cong suat.
Do str dung hé s6 kinh nghiém nén két qua cua phuong phap nay khong dam bao su cong bang
Mot han ché khac ctia phwong phap cong cong suat 1a chi co thé ap dung cho lu6i dién phan phdi.

3) Phuwong phdp duea trén gid tri T [4] ap dung 1y thuyét tro choi. Nhuoc diém cta phuong phap
nay 1a khéi lwong tinh toan 16n vachico thé 4 p dung cho ludi hinh tia hodc ludi kin don gian.

4) Phwong phap ty I¢ [5] rat don gian vé mat tinh toan. Dau tién, 50% ton that cong suét dugc
phan bb cho nguon va 50% ton that cong suat duoc phan b6 cho tai. Tiép theo, ton that cong suét
dugc phan bd cho tirng ngudn (phu tai) ty 18 vGi cong sut phat (tiéu thy) twong mg. Nhugc diém
cua phuong phéap nay 1a bo qua vi tri cua nguon va phuy tai. Neu luéi dién chi c6 mot ngudn thi
nguodn dién nay s& dugc phan bo mot nira tong t6n that cong suat.

5) Phwong phdp sir dung nguyén Iy xép chong [6], [7] khong co gia thiét va co thé ap dung
cho ca ludi dién c6 mach vong kin va hinh tia. Tuy nhién phuong phap nay chua phan bé ton that
cong suat dong thoi cho ca ngudn va tai.

6) Phirong phdp duwa trén trao luu céng sudt cai bién [8] chi phan bd ton that cong suat cho
nat va chi ap dung cho lugi phén phéi hinh tia.

7) Phwrong phdp hé sé ton that bién [5], [9] dang duoc sir dung tai mot s thi truong dién nhu
PJM, CAISO, ISO-NE va SPP. Phuong phap nay doi hoi bude hiéu chinh do két qua phén b6 ton
that cong sudt st dung hé sb ton thit bién khong nhit quan v6i 101 giai trao luu cong Suét.

Muc dich ciia bai bao nay 1a so sanh két qua phan b6 ton that cong sudt cho ludi dién phan phéi
33 nat IEEE st dung ba phuong phép, bao gom phuong phép st dung nguyén ly xep chong,
phuong phap str dung trao luu cong suét cai bién va phuong phap hé sb ton that bién. Cac dong gbp
chinh ctia nghién ciru bao gém: (1) M6 ta chi tiét ba phuong phap phan b tén that cong suit cua
ludi dién; (2) So sanh két qua phan bo tn that cong suat cho ludi dién phan phdi 33 nat IEEE.
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‘Bai bao g’(k)m b(f)n phan. Phan 2 trinh bay mo hinh toan hoc ciia ba phwong phap phan b6 t6n
that cong suat. Phan 3 4p dung tinh toan cho luéi dién 33 nut IEEE. Nhitng ket luan va huéng
nghién ctru trong tuong lai duge mo ta trong phan 4.

2. Cac phwong phap phan bo ton that cong suit
2.1. Phin bé ton thit cong sudt dwa trén nguyén Iy xép chong

Quy trinh phan ’bé ton that cong suat gém ba budc chinh: (1) Phan tich trao luu cong suét; (2)
MOo hinh héa hé thong dién va (3) Ung dung nguyén 1y xép chong.

2.1.1. Phdn tich trao lwu cong sudt

Phan tich trao luu cong suat nham muc dich x4c dinh mo-dun va goc pha dién ap tai cac nut;
cong sut tac dung va cong sut phan khang cia cac ngudn dién; dong cong sudt trén cac nhanh
va ton that cong suat cua ludi dién [10].

Gia str hé thong dién co N niit, ma tran téng dan nat mo ta mang dién duoc ky hidu 13 Y.

Hé phuong trinh phi tuyén mé ta hé théng dién trong ché do xéac 1ap ¢ dang toa do cuc:

N
P =U>U,(G,coss, +B,sins,); i=12..,N

k=1

\ 1
Q =UD> U, (G,sins, —B,coss, );  i=12..,N

k=1

Trong do, P;, Q; lan luot 1 cong suit tac dung va cong sudt phan khang tai nat i; U;, Uy 1an
luot 12 mo-dun dién ap ciia nat i va k; Gy, By lan luot 1a phan thyc va phan 4o cua phan tir ik
trong ma tran t6ng dan nut; o;, oy Ién luot 1a goc pha dién ap nat i va k.

Dé giai hé phuong trinh phi tuyén (1), ta str dung phuong phap Newton-Raphson [11]. Theo
phuong phap nay, tai mdi budc lap, ta can giai hé phuong trinh tuyén tinh sau:

AP H N["Tas 7" ,
LQ} :{M L} {AU/U} @

Trong d6, H, N, M va L 1a cac ma tran con ctia ma tran Jacobi.
[AP|AQ]  =[AR AP, ....AP,, |AQ ,AQ, ... AQ,, | 3)

2.1.2. M6 hinh héa hé thong dién
Phu tai ¢ nat k duge mé hinh héa bang mot ngudn dong twong duong:
(Poc + JQu0i )
U

Trong d6, P, , Q. va U, biéu thi cho cong suat tic dung, cong sudt phan khang cta phuy tai

‘jDk == 4)

va dién ap phirc lién hop tai nut k.
Ngudn dién dwoc md hinh hoéa bang mét téng dan twong dwong nhu sau:

( Gi JQGi)
u?

Trong do, R, Qg va U, tuong tng la cong sut tac dung, cong suit phan khang cua ngudn

Yoi =— (%)

dién va mo-dun dién ap tai nit i.
Sau d6, tong dan tuong duong ctia moi nguon dién dugc thém vao phan tir duong chéo (i,i)
ctia ma tran tong dan nit, ta thu dugc ma tran tong dan nit cai bién Y.*. Nghich d4o cia Y,

mod

duoc goi la ma tran tong tré nit cai bién nhu sau:
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Zmod _ (Ymod )’l (6)

bus bus
2.1.3. Ap dung nguyén Iy xép chong

Gia thiét réng hé théng dién co N, phu tai, ta c6 ma tran duong chéo J (ND xNg ) :

j 0 .. 0
0 J, 0

J= ©)
0 0 .. J,

Matran Z (N x N, ) dwoc xay dung bang cach loai b6 cac cot Gting v6i nat ngudn ctia ma tran
tong tro nut cai bien Z]>.

Béng cach nhan hai ma tran Z va J, ma tran dién ap U (N xN,) thu dugc nhu sau:

_U.M Uilyz U.LND ] ‘jl 0 0
u,, U, U, S 0o J, .. 0 @
U,, U, U, | 0 0 .. J,

Trong d6, phan tir U,, ctia ma tran U biéu thi cho mirc 49 dong gdp ciia ngudn dong J, vao
dién ap phuc tai nat i (U )
Can luu y rang moi cot cnama tran U co thé dwoc xay dyng bang cach sir dung nguyén ly xep

chdng khi chi mét ngudn dong tuong dwong hoat déng. Hon nita, dién ap phuc tai nat i co thé
dugc xac dinh tir hang thir i cia ma tran U nhu sau:

U =U,+U,+.+U,, 9)

Su déng gbp ctia ngudn dong J, vao dong nhanh mn tai nat m duge tinh nhu sau:

Imn,k :(Um,k _Un,k)ymn +Um,kyrsnhn (10)
Trong do, y__1a tong dan doc ctia nhanh mn va y* 1a tong dan ngang ciia nhanh mn ndi véi nat m.
Tuong ty, sy dong gdp ciia ngudn dong J, vao dong nhanh mn tai niit n dugc tinh nhu sau:

. . . ) C g

Inm,k :(Un,k _Um,k)ymn +Un,kynm (11)
Trong do6, o 1a tong dan ngang cua nhanh mn két néi vai nat n.
Su dong gop ctia nguon dong J, t6i ton that cong suat trén nhanh mn duge xac dinh nhu sau:

* . *

AS.mn,k :Um'lmn,k +Un'|nm,k (12)
Su dong gop ctia mdi phu tai vao tong ton that cong suat cia ludi dién duoc tinh nhur sau:
.= . AS, (13)

Vnhanh mn
2.2. Phén bé ton thdt cong sudt si dung trao lwu cong sudt cdi bién

Xét hé thong dién gdbm hai nit duge mé ta nhu Hinh 1.
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u.s _ReXi U,
i|—|:|—| ]
P Qi w—]——= Pi.Q;

Hinh 1. Hé thong dién hai mit

M&i quan hé gitra ty s6 cia dong cong sudt nhanh véi mo-dun dién ap nut va ty s6 cua cong
suat nat vai moé-dun dién ap nut dugc biéu dién nhu sau:

Rosh R_vQ
ui_zuk’ > 4

Trong d6, N 1a téng tat ca cac nut c6 trong mang dién.
Tong ton that cong suat tac dung trén toan ludi dién duogc xac dinh nhu sau:

AP = ZRU uz R+Q _Z ”(uj ZRU[ j = AP’ + AP® (15)

ijeQ i ijeQ ijeQ
Trong do, Q 1a tap hop cac nhanh trén toan ludi dién.
Ma tran chi s6 nhanh — duong (ki hiéu 1a T) 1a ma tran dugc mo ta nhu sau:

1 |ij eV,
Ty = 0 LegV¥ (16)
ij K

Ia chi s6 lién hé gitta nhanh ij va nut k; I, 1 céc phn tir thuge Q; W, 1a tap

Trong do, T.

ij.k
hop cac nhanh ndi gitra nat k va nat nguon.

Bién doi cac biéu thic (14), (15) va ma tran T, moi lién hé gitra cong suat nat, cong suat
nhanh va dién ap nat dugc biéu dién nhu sau:
Ug iaoPor = TUR 4aPres Us, Uy

S diag® Br R _diag™ bus? S dlagQBr = T R dlangus

(17)
¥

nhanh; P, ,Q, tuong img 1a ma trdn cot dong cong suét trén nhanh; P, _,Q, . lan lugt 1a ma tran

Trong do, U 12 ma tran duong chéo mo-dun dién ap nat dau va nut cudi cua

S_diag ! R_diag
cot ctia cong suat nut; cac ma trén trén c6 thir ty cac phan tir twong tng véi ma tran T. )
Tu (15) va (17), ton that nhanh c6 thé dugc phan tach thanh déng gop cua cong suat tac dung
va cong suat phan khang:
- 2 . —
APijP = I:\)ij (T URldlag Pbus) ’ APijQ RI ( URldlangus) (18)
Trong d6, T; la ma tran hang cua ma tran T twong (rng v&i nhanh ij.
Téng ton thit cong suat trén mang dién gay ra boi cong suit tac dung va cong suét phan khang:
APP = (Tu;dlag Pbus) R TU_l Pbus; AP ( U;ldlangus) R TU;dlangus (19)

R_diag
Trong d6, R 1a ma tran dudng chéo dién tro trén cac nhanh tuwong trng voi matran T.
Tir (18), phan bo ton that cong suat trén nhanh ij cho nat k giy ra boi cong suat tac dung va
cong suat phan khang dugc xac dinh béi hai cong thirc sau:

APIJ K — UI:lPk R| T U;zldlag Pbus; AI:?JQk Ullek RI T U;z dlangus (20)

Tn that cong suit cua mang dién dugc phan bd cho mot nut bét ky:
AP? = Z AP’ =U'RT/R,TU. . P, (21)
ZA ij.,k UI:leT R TU:dlangus (22)
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2.3. Phén bé ton thdt cong sudt sie dung hé sé ton thdt bién

Hé phuong trinh tuyén tinh dé tinh hé sé ton thét bién:

[ 0P, OP, oP, 0Q, 0Q, oQy |[oAPT] [ oAP ]
o5, o5, @5, o5, o5, 85, || op, 85,
oP, P, P, 0Q, Q, aQ, || oaP | | aAP
o6, o6, o5, 85, 05, 085, || oP, _| 95y (23)
P,  OP, P, 4Q, 0Q, aQy || 6AP | | aAP
ou, aou, 7 aU, ouU, oU,  aU, || AQ, ou,
oP, P, P, 2Q, 0Q aQ, || 6AP | | aAP
|oU, oU, AU, aU, aU,  aUy |[aQy | |V, |
Hé phuong trinh (23) ¢6 thé duoc viét dudi dang gon hon nhu sau:
Ap=Db (24)

Trong do, ma tran A la chuyén Vi cua ma tran Jacobi duqcﬂ xac dinh tur phan tich trao luu cong
suat bang phuong phap Newton-Raphson; p 1a véc-to hé so ton that bién va b 1a véc-to hé so do
nhay cua t§n th:éit cong sufit theo gbc pha va mo-dun dién ap nut.

Tong ton that cong suat tac dung ctia ludi dién:

1 N N ) )
APZEZ;Z;QU [UZ+U? -20U; cos(& - &) | (25)
i=l j=

Trong do, g; la phan thyc caa tong dan doc nhanh ij.

Tir d6, cac phan tir ciia véc-to b trong hé phuong trinh (24) dugc tinh nhu sau:

oAP . oAP _
oot -5 ) == - - Cj= 2
% 2jz:1“gijuiuj sin(s, - 5;); 0, 2;9“ [Ui-Ujcos(5-5,) ] i=1...N  (26)
Sau khi giai hé phuong trinh (24), ta thu duoc hé s ton that bién tai nat k:
K, —2AP __aAP 7)
Py OR
T6n that cong suit duoc phan bd cho phu tai k sir dung hé sb ton that bién:
, OAP
AP = PDk.aT =P, .K, (28)

Dk
Tuy nhién, téng ton that cong suit dugc phan bd (AP')sir dung hé s ton that bién khong

bang véi tong ton that cong suét cua ludi dién (AP) khi phan tich trao luu cong suit:

Np Np
AP = AP = Py K, = AP (29)
k=1 k=1
Tir do, t6n that cong suit duoc phan bd cho phu tai k:
, AP
APDk = PDk'Kk = PDk'Kk'F (30)

3. Két qua tinh todn
3.1. Mé ti dir liéu lwoi 33 nut IEEE

Lu6i dién phan phdi hinh tia 33 nat IEEE [4] dwoc mo ta trén Hinh 2. Ludi dién c6 mot ngudn
tai nat 1 véi U, =1,05pu (U, =12,66kV ). Trong bai bao nay, cong suat cua cdc phu tai dugc
tang 1én 150% so va&i dir li¢u ban dau, va tong cong suat phu tai bang 5,5725+ j3,45 MVA.
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23 24 25

L

26 27 28 29 30 31 32 33

Hinh 2. Ludi dién phdn phoi 33 niit |EEE
3.2. Két qud tinh todn

Trong phan nay, phan tich trao luu cong suat va phan bd ton that cua ba phuong phap duoc
tinh toan bang phan mém MATLAB [12].

Phan tich trao lwu cong suit cua luéi 33 nit, ta dugc mo-dun va goc pha dién ap nit trong
Bang 1 va tong ton that cong suat tac dung cua ludi dién 1a 439 kW.

Bang 1. Két qud phdn tich trdo lweu cong suat

Nat  U(pu)  o(°)  Nat U(pu)  6(°)  Nae  U(pu)  3(°)

1 1,050 0 12 0,942 -0,255 23 1,020 0,093
2 1,046 0,020 13 0,933 -0,388 24 1,010 -0,030
3 1,025 0,136 14 0,930 —-0,503 25 1,005 -0,091
4 1,014 0,229 15 0,928 —-0,558 26 0,973 0,247
5 1,003 0,324 16 0,926 -0,592 27 0,969 0,328
6 0,976 0,190 17 0,923 -0,706 28 0,952 0,446
7 0,971 -0,140 18 0,922 -0,720 29 0,940 0,559
8 0,964 —-0,087 19 1,045 0,006 30 0,935 0,712
9 0,954 -0,192 20 1,040 —0,086 31 0,929 0,589
10 0,946 0,282 21 1,039 -0,112 32 0,927 0,555
11 0,944 —0,272 22 1,038 —0,140 33 0,927 0,543
Bang 2. Két qua tinh todn hé s6 ton thdt bién triede va sau khi hiéu chinh
Niit K K’ Niit K K’ Nut K K’
1 0 0 12 0,1826 0,1215 23 0,0486 0,0323
2 0,0069 0,0046 13 0,2010 0,1338 24 0,0636 0,0423
3 0,0404 0,0269 14 0,2073 0,1380 25 0,0713 0,0475
4 0,0588 0,0391 15 0,2119 0,1410 26 0,1231 0,0819
5 0,0773 0,0514 16 0,2164 0,1440 27 0,1293 0,0861
6 0,1184 0,0788 17 0,2223 0,1479 28 0,1521 0,1012
7 0,1242 0,0826 18 0,2242 0,1492 29 0,1685 0,1121
8 0,1395 0,0928 19 0,0079 0,0053 30 0,1770 0,1178
9 0,1576 0,1049 20 0,0151 0,0101 31 0,1888 0,1257
10 0,1747 0,1163 21 0,0164 0,0109 32 0,1913 0,1273
11 0,1776 0,1182 22 0,0175 0,0116 33 0,1919 0,1277
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Két qua tinh toan hé sb t6n that bién dugc trinh bay trong Bang 2. Khi sir dung hé s6 ton that
bién trude hiéu chinh (K), tong t6n thit cong suat duoc phén bd cho cac phu tai bang 660 kW.
Tuy nhién, véi hé s6 ton that bién sau khi hi¢u chinh (K*), tong ton that cong suit duoc phan bd
cho cac phu tai la 439 kW. Tri s6 nay chinh xac bang tong ton that cong suat khi phén tich trao
lru cong suit.

Két qua tinh toan phan b tn that cong suét sir dung ba phuong phap duge mé ta & Hinh 3.
Tur Hinh 3, ta thay rang, két qua phan bd ton that cong suat cho phu tai cua ba phuong phép 1a
khac nhau. Sy khac biét I16n nhat glua ba phuong phap phan bd tai nut 30 (phu tai c6 hé sé cong
Suit bang 0,316). Trong do, ton that cong sut duoc phan bd bang 82,16 kW khi sir dung trao luu
cong suat cai bién; 49,48 kW khi str dung nguyén Iy xep chéng va 35,34 kW khi su dung hé s0
t6n that bién. Pdng thoi, vei cung phuong phap, ton that cong suat duoc phan bo cho cac phu tai
phu thudc vao cong suat tiéu thu cia phu tai va vi tri cua phu tai trong ludi dién.
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70 o Trao lvu cong suat cai bién

- - - - Nguyén Iy xép chong

------------- Hé s6 ton thit bién

60 1
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50 4

t dwgc ph

40 A

ong sua

30 +

Tén thét ¢

20 o

10 1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3 31 32 33
Hinh 3. Két qua phdn bé ton that cong sudt Ciia ba phwong phdp
4. Ket luan

Bai bao so sanh ba phwong phap phan b ton thét cong suat cho ludi dién phan phéi 33 nat
IEEE, bao gdm phuong phap dua trén nguyén ly xép chong, phuong phap st dung trao luu cong
suét cai bién va phuong phap h¢ s6 ton thét bién. Pic diém chung cua ba phuong phap 1a de hiéu,
c6 xét cong suat tiéu thy va vi tri ctia phuy tai trong luéi dién. Tuy nhién, ton that cong suit duoc
phan bo cho phy tai sir dung ba phuong phap la khac nhau. Didu nay la do phuong phap phan b6
dua trén nguyén ly xép chong khong sir dung m01 quan h¢ phi tuyén gitta ton that cong sudt va
cong suat nut. Pong thot, phuong phap hé s6 ton that bién doi hoi bude hiéu chinh dé dam bao
tong ton that cong suat dugc phan bd bang voi gia tri 6 dugc tr phén tich trao luu cong suét. V&
pham vi 4p dung, phuong phap dua trén nguyén ly xép chdng va phuong phap hé s ton thit bién
c6 thé ap dung cho ca luéi dién kin va ludi dién hinh tia. Tuy nhién, phuong phap sir dung trao
lwu cong suat cai bién chi ap dung dugc cho ludi dién phén ph01 voi cau tric hinh tia. Huong
nghién ciru twong lai 1a so sanh cac phuong phap phén b6 ton that cong suat cho luéi dién co cac
ngudn dién phan tan va khong ddi xtng, va dé xuit phuong phap phan bd ton that cho cac giao
dich song phuong trong thi truong dién.

http://jst.tnu.edu.vn 176 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 227(11): 169 - 177

TAI LIEU THAM KHAO/ REFERENCES

[1] N. V. Pham, D. H. Nguyen, and D. H. Nguyen, “The impact of TCSC on transmission costs in
wholesale power markets considering bilateral transactions and active power reserves,” Univ. Danang
- J. Sci. Technol., vol. 12, no. 109, pp. 24-28, Dec. 2016.

[2] A. . Congjo, F. D. Galiana, and I. Kockar, “Z-bus loss allocation,” IEEE Trans. Power Syst., vol. 16,
no. 1, pp. 105-110, 2001.

[3] M. Atanasovski and R. Taleski, “Power summation method for loss allocation in radial distribution
networks with DG,” IEEE Trans. Power Syst., vol. 26, no. 4, pp. 2491-2499, 2011.

[4] S. Sharma and A. R. Abhyankar, “Loss allocation for weakly meshed distribution system using analytical
formulation of Shapley value,” IEEE Trans. Power Syst., vol. 32, no. 2, pp. 1369-1377, 2016.

[5] A.J. Congjo, J. M. Arroyo, N. Alguacil, and A. L. Guijarro, “Transmission loss allocation: a comparison
of different practical algorithms,” IEEE Trans. Power Syst., vol. 17, no. 3, pp. 571-576, 2002.

IEEE Trans. Power Syst., vol. 36, no. 2, pp. 1638-1640, 2020.

[7]1 D. L. Duong, T. A. Nguyen, and N. V. Pham, “Superposition principle-based method for power loss
allocation in power systems,” Univ. Danang - J. Sci. Technol., vol. 20, no. 6.2, pp. 63-68, 2022.

[8] T. Yang, Y. Guo, L. Deng, H. Shu, X. Shen, and H. Sun, “A distribution system loss allocation
approach based on a modified distflow model,” in 2020 IEEE Power & Energy Society General
Meeting (PESGM), 2020, pp. 1-5.

[9] J. Mutale, G. Strbac, S. Curcic, and N. Jenkins, “Allocation of losses in distribution systems with
embedded generation,” IEE Proc.-Gener. Transm. Distrib., vol. 147, no. 1, pp. 7-14, 2000.

[10] N. V. Pham and Q. D. Do, “Different linear power flow models for radial power distribution grids: a
comparison,” TNT J. Sci. Technol., vol. 226, no. 15, pp. 12-19, Aug. 2021.

[11]S. Zhou, M. Wang, J. Wang, M. Yang, and X. Dong, “Time-Process Power Flow Calculation
Considering Thermal Behavior of Transmission Components,” IEEE Trans. Power Syst., vol. 35, no.
6, pp. 42324250, Nov. 2020.

[12]MATLAB [Online]. Available: https://www.mathworks.com/products/matlab.html [Accessed June
2022].

http://jst.tnu.edu.vn 177 Email: jst@tnu.edu.vn



