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Ngay nhan bai: 10/3/2022 Tich hop hé théng dién mat troi (Photovoltaic- Energy Storage
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thit (dién &p va cong suat) caa lugi dién phan phdi. M6 hinh Téi uu

TU KHOA héa cong suat phan khang mé rong (Double Objectives Extended
- Reactive Power Optimization, DERPO) duoc xay dyng véi ham muc
Toi uu hoa tiéu nham giam thiéu ton that dién nang va giam nguy co qua gidi
Co6ng suit phan khang han dién &p co xét b6 sung cac bién diéu khién gom cong suat tac

Dién mt troi dung cua thiét bi luu trir dién va cdng suat phan Khang cua Pin quang
T . dién (Photovoltaic, PV). Thuat toan di truyen (Non-dominated
Thiet bi tich trix Sorting Genetic Algorithms, NSGA-IT) dugc ap dung dé giai quyét
NSGA-II bai toan toi wu sir dung Iy thuyét tap mo dé co6 duoc giai phap t01 uu.
Két qua md phong so sénh giita DERPO va cac phuong phép téi wu
héa cong suat phan khang khac ching minh ring mé hinh duoc dé
xuit c6 thé thuc hién t6i wu hoa thdng nhat va phdi hop giita dong
cong suét tac dung va phan khang, déng thoi nang cao bién do an
toan dién &p va giam ton that trong ludi dién phan phdi.
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1. Giéi thiéu

T6i wu hoa cong suat phan khang cia hé thong dién (HTD) 1a mot bai toan 1ap trinh phi tuyén
phtic tap, da bién, nhiéu rang bugc. Muc dich chii yéu 1a xac dinh trang thai cac thiét bi phan
khang khac nhau ciia hé théng trong mot khoang thoi gian nhat dinh nham giam tén that, nang
cao chat lugng dién ap, dam bao an toan va tiét kiém trong van hanh ludi dién. Didu nay co thé
thuc hién thong qua viée dieu chinh kich tir may phat dién, diéu chinh dau phan ap may bién ap
c6 didu ap dudi tai, dat cac tu bu va nhat Ia sir dung cong nghé¢ may bu tinh (Static Var
Conpensato, SVC). Tuy véy, do HTD la rat 16n va lién tuc phat trién, ciing nhu cac van dé kho
khin trong viéc san xuat, cung ung dién ning; dé co thé dap (g cac tiéu chuan dién &p tai bat ki
thoi diém nao thuc su 13 mot vin dé khong hé don gian.

Trong nhitng nim gan déy, do nhu ciu dién ning ting lién tuc, su thiéu hyt ning lwong truyén
thdng va viéc mo cia thi trudong dién dang 1a dong luc thuc day su phat trién nhanh chong va quy
mob ngay cang I6n cua cac loai ngudn dién phan tan (Distributed Generator, DG) [1]. Trong d6
phai ké dén pin quang dién (Photovoltaic, PV) — loai hinh ¢ téc d¢ tham nhap ngay cang cao
trong mang ludi dién phan phéi (LDPP). Su thay d6i nay da dan dén nhiing thach thic 16n trong
cong tac quy hoach, van hanh va bao vé LBPP truyén thong [2]-[4]. Mot trong $6 d6 1a van dé toi
uu hoa cong suat phan khang [5]-[11]. Dién hinh nhu: thiét 1ap mé hinh da trang théi cho tai cua
PV ddng thoi téi wu hoa cau hinh PV cung cap cong suat phan khang trong LDPP [5]; xay dung
md hinh mang phéan phdi dién tich cuc [6]; tinh toan dong cong suat trong LDPP xem xét tinh
ngau nhién caa PV [7]; thiét 1ap mo hinh t6i vu héa cong suat phan khang caa LDPP c6 xét dén
su gian doan cong suat phat cia PV st dung thuat toan dan ong nhan tao (Artificial Bee Colony,
ABC) [8].

Ty 1 hé théng luu trit ning lwong trong LDPP gia ting dd giup cho hé thong phat dién két
hop luu trlt quang dién (Photovoltaic-energy storage hybrid systems, PESHS) ngay cang 6n dinh
va hiéu qua [12]. Cau trlc cua thi truong dién thay doi da dat ra yéu cau cap bach can phai cai
cach HTD [13]. Chang han nhu bén ban dién (cac don vi ban dién) tham gia canh tranh c6 thé cé
quyén van hanh mang LDPP va dau tu vao viéc lap dat PESHS trong LDPP hoic vi lugi (Micro
Grid, MG) ma ho van hanh [14], [15]. B&i vi PESHS c6 thé cit giam dinh va lap day do thi phu
tai cia LDPP, giam chi phi mua dién dinh, giam chi phi dau tw mo rong hé théng, cai thién chat
lwong dién ap, giam ton thit dién ning, ning cao do tin cay cung cip dién [16], [17], thuc diy
bao ton ning lwong va giam phat thai, tao ra cac lgi ich kinh té - x4 hdi quan trong. Ngoai ra, chi
phi dau tu ciia PESHS dang giam dan qua ting nam, loai hinh nay s& ngay cang duoc ap dung
pho bién trong LDPP. Trong bdi canh d6, PESHS s& trg thanh mot nguon luc quan trong dé diéu
phdi cong suat phan khang va chu dong trong LDPP do kha nang dleu tiét linh hoat cua né.

Do c4u tric cia mang phan phdi khéc véi mang truyen tai, ty sé R/X Ién, phan b cua dong
cong suat tac dung va phan khang cé tac dong l6n hon dén ton that va chat luong dién ap cua
LDPP. Hon nita, do su bién dong ngiu nhién cua tai trong LDPP, rat kho cd thé du doan chinh
xé4c san luong dién cua no [18]. Can dam bao rang dién &p thuc cua ting nit co du bién do an
toan trong qua trinh van hanh tranh xay ra hién tuong dién ap vugt qué gidi han [19]. Vi nhitng ly
do néu trén, bai bao nay dé& xudt mé hinh Téi wu héa céng sudt phan khadng mé réng da muc tidu
(Doubleobjectives Extended Reactive Power Optimization, DERPO) cho LBPP c¢o6 tich hop
PESH véi ham muyc tiéu giam ton that mang va giam nguy co qua gi6i han dién &p. Bang céach
xem xét kha nang diéu chinh cong suat phan khang va hoat dong cua hé théng phat dién két hop
lvu trit quang dién, thuat toan toi wu (Non-dominated Sorting Genetic Algorithms, NSGA-11)
dugc ap dung sir dung ly thuyét tap mo dé co duoc giai phép thoa hiép téi uu. Thong qua viéc so
sanh md phong véi md hinh téi uu hoa cong suat phan khang c6 xét dén cac bién diéu khién khac
nhau, két qua cho thdy md hinh DERPO dugc dé xuét trong bai bao nay c6 thé thuc hién toi uu
héa théng nhat va phéi hop gilra dong cong suit tac dung va dong cong suat phan khéang, dong
thoi co thé khai thac triét dé tiém nang tiét kiém nang lugng va giam tiéu hao trong hé théng,

ddng thoi ning cao bién do an todn van hanh dién ap caa LDPP.
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2. Co ché anh hwéng cia hé thong phat dign két hop lwu trir ning lwgng mit troi dén mang
lwéi phan phoi dién

- )

LUU TRU
DIEN

N Téi xoay

Hinh 1. Cdu tric PESHS
Céu trtic dién hinh cia PESHS duoc thé hién trong Hinh 1. Thiét bi tich trir 1a mot giai phap
co ban dé nang cao do tin cay cung cip dién va hiéu qua kinh té cia PV bang céch két hop véi
PV trong bai toan quy hoach va van hanh dé giam chi phi dau tu, van hanh va 6 nhiém moi
truong, nang cao hiéu qua kinh té bang cach diéu chinh @6 thi phu tai nham giam chi phi mua
dién tir hé thong. Ngoai ra, thiét bi nay ciing duoc st dung dé diéu chinh do thi phu tai bang cach
tich trir dién nang trong gio thap diém va phat tro lai ludi vao gio cao diém.

P, 3
U, U, U,
R +iX, R +ijX, v, U, U,

SONEN

R+J0, P+i0, P+i0, F+i0,

P +0,
Hinh 2. M6 hinh don gian cia PESHS két néi LDPP

Mo hinh don gian cia mot PESHS duy nhét duoc két ndi véi LDPP duoc thé hién trong Hinh
2. Dién &p tai thanh cai ngudn 1a Uy, v6i N phu tai duong day, cong suét tai tha i 1a P; + jQi, dién
ap cua nut tai twong tng la Ui va tré khang duong day gitra nut tai thiri va i-1 1a R; + jQi. PESHS
dugc két nbi tai nat thi p (1< p< N), trong d6 cong suit ciia ngudn quang dién la Py va cong
suat cua thiét bi luu trit nang lugng la Pe.

Trong dudng day phan phdi, thanh phan sut 4p ngang nho. Bé don gian hoa viéc tinh toan (bo
qua anh huéng cuaa thanh phan sut 4p ngang), dién 4p Uy, cua tai tai nat thir m va téng ton hao
PLoss cua duong day phan phdi dugc xac dinh lan luot 1a:

m iPnRi +iQnXi
T el = 1)
u, =U, Z: U
.[3:7) (3o
P oss 22[ i=1 Ui2 i=1 R (2)

i=1
Sau khi PESHS duoc két ndi vai nit p, dién ap cia nat p 1a:
N N
{z P (R + PE)} R+Y>.QX
n=i n=1 (3)

Up=Uy-D == 5

p
i=1 i
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Tir cong thirc todn hoc (3), ¢6 the thdy ring dién &p cua ndt noi ludi luu trir quang dién c quan
hé mat thiét véi cong suit tac dung, cong Sut phan khang va tré khang duong déy tuong ing. Cong
suat dau ra cia PESHS chéc chan anh huong dén dong cong suat trong bo nap, dan dén dién ap nat
thay d6i. Coi dong cong suit tac dung trong ludi phan phéi thuong Ion hon dong cong sut phan
khang. Khi tro khang tuong ddi lon (=1 hoac > 1), thanh phan didu chinh dién &p tac dung s& lon
hon thanh phan didu chinh dién &p phan. Khi d6, tong ton that duoc xéc dinh:

Ploss = Zp:(”i‘ nhE T J{iQn]z R+ Z (ip jz {i‘Q”jZ (4)

i=1 i=p+1

Néu cong suit caa PESHS dugc coi 1a mot bién sd, thi cong thuc (4) 1a mot ham bac hai bao
gom ca bién sé nay va cé gia tri nho nhat. Do d6, diéu chinh san luong dién niang hoat dong Pe
cta bo Iuu trir nang lugng c6 thé 1am giam thiéu ton that LDPP. Xét rang dong cong suat tac
dung trong mang phan phéi thuong 16n hon dong cong suat phan khang, hé thdng luu trir 1uc nay
s& ¢6 tac dung twong ty nhur bu cong suat phan khang, hoac tham chi co tac dung diéu chinh tot
hon. C6 thé thay, viéc dua cong suat phan khang cua hé thdng luu trir vao 1a mét trong cac bién
diéu khién cua viéc toi wu hoa cong sudt phan khang ciia LDPP 14 rat quan trong.

2.1. C4c bién diéu khién

Bién diéu khién téi wu hoa cong. suat phan khang truyen théng c6 thé duoc biéu thi biang céac
bién [Tk, Qc], trong d6 Tk Ia vi tri nic cua may bién ap didu chinh dién ap dudi tai va Qc la cong
suit phan khang cua khéi tu dién. Trén co s¢ do, bai bao nay bd sung hai loai bién didu khién:
cong suat tac dung caa thiét bi luu trit nang luong va cdng suat phan khang cua PV. Xét kha ning
diéu chinh c6ng suét phan khang PV va cac rang budc gidi han cia dong dién, mod hinh toén tdi
vu duoc xay dung véi ham muc tiéu tén that cdng suat min trong gidi han dién &p cho phép. Cac
bién diéu khién cia md hinh DERPO dugc mé rong thanh [Tk, Qc, Pes, Qev], trong do Pes Ia
cong suét cua thiét bi luu trit nang luong trong PESHS, Qpy la cong suat phan khang cua PV. Dé

don gian trong tinh toan, ¢ day chi xem xét didu khién cong suat hoat dong tich trir ning luong,
con diéu khién cong suat hoat dong cua PV khong duoc xem Xét.

2.2. Ham muc tiéu

a. Tong tén that cong sudt min

Tén that cong suit tac dung 1a mot chi tiéu kinh té quan trong trong van hanh luéi dién. Viéc
thiét 1ap hop 1y trang théi cua cac thict bi cong suat phan khang khac nhau trong h¢ thdng va san
lugng cong suat phan khang, tac dung ctia PESHS co thé cai thién phan bé dong cong sut cia hé
thdng va kiém soét tét tn that. Biéu thirc toan hoc cia né 1a:

Ploss = zvu Zvj (Gij Cosg; + By sin 5u) (5)
i=1 jer
Trong d6: Puross 1a tong ton that cong suat caa LDPP; Vi 1a bién do dién &p caa nat thi i i G.,,
Bij, dii lan luot 1a dién dan, dién tro va do léch pha gitra cac nlt i va j twong tng; n la téng sb cac
nut; I' 1a tap hop cac nat duoc két ndi véi nat j.
b. Chi sé riii ro vwoet gidi hgn di¢n ap nat

NAVERVIRS
VLIM:Z( IV EIJ (6)

i=1 ei

Trong cong thirc: Vim 1 chi s6 rai ro vi pham gigi han dién ap; Ve la gié tri ky vong dién ap
cua nat thir i. Thong thuong, viéc xay ra dién ap vuot qua gidi han s& anh huong dén kha ning
van hanh én dinh va an toan cia LDPP. Vv 6 thé phan 4nh mic dd ma dién &p nat léch khoi
gia tri mong doi. Dién ap ndt cang gan véi gia tri Ky vong, nguy co vuot qua gidi han cang thap.
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Do d6, ngay ca khi dién &p thuc té dao dong do sy khong chic chin cua dau ra PV, véi mang
phan phéi dugc diéu khién bai gié tri dién ap du kién (mién 1a gia trj dién ap du kién nam xa ranh
gidi rang budc), viéc kiém soat tot cong suat thiét bi luu trir nang luong s& han ché van dé qua
gi6i han dién ap.

T6m lai, ham muc tiéu cia md hinh toan bao gdbm: giam thiéu ton that LDPP va giam thiéu
nguy co dién ap vuot giagi han dinh mic:

minF =min[P_oss, V] (7

2.3. C4c rang bugc toan hec
a. Can bang cong sudt tac dung va phan khang ‘ ’
Phén bo cbng suat ciia mang ludi dién co thé thong qua phuong trinh can bang cong suat nit co ban:
P -V, Y V,(G; coss; +B;sing; ) =0
jer
Q -V, Y.V, (G coss; +B;sing; ) =0
jer'

Trong d6, Py, (t), QF,; la cong suét tac dung va phan khang cia may phat dién chay vao nt thir

(8)

PED,i (t),QE ; 1a cong suit tac dung va phan khang ciia phu tai dién tai note thiri. V,,V, 1a Gia
tri dign &p tai nt thir i va nat the j. G ;, B ;;, vad; lan luot 1a dién dan, dién dan trung tinh cua
day dan va géc léch pha tir ndt thir i dén j. ne 1a s6 luong diém niit ciia mang ludi dién.

b. Rang bugc bat dang thic ) o

Cac bien trong bai toan toi wu hoa cong suat phan khang cua LDPP c6 rang budc bat dang
thuc c6 thé dugc chia thanh bién diéu khién va bién trang thai. Ching gom co:

QC.min < QCi < QC.max le SC

Tkmm ST <Tkmax I ESk (9)
Pesmin < Fesi < Pes.mex I € Sespy
Aovmin < Aovi S Aoy max I € Sespy

Trong Cﬁng thuc (9) Qc.min ' QC.max d T i T P i PES.max' /IPV.min' ;{PV.max Ié\m hl’Qt

k.min * "k.max * * ES.min !
thé hién la cac gid tri cuc dai va cuc tiéu cong suat phan khang cua thiét bi bu trén ludi, vi tri cta
dau phan ap may bién 4 ap diéu chinh dién ap dudi tai, cong suat tac dung cua thiét bi luu trir ning
lugng va hé so cong suat cua PV. Kha ning didu chinh c6ng suat phan khang caa PV sé& bj han
ché bai cong suit cua bo bién tan va cong suat hoat dong cua no:

|QPV| | < \/ SPV| I:)PZV (10)

Trong d6: Sevi Va Peyi l4n luot 13 cong suat bién tan va cong suat phat cia PV thi i.
Cac rang budc cua bién trang thai bao gom rang budc dién ap nut va rang budc céng suat
nhanh, cu thé la:

i.min —
[T e | ieS,
Trong do: li 1a dong dién cta nhanh thir i; V,

{V <V, <V, ieS, )

min VA V. o 140 Tuot thé hién gid tri nho nhat va

I6n nhét caa dién ap nat tha i; |, ., 12 gid tri 16n nhat ctia dong dién nhanh; Sg va St 1a cac tap
cua céc nat va nhanh.

3. Cong cu giai bai toan toi wu
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3.1. Téi wu Pareto (Pareto optimality)

Trong t6i wvu hoa da muc tiéu, thudng khdng co tap nghiém dé 1am cho tat ca cac ham muc
tiéu dat dén téi wu dong thoi. Hiéu qua Pareto hay con goi 1a ti wu Pareto 1a mot trong nhitng Iy
thuyét trung tam cua kinh té hoc vai nhiéu tng dung rong rai trong ly thuyét tro choi, cac nganh
ky thuat, ciing nhu khoa hoc x& hoi [20], [21]. Vi 1 nhém céc ca nhan va nhiéu cach phan bo
nguon lyc khac nhau cho mdi ca nhan trong nhém d6, viéc chuyén tir mot phan bé nay sang mot
phan bo khac ma lam it nhat mot ca nhan cé diéu kién tét hon nhung khong 1am cho bat car mot
c4 nhan nao khac c6 diéu kién xau di dwoc goi 1a mot su cai thién Pareto hay mot su téi wu hoa
Pareto. Khi dat dugc mot phan bé ma khéng con cach nao khac dé dat thém sy cai thién Pareto,
cach phan bo d6 duoc goi 1a hidu qua Pareto hoic téi wu Pareto. Trong bai bao niy, van dé thoa
man cta mdi ham muc tiéu tuong tng Vi moi giai phép tdi wu Pareto duoc tinh toan theo ham
lién thudc [21]. Chung duoc chuan héa va so sanh véi nhau dé tim ra phuong an ti wu hoa véi su
thoa man 16n nhat dugc chon (nghia 1a giai phap thoa hiép tt nhat).

3.2. NSGA-II gidgi quyét bg gidgi phap Pareto

Khai tao quan thé ban
dau P, Q
+
Y |
Bianh gia thich nghi Tao thé hé con Q
F 3
v
Xic dinh dudmg cong Chon loc quin thé
tir hai quin thé P, Q thich nghi mai P

!

Xic dinh

khnane cach nhan He:'l

Pine

Két thic

Hinh 3. Luu do thugt toan NSGA-11 [21]

NSGA-II 1a mét thuat toan dé giai quyét hiéu qua cac bai toan tdi vu hoa da muc tiéu. N6 4p
dung chién lugc luu giit t6i wu va gidi thidu toan tir lua chon dua trén muc do sip xép va khoang
cach tap trung dé cai thién su da dang va cai thién dang ké hiéu suit cua thuat toan. Trong thuat
toan nay, 6 hai quan thé c6 kich thudc khong do6i dugc st dung: P 1a quan thé tét nhat dugc chon
loc qua céc thé hé, Q la quan thé con duoc sinh ra tir quan thé P bai cac quy luat di truyén (qua
cac phuong phap lai ghép va dot bién). Trong bai bao nay, bo cong cu MATPOWER trong
Matlab duoc st dung 1am co s& tinh toan dong cong suat va thuat toan véi NSGA-11 1a cong cu
chinh dé tinh toan téi wu cong suat phan khang. Pau tién ta sir dung thuat toan NSGA-II dé tao
ngau nhién cac gia tri ban dau cua cac bién diéu khién thoa man céc rang budc, chuyén chung dén
MATPOWER dé tinh toan gié tri ham muc tiéu tuong tmg va sau d6 st dung thuat toan NSGA-II
dé sap xép céc bién. Tiép theo, cap nhat cac bién kiém soét theo nguyén tic chién lugc tdi wu.
Sau do, cac bién diéu khién méi lai dugc chuyén vao MATPOWER [22] dé tinh gia tri ham muyc
tiéu. Luu do cu thé cua chwong trinh dugc thé hién trong Hinh 3 [21], [23], [24].
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4. Két qua tinh toan

Céu tric mang LDPP duoc gidi thiéu trong Hinh 4 [12]. Trong hé thong c6 mot méy bién ap
diéu chinh dién 4 ap dudi tai, gém 17 nic diéu chinh (mdi nac 1a 1,25%) va hai bd tu bu song song
c6 thé chuyén d6i dugc lap dat tai cac nat 1, 6, 12, 20, 29, 39 va 42 véi cong suat tuong tng mdi
bo 1a 75 kVAr, 40 kVAr, 105 kVAr, 50 kVAr, 50 kVAr, 40 kVAr, 20 kVAr. Cac nut 43, 44, 45
dugc két ndi véi PESHS. Cong suét sac/xa téi da cua thiét bi Iuru trir nang lwong tai mdi nat 1a 1
MW. Heé sb cong suat caa PV 1a 0,85.

Dé xac minh tinh higu qua cia phuong phap tbi uu DERPO dugc dé xuat trong bai bao nay,
bdn kich ban tinh toan véi dit ligu Ia tai min vao ngay nang, tai max vao ngay nang, tai min vao
ngay nhiéu may va tai max vao ngay nhiéu may 13 duoc chon de so sanh m6 phong. Trong kich
ban ngay nhiéu may, san luong caa PV duoc dt bang 1/3 ngay nang Trong kich ban tai max cua
luGi phan phdi, phu tai phia ha 4p cua mdi may bién ap phan phéi dugc dit gap 3 1an tai min.

p 35 36
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Hinh 4. Cdu tric LPPP dé xudt tinh toan [12]

Trong mdi kich ban, 4 nhém mé hinh téi uu hoa so sanh duoc thiét 1ap. Ngoai trir cac bién diéu
khién khac nhau, cac mé hinh nay déu c6 chung ham muc tiéu va cac rang bugc. Cu thé, cac bién diéu
khién caa md hinh 1 12 Qc va Ti; cac bién diéu khién cia md hinh 11 1a Qc, Tk va Apv; CAc bién diéu
khién cuia md hinh 111 12 Qc, Tk va Pes; cAc bién diéu khién cua md hinh 1V 1a Qc, Ty, Pes va Qpv.

4.1. Két qud tinh toan czia 1 kich bdn dién hinh
Bang 1. Thdng sé phu tai tinh toan

Cong Cong Cong Cong Cong suét Cong

NGt suat Nt suat Nut suat  Nut suat NGt / KVA Nut suat
/kKVA /| KVA / KVA / KVA / KVA

1 84+j36 8 24+j9 15 65+j31 22 96+j44 29  88+j29 36 10+j4
2 36+15 9  58+j19 16 37,5+j18 23 28+j11 30 64+j31 37 38+jl4
3 116+j49 10 60+j28 17 725+j29 24  13+j6 31 26+j11 38 28+j10
4 A4+j17 11 78+j28 18 100+j43 25 84+j31 32  23+j9 39 56+j22
5  80+j32 12 175+j75 19 70423 26 90+j33 33  22+j7 40 155+j5
6  38+j15 13 77,5+j31 20 70+j26 27 50+j20 34 38+j16 41  75+j30
7 26+j11 14 95+j40 21 475+j17 28  75+j34 35 12+j4 42 2749

Do gidi han trinh bay néi dung, bai béo tap trung phan tich mét kich ban dién hinh: Phu tai
min vao ngay nang, gia tri phu tai cia may bién ap phan phdi ha &p thé hién trong Bang 1. Cong
suét tac dung du doan cua PV1, PV2 va PV3 lan luot 1a 700 kW, 500 kW va 300 kW twong ting.
Thuat todn NSGA-II duoc sir dung dé giai quyét bdn nhém md hinh téi wu hoa & trén trong kich
ban nay cho két qua nhu trong Bang 2. Céc gia tri ham muc tiéu twong tng Vi cac giai phap thoa
higp t6i wu cua timg nhom mé hinh dugc thé hién trong Bang 3. Trong truong hop nay, viéc giai
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quyét M6 hinh 1V din dén giai phap thoa hiép téi wu va bién gidi Pareto (két qua duoc thé hién
trong Hinh 5).

0.42 T T T T .
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Ténthét céng sust tic dung/ kW
Hinh 5. Bién gidi Pareto

Bang 3 cho thiy:

1) So véi mé hinh [, ton that céng suét va chi sé rai ro qua gisi han dién &p cia md hinh 11 1an
luot giam 6,6% va 2,1%, trong khi mé hinh I1l giam twong mg 8,8% va 12,2%. Thay dbi cong
suat PV co wu diém 1a giam ton that va diéu chinh dién ap.

2) So v&i md hinh I, ton that cdng suat va chi sé rui ro qué giéi han dién &p trong md hinh 1V
lan luot giam 17,4% va 20,4%, diéu nay cho thiy viéc bo sung thém hai bién cong suit tac dung
cua thiét bi luu trir ning lugng va cdng suit phan khang cua PV da dan dén téng ton that giam
thiéu dang ké.

Bang 2. Két qua tinh toan ciza md hinh DERPO cho 04 kich ban

M6 hinh (i) Vi tri ddu phan 4p MBA Cong suat tich trit/ kW  Cbdng suat phan khang PV/ kVar

El E2 E3 PV1 PV2 PV3
I 2 - -
I 2 - 319 213 61
i 1 430 360 60 -
v 1 320 420 -50 397 228 119
Bang 3. Két qua ham muc tiéu cua cac gigi phap toi wu
M6 hinh (i) PLoss/ kw AP% Viui/% AV %
| 31,7 -- 0,49 --
I 29,6 6,6 0,48 2,1
" 28,9 8,8 0,43 12,2
v 26,2 17,4 0,39 20,4

4.2. So sanh cac két qud tinh toan giira cac kich bdn

Két qua tinh toan ciia ham muc tiéu trong (g véi cac giai phap thoa hiép tbi wu cua ting mo
hinh trong bén kich ban tinh toan dugc tom tit trong Bang 3 va 4. M6 hinh DERPO duoc dé xuat
trong bai bédo nay (M6 hinh 4) gitp giam dang ké ton that va nguy co qua gi6i han dién 4p so véi
c4c mo hinh con lai. Cu thé, so vgi mo hinh 11, 11l va IV ¢6 mirc tang hon 10% trong vi¢c Cai
thién nguy co qua gidi han dién ap trong nhiing ngay néng; tong ton that cong suat giam hon 30%
trong nhitng ngay nhiéu may. Gia str rang thoi gian dugc phan bd déu cho bén kich ban trong
ndm, md hinh duoc dé xuit trong cé thé tiét kiem thém khoang 247 triéu chi phi ton that. Nhin
chung, md hinh DERPO duoc dé xuét trong bai bao nay dem lai hiéu qua, c6 thé ti wu hoa phdi
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hop giita dong cdng suat tac dung va dong cdng suit phan khang trong LDPP, giam ton that va
nang cao chat lugng dién ap va lgi ich kinh te.
Bang 4. Két quda ham muyc tiéu cia cac gidi phap toi wu theo cac kich ban tinh toan

M& hinh (i) PLoss/ kw AP% Vimi/% AV | %
Ngay ning (tai min) 1 31,7 -- 0,49 --
Ngay ning (tai min) 2 29,6 6,6 0,48 2,1
Ngay ning (tai min) 3 28,9 8,8 0,43 12,2
Ngay ning (tai min) 4 26,2 17,4 0,39 20,4
Ngay ning (tai max) 1 32,2 -- 0,51 --
Ngay nang (tai max) 2 30,4 5,59 0,5 1,96
Ngay ning (tai max) 3 29,4 8,70 0,43 15,69
Ngay ning (tai max) 4 26,7 17,08 04 21,57
Ngay nhiéu may (tai min) 1 48,4 -- 0,64 --
Ngay nhiéu may (tai min) 2 46,4 4,13 0,42 34,38
Ngay nhiéu may (tai min) 3 28,9 40,29 0,41 35,94
Ngay nhiéu may (tai min) 4 26,2 45,87 0,4 37,5
Ngay nhiéu may (tai max) 1 50,3 -- 0,67 --
Ngay nhiéu may (tai max) 2 48,2 4,17 0,45 32,84
Ngay nhiéu may (tai max) 3 29,4 41,55 0,43 35,82
Ngay nhiéu may (tai max) 4 27 46,32 0,42 37,31

Luu y: Cac gid tri AP va AV trong bang dai di¢n cho si cdi thién Cua cac mé hinh khac lién quan daeén két
qud toi wu héa ciua mé hinh 1 twong vng ve tén that va rui ro qué gisi han dién ap.

5. Két luan

Bai bao nay da xay dung mo hinh t6i vtu DERPO cho LDPP tich hop PESHS v6i muc tiéu
giam thiéu t6i da tn that cong Suit va nguy co qua gi6i han dién ap. Cac két luan chinh nhu sau:

1) PESHS la mot nguon luc quan trong dé diéu chinh cong suat phan khang va hoat dong
trong LDPP. M6 hinh DERPO dugc dé xuat trong bai bao nay khai théc kha ning cua PESHS
trong viéc bu cong suit phan khang va dleU chinh cong Suit tac dung. Két qua tinh toan cho thay
md hinh c6 thé cai thién ty & s dung ngudn cung cap tr hé théng, toi wu hoa dong cong suit tac
dung va phan khang, dat dwoc hiéu qua giam ton that va diéu chinh dién ap dang ké.

2) Thuat todn NSGA-II ¢6 thé phéi hop tét hai muc tiéu tdi wu hoa 1a ton that cong suit va
chat lugng dién ap, dong thoi tim chinh xac Pareto ciia ham da muc tiéu; Bién gioi va giai phap
t6i wu dwoc phan bd dong déu trong khdng gian myc tiéu.

Mo hinh DERPO duogc dé xuat trong bai bao nay ciing c6 thé ap dung cho viéc phol hop téi
vu hoa dong cong suat phan khéng va tac dung trong mang phan phdi véi cac nguodn cong suat
phan khang khac. Ngoai ra, nghién ctu can tlep tuc xem xét dén cac han ché vé dung luong vat ly
ctia thiét bi luu trit nang lugng va kha ning diéu khién cong suat phét PV.

TAI LIEU THAM KHAO/ REFERENCES

[1] Y. Yi, L. Dong, Y. Wenpeng, et al., “Technology and Its trends of active distribution network,”
Automation of Electric Power Systems, vol. 36, no. 18, pp. 10-16, 2012.

[2] H. Jinghan, L. Lin, D. Fanfan, et al., “A new coordinated backup protection scheme for distribution
network containing distributed generation,” Protection and Control of Modern Power Systems, vol. 2,
no. 2, pp. 102-110, 2017.

[3] C. Xu, Z. Yongjun, and H. Xiangmin, “Review of reactive power and voltage control method in the
background of active distribution network,” Automation of Electric Power Systems, vol. 40, no. 1, pp.
143-151, 2016.

[4] S. Xin and C. Min, “Research on the influence of distributed power grid for distribution network,”
Transactions of China Electrotechnical Society, vol. 30, no. 1, pp. 343-351, 2015.

http://jst.tnu.edu.vn 337 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(08): 329 - 338

[5] Z. Lu, T. Wei, C. Pengwei, et al., “Optimal configuration of active-reactive power sources in
distribution network with photovoltaic generation,” Proceedings of the CSEE, vol. 34, no. 31, pp.
5525-5533, 2014.

[6] X. Haijun, C. Haozhong, and Z. Yi, “Reactive power comprehensive optimization in distribution
network based on multiple active management schemes,” Power System Technology, vol. 39, no. 6, pp.
1504-1510, 2015.

[7]1 W. Lizhen, J. Libo, and H. Xiaohong, “Reactive power optimization of active distribution network
based on optimal scenario generation algorithm,” Power System Protection and Control, vol. 45, no.
15, pp. 152-159, 2017.

[8] G. Kang, X. Yugin, Z. Li, et al., “Reactive power optimization of distribution network considering PV
station random output,” Power System Protection and Control, vol. 40, no. 10, pp. 53-58, 2012.

[9] Z. Yongjun, S. Jiehe, and Y. Yingqi, “Reactive power optimization based on interval arithmetic with
distributed power grid,” Power System Protection and Control, vol. 42, no. 15, pp. 21-26, 2014.

[10] D. Lei, T. Aizhong, Y. Ting, et al., “Reactive power optimization for distribution network with
distributed generators based on mixed integer semi-definite programming,” Automation of Electric
Power Systems, vol. 39, no. 21, pp. 66-72, 2015.

[11] Y. Yifen, W. Wenxuan, Z. Yi, et al., “Bi-level optimal allocation of reactive power compensation
considering active management measure,” Power System Protection and Control, vol. 45, no. 12, pp.
60-66, 2017.

[12] Z. Ming, Y. Yonggi, L. Yuanfei, et al., “The Preliminary research for key operation mode and
technologies of electrical power system with renewable energy sources under energy internet,”
Proceedings of the CSEE, vol. 36, no. 3, pp. 681-691, 2016.

[13] B. Yang, X. Le, X. Qing, et al., “Institutional design of chinese retail electricity market reform and
related suggestions,” Automation of Electric Power Systems, vol. 39, no. 14, pp. 1-7, 2015.

[14] Z. Yu, D. Zhaoyang, H. Shilin, et al., “Optimal integration of mobile battery energy storage in
distribution system with renewables,” Journal of Modern Power Systems and Clean Energy, vol. 3, no.
4, pp. 589-596, 2015.

[15] L. Jianlin, M. Huimeng, and H. Dong, “Present development condition and trends of energy storage
technology in the integration of distributed renewable energy,” Transactions of China Electrotechnical
Society, vol. 31, no. 14, pp. 1-10, 2016.

[16] S. Zhenxin, L. Hangiang, Z. Zhe, et al., “Research on economical efficiency of energy storage,”
Proceedings of the CSEE, vol. 33(S), pp. 54-58, 2013.

[17] M. Samper, D. Flores, and A. Vargas, “Investment valuation of energy storage systems in distribution
networks considering distributed solar generation,” IEEE Latin America Transactions, vol. 14, no. 4,
pp. 1774-1779, 2016.

[18] L. Qingjie, W. Shao, and L. Tinglei, “Active/reactive power integrated optimization in distribution
networks with distributed generation,” Power System Protection and Control, vol. 40, no. 10, pp. 71-
76, 2012.

[19] L. Yibing, W. Wenchuan, Z. Boming, et al., “Overvoltage preventive control method based on active
and reactive power coordinated optimization in active distribution network,” Automation of Electric
Power Systems, vol. 38, no. 9, pp. 184-191, 2014.

[20] Q. H. Wu, Z. Lu, M. S. Li, et al., “Optimal placement o.f FACTS devices by a group search optimizer
with multiple producer,” Proceedings of IEEE World Congress on Computational Intelligence,
Hongkong, China, June 1-6, 2008, pp. 1033-1039.

[21] H. H. Nguyen and D. Hoang, “Using algorithm NSGA 1l to solve the problem of minimizing power
loss in electrical distribution networks,” The University of Danang - Journal of Science and
Technology, vol. 11, no. 96, pp. 58-62, 2015.

[22] R. D. Zimmerman, C. E. Murillo-Sanchez, and R. J. Thomas, “MATPOWER: Steady-State
Operations, Planning and Analysis Tools for Power Systems Research and Education, Power
Systems,” IEEE Transactions on, vol. 26, no. 1, pp. 12-19, Feb. 2011.

[23] W. Xiangi, L. Zhilin, and T. Zeqi, “Multiobjective dynamic optimal dispatching of grid-connected
microgrid based on TOU power price mechanism,” Power System Protection and Control, vol. 45, no.
4, pp. 9-18, 2017.

[24] S. L. Wen, H. Lan, Q. Fu, et al., “Economic allocation for energy storage system considering wind
power distribution,” IEEE Transactions on Power Systems, vol. 30, no. 2, pp. 644-652, 2015.

http://jst.tnu.edu.vn 338 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

