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Power World Simulator 1a phan mém tng dung dé mé phong
hé théng dién. Bai bao nay nghién ciru van hanh t6i wu hé thng
dién 7 nut va dé xuét bién phap giai quyét tic nghén duong day
truyén tai khi hé théng dién gip sy cd lam 6n dinh thi trudng gia
dién. Phuong phap giai quyét tic nghén dua trén tai diéu do cac
ngudn phat, cyuc tiéu téng chi phi van hanh, bu cong suit phan
khang, l4p thém thiét bi FACTS trén dudng day va xdy dung dudng
day mdéi trong quy hoach dai han. Két qua mo phong cho thay hiéu
qua vé kinh té 13n k§ thuat khi van hanh hé théng dién va giai quyét
téc nghén dam bao thi truong dién on dinh, c6 thé ung dung cho thi
truong dién ban budn canh tranh tai Viét Nam trong tuong lai.

ABSTRACT

Power World Simulator is an application software used for
simulating power systems. This paper studies the optimal operation
of a 7-bus power system and proposes solutions to transmission
line congestion when system faults occur, in order to stabilize the
electricity market prices. The congestion mitigation methods are
based on redispatching generation units, minimizing total operating
costs, compensating reactive power, installing FACTS devices on
transmission lines, and constructing new lines in long-term
planning. The simulation results demonstrate both economic and
technical efficiency in power system operation and congestion
management, helping to ensure a stable electricity market. These
solutions can be applied to the competitive wholesale electricity
market in Vietnam in the future.

1. Giéi thi¢u

Power World Simulator 12 phan mém dugc ing dung thiét ké dé mo phong hoat dong
ctia hé thong dién. Trong ché d6 chuan Simulator giai bai toan trao luu cong suét bang thuat
toan Newton — Raphson. Muc dich ctia van hanh t61 wu 14 x4c dinh cyc tiéu ham chi phi béng
cach thay doi cac rang budc can bang va khong can bang cong suit ctia may phit.

Van dé tic nghén trén duong day truyén tai thuong xuyén xay ra do nguyén nhan
khach quan va chu quan nhu thoi tiét, nhu cau thay doi phu tai hodc tudi tho thiét bi dién
cling nhu hoat dong mua ban dién canh tranh thong qua chao gia, nhét 1a trong van hanh thi
truong ngan han. Viéc tic nghén truyén tai sé anh hudng rat 16n dén dién ap tai cc nit, ting

39



t6n that dién ap va ton that cong suét, 1am ting gia dién nut tai cac bus dan dén hé thong dién
khong 6n dinh. Vi vdy, can tim ra giai phdp van hanh t6i wu hé thong dién 1a bai toan can
duoc nghién ctru. Phuong phép giai quyét tic nghén bang thiét bi FACTS dugc sir dung
trong [6]. Tuy nhién, phuong phap nay gia thanh diu tu cao, lam ting chi phi toan cuc cia
hé thong dién.

Trén co so t6i uu hé thong dién phai giit cho mdi thiét bi nam trong pham vi vén hanh
mong mudn & ché do xdc lap. Diéu nay sé& tinh dén cong suit phat cyc dai va cuc tiéu cla
méy phat, dong cong suét biéu klen cuc dai trén dudng day truyén tai va may bién ap, clng
nhu dién ap nit ciia hé thong nam trong gidi han cho phép. Do do, tac gia chi quan tdm dén
van hanh & ché do xéac lap cua hé thong dién.

2. Xay dung mé hinh hé thdng dién 7 mit trong Power World Simulator

Trong bai bao nay, ta tién hanh xay dung mo hinh hé thdng dién 7 niit bang phan
meém Power World Simulator nham vén hanh t6i uu dé 6n dinh hé thong dién, dam bao gia
thi truong gia dién. So d6 hé thong dién 7 ntt nhu sau:
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Hinh 1: So d6 hé thong dién 7 nat

Pé dat duge muc dich van hanh t6i uu hé théng dién, sé& thuc thi cac chirc nang dicu
khlen & ché do xac 1ap. Cac chirc nang nay gom didu khlen may phat va diéu khién hé thong
truyén tai. Poi véi ‘may phat, s& diéu khién cong suat tac dung dau ra va dién ap cua may
phat. D6i véi hé thong truyén tai, diéu khién ti s6 nac phan ap cia may bién ap diéu ap dudi
tai hodc goc dich pha ctia may bién ap, diéu khién chuyén mach r& nhanh va tat ca cac thiét
bi bao vé. Bai toan tdi wu xac dinh dit liéu chi phi bién cta hé thong. Dit lidu chi phi nay
ding dé phan tich dinh gia cua sy truyén cong suat tac dung cling nhu dinh gia cac dich vu
phu trg nhu diéu khién dién ap bang cach diéu khién bu cong suit phan khang.

Céc thong s6 may phat, thong sé duong day cua h¢ thdng dién 7 nut duoc trinh bay
trong cac bang 1; 3 va ham chi phi may phat dugc tuyén tinh hoéa trong bang 2 nhu sau:

Bang 1

Thong sb nat ciia mo hinh hé thong dién 7 nit
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STT Nut V (pu) PL (MW) | QL (MVar) (Pl\f[}‘;n)
1 1 1.00 220 100 393.89
2 2 1.00 140 100 198
3 3 1.00 90 50 0
4 4 1.00 150 70 243.11
5 5 1.00 95 60 250
6 6 0.97 190 40 0
7 7 0.97 200 90 0
Bang 2

Ham chi phi ctia cac may phat
STT MW $/MWhr
1 100.0 12.13
2 101.0 12.13
3 102.0 12.14
4 103.0 12.14
5 104.0 12.14
6 105.0 12.14
7 106.0 12.15
8 107.0 12.15
Bang 3
Thong s6 dudng day ciia mé hinh hé thdng dién 7 nut
STT | Tirnat | Pén mit | R(pu) | X (pu) | B (pu) | Dung lwong (MVA)
1 1 2 0 0.1 0 100
2 6 1 0 0.1 0 120
3 7 1 0 0.1 0 150
4 2 3 0 0.1 0 100
5 3 4 0 0.1 0 100
6 3 7 0 0.1 0 100
7 4 5 0 0.1 0 100
8 5 6 0 0.1 0 100
9 7 5 0 0.1 0 100
10 7 6 0 0.1 0 100

41




3. Két qua md phéng hé thong dién va dé xuit giai phap giam thiéu tic nghén

3.1. Két qua mo phong hé thong dién 7 nut khi van hanh ché do xac lap.

Khi tai hoat dong dung yéu cau thiét ké xay dung ban dau thi hé théng dién 7 nat 6n
dinh véi gia dién thi truong 1a 13.74 $/MWh. Dién 4p cac nat dat yéu cau cho phép tir 0.97pu
deén 1.0pu. Két qua mo phong hé thong dién 7 nut két hop vai gia dién thi truong duge trinh
bay nhu hinh 2.
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Hinh 2: Két qua mo phong hé thong dién 7 nat & ché d6 xac lap
3.2. Két qua mé phéng khi h¢ thong dién khi su c6 dirt dwong day tir bus 2 dén bus 3
Khi khi su s6 duong day tir bus 2 dén bus 3 thi dién ap sut giam tai bus 3 (tir 0.97pu
xudng 0.95pu) va bus 7 (tir 0.97pu xudng 0.96pu) gy may o6n dinh tinh, dan dén gia dién
nut tai cac bus (3; 4; 5; 6; 7) ciing c¢6 sy bién dong. Trong d6, bién dong nhiéu nhat ¢ bus 3

(tr 13.66 $/MWh Ién 14.39 $/MWh) va gia dién nut tai bus 6 cao n}lat la 14.88 $/MWh lam
mat on dinh thi truong dién canh tranh. Két qua mé phong dugc thé hién trong Hinh 3.
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Hinh 3: Két qua mo phong hé théng dién 7 nat khi sy s6 dit duong day tir bus 2 dén bus 3
3.3. Két qua mo phéng khi hé thong dién bi sw ¢6 dirt dwong diy tir bus 6 dén bus 7

Khi khi sy s6 duong day tur bus 6 dén bus 7 thi dién ap sut giam nhiéu tai bus 7 (tir
0.97pu xuong 0.95pu) gdy mdy on dinh tinh, can c6 giai phap 6n dinh cho hé thong dién. Sy
cb nang né nhat 1a duong day tir bus 5 dén bus 6 qua tai 100%, dan dén gia dién nut tai cac
bus c6 bién dong ting gia. Trong d6, tang nhidu ¢ bus 6 (tir 14.40 $/MWh 1én 18.36 $/MWh),
két qua mo phong dugc thé hién trong Hinh 4.
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Hinh 4: Két qua mo phong hé thong dién khi sy sb duong day tir bus 6 dén bus 7
3.4. D@ xuit giai phap giam thiéu tic nghén hé théng dién

Giai phap: Tién hanh lip thém tu bu cong suét phan khang dé xir 1y cac van dé tic
nghén trén duong day nham on dinh thi truong gia dién nut tai cac bus tac nghén.

Pé giai quyét giam thiéu tac nghén khi sy c¢b dut dudng day tir bus 2 dén bus 3, giam
t6n that dién ap, giam ton that cong suat va on dinh gia dién thi trudng tai cac bus. Ta thuc
hién bu cong suat phan khang 28.3 Mvar tai bus 3. Khi d6 dién ap tai cac nit dat tir 0.97pu
dén 1.00pu thoa chi tiéu k¥ thuat va gia dién thi trudng on dinh ciia hé thong dién 7 bus 1a
13.90 $/MWh dat chi tiéu kinh té. Két qua mo phong dugc thé hién trong Hinh 5.
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Hinh 5: Két qua mé phong hé thong dién sau khi bu cong suit phan khang tai bus 3

Va thuc hién bu cong sudt phan khang 42.5 Mvar tai bus 7 khi sy ¢b dut duong day
tir bus 5 dén bus 7. Khi d6 dién ap tai cac nit dat tir 0.97pu dén 1.00pu va gia dién thi truong
on dinh mtc 13.70$/MWh. Két qua mo phong nhu Hinh 6.
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Hinh 6: Két qua mo phong hé thong dién sau khi bu cong suét phan khang tai bus 7

Nhu vy, voi giai phap bu cong sut phan khang khi hé thdng dién gap su cb dut day
thi hién tuong tic nghén trén duong day lam mét 6n dinh tinh hé théng dién va bién dong
gia tang gia di¢n nut tai cac bus da dugc xu ly thoa chi tiéu kinh t€ va k¥ thuat. Trong bai
béo, tac gia da dua gia dién thi truong 6n dinh tro lai dat muc gia 13.90 $/MWh gan don gia
mong mudn ban dau 13.70 $/MWh. Cac mé hinh hé thong dién nhidu hon 7 nat va giai phap
méi sé& tiép tuc dugc nghién ciru, phét trién nham cai thién tinh trang tic nghén dudng day
cua hé théng dién va 6n dinh thi truong gia dién theo thoi gian thyc.

4. Két luan

Dé giai quyét cac van dé tic nghén trong thi trudng dién, tac gia s dung phan mém
Power World Simulator md phong bai toan gia dién nit tai cac bus va giai quyét tic nghén
duong day cho hé théng dién 7 nit, phan tich anh hudng cua sy ¢b trén duong day dén gia
dién cua thi truong dién. Bai bao nghién ctru van hanh t61 wu mo hinh hé théng dién 7 nat
dap ung tot cac chi tiéu kinh t& va k¥ thuat. Dién ap van hanh tai cac nat 6n dinh tir 0.97pu
dén 1.0pu, gia dién tai cac nut 6n dinh v&i don gia thi truong dién ban dau 1a 13.74 $/MWh.
Két qua thuc hién giai phap dé xuat bu céng suit phan khang tai cac nit c6 dién ap khong
thoa chi tiéu k¥ thuat, giup cho hé théng hoat dong 6n dinh hon, giam thiéu tac dong dudng
day bi tac nghén. Theo do6, gia dién ¢ cac nat khong chénh 1éch 16n so véi don gia thi truong
dién ban dau. Ngoai ra, dé giai quyét tic nghén triét dé, c6 thé phat trién cac giai phap méi
nhu qui hoach lip thém dudng diy méi, lip thém thiét bi FACTS dé cai thién bién do dién
ap va chia nho giai quyét timg phan nguyén nhan gay ra tic nghén.
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