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TOM TAT
Luan 4n phan tich va dé xuat bai toan mé rong ludi dién phan phéi (LDPP),
mo rong cong suit ctia ngudn dién phan tan (DG) va cong suit van hanh cta bo dy
trit nang luong (ESS) dé nang cao hiéu qua hoat dong ctia LDPP. Luan an dé xuét ba
bai toan mdi va mot bai toan ap dung cho LDPP Viét Nam, cac bai toan nhu sau:

Bai toan 1: Mo rong LDPP thong qua xac dinh vi tri va cong suét téi uu ciia DG
¢ xét tai cAu hinh lué6i dién phan phdi (DNR). Ludn 4n dwa ra mot bai toan méi dé
giai quyét van dé toi wu vi tri va cong suat cia DG thong qua hai giai doan. Giai doan
| - t6i wu lap dat DG trong LDPP kin (giai doan thiét ké) va giai doan Il - t6i uu khoa
mé dé ludi dién van hanh ho (giai doan van hanh). Bai toan dé nghi thuc hién t6i uu
lép dat DG c6 xét DNR vé6i ham muc tiéu 13 cyuc tiéu tdn that cong suét cta hé théng.
Bai toan d¢ nghi hai giai doan 1a mot dang bai toan tdi vu méi trong lap dit DG c6 xét
DNR bén canh cac dang bai toan tbi wu lap dat DG c6 xét DNR khéc da duoc cong bd
nhu bai toan toi vu dong thoi vi tri, cong suat va DNR (bai toan dong thoi) va bai toan
t61 wu vi tri trude va sau d6 toi ru cong suat va DNR (bai toan VT - CS va DNR). Bai
van dé lap dat DG c6 xét DNR. Bai toan t6i vu DG thong qua hai giai doan cho thay
s6 bién giam cho mdi giai doan ctia thuat toan tdi wu bang cach chia ra timg giai doan.
Bai toan dé nghi ciing cho thay sy phut hop cia van dé lap dat DG trong dai han (giai
doan thiét k&) dugc wu tién trude va van dé DNR 14 ngdn han (giai doan van hanh)
dugc thyc hién sau. LDPP 33 n(t va LDPP 69 n(t dugc kiém tra va cho thay tinh hiéu
qua ctia bai toan dé nghi. Bai toan dé nghi str dung thuat toan Runner Root Algorithm
(RRA) thuc hién va so sanh véi thudt toan Coyote Algorithm (COA) va Genetic
Algorithm (GA). Vé thuat toan, két qua cho thiy cac thuat toan RRA, COA va GA 1a
cac thuat toan hiéu qua dé tbi vu lép dat DG cho LBPP c¢6 xét DNR. Ngoai ra, bai toan
dé nghi cling dugc so sanh véi cac bai toan dong thoi va bai toan VT-CS va DNR véi
cac thuat toan khac nhau ciing cho thay hiéu qua cuia bai toan tach ra hai giai doan.
Céc két qua md phong cua bai todn dé nghi cho thay ton that cong suat toan hé thong
tuong tu voi bai toan dong thoi va tdt hon so voi bai toan VT- CS va DNR. Bai toan
dé nghi toi wu ldp dit DG c6 xét DNR thong qua hai giai doan da dugc nghién ctru,

thuc hién va cong bd trong cong trinh s6 [1], [5] va [7].



Bai toan 2: Xac dinh ciu hinh LDPP khi mé rong cong suit cua pin quang
dién (PV). Lu4n 4n dé nghi thuat toan trao doi nhanh véi cong suit nhanh trung binh
(CSNTB) cai tién nham xéc dinh cdu hinh van hanh LDPP khi PV duoc mé rong céng
sult v4i muc tiéu cuc tiéu ton that nang lugng. Uu diém cua bai toan dé nghi la don
gian, dé thyc hién va chinh xac trong viéc xac dinh cAu hinh cia LDPP khi PV duoc
mé rong cong suat. LDPP 18 nit va LDPP 33 nit dugc ap dung thir nghiém da cho
thiy phuong phap dé nghi 1 don gian, nhanh chéng xac dinh duoc ciu hinh luéi dién
va c6 d6 chinh xac cao khi so sanh v&i bai toan xac dinh cau hinh ludi dién theo phuong
phap str dung cong suat nhanh trung binh (CSNTB) va phuong phap sir dung do thi
phu tai béng cac thuat toan toi wu. Bai toan dé nghi da dugc nghién ctru, thuc hién va

cong bd & cong trinh s6 [2] va [10].

Bai toan 3: Ap dung mo rong LDPP Chu Prong — Gia Lai cua Viét Nam.
LDPP Chu Prong dugc ap dung dé mé rong théng qua lap dit DG nham tbi da cong
suat thim nhép va cuc tiéu ton that cong sut ctia hé théng. Bai toan dé xuat ba giai
doan lip dit DG tuong tng voi ba vi tri va cong suat kha thi cho phép lip dit vao
LDPP Chu Prong. Thuat toan Runner Root Algorithm (RRA) va Coyote Algorithm
(COA) duoc sir dung hiéu qué cho bai toan 1 va tiép tuc duoc ap dung dé thir nghiém
cho van dé lap dit ba DG cho LDPP Chu Prong khong xét tai cdu hinh. Tir két qua
ba DG di duoc t6i wu, luan an dé xuat mot ké hoach lap dat mo rong DG trén LDPP
Chu Prong qua ba giai doan nham phu hop véi van dé dau tu va lp dit DG trong mot
thoi gian dai. Bai toan dé nghi di dugc nghién ciru, thuc hién va cong bo trong cong
trinh s6 [3], [8] va [9].

Bai toan 4: M¢ rong LDPP thong qua lap dat pin dy trit ning lugng (BESS)
dé giam chi phi mua dién. Ludn an dé xuat bai toan xac dinh vi tri va dung lugng cua
BESS trén LDPP nham giam chi phi mua niang lugng ciing nhu giam chi phi ton that
nang luong. Bai toan dé nghi véi diém mai 1a dua ra ham muc tiéu cuc tiéu chi phi
mua nang luong va thuat todn CSA duogc ap dung lan dau tién cho bai toan téi wu vi
tri va dung luong cia BESS. Viéc téi vu lap dat BESS vao hé théng khdng nhiing
giam chi phi mua dién ning ma con giam ton that niang luong va khai thac hiéu qua
c4c ngudn nang luong tai tao (RES). LBPP 18 nut va LDPP 33 nit ¢6 PV duoc thir
nghiém cho bai toan t6i vu lap dat BESS di cho thay tinh hiéu qua cia BESS khi

Vi



tham gia vao LDPP. Bai toan dé nghi t6i wu lap dat BESS trén LDPP di dugc nghién
ctru, thuc hién va cong bd trong cong trinh sb [4] va cong trinh sb [6].

Céc bai toan trong luan an d& nghi mé rong LDPP thong qua lip dit va mo
rong cong suat cia DG va BESS nhiam nang cao hiéu qua hoat dong cuia LDPP. P6i
v6i DG di cho thiy giam ton that cong suét cua hé thong va dbi véi BESS cho thiy

giam chi phi mua dién nang ro rét.
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ABSTRACT

The thesis analyzes and proposes the problem of expanding the Distribution
Network (DN), expanding the capacity of the Distributed Generation (DG) and the
operating capacity of the Energy Storage System (ESS) to improve the efficiency of
the distribution network. The thesis proposes three new problems and one applied to
the distribution network of Vietnam, the problems are as follows:

The first point: Expanding the distribution network by determining the optimal
location and capacity of the DG with consideration of the Distribution Network
Reconfiguration (DNR): The thesis presents a new problem to optimize the position
and capacity of the DG through two stages. Phase | - Optimizing the installation of
DG in the closed loop of the distribution network (design phase) and Phase Il -
Optimizing open switching for the distribution network to operate open (operating
phase). The problem proposes to optimize the installation of DG with consideration
of reconfiguration with the objective function of minimizing the power loss of the
system. The phase Il proposed problem is a new type of optimization problem in DG
installation optimization that considers reconfiguration besides optimization
problems of VT- CS and DNR. The proposed problem with two optimization phases
has the advantage of providing a globally optimal solution to the problem of installing
DG with consideration of reconfiguration. The phase Il problem shows that the
number of variables decreases for each phase of the optimization algorithm by
dividing it into two phases. In addition, the proposed two-phase problem also shows
that it is suitable for long-term DG installation (design) to be prioritized and DNR to
be short-term (operation). The distribution network of 33 nodes and distribution
network 69 nodes is tested and shows the effectiveness of the proposed problem. The
proposed problem uses Runner Root Algorithm (RRA) algorithm to perform and
compare with Coyote Algorithm (COA) and Genetic Algorithm (GA). In terms of
algorithms, the results show that RRA, COA and GA algorithms are effective
algorithms to optimize DG installation for distribution networks considering
reconfiguration. In addition, the proposed problem is also compared with concurrent
problems and the VT- CS and DNR problems with different algorithms also show the

effectiveness of the proposed problem. The simulation results of the proposed
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problem show that the power loss of the whole system is similar to the concurrency
problem and better than that of the VT- CS and DNR problems. The problem of
proposing optimal installation of DG with consideration of reconfiguration through
two phases has been studied, implemented and published in research [1], [5] and [7].

The second point: Determining the distribution network configuration when
expanding the capacity of photovoltaic (PV). The thesis proposes an improved branch
exchange algorithm with average branch capacity (CSNTB) to quickly determine the
distribution network configuration when PV expands capacity with the objective
function of minimizing energy loss. The outstanding advantage of the proposed
problem is that it is simple, easy to implement and accurate in determining the
configuration of the distribution network when PV is expanded to the installed
capacity. The 18-node distribution network and the 33-node distribution network are
applied experimentally, showing that the proposed method is simple, quickly
determines the network configuration and has high accuracy when compared to the
problem of determining the configuration of the distributed network. other
distribution methods such as the method of using the average branch capacity
(CSNTB) and the method of using the load graph by optimization algorithms. The
proposed problem of using branch exchange algorithm using improved CSNTB has
been studied, implemented and published in research [2] and [10].

Third point: Applying and expanding the distribution network of Chu Prong -
Gia Lai in Vietnam. Chu Prong distribution network is applied to expand through DG
installation in order to maximize the penetration capacity and minimize the power
loss of the system. The problem proposes three installation stages of DG
corresponding to three locations and feasible capacity to allow installation in Chu
Pong distribution network. Runner Root (RRA) and Coyote (COA) algorithms are
used effectively for problem 1 and continue to be applied to the problem of fitting 3
DG of Chu Pong distribution network. From the results of three optimized DGs, the
thesis proposes a plan to install and expand DG of Chu Prong distribution network
through three stages to suit the investment and installation of DG in a long time. The
problem of proposing optimal installation of DG on distribution network by COA

algorithm has been studied, implemented and published in research [3], [8] and [9].



Fourth point: Expand distribution network through installation of Battery
Energy Storage System (BESS) to reduce electricity purchase costs. The thesis
presents the problem of determining the location and capacity of BESS on the
distribution network in order to reduce the cost of buying electricity as well as
reducing the cost of energy loss. The proposed problem with a new point is to give
the objective function to minimize the cost of purchasing energy and the CSA
algorithm is applied for the first time for the optimization problem of location and
capacity of BESS. Optimizing the installation of BESS when there is a PV connected
to the system not only reduces the cost of purchasing electricity, but also reduces
energy loss, but also effectively exploits renewable energy sources (RES). The
distribution network of 18 nodes and 33 nodes with PV has been tested for the
optimization problem of BESS installation and has shown the effectiveness of BESS
when participating in the distribution network. The problem of optimally proposing
the installation of BESS on the distribution network has been studied, implemented
and published in research [4] and [6].

The problems in the thesis suggest expanding the distribution network through
the installation and capacity expansion of DG and BESS in order to improve the
operating efficiency of the distribution network. For DG it has been shown to reduce
the power loss of the system and for BESS it has been shown to reduce the cost of

purchasing electricity.
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CHUONG 1
GIOI THIEU

1.1. Pt van dé

O mdi qudc gia, dién ning ngdy cang déng vai trd quan trong trong viéc dam
bao 6n dinh va phat trién. Hién nay, ning luong bi thiéu do nhu cau ning lugng c6
xu hudng gia ting ciing nhu cac yéu t6 tac dong dén moi trudng. Ludi dién phan phdi
(LDPP) va tai ¢ su thay d6i trong nhitng nim tdi voi nhitng yéu cau va thach thic
m&i nhu 13 cac dich vy, d6 tin cdy, chi phi dau tu, gia ning lugng va cac yéu té anh
huong dén méi truong. Chinh vi vay, véi yéu cau va thach thirc méi thi LDPP cin
phai dugc mo rong. Pé mé rong ludi dién ¢ thé thuc hién nang cip duong day, xay
dung tuyén day méi, lap dat thém cac tram bién 4p mdi, mé rong dung luong tram
bién ap, lép dat nguén dién phan tan (DG), md rong cong suat DG, lép dat bo du trir
nang luong (ESS) [1]. Viéc cai tao nang cap duong day, xay dung tuyén day moi, lap
dit thém tram bién ap hay nang cip cac hé thong dé phuc vu ¢ mot s6 thoi diém ma
tai ting cao s& lam ting von dau tu, ting chi phi va khong hiéu qua. Hién nay, viéc
mo rong LDPP thong qua lép dat DG hay ESS dé hd trg cho hé théng dién 1a mot xu
thé tat yéu [2].

Chién luoc niang luong & thoi diém hién nay va sap t6i 1 tip trung vao viéc khai
thac cac ngudn nang luong tai tao va khi thién nhién, tiét kiém nang lugng, luu trit
nang luong va chinh sach thu hit trong dau tu ngudn dién tir tu nhan. Ning luong
bén virng hién nay c6 mot $6 cong nghé vé mit troi, gi6 va bo du trlr nang lugng dugc
cho 1a rat hiéu qua d6i v6i LDPP [3], [4]. Cac cong nghé nay sir dung twong dbi 13
phd bién vi né co chi phi giam manh va duoc nhiéu chinh sach hd trg trong viéc khai
thac va sir dung. Do d0, cin phai lp dit DG vao LDPP nham dat duoc cac loi ich k¥
thuat, kinh ké va méi truong tir DG [5], [6].

Bd du trir ndng luong (ESS) 1a mot trong cac cong ngh¢ cua DG. ESS hién dang
phat trién va sir dung trong ludi dién phan phdi ngay cang nhiéu [7]. B&i vi trong mot
s6 gio cao diém, hé théng khdng dap tng nhu cau cua phu tai hodc khach hang phai
chap nhan mua niang luong véi chi phi cao. Ngoai ra, ning lugng phat ra du thira can

ESS luu trit & thoi diém nhu cau thip va phat ra trd lai & thoi diém nhu cu cao. ESS
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gitip ludi dién hoat dong hiéu qua nhu tranh phat hop dong do su cd mat dién, giam
gid ning luong, ing phé véi viée tang gia dién dot bién, giam su phu thudc vao ngudn
ning luong tai tao (RES) va tri hodn dau tu nang cap hé thong dién hién c6 [8]. Chinh
vi vy, can nghién ctru lip dat ESS cho LDPP dé nang cao hiéu qua hoat dong. Trong
cac cong nghé cua ESS thi hé théng pin du trit ning lugng (BESS) duoc sir dung
nhiéu nhét trong LDPP cho dén thdi diém hién nay [9], [10].

Thuc trang hién nay, mot s6 LDPP d3 duge lép dat cac DG tai tao c6 gia thanh
dau tu thap, phan 16n 14 cac pin quang dién (PV) [11]. Do vi tri 1ap dat, yéu té moi
truong, chinh sach khuyén khich va kha nang ctia cac nha dau tu nén cac PV kho c6
thé dugc lwa chon vi tri va cong sudt lép dat toi wu. Trén thuc té, cac PV duoc lép dat
ting phan theo diéu kién du tu hién c6 va tiép tuc mo rong cong suat tiry thude vao
diéu kién thuc tién. Vi vay, LDPP can phai xac dinh cau hinh van hanh tbi vu dé cho

LDPP hoat dong hi¢u qua tdt nhat.

NGUON

! e
K

TAI @ TAI TAI @ TAI

Hinh 1. 1. LDPP ¢6 két ndi cac DG va ESS

DG va ESS thu hit rat nhiéu nha nghién ctru trong bai toan tbi wu vi tri va dung
lwgng nham méd rong LDPP va ning cao hiéu qua van hanh hé thong dién [12], [13].
Khi LDPP mé rong voi DG va ESS thi LDPP s& lam viéc hiéu qua hon, kiém
soat dugc gia mua dién ning dong thoi giam cac yéu td tac dong dén moi truong

[14], [15]. Chinh vi thé, bai toan cho LDPP hién nay la:



- Pbi véi LPPP chua dugc lap dat DG: Viéc mo rong LDPP thong qua xac
dinh vi tri va cong suat DG tham gia vao hé théng nhim nang cao hiéu qua hoat dong
ciia LDPP. Trong d6, cuc tiéu ton thit cong suét (AP) 1a yéu té chinh trong ham muc
tiéu toi wu vi cyc tiéu t6n that cong suét cho thay dugc hiéu qua cia DG tham gia vao
hé thng.

- Dbi v6i LDPP da c6 lap dat DG (chi yéu 1a PV): Viéc tiép tuc mé rong cong
suit cia PV & ciing mot vi tri hay vi tri méi theo thoi gian va kha ning dau tu, chinh
sach khuyén khich, vi tri 1ap dat va yéu té anh huong dén moéi trudng. Lic nay, LDPP
can xac dinh lai cAu hinh van hanh méi cia LDPP véi ham muc tiéu 13 cuc tiéu ton
that nang luong (AA).

- P6i v6i LBPP ¢6 chi phi mua dién cao thi cin giam chi phi mua dién nang,
hodc LDPP ¢6 DG 1a cac ngudn ning luong tai tao (RES) ¢ cong sudt dau ra khong
6n dinh thi can phai khai thac hiéu qua RES. Viéc mé rong cong sudt van hanh cua
ESS trong hé thong ngoai van dé giam gia mua dién, khai thac hiéu qua RES thi van
dé giam t6n that nang luong, dich chuyén thoi gian va giam dinh cta phu tai ciing
dugc xem xét. Luc nay, can xac dinh vi tri va dung luong cua ESS dé LDPP hoat

dong vai cac loi ich 16n mang lai tir ESS.

- Pbi v6i LDPP can khai thac tiém ning cta cac ngudn ning luong tai chd: Viée
mo rong LDPP can t6i da cong suat dé tang ty 1é tham gia cia DG va giam gia thanh
dau tu cua cac nha dau tu DG [16]. Bé thu hut cac nha dau tu thi toi da ty 18 tham
nhap cta DG la mdt muc ti€u quan trong vi ty 1¢ DG tham nhap cang cao thi chi phi
dau tu trén 1 KW cang thap. Trong van hanh hé thong dién, mot trong cac van dé k¥
thuat quan trong dé giam chi phi 14 cyc tiéu ton that cong suat [17]. Llc ndy, bai toan

can phai to1 da cong suat cia DG va giam thiéu ton that cong suat cua hé thong.

Tir cac cdng trinh dd nghién ctru va duoc cong bd ciing nhu thuc tién cuia LDPP
thi dé tai “M¢ rong ngudn dién phan tan va bo du trit nang lwong trén ludi dién phan
phéi” voi muc tiéu giai quyét bai todan mé rong LDPP thong qua lap dat DG va ESS
v6i bon van dé chinh nhu sau:

- M6 rong LDPP thong qua lap dit moi DG c6 xét dén DNR v6i ham muc tiéu

1a cuc tiéu ton that cong suat cia hé thong.



- Xac dinh cau hinh van hanh ciia LDPP khi DG tiép tuc dugc mé rong cong
suét véi ham muc tiéu 1a cuc tiéu ton that nang luong cua hé théng.

- M6 rong LDPP thong qua lip dit méi ESS v6i ham muc tiéu 13 giam chi phi
mua dién va giam chi phi ton that ning lwong cia hé thong.

- Mé rong t6i da cong suit thAm nhap ctia DG vao LDPP véi ham muc tiéu 1a

cuc tiéu ton that cong suat cua h¢ thong.

1.2. Pdi twong va pham vi nghién ctru

- Nghién ctru 1y thuyét vé LDPP, DG va ESS.
- Nghién ciru céac bai toan mé rong LDPP thong qua két ndi DG va ESS, mé
rong cong suat ciia DG va cong suat van hanh cia ESS.

- M6 phong, kiém tra trén LDPP mau va so sanh két qua voi cac cong b khéc.

1.3. Muc tiéu va nhiém vu nghién ciru

- M& rong LDPP thong qua lp dat méi cac DG véi myc tidu 1a cuc tiéu ton that
cong suit ctia hé thong.

- X4c dinh cdu hinh LDPP khi mé rong cong suat DG v6i muyc tiéu cuc tiéu ton
that nang luong cta hé thong.

- Ké hoach lép dat mo rong DG tham nhap vao LDPP véi muc tiéu cuc tiéu ton
that cong suat cho LDPP Chu Prong — Gia Lai, Viét Nam.

- Xac dinh vi tri va dung luong cua ESS véi1 muc ti€u 1a giam chi phi mua dién
va giam chi phi ton that ning luong cta hé thong.
1.4. Phwong phap nghién ciru

- Nghién ctru Iy thuyét: Tim hiéu, phan tich va tong hop mét sb tai liéu v6i ndi
dung cua dé tai dé giai quyét cac yéu cau ctia bai toan dit ra.

- M6 phong trén cac phan mém MATLAB, PSS-ADEPT dé kiém tra cac bai

toan dé xuat trén cac ludi1 dién mau.

1.5. Péng gop cia ludn an

Luan 4n phén tich va dé xuat bai toan md rong ludi dién phan phdi (LDPP),

md& rng cong sudt cia nguon phan tan (DG) va cong sudt van hanh cua bd du triv
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nang lugng (ESS) dé nang cao hiéu qua hoat dong cua LDPP. Luan an dé xuét ba bai
todn mdi va mot bai toan ap dung cho LDPP Viét Nam, cac bai toan nhu sau:

Bai toan 1: M¢ rong LDPP thong qua xéac dinh vi tri va cong suat tdi uu cua DG
¢ xét tai cAu hinh lu6i dién phan phdi (DNR). Luan 4n dwa ra mot bai todn méi dé
giai quyét van dé toi wu vi tri va cong sudt cua DG thong qua hai giai doan. Giai doan
| - t6i wu lap dat DG trong LDPP kin (giai doan thiét ké) va giai doan Il - t6i uu khoa
mé dé ludi dién van hanh ho (giai doan van hanh). Bai todn dé nghi thuc hién tbi vu
lap dat DG c6 xét DNR véi ham muyc tiéu 1a cyc tiéu ton that cong sut cua hé thong.
Bai toan d¢ nghi hai giai doan 1a mot dang bai toan tdi vu méi trong lap dit DG c6 xét
DNR bén canh cac dang bai toan t6i vu lép dat DG co6 xét DNR khac da duoc cong bd
nhu bai toan toi vu dong thoi vi tri, cong sudt va DNR (bai toan dong thoi) va bai toan
t6i wu vi tri trude va sau do toi ru cong suat va DNR (bai toan VT - CS va DNR). Bai
van dé lap dat DG c6 xét DNR. Bai toan t6i wu DG thong qua hai giai doan cho thay
sO bién giam cho mdi giai doan ciia thuat toan t6i wu bang cach chia ra timg giai doan.
Bai toan dé nghi ciing cho thay sy phii hop cta van dé lap dat DG trong dai han (giai
doan thiét k&) dugc wu tién trude va van dé DNR 14 ngan han (giai doan van hanh)
duogc thyc hién sau. LDPP 33 n(t va LDPP 69 n(t duoc kiém tra va cho thiy tinh hiéu
qua ctia bai toan dé nghi. Bai toan dé nghi sir dung thuat toan Runner Root Algorithm
(RRA) thuc hién va so sanh véi thudt toan Coyote Algorithm (COA) va Genetic
Algorithm (GA). Vé thuat toan, két qua cho thay cac thuat toan RRA, COA va GA 1a
cac thudt toan hiéu qua dé tdi wu lap dat DG cho LDPP c6 xét DNR. Ngoai ra, bai toan
dé nghi ciing dugc so sanh véi cac bai toan dong thoi va bai toan VT-CS va DNR voi
céc thuat toan khac nhau ciing cho thay hiéu qua cila bai toan tach ra hai giai doan.
Céc két qua méd phong cua bai toan dé nghi cho thiy ton that cong suat toan hé thng
tuong tu v4i bai toan dong thoi va tot hon so véi bai toan VT- CS va DNR. Bai toan
dé nghi toi wu ldp dit DG c6 xét DNR thong qua hai giai doan da dugc nghién ctru,
thuc hién va cong bd trong cong trinh s6 [1], [5] va [7].

Bai toan 2: Xac dinh cdu hinh LDPP khi mé rong cong suit cua pin quang
dién (PV). Luan 4n dé nghi thuat toan trao d6i nhanh véi cong suat nhanh trung binh

(CSNTB) cai tién nham xac dinh cu hinh van hanh LDPP khi PV dugc mé rong cong



suét v4i muc tiéu cuc tiéu ton that nang lugng. Uu diém cua bai toan dé nghi la don
gian, dé thyc hién va chinh xac trong viéc xac dinh cAu hinh cia LDPP khi PV duoc
mo rong cong suat. LDPP 18 nit va LDPP 33 nit dwoc 4p dung thir nghiém da cho
thiy phuong phap dé nghi 13 don gian, nhanh chong xac dinh duoc ciu hinh luéi dién
va c¢6 do chinh xac cao khi so sanh voi bai toan xac dinh cau hinh luéi dién theo phuong
phap st dung cong suit nhanh trung binh (CSNTB) va phuong phap st dung d6 thi
phu tai b'fmg cac thuat toan tdi wu. Bai toan dé nghi da dugc nghién ctru, thuc hién va

cong bd & cong trinh s6 [2] va [10].

Bai toan 3: Ap dung mo rong LDPP Chu Prong — Gia Lai cua Viét Nam.
LDPP Chu Prong duge ap dung dé md rong théng qua lap dat DG nham tbi da cong
suat thim nhép va cuc tiéu ton that cong sudt cta hé théng. Bai toan dé xuit ba giai
doan lap dat DG twong ing voi ba vi tri va cong suat kha thi cho phép lap dat vao
LDPP Chu Prong. Thuat toan Runner Root Algorithm (RRA) va Coyote Algorithm
(COA) duoc sir dung hiéu qua cho bai toan 1 va tiép tuc duge ap dung dé thir nghiém
cho van dé lap dit ba DG cho LDPP Chu Prong khong xét tai cAu hinh. Tir két qua
ba DG d3 dugc t6i vu, luan an dé xuat mot ké hoach lép dat mo rong DG trén LDPP
Chu Prong qua ba giai doan nham phu hop véi van dé dau tu va lap dat DG trong mot
thoi gian dai. Bai toan dé nghi di dugc nghién ciru, thue hién va cong bd trong cong
trinh s6 [3], [8] va [9].

Bai toan 4: M¢ rong LDPP thong qua lap dit pin dy trit ning lugng (BESS)
dé giam chi phi mua dién. Luan 4n dé xuit bai toan xac dinh vi tri va dung luong cua
BESS trén LDPP nham giam chi phi mua niang lugng ciing nhu giam chi phi ton that
nang luong. Bai toan dé nghi véi diém mai 1a dua ra ham muc tiéu cuc tiéu chi phi
mua nang luong va thuat toan CSA dugc ap dung lan dau tién cho bai toan téi wu vi
tri va dung luong cua BESS. Viéc téi vu lip dat BESS vao hé théng khdng nhiing
giam chi phi mua dién niang ma con giam ton that nang luong va khai thac hiéu qua
cac ngudn nang luong tai tao (RES). LBPP 18 nit va LDPP 33 nit ¢d PV duoc thir
nghiém cho bai toan t6i vu lap dat BESS da cho thay tinh hiéu qua cia BESS khi
tham gia vao LDPP. Bai toan dé nghi t6i wu lap dat BESS trén LDPP di dugc nghién

ctru, thuc hién va cong bd trong cong trinh sb [4] va [6].



Céc bai toan trong luan 4an dé nghi mo rong LDPP thong qua lap dat va mé
rong cong suat cia DG va BESS nhim nang cao hiéu qua hoat dong cua LDPP. Di
v6i DG di cho thiy giam ton that cong suét cua hé thong va dbi véi BESS cho thiy

giam chi phi mua dién nang ro rét.

1.6. B6 cuc caia luéin an

Chuong 1: Gi61 thiéu

Chuong 2: Téng quan

Chuong 3: M& rong su tham nhdp cta ngudn dién phan tan trén ludi dién phan phdi
Chuong 4: Mé rong sy thim nhap ciia bo du trit ning lugng trén ludi dién phan phdi

Chuong 5: Két luan



CHUONG 2
TONG QUAN

2.1. Lwéi dién phan phdi

Lu6i dién phan phdi (LDPP) 1a mot phan rat quan trong cua hé théng dién vi
no cung cap dién truc tiép cho cac ho phu tai. Cau tric truyén théng cua hé théng
dién c6 dang doc. Vi vdy, LDPP s& nhan tir ludi dién truyén tai va sau dé cap cho
cac ho phu tai. Luc nay, dong cdng suat s& dugc truyén mot chiéu tir hé théng truyén
tai dén hé théng phan phdi va cap cho cac ho phu tai. Do d6, viéc truyén tai tir nguon
dién dén ho st dung dién sé gay ra ton that cong suét 16n trong hé théng. bic diém
ctia LDPP 14 c¢6 nhiéu loai phu tai, phan bd khong déu va cac phu tai 6 tai cao diém
khac nhau ciing nhu lién tuc thay doi theo nhu cau. Picu nay co6 thé giy ra qua tai
duong day ¢ vi tri ndy Va non tai & vi tri khac trong cing mot thoi diém din dén tén
that cong suat tang cao, van hanh khong kinh té, giam do tin cdy va dé sy c¢6 va lam

anh hudng xau trong viéc cung cap dién.

Tur dic diém k¥ thuat va yéu cau cung cép dién nén LDPP luon dugc van hanh
& trang thai mach vong ho (hinh tia). Dé nang cao d6 tin cy thi cac nha hoach dinh
xdy dung ludi dién theo ciu trac 1a mach vong va duoc van hanh theo ciu trac hinh
tia. O mach vong thi cac tuyén day duoc lién két thong qua cac khoa chuyén mach.
Céc khoa chuyén mach ndy duoc van hanh & vi tri md, nhung khi can (stra chita hoic
c6 su cd duong day/ thiét bi) thi s& khong bi gian doan nho cac khoa chuyén mach

trong hé thong.

Két qua cua cac nghién ctru ciing nhu tir thyc té van hanh di cho thady LDPP
khi van hanh hinh tia c6 lgi ich 1a don gian trong van hanh, dé dinh lai cAu hinh cta
lui (sau khi bi sy ¢b), ving mat dién nho va khong lan tran su cd, giam kho khin
trong van dé cat dién cuc bo, dong ngén mach bé nén don gian trong dong cat va bao
vé trén cac tuyén. LDPP hinh tia c6 c4c nhugc diém can khic phuc 13 ton that cong
sut ciia hé thong 16n, sut ap cao va do tin cay thap. Trong thiét ké, cac khoa chuyén

mach duoc 1ap dit ¢ cac vi tri thich hop dé thao tac ciing nhur giam chi phi.



Nha may dién Nha may di¢n

¢ Cong suét 16n )
eKiém soat va diéu khién — Truyen tai Truyeén taii
eVan hanh mach vong

| |*Kiém soat va diéu khién
eVan hanh mach vong

N o LDPP tich cuc
*LDPP thu dong — Phén phéi Phén phéi |+ Kiém soat va didu khién
eVan hanh hinh tia ‘_ «Vn hanh mach vong
o Thu dong . a Lo A A
L Eong . A T oD

oKhéng didu khién - T al *bip img yeu cau

HE THONG TRUYEN THONG HE THONG TUONG LAI

= AN J

Hinh 2. 1. Ludi dién trong truyén thong va twong lai [18]

Hinh 2.1 cho thiy ciu trtc luéi dién trong truyén thong voi ciu tric ¢ dang
doc. Céu triic méi cua hé thong hién nay 1a cau tric & dang ngang do c6 sy tham gia
ctia DG hay ESS. LUc ndy, cong suit trén cac tuyén khong chi truyén tir luéi dién
truyén tai dén ludi dién phan phoi ma con luu thong trong cac bd phan véi nhau, tham
chi cong suét con truyén ngugc vé phia ngudn. Véi cdu trac méi & dang ngang thi hé
thong sé& thyc hién nhiém vu t6t hon nhu giam t6n that, nAng cao chat luong, ting do

tin cdy va mang lai cac loi ich khac.
2.2. Nguon dién phan tan (DG)
2.2.1. Gi6i thiéu vé DG

Ngudn dién phan tan (DG) hién nay duoc tich hop vao LDPP 14 rat phd bién
Vi ning luwong dam bao theo yéu cau ciing nhu cac loi ich rat 16n vé kinh té [2], [19].
Céc DG c6 cong suat 16n 1a cac ngudn nang luong tai tao (RES) nhu tua bin gi6 (Wind
Turbines — WT), pin quang dién (Photovoltaic — PV), thity dién thuong dugc két ndi
v6i ludi dién truyén tai. Vi diéu kién méi trudng khong thun loi nhu thiéu gio, thiéu

nang hoic thiéu nudc, diéu nay din dén tinh trang thiéu hut dién ning cung cap cho



LDPP tir h¢ théng. Viéc tim giai phap bu dap dién nang cho su thiéu hut nay 1a mot
van dé quan trong cua cac nha cung cap ning luong. Dé bu dip dién ning cho su
thiéu hut nay ngay tai LDPP thi giai phap lap dit DG c6 cong suit nhé 1a hitu hiéu
nhat. Luc ndy, cac DG s& duoc tham gia khi tai dinh, cung cap dién ning gi4 ré va

cung cip ngudn khi hé thdng bi gian doan [20].

Ddi voi cc nha may dién c6 cong suit 16n nhu nhiét dién hay thity dién 1a cac
ngudn dién chinh dugc tham gia truc tiép vao hé thdng truyén tai. Con dbi véi céc
nha may dién voi cong suat vira va nho thi thuong tham gia vao LDPP. Hién nay, dé
xay dung cac nha may phat cong suat 16n 1a kho khan boi vi dau tu cao, ngudn so cap
giam va cac yéu t6 anh huong dén moi truong. Thi truong canh tranh ban 1é cia nganh
dién da mang lai su thay doi nhanh chong khi DG tham gia vao LDPP. DG 1a mét
giai phap hitu hiéu hién nay dé cung cap niang luong vai chi phi thap va bu dip ning

luong thiéu hut [21].

Khi DG dugc két ndi trén LDPP thi ldc nay DG ciing 1a mot ngudn dién thu
hai. Vi vay, LDPP tr¢ thanh ludi dién kin c6 hai hodc hon hai ngudn cung cip. Tuy
nhién, khi lap dit DG vao LDPP sé& lam thay doi ton that cong suat trén hé thong,
dong ngan mach, cong sut cua dudng day, dién 4p ndt va gay ra mot s6 anh huong
nhu do tin cdy, hoa tan, cong hudng. Do d6, LDPP can quy hoach cong suit va céc
vi tri lap dat DG dé két ndi v6i muc tiéu phit hop, trong d6 cuc tiéu ton that cong suat
13 muc tiéu hang dau duoc quan tAm rat 16n hién nay Vi viéc giam ton that cong suét
s& danh gia sy hiéu qua ciia DG tham gia vao hé thong. Chinh vi thé, bai toan t6i uu
cong sudt lap dat va vi tri 1ap dat DG sao cho ton that cong suét ctia hé thdng nho nhat

va thoa mén cac rang budc k¥ thuat 12 rit quan trong.
2.2.2. Cong nghé cia DG

Hién tai DG c6 cong nghé khong tai tao va tai tao véi quy md nho dugce tich
hop vao LDPP thong thudng nham muc dich cung cap ning luong ngay tai cac phu
tai hodc gan cac phu tai. DG 14 c4c ngudn véi cong suit vira hodc nho thudng dugc
lap dit tai/ gan vi tri phu tai nhu & cac noi khéng thé ndi ludi, néng thon hodc ngoai

thanh. DG co ban c6 cac loai nhu Bang 2.1 [22], [23].
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Bang 2. 1. Phan loai DG

Theo loai cong suit

Theo vi tri

Theo kich co

Theo cong nghé

- DG1 1a loai hd trg

- DG két nbi

- DG c& tat nhd

- Tai tao (WT, PV,

P (PV, khi sinh hoc). | & phia LBPP. | (1 -5 kW). nhiét, khéi lwong sinh
- DG2 1a loai hd tro | - DG két ndi | - DG ¢& nhé (5 - | hoc, dia nhiét, thuy triéu
ca P va Q (WT, thuy | ¢ phia phu tai | 5SMW). va thuy dién nhd, siéu
triéu, song bién). (rdt gan, gan, | - DG c¢6 trung | nho).

- DG3 laloai hd trg | xa véi  phu | binh (5 - 50 MW). | - Khong téi tao (tua bin
Q (tu bu, cudn cam). | tai). - DG ¢616n (50 - | khi loai nho, tua bin débt
- DG4 1a loai hd tro 300 MW). trong).

Q va hap thy P (WT
kép).

- Luu trir (siéu tu dién,

pin, banh da, khi nén).

Cong nghé vé DG dugc mo ta nhu Hinh 2.2, ty theo loai cong nghé s& co

phuong phap lap dit va chi phi khac nhau [19].

CONG NGHE DG
DG TAI TAO BQ LUU TRU DG KHONG TAI
TAO

bia Thﬁy Sinh T bao Gas Micro Df;l y Dong
PVl e || WTO |G g || N e | wrbine| | phan | | <090
nho liu trong

luc

Hinh 2. 2. Céac cong nghé DG [19]
2.2.2.1. DG tii tao

Cong nghé vé DG 1a cac ngudn ning luong tai tao (RES) ngay cang can thiét
dé cap nang luong cho LDPP. RES két hop nhiéu cong nghé khac nhau nhu PV, WT,
thuy dién nho, sinh khoi, dia nhiét va thuy triéu. Hién nay, vin dé st dung RES da

tang |&n rat nhiéu do lo ngai vé tac dong moi trudng. Viéc RES tham gia vao hé thong

11



hién nay da giup gidm vé viéc thiéu hut vé nang luong cling nhu cac 1gi ich khéc. Boi

vi, RES 12 ngudn ning luong vo han va than thién voi méi trudng.
2.2.2.2. DG khong tai tao

Céac cong nghé DG khéng tai tao bao gdbm dong co diesel, dong co pittong,
tuabin khi c6 thé cung cép dién két néi LDPP va doc lap. Cong nghé khong tai tao da
tré nén pho bién vi loi ich kinh té va k¥ thuat nhu tiét kiém nhién liéu, khoi dong
nhanh, tinh sén sang cao, hiéu suét cao, vin hanh thip, hiéu qué cao ciing nhu mot s6
loi ich khac. Do vay, DG khong tai tao duoc ua chudng trong thuong mai va céng

nghiép.

2.2.2.3. By du trir ning luwgng (ESS)

Cong nghé luu trir hién nay c6 cac dang nhu pin luu trir, si€u tu dién, banh da,
hoa hoc, khi nén va tir tinh. Cac ngudn ning lugng tai tao thuong két hop vai ESS dé

tang hiéu qua & mot sd ing dung.
2.2.3. Lgiich cia DG

DG két ndi vao hé thdng c6 nhiéu vu diém va mang lai 1oi ich theo timg quan

diém khéc nhau nhu ¢ Bang 2.2 [18].

Bang 2. 2. Loi ich cua viéc két ndi DG vao LDPP

Quan diém k§ thuit Quan diém kinh té Quan diém méi

truong

e Giam ton that cong suit / | ¢ Hodn dau tu cho hé théng. | * Giam phat thai.

tdn thét nang luong. e Giam chi phi. * Giam su Am dan
e Cai thién chat luong dién | e Hiéu suit nang cao. 1én toan cau.

ap va dién nang. e Giam chi phi nhién ligu. | * Khuyén khich
e Tang d¢ tin cdy va an ninh. | e Giam yéu cau duy trit. RES tham gia.

e Ty chu cap dién. Chi phi van hanh thip hon.

e Tang hiéu suat nang lvong. | ¢ Giam rui ro dau tu.
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2.2.4. Muc tiéu lap dit DG

Hau hét cac nghién ctru t6i vu lp dat DG thyc hién phan 16n véi ham muc tiéu
la cuc tiéu ton that cong suét tic dung. Bén canh d6, giam thiéu tén that cong suit
phan khang, cai thién cdu hinh dién ap, giam dong dién trén cic nhanh qué tai, ting
cong suat du phong va cong suit bom tdi da vao hé thong ciing duoc thyuc hién. Thong
thuong, cuc tiéu ton that cong suat dugc chon 1am chi s6 muc tiéu co ban va cac muc
tiéu khac duoc sir dung dé hd trg don hodc da muc tiéu nham tdi vu lip dit DG. Céc

két hop phd bién dugc tom tat nhu Hinh 2.3,

TOI UU LAP BAT DG
|
Muc tiéu Muc tiéu Pa
k¥ thuat kinh té muc ti€u
— B
Cai thién cac . Lo . . %
L 4. 4 Giam chi phi A Cac chi so:
. isb: ; | |Kéth ) .
Cuc tidu Apy| |Chi s0: chi s6 téi da kha SO IOP UG & that, dién
. dién ap, 6n - N tiéu k¥ thuat, ; 2
AA, kha . 2 nang tham muc tiéu kinh ap, dong
nang tai... dlgﬁ 7(116{1’1 ap, nhép cua té" Kéth dién, tai, moi
ziinang DG... ’ AP trudng.

Hinh 2. 3. C4c muc tiéu khi téi wu lap dat DG

2.2.4.1. Muc tiéu giam thiéu ton that cong suat

Giam ton that cong suat |a tiéu chi quan trong nhat nham danh gia mirc d6 hiéu
qua DG tham gia vao LDPP. Cac DG duoc nghién ctru trén LDPP phan 16n nghién
clru v6i muc tiéu 1a cyc tiéu ton that cong suat thong qua tbi wu lap dat DG [24], [25].
2.2.4.2. Muc tiéu cai thién cAu hinh dién ap

Trong c&c nghién ciru vé téi vu lap dit DG, mot sb tap trung vao cau hinh dién

ap hodc cai thién dién ap 1am muc tiéu t6i wu. Nhung hau hét giam ton that cong suat
va két hop véi cai thién cau hinh dién ap dé 1am muc tiéu tdi uu. Ngoai ra, cac nghién
ctru khac két hgp nhiéu myc tiéu nhu d9 tin cdy, do nhay dbi v6i ting dién ap, on dinh
dién 4p hodc gia nut cling dugc nghién ctru.
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2.2.4.3. Muc tiéu vé tai chinh

e Hiéu qua DG va t6i da cong sudt DG: Cac nghién ctru vé cong suét, vi tri va
hiéu qua ciia DG thi cAc bai toan nay di gia st mot DG duoc lap dit trén mdi nut.
Tuong tu nhu t6n that cong sudt, t6i da cong sudt DG khong thé 1a muc tiéu duy nhat
dé t6i vu. Tuy nhién, dé khai thac DG voi cong suat tdi wu thi can phai di kém voi

muc tiéu khac.

e Tbi thiéu chi phi va tbi da loi nhuan: Chi phi san xuét dién dugc nghién ctru
v&i muc tiéu nhu chi phi xay dung, bao tri, bao dudng va van hanh DG. Cac muc tiéu
lien quan dén chi phi ludn trai nguoc voi cac myc tiéu ki thuat va viéc thu thap dudi
dang mdt ham muc ti€u gia tri duy nhat 1a rat kho, tham chi 1a khong thé. Vi vay, mot

ham muc tiéu phu hop ¢ thé dudi dang 12 ham da myc tiéu.
2.2.4.4. Toi wu da muc tiéu

Viéc két hop cac ham don muc tiéu dé dua ra ham da muc tiéu trong toi vu lap
dat DG trén hé théng. Ham da muc tiéu 13 mot ké hoach nhim théa mén gitra CAC muc
tiéu v6i nhau trong lap dit DG. Cac ham da muc tiéu tao ra mot mé hinh tét hon
thuong chtra cic muc tiéu mau thuan va cho phép cac nha hoach dinh chon giai phap
t6t nhat tir cac giai phap kha thi. Tuy nhién, khi 1ap dat DG thi cin xem xét cac rang
budc trong ham don muc ti€éu hodc da muc ti€u nhung phai dam bao céc diéu kién
thiét ké, van hanh va diéu kién rang budc (cong suat DG, dién ap ndt, dong dién
nhanh) [14]. Nhitng rang budc phd bién nhu rang budc dang thirc (cAn bang cong suét
duong day va tai nut cta hé thdng), rang budc bit dang thirc (giéi han cau hinh dién
ap, dong dién, cong suit va sb lugng DG, hé sb cong sut, vi tri tram, ton that va dién
ap) [20], [26].

2.3. BO du trir nang lwgng (ESS)
2.3.1. Gi6i thiéu vé ESS

B9 duy trit ning luong (ESS) 1a phan tir s& thuc hién qua trinh chuyén dién ning
tir ludi dién sang mot dang niang lugng khac c6 thé luu trir va chuyén dbi nguoc trd
lai thanh dién ning khi can thiét. Qua trinh nay cho phép san xuat dién & nhitng thoi

diém c6 nhu cau thap hay Ilc gia mua dién nang thap hoic tir RES khong lién tuc va
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s& dung khi ¢6 nhu cau cao hoic Ilc c6 gia mua dién ning cao. Cac ESS co tng dung
hau hét & cac khau phat dién - truyén tai - phan phéi - DG (phén 16n 1a RES) - khéch
hang. Piéu d6 c6 nghia 1a ESS gilp dién ning luén duoc can bang trong hé thng.
Trén da phat trién, ESS 12 cap thiét d6i voi nganh dién va nd dang ndi 1én véi vu diém
vuot troi 1a giam chi phi nang lugng [27].

Thoi gian gan day, ESS tro nén rat quan trong cho LDPP bai vi ESS phuc vu
nhiéu loi ich nhu chénh 1éch gi4, diéu chinh tan sb, d6 6n dinh va do tin ciy duoc
nang cao do co6 su tham gia dang ké cia RES. Cac RES nhu WT va PV thuong phéat
cong suat gian doan, dé giam thiéu diéu nay bang cach sir dung ESS nham dam bao
su 6n dinh ctia ngudn cung cap. Cac RES dang dugc xay dung trén cac noi khac nhau
va dang dan thay thé cac nha mdy dién thong thuong. Cong suit du thira cua RES
phét ra can dugc luu trit dé tranh truyén tai dén noi khong can thiét gay ra tic dong
xau ddi voi ludi dién. Lic ndy, ESS cho phép ca phia mua va phia ban du trit trong
lGc thap diém khi mirc nang lugng cia tai thap va stir dung hodc ban lugng du trir d6
trong Ilc cao diém. ESS dang tao ra co héi méi trong kinh doanh ciing nhu tao ra su

két ndi moi gitra nguoi ban va ngudi mua dién [28].

Xa

Tai trung binh

Pudngtong tai

Céng suat

Taidinh —(] _
ong suat dau ra

12 24 Giv

Hinh 2. 4. Nap/ xa va san phing db thi véi ESS [8]

Trudc day, ESS khong thé canh tranh véi mot s6 cong nghé khac. Hién nay, cac
cong nghé ESS ¢6 uu diém dé dap ing véi yéu cau méi tir hé thong cling nhu chi phi
dau tu cho ESS dang giam dan va c6 kha niang sinh loi nhuan [29]. Tuy nhién, nhu
cau vé ning luong dién thay d6i dang ké theo gid, ngay va mia. Thuc té, nhu cu
nang luong dién cao diém thudng roi vao trong vai gio mdi ngay. Pidu nay dan dén
viéc nang cap cac nha may phat dién va hé théng dién 1a khong hiéu qua. ESS cho

phép san xuét duoc ning lurong kép tir ngudn cung cap cua no, tirc 1a ty phat ra hoic
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thu va0. Véi dung luong luu trit ¢6 quy mo 16n, cac nha hoach dinh hé thdng chi can
xay dung cong suit du dap tmg nhu cau trung binh chtr khong phai 14 nhu cau cao
diém [27]. ESS duoc xem nhu 1 cong nghé bt bude ddi voi hé thdng dién 6 lp dat
DG, dac biét 1a cac nguén nang lugng tai tao. Voi ESS 1a mot giai phap chinh dé bu
ddp linh hoat va cung cip dién lién tuc ddi voi LDPP c6 DG. ESS trong hé thdng dién

1a mot giai phap bén viing, tin cdy, hiéu qua va than thién [8].

2.3.2. Cong ngh¢ caa ESS

Sy can thiét ngdy cang ting ciia ESS da thiic diy con nguoi nd lyc khong nging
dé kham pha ra cac phuong phap luu trit méi hiéu qua hon dé phuc vu doi séng. ESS
dugc phan loai dya trén téc do dap Gmg, thoi gian luu trit va dang luu trir. Hinh 2.5

trinh bay cac cong nghé cua ESS [29].

CONG NGHE CUA BO DU TRU NANG LUONG

:: A N : A 4 . *A \ : N 4 I HOl’l
Co | Nhi¢t |: | Diénhoa | ::| diénva | : :|Hobahoc || h
: : 2| tirtinh | 1 [onop
' | Thay lue|  © |Nhigtdo|: | Pinaxitchi Tinh : ;| Nhién liéu |-
j i thép .. dién :¢| sinh hoc
: (ELDC)| ::
Binhdi | | Pin Sodium | i [e—
Nhi€t do | - : Siéu tur )| mat troi .
. cao o - o tinh .
Khi nén - .. | Pin Nickel -
Nhém
Pin kim loai
Li
: - | Pinnhien |
Siéu tu dién Sl - liéu
Pin Lithium
polymer
Pin Li-ion

Hinh 2. 5. Cac dang cong nghé cua ESS
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e Luu trit co hoc (MES): MES 1a dang luu trit lu doi nhat ma loai ngudi d va
dang sir dung. Uu diém ciia MES 1a luu trir dé dang, thoi gian dai va linh hoat. Co
ning c6 thé xuat hién duéi dang thé ning hodc dong ning. C6 ba dang luu trit cia

MES la bom, banh da va khi nén.

e Luu trir nhi¢t (TES): TES la dang luu trir nhiét néng hoac nhiét lanh trong
mot phuong tién luu trir. TES thuong c6 mot kho chira, thiét bi dé phun va chiét nhiét

dén trung gian hoac nguoc lai.

e Luu trir dién hoa (EES): EES 1 luu trit dudi dang pin hay tu dién. Pin 14 thiét
bi luu trit véi dién ap cao va mat do cao. Co nhiéu loai khac nhau nhu pin lithiumion
(Li-ion), natri-luvu huynh (NaS), niken-cadmium (NiCd), axit chi (axit Pb), pin chi-
cachon, pin dong chay... Hién tai, pin Li-ion d4 tr& nén phd bién nhd vong doi dai,
dién 4p hoat dong cao va tdc d6 tir phong dién thap hon céc loai pin khac [30]. Pin
Li-ion c6 mat do sac cao hon va cé trong luong thép hon so véi cac loai khac véi

cung dung luong.

e Luu trir tinh dién va tir tinh (EAMES): EAMES la luu trit dudi dang dién
truong va tur truong nho cac siéu tu dién va nam cham siéu dan. Céc loai nay cd mat
d6 ning lugng trung binh va céng suit cao, rat hitu ich cho luu trir dé dap tmg tai cao
diém, 1am min coéng suat dau ra va thu hdi nang luong.

e Luu trit hoa hoc (ChES): ChES Ia luu trit dudi dang lién két hoa hoc ctia cac
phan tir. Khi cac phan tir phan tng hoa hoc va su dich chuyén dién tir dién ra va tao

ra nang luong. Hai dang ChES chinh 1a nhiét héa va dién hoa.

e Luu trit hdn hop (HESS): Mot loai ESS kho c6 thé dap (mg nhu cau, dé dap
{ing tat ca cac yéu cau thi can phai két hop nhiéu ESS va duogc goi 1a ESS lai (HESS).

2.3.3. Lgi ich caa ESS

ESS dong vai tro ni bat trong chudi hoan chinh caa cac khau trong hé thdng
phét dién — truyén tai — phan phdi — tai. ESS dugc sir dung nhiéu cho cac muc tiéu
lip dat trén hé thong dién nhu chénh léch gia nang lugng, can bang tai, giam dinh tai,
dich chuyén thoi gian va quan Iy tai. Véi su gia tang tich hop cua cac DG téi tao voi
LDPP ngay cang nhiéu nén ESS ngay cang thu hat nghién ctu va dau tu [31]. Hién
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nay, hé théng pin du trir nang luong (BESS) 1a mot cong nghé duoc wa chudng trong
c4c tat ca loai ESS voi cac wu diém ndi bac vé kha ning luu triv, thoi gian dap tng
nhanh va tinh doc 1ap [32]. Trong cac loai cua BESS thi pin lithium-ion (pin Li-ion)
1a Ira chon phu hop Vi nd c6 thoi gian dap (ng nhanh, trong luong thap, kich thuéc
nho va dé trién khai [33].

Viéc sir dung ESS trén quy mo Ién cé thé gidp chuyén tir phat dién tap trung
sang phan tan. BESS mang lai méot sé cac loi ich noi troi nhu nang cao d6 tin cay,
hiéu suat hé thdng, chit luong dién niang, an ninh ning luong va dap ung yéu cau
nang luong & noi ving sau/ ving xa. ESS tich hop véi PV 1am 6n dinh cong suat dau
ra, giam dién nang gian doan va gilp duy tri sy on dinh hé thong [34]. Chudi gia tri
dién truyén thong da duoc xem xét bao gém nam lién két 12 ngudn nhién liéu - phat
dién - truyén tai - phan phdi - dich vu ning luong phia khach hang thi ESS dang tré
thanh lién két tht su dé cung cip nang lwong bat ky khi nao, nhitng noi can thiét va
no tao ra mot thi truong phan wng nhanh. Bang 2.3 thé hién loi ich cua viéc lap dat
ESS vao LDPP.

Bang 2. 3. Loi ich cua viéc két ndi BESS vao LDPP

Cong ty truyén tai va phan phdi Nguoi str dung Ngudn ning luong
dién tai tao (RES)
e Hodn nang cap hé thong. e Tang chat luong | e THi da RES.
e San phang dinh tai. dién ndng va giam | e Diéu chinh dién ap/
e Thay thé niang lugng truyén thong. | Cac chi phi. tan so.

e Gidm du phong va da dang ngudn. | ® Dich chuyén thoi | e Tranh bi phat.
e Diéu chinh tan sb/ dién ap. gian sir dung. e Can bang tai.

o Dap tmg y&u ciu ngoai hop déng | ® Khai thac RES.
e On dinh hé théng. e Chénh léch gié.

2.3.4. Muc tiéu lap dit ESS

Ciing nhu DG, khi LDPP ¢6 cac ESS thi khach hang kiém soat chi phi mua
dién nang va khach hang c6 thé chuyén doi nguén dién két ndi sao cho chi phi mua
dién 1a thap nhat. Vi vay, can dua vao cac yéu t6: cau hinh 1udi, cong suét, gia dién,
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yéu té moi truong dé tir d6 dua ra phuong thic van hanh ESS t6t nhat nhung phai
dam bao cac yéu cau k¥ thuit.

Khi ESS két ndi vao LDPP, lGc ndy LDPP khong con 14 hinh tia hay vong hé
ma 12 ludi dién kin c6 hai hoic hon hai ngudn cung cap. Vi yéu cau 1a phai mang lai
loi ich phu hop cho cac nha ddu tu vao hé thdng nhung song song d6 van phai dem
lai loi ich cho x4 hoi, khach hang va cong ty quan 1y ludi. Do d6, can xac dinh cong
sudt va vi tri téi vu cua ESS duoc phép tham gia. ESS c6 bén tng dung nhu trong
Hinh 2.6 [34].

[
| | | |

H¢ thong Dich vu Quan ly RES
Chenh || San can i Chét Dich 1 14 qa

léch phang bi Du trix 1 chuyén RES

gia dinh ang uong thoi gian

Tri .. P \

hoan || Gidm On dinh| | Giam su D6 tin On dinh

nang tac dién ap ) cay cong

£ nghén : : suat phat
cap
On dinh| | . 3P
A A dién doc
tan sO a
lap

Hinh 2. 6. Muc tiéu lap dat ESS
2.3.4.1. Trong hé thong ning luong

e Chénh léch gia nang luong: Viéc tao ra nang lugng rat ton kém nén viéc luu
trit vira lam tang hi¢u suat cta hé théng vira toi vu vé mat kinh té. Dy trit nang luong
khi gia thap hon va ban trong gid cao diém khi gia dién cao 1a myc tiéu chinh.

e San phang dinh tai: San phang dinh tai gidng véi chénh léch gia ning luong.
Su khac biét 14 san phang dinh duoc lap dat dé che tai dinh khong c6 muc tiéu kinh
té nhu chénh 1éch gia ning luong. Ung dung san phang dinh tai thudng duoc lap dat

tai noi tiéu ding, con chénh 1éch gia ning lugng dugc sir dung & phia cung cap.
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e Hoan nang cap hé thong: Pé hodn viéc nang cip cac dudng day hay tram bién
4p bang cach lap dit DG gan tai. Tuy nhién, DG dbi khi 12 khong can thiét néu ESS
duoc lép dat s& hd tro cho hé thé)ng. Luc nay, s€ hoan cac khoan dau tu tén kém va

st dung tot hon cac nguon luc hién c6 cho cac khoan dau tu khac.

e Giam tic ngh&n: Trong qué trinh cin bang cung cau co thé xay ra tic nghén.
Viéc sit dung mot luong lon nguén nang lugng tai tao co thé gay tac nghén h¢ théng
thi ESS 1a mot giai phap. Viéc lap dat ESS tai vi tri phdl hop nhu cudi tram bién ap
hay duong day tai ning c6 thé s& lam giam tic nghén. ESS thay d6i cung hodc cau

nang lugng theo thoi gian va/ hoic dia Iy dé giai quyét cac diém tic nghén.
2.3.4.2. Trong dich vu nang luwgng

e (Can bang nang lugng: ESS ¢6 diém dic biét 1a phan tng nhanh cing véi tai
thay d6i. ESS duy tri su can bang gitta phat dién va tiéu thu dién. ESS ciing hd tro dé

hé théng theo dai tai tang 1én va giam xudng.

e Du trit ning luong: ESS 1a mot phan cong suit cia ngudn khong str dung trong
sudt thoi gian hoat dong binh thudng. Viéc phat dién dy phong tiép tuc cho dén khi
hé théng dy phong dat dén gia tri danh dinh, con lai ESS phai cip dién trong mot thoi

gian.

e On dinh dién ap: Tinh 6n dinh dién ap | rat quan trong va nd dat duoc bang
céch on dinh dién ap & gidi han quy dinh. Vi vay, ESS quan 1y cong suat phan khang

dé dat duoc diéu nay va dong vai trd nguon ho trg dién ap.

e Gidm sy c6 mat dién: Vai cac sy c6 khong muon c6 thé dan dén gian doan
nguon dién trén mot bd phan hoac toan h¢ thong. ESS tao ra cong suat hoat dong dé

cung cép ning luong.

e On dinh tan s6: On dinh tan s6 1a rt quan trong trong LDPP dé d6i phé vai
nhiéu bién d6i nho xay ra. ESS diéu chinh tan sé phuc vu cho hé théng dién bang

cach hiéu chinh dd 1&ch tn sd trong gidi han cho phép.
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e Cip dién doc lap: Trong cac tmg dung ngoai ludi hodc doc 1ap, RES két hop
ESS dé cap ning luong cho nhiing tai doc lap. ESS dap tng tét viéc thu nhidu ngudn
cd cdng sut nho, can bang giita cong suit phat véi cong suat sir dung va dap tng

nhanh véi nhitng thay doi ctia cung hodc ciu ning luong.
2.3.4.3. Trong quan ly niang lugng

e Chit lugng: Pdi v6i ngudn dién 13 ngudn ning lugng tai tao phu thude vao
diéu kién méi truong. Do do, sy dao dong trong ngudn phat din dén cac lo ngai vé
chat luong dién nang. Pé quan 1y va diéu chinh chit lwong dién nan thi ESS chinh 1a

giai phap chinh.

e DG tin cay: ESS c6 nhiém vu mang lai nguén dién c6 do tin cdy cao voi chét
luong t6t nhit co thé. ESS 1a ngudn dién phai duoc cip lién tuc, chat luong va thoi

gian khoi phuc ngudn dién nhanh chéng.
2.3.4.4. Trong tich hop RES

e Tbi da sy tham gia: Co nhiéu bién dong vé nguén dién do RES tao ra c6 thé

dugc ESS hd tro dé t6i da su tham gia ctia ngudn ning luong téi tao.

e Lam tron hé thong: ESS sir dung lam min cong suit dau ra gian doan ctia cac
ngudn ning luong tai tao do sy thay doi tbe do gi6 cua tua bin gié (WT) hodc nhimng
dam may di chuyén nhanh trén cac hé thong pin quang dién (PV) s& lam thay do6i

cong suat dau ra.

e Dich chuyén thoi gian: WT phai ngimg hoat dong do bao t6 hodc cong suat
dau ra cta cac PV giam do troi ¢ nhidu may hay bong che. ESS sé& x4 niang luong dé
lwu trit giup giam thoi gian cac ngudn ning luong tai tao phat ra cong suét thap. Chinh
vi thé, ngudn ning luong tai tao s& tré' nén bén virng hon khi ¢ mat ESS trén hé thong

dién.

2.4. Phwong phap va thuit toan toi wu lip dit DG va ESS
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Thuat toan sir dung trong tdi vu lip dat DG va ESS dugc phan chia thanh hai
nhom co ban: 1a thuat todn c6 dién va thuat toan théng minh nhan tao, Hinh 2.7 [14].
Mdi nhém déu c6 vu va nhuoge diém ciing nhu muc d6 phu hop vao mdi bai toan can

giai quyét [35].

THUAT TOAN TOI UU LAP BAT DG/ESS

[——————-——=--- L —

= I
| 1 - - |
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|
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op sO nguyén ai trong (LC) | P N GAOPF |
: (MINLP) | : trén tdp mo (FS) tao (ABC) |
|
| [ 1 | [ |
| A o . | .
Lap trinh phi I | Canh tranh cua Tim kiém :
: tuyén (NLP) | : chii nghia dé Cuckoo (CS) PSOOOPF ||
| | I quodc |
| | H :
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| Cb dién : | Théng minh nhan tao |

Hinh 2. 7. Céc thuat toan tbi uu lap dat DG va ESS [35]

2.4.1. Thuit toan cb dién

Thuat todn co dién chi yéu dua trén giai phap toan hoc cua van dé nhu céc
thuat toan phan tich [36], [37], quy hoach tuyén tinh [38], [39], phi tuyén, bac hai
tuan ty, tuyén tinh sb nguyén hdn hop... [35], [40].

2.4.2. Phwong phap tim kiém co ban

Phuong phap tim kiém co ban nhu Gradient, toan dién, dong cong suat tdi uu

va dong cong suat lién tuc [41], [42].
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2.4.3. Thuit toan liy cam hing tir vat 1y hodc xa hoi

Dé giai quyét v6i sy khong chic chin va cac két qua t6i vu khong toan cuc
ctia bai toan tdi vu lap dit, cac thudt toan tim kiém thong minh da duoc tich hop nhu
cac bo giai heuristic. Co cac nghién ctru két hop cac thuat toan nay véi mot sb thuat
toan toi wu théng thudng hay cac thuit toan dua trén tip mo dé giai quyét. Mot sb

phuong phap nhu mé phong luyén Kim, tim kiém hai hoa va tim kiém Tabu [35].
2.4.4. K§ thuit 1y cam hing tir thién nhién

Mot sé phuong phap duoc 14y tir cam htng tir thién nhién nhu thuat toan toi
vu dan kién, tién hoa, dan ong nhan tao va tim kiém cuckoo hay téi wu hda bay
dan...[35].

2.4.5. Thuit toan lai thong minh

Thuat toan lai thong minh & thuat toan hdn hop ctia mot s6 k¥ thuat théng minh
nhan tao khac nhau lam viéc & ché do song song hoic xép tang nhu GATS [43] va
GAPSO [44].

2.5. Mé rong lwéi dién phan phdi

Hién nay LDPP chi co thé phuc vu cac yéu cau va tiéu chuan cua nhing thap ky
trudc va kho dap Gmg voi nhiém vu cling nhu thach thirc méi trong thoi gian sap t6i.
LDPP va tai s& thay d6i dang ké vdi cac yéu cdu méi nhu do tin cdy, dich vu mong
doi, chi phi dau tu, gid ning luong va méi trudng. Vi vy, can co ké hoach mé rong
LDPP (DEP). DEP ¢6 ké hoach ngan han (tir 1- 4 nim), ké hoach trung han (tir 5 - 20
nam) va ké hoach dai han (hon 20 nam) tily thudc vao giai doan phét trién va hoach
dinh. Myc dich cia DEP 1a xac dinh cdu hinh van hanh, 1ip dit mo rong tram bién
ap, lap dat DG, lap dat ESS va nang cip duong day... nham théa man cac nhu cu
kip thoi, tiét kiém vé chi phi dong thoi dap (mg tat ca cac rang budc ky thuat cia hé
thong. DEP t6i uu s& dem lai loi thé vé k¥ thuat va kinh té, cai thién céc dich vu.
Chinh vi vay, DEP can xét cac didc tinh cua tai méi, chi phi méi, lgi ich cua DG va
ESS, mé rong nha cung cip, mé rong tram bién ap, ning cip duong day. Hinh 2.8

cho thay cac van dé can xem xét tong the doi véi DEP.
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Gan day, da c6 mot sd nghién ciru tap trung vé DEP thong qua lip dat va khai
thac kha nang cling nhu cac loi ich tir DG va ESS [1]. Boi vi, DG va ESS giup giam
t6n that, nang cao chét luong, giam gia ning luong, cai thién do tin cdy, cai thién cac
dich vu, gidm phat thai, tri hodn cac hoat dong m¢é rong khac & ca cép do truyén tai
va phan phdi. Trong mot van dé cua DEP, diéu ma dugc quan tim nhiéu nhit hién
nay 1 khai thac t6i da cac DG ma phan 16n chii yéu 1a RES. Khai thac RES dé giam
tac dong dén méi truong duoc xem la Iya chon co ban trong DEP véi1 mire dau tu it
rtii ro, linh hoat va n6 phit hop véi su phat trién tit yéu cia LDPP [45]. ESS can phai
xem la mot yéu td bat budc tham gia trong hé théng, dac biét 1a khi LDPP c6 RES.
Chinh vi vay, DEP huéng dén mé rong LDPP thong qua lap dat DG va ESS 1a yéu to
chu dao trong quy hoach mé rong LDPP.

Cong nghé

Ham - . Binh huéng
muc tiéu phat trién
Mo - » . Khé ning

hinh KE WHO,ACH clia hé théng

MO RONG

Théng sb - LDbPP > cﬁlz;li?: tcll:gng
Thuat toan - £ o

t8i wu > Bién mé& rong

!

Chinh sach

Hinh 2. 8. Ké hoach mé rong LDPP

Hinh 2.9 cho thay c4c khia canh khic nhau ctiia DEP. Céac yéu cau dé quyét dinh
DEP la dia diém, quy mo va ké hoach dau tu dé lép dat, mé rong, nang cép DG va
hodc ESS dua trén diéu kién dia 1y, nguyén nhién li€u, moi truong cling nhu tinh kha
thi cia DG. Phia nha dau tu DG hay ESS s€ c6 lya chon tb1 wu vé cong sudt, vi tri va
loai dé 1ap dit dya trén cac diéu kién dia 1y, tai nguyén va tinh kha thi. Nhu vdy, mo
rong LDPP hién nay bang cach lap dit méi hay mé rong thém cong suat cia DG va

ESS dé cho LDPP lam viéc hiéu qua 1a mot nhu cau quan trong va cp thiét. Do do,
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DEP cha trong dén mirc do tham nhap ctua DG va ESS thong qua toi wu cong suét va

vi tri 1dp dit chung vao hé thng [46].

Xay dung
tuyén day

Thay thé

day d D8

Hinh 2. 9. C4c bién can xem xét khi mo rong LDPP
2.5.1. Mé rong sw thaAm nhép ciia ngudn dién phan tan trén lwéi dién phén tin
- M& réng LPPP théng qua viéc ldp déit méi DG vao LDPP:

C6 cac két hop khac nhau vé cong suat, vi tri, s6 luong va loai DG ¢6 nhiing
loi thé khac nhau [1], [12]. TUy theo muc tiéu ctia bai toan, c6 thé dwa ra ham muc
tiéu phu hop dé LDPP hoat dong hiéu qua. Ké hoach t6i wvu LDPP 1a mot qué trinh
hd trg cung cap ning lugng thong qua DG nhiam dat duoc loi ich tiém nang t6i da cua
DG véi chi phi t6i thiéu [48]. Loi ich dugc quan tim nhét hién nay 1a lap dat toi da
cong suat DG véi muc tiu 12 cuc tiéu ton that cong sudt, boi vi ton that cong suét thé

hién cho viéc danh gia hiéu qua tham nhap cua DG vao LDPP [24], [25].

Mot s nghién ciru da dé nghi cac phuong phap t6i wu lap dat méi DG vao
LDPP nhu thuat toan Invasive Weed Optimization (IWQO) [49], Genetic Algorithm
(GA) [50], Firefly Algorithm (FWA) [51], Cuckoo Search Algorithm (CSA) [52]. O
céc nghién ctru ndy, chi tap trung viéc toi wu vi tri DG va cong suat DG ma khong
xem xét tai ciu hinh LDPP (DNR). Trong khi d0, viéc thay ddi cdu hinh cia LDPP
thong qua cac khda chuyén mach ciing 1a mot k¥ thuat hiéu qua dé giam t6n that cong
suat. Ky thuat nay duoc goi 1a DNR, thuc hién thay d6i dong hodc mo khoa chuyén

mach va tuan thu cac rang budc [53]. DNR c6 nhiéu k¥ thuat nhu nhanh va rang budc
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101 rac [54], k¥ thuat trao d6i nhanh [55], thuat toan FWA [56], thuat toan Shuffled
Frog Leaping (SFL) [57] cling dugc st dung. Cac phuong phap trén chi tap trung viéc
dé xudt thuat toan dé cyc tiéu tén that cong sudt. Khi cac DG duoc tich hop vao LDPP
thi l4c ndy céu hinh van hanh s& dugc thay doi. V6i cdu hinh LDPP méi thi vi tri DG
da chon c6 thé khong phu hop dé cuc tiéu tdn that cong suit va su on dinh dién ap

hodc cong suét ctia DG khong phu hop ciing s& gay ra ton that cong sudt 1on.

C6 cac nghién ctru tich hop t6i vu ca DNR va lip dit cia DG dé ting cuong
hiéu qua hoat dong ctia LDPP. Mic du, ca hai k¥ thuat DNR va lap dit DG déu gop
phan giam ton that cong suat. Van dé lap dat DG 1a van dé thiét ké cua LDPP st dung
cho muc dich 1au dai. Trong khi d6, DNR 1a van dé van hanh caa LDPP dugc str dung
cho muc dich ngan han. Do d6, cong suit va vi tri lap dat DG da dugc chon 14 s&
khong thay doi khi chiing ta xac dinh DNR Vi ddi trang thai cac khoa chuyén mach
thi s& d& hon so véi thay doi DG sau khi lap dat. Yéu cau giai quyét dong thoi ca hai
van dé la khong can thiét vi lap dat DG da t6i uu s& khong con 1a tot nhat khi vi tri
céc khoa chuyén mach mé thay doi. Viée thuc hién van dé tdi uvu két hop dong thoi
thi cac tham sd ciia thuat toan s& phirc tap hon so véi viéc giai quyét van dé riéng 1¢é.
Khi két hop dong thoi, cac bién diéu khién 16n va sé& ton nhiéu thoi gian va sb 1an lap
nhiéu hon dé tim ra giai phap tdi wu. Mic du, st dung céc giai thuat tién hoa khac
nhau c6 kha nang xac dinh duoc céu hinh ludi 6 cuc tri toan cuc nhung can rat nhiéu
thoi gian dé giai quyét bai toan, dic biét 1a khi LDPP c6 cau hinh 16n va nhiéu khoa
mo. Vi thé, bai toan mé rong LDPP thong qua lip dit DG c6 xét DNR can tach ra hai
giai doan: giai doan | - 12 t6i wu ldp dat DG trong LDPP kin va giai doan Il - 12 t6i wu
cac khoa mo dé LDPP van hanh hd. Nhu vay, bai todn dé nghi s& thyc hién don gian
cho céac thuat toan tdi wru va rat ngan thoi gian cho giai thuat vai s6 bién it trong mdi
giai doan thyc hién t6i wu. Bai todn chia hai giai doan phu hop cho van dé t6i wu lap
dit DG trong LDPP kin trudc vi day 1a van dé dai han (thiét ké) 1a quan trong va DNR

(van hanh) dugc thyc hién sau.
- M6 réng cong sudt cia DG da dwoc ldp ddt vao LPPP:

Céc DG duoc khuyén khich két ndi vao LDPP hién nay chii yéu Ia RES. Phan

16n, cac PV tham gia vao LDPP 14 pho bién vi cong nghé phat trién cling nhur gia ca
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dang duoc giam dan. Cac PV dang duoc két ndi vao LDPP véi sd luong, cong suit va
vi tri nhur thiét ké ban dau 1a rat kho vi n6 con tiy thudc vao chi phi dau tu, diéu kién
moi trudng, vi tri dia 1y, von dau tu va chinh séch cua dja phuong. Do d6, cac PV duoc
két ndi vao LDPP c¢6 cong suat va sb luong con han ché. Vi vay, vi LDPP c6 san PV
s& tiép tuc duoc mo rong cong sut & cung vi tri dd lap dit trude d6 hay & vi tri moéi
nhung khong trén phuong thirc t8i wu van hanh cua hé théng. Ldc nay, viéc lua chon
phuong 4n van hanh LDPP nhim cuc tiéu ton thit cong suit |1 rit quan trong. Trong
d6, DNR la mot phuong phap hiéu qua dé xac dinh cdu hinh van hanh véi muc tiéu 1a
giam ton that cong suat [58]. Pac diém kho khan chung trong van hanh LDPP 1a viéc
ghi lai chinh xac cong Sudt sir dung & mét thoi diém nén kho xéac dinh duge do thi phu
tai trong ngay. Hon nita, trong cac LDPP ¢0 tai thay doi lién tuc, viéc van hanh céc
khoa chuyén mach theo d6 thi phu tai 1a khdng kha thi. Do d6, can x4c dinh mot cau
hinh cho LDPP vén hanh trong khoang thoi gian nhéat dinh nham giam ton that cong
sudt, giam thiéu chi phi, cdp dién lién tuc va can bang tai 1a mot thach thirc 16n dbi voi
nha hoach dinh va van hanh [59]. V&i mét s6 kho khén trén, bai toan DNR cuc tiéu ton

that cong suat duoc lya chon thay thé cho cuc tiéu ton that ning lugng [60].

Hién nay c6 hai nhém phuong phép str dung pho bién cho van dé DNR dé cuc
tiéu ton that niang luong. Nhém phuong phap thir nhat 1a heuristic nhu phwong phap
cat vong kin [58], k¥ thuat nhanh va rang budc [61], k¥ thuat trao d6i nhanh [62] va
phuong phap phong doan [63]. Nhdm phuong phap thir hai 1a nhdm metaheuristic nhuw
GA [64], thuat toan Firefly Algorithm (FA) [56], thuat toan Harmony Search (HSA)
[65], thuat toan CSA [52]. Viéc lya chon metaheuristic hodc heuristic dé giai quyét van
dé DNR tuy thudc vao muc tiéu cta bai toan. Pdi véi phuong phap metaheuristic
thuong dat duoc giai phap t6i wu toan cuc nhung thudng tinh toan va 1ap trinh phtc tap
[66]. Con ddi voi heuristics cho thiy giam do phiic tap cua vAn ¢& DNR nén thuong
duoc Iya chon cho van dé DNR. Trong dé, k¥ thuat trao d6i nhanh 1a mot phurong phap
co ban va dé dang thyc hién DNR cho LDPP [62].

Dé giai quyét bai toan cuc tiéu ton that nang lwong c6 rat nhidu nghién ciru da
thuc hién trong thoi gian qua. Trong [60], cac tac gia da dé nghi phuong phép heuristic
dwa vao thong ké thoi diém tai va dién ap nit cho van dé DNR & mot khoang thoi gian.

Phuong phap nay dua ra két qua chinh xac nhung cac tham s tinh toan 16n, nhiéu
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thong s6 dau vao va phai dya vao d6 thi phu tai. Trong [67], nhom tac gia dé nghi DNR
dira VAo tai tdi da ¢ dinh dé giai quyét bai toan. Trong [68], nhdm tac gia dé nghi tai
& ba murc 12 mirc cao, mirc thip va mirc trung binh dé giai quyét bai toan. Trong [69],
nhom tac gia dé nghi sir dung dudng cong tai ctia ngay dic trung dé giai quyét bai toan.
Céc nghién ciru [67]- [69] cho thiy cac tac gia sir dung cac phuwong phap khac nhau dé
giai quyét bai toan nhung no co thé tdi vu ma khéng toan cuc. Bdi vi, cic phwong phap
nay chon tai dién hinh dé tinh toan trong khi dé tai luon thay doi & mét khoang thoi
gian nhat dinh va khong xem xét cac yéu té anh hudng tir DG tham gia vao LDPP. Boi
vi, khi DG tham gia vao hé thdng thi s& 1am anh hudng dén chiéu truyén ciia dong cong
sudt trén cac nhanh. Trong khi d6 sy tich hgp DG vao hé thong 1a ngay cang pho bién,
nén can c6 phuong phéap phii hop dé thuc hién DNR [2].

Trong [2], [19], nhém tac gia da dé nghi 12 nguén DG véi cong sut ¢ dinh
trong tinh toan nham cuc tiéu ton that nang luong va giam thiéu sé 1an chuyén khoa.
Viéc sir dung DG c6 cong suét c¢b dinh 14 khong phut hop vi cac DG chii yéu 1a PV lubn
thay d6i trong ngay. Trong [70], nhom tac gia dé nghi thuét toan Gravitational Search
(GSA) dé tai cau hinh ludi dién phan phdi khi c6 két ndi PV. GSA duoc tinh toan véi
mot s6 lwong 16n cac phép tinh voi mdi cdu hinh theo gid cua tai va PV. Trong [71],
nhém tac gia ciing dua ra thuat toan Path Finding (PFA) dé DNR khi LDPP c6 DG dé
cuc tiéu ton that nang lugng. Tuy nhién, dé xuat nay khong xem xét dén su anh hudng
tir cong sudt cua DG tac dong Ién cong suat nhanh cia LDPP. N6 c6 thé dwa ra DNR
v6i cau hinh ¢ ton that nang luong khong 14 cuc tiéu khi DG duoc md rong. Khi cong
suit cua DG tham gia vao LDPP v61 cong suét 16n thi tai mot sé thoi diém, hudng
truyén cong suat cia mot s6 nhanh cé thé bi d6i hudng truyén so vai khi khdng cé két
n6i DG. Do viy, can xem xét anh huéng ciia cong suat DG 1én cac nhanh ciia LDPP
cling nhu phuong phap DNR chinh x4c va don gian dé dinh cdu hinh ctia LDPP khi
cong suat ciia DG duoc mé rong. Vi vdy, can co phuong phép don gian dé thuc hién

chinh xa4c DNR khi DG dugc ldp dit hodc mé rong cong suét.
2.5.2. Mé rong sw tham nhap cia bo dw trir nang lwong trén lwéi dién phan tan

Véi sy ¢6 mat cia ngudn nang lugng tai tao da dua ra mot so thach thirc nhu

van dé an ninh, d¢ tin cay cting nhu sy 6n dinh cong suat dau ra d6i véi nguon ning

28



luong tai tao. BO du trit nang lugng (ESS) 1a cong cu rat hitu ich dé giam dugc nhiing
kho khin trén ctia ngudn ning luong tai tao va ESS ciing dem lai cac loi ich nhat dinh
trong van hanh LDPP. Khi c6 ESS tham gia vao thi LDPP s& d& dang kiém soat, linh
hoat va cai thién trong hé théng. Trude day, ESS dugc két ndi vao LDPP chua nhiéu
b6i vi N chua phat trién manh vé cong nghé ciing nhu gia thanh chwa canh tranh.
Thoi gian gan day, véi sy nhanh chong tiép can va thay d6i cong nghé nén ESS duogc
nghién ctru str dung ngay cang nhiéu véi loi ich rat dic trung 1a chénh 1éch gia ning
lugng va hd trg cho nguén nang luong tai tao. Viéc mé rong pham vi cong suét van
hanh ESS 1a mot van dé rat cap thiét dé mo rong LDPP. Cac nghién ctru mo rong ESS
la xac dinh cong suit van hanh dé giam chi phi mua dién va vi tri 1ép dit cua ESS dé
giam ton that nang lugng trong hé théng. M¢ rong ESS hién nay ddi véi LDPP véi

hai muc tiéu co ban dugc thé hién nhu ¢ Hinh 2.10 [72].

ESS

|
Y !

Quan diém Quan diém
nguoi van hanh nha dau tu

Y ! ! ' ! '

Cép cho S A .
ludi doc M6 rong C’;Ear'lgtﬂii C(g;‘gd;igt Tranh Chénh léch
lalillhlgrm LDPP dien cia RES bi phat gia

Hinh 2. 10. Muc tiéu mo rong ESS

Tay thudc vao muc tiéu lap dat cua ESS can phai xem xét vé sé luong ciing
nhu c6ng suat va vi tri caa ESS dé khai thac hiéu qua LBPP. Khi ESS duoc xac dinh
t6i wu thi n6 méi phat huy hiéu qua. Con khéng, ESS s& anh huong khong tét dén hé
théng khi cho phép ESS tham gia [73]. Do d6, t6i uu cong suit va vi tri caa ESS la
yéu té cuc Ky quan trong trong LDPP. Lap dat ESS vao LDPP dé t6i wu 1a mot bai
toan roi rac va phi tuyén tinh véi nhiéu rang budc ki thuat nhu dién ap, dong dién,
giéi han cdng suat va can bang cong suat. Vi vay, n6 phai duoc giai quyét bang cac
phuong phap dang tin cay va hiéu qua. C6 hai cach tiép can co ban dé téi uu cong
suat van hanh va vi tri lap dat ESS vao LDPP 1a dya trén toan hoc va dua trén siéu
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hinh. Phuong phép siéu hinh 13 tt hon phuong phap toan hoc trong bai toan tdi wu
ESS vi n6 dé thuc hién tinh toan va nhanh héi tu. Vi thé, phuong phap siéu hinh duoc
dung nhiéu cho bai toan lap dat ESS trong LDPP nhu tbi vu Particle Swarm (PSO)
[74], t6i vu Gray Wolf (GWO) [75], téi wu Whale (WOA) [76].

Viéc lap dit ESS vao LDPP dem lai loi ich k§ thuat - kinh té rat 16n. Do do,
nhiéu nghién ctru da t6i vu lap dat ESS dé dap ung tiy thuoc vao muc tiéu cu thé.
Viéc tdi wu ldp dit ESS vao LDPP can phai xét dén loi nhuan tir chi phi mua dién dua
trén chénh léch gia & mdi khoang thoi gian nham dem lai lgi nhuan va cai thién hé
thong. ESS sé& trir vao Ic nhu cau thap co gia dién thap va cung cap dién cho hé thong
trong gio cao diém co gia dién cao. Piéu nay khong nhiing giup dat hiéu qua kinh té
ma no con gilp giam qua tai cho hé théng & thoi diém cao diém. Do do, xac dinh
cdng suat va vi tri cua ESS trong 24 gio dé giam chi phi mua dién 1a rat can thiét.
Ngoai ra, viéc két hop ESS véi ngudn ning luong tai tao dé LDPP hoat dong hiéu
qua nham giam gia nang luong, dich chuyén thoi gian st dung, giam chi phi nang cap

duong truyén va khai thac hiéu qua tir ngudn ning luong tai tao.
2.6. Két luan chwong 2

Trong chuong 2 trinh bay tong quan vé LDPP, ngudn dién phan tan (DG), bo
du trit ning luong (ESS) va van dé tich hop DG/ ESS dé mé rong LDPP nham khai
thac tiém nang va loi ich ciia cac DG va ESS 1a rat cap thiét hién nay. Noi dung mo
rong sy tham nhap cua DG va ESS duoc thé hién & céc chuong trong luan an. Trong
chuong 3 trinh bay céac hai bai toan méi: Bai todn mo rong sy tham nhap cia DG trén
LDPP thong qua lip dat moi DG véi ham muc tiéu 13 cuc tiéu ton that cong suat va
bai toan xac dinh cAu hinh van hanh cta ludi dién khi mé rong cong suat cua DG véi
ham muc tiéu 1a cuc tiéu ton that dién nang. Ngoai ra, chuong 3 cling dé xuat mot ké
hoach m¢ rong sy tham nhép ctia DG cho LDPP Chu Prong — Gia Lai ctia Viét Nam
dé cho thay duoc bai toan c6 thé ap dung trong thyc té tai Viét Nam. Trong chuong
4 trinh bay bai toan mdi mo rong su tham nhap ciua ESS trén LDPP théng qua viéc
xac dinh vi tri va cong suét van hanh ctua ESS véi ham muc tiéu 1a cuc tiéu chi phi

mua ning luong. Chuong 5 trinh bay két luan va huéng phat trién cta ludn an.
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CHUONG 3
MO RONG SU THAM NHAP CUA NGUON PIEN
PHAN TAN TREN LUOI PIEN PHAN PHOI
3.1. Gi6i thiéu

Quy hoach lép diat DG 1a mot van dé rét quan trong trong viéc mé rong su
thAm nhép cta DG trén LDPP. Van dé lip dit DG la x4c dinh loai, vi tri va cong sut
ciia DG s& lip dit cho LDPP nham cung cip cong suét tic dung va céng suit phan
khang cho hé thong [2]. Lap dat DG c6 nhiing loi thé khac nhau tity thudc vao su két
hop khéac nhau, chang hang nhu vé cong suat ciia DG gilp giam ton that cong suat;
vé vi tri ctia DG gilp giam ton that dién ap cac nat va 6n dinh hé thdng; vé cong suit
va vi tri gilip tang cuong su 6n dinh cia hé thong dién; vé cong suat, vi tri va sb luong
gilp tang cuong do tin cdy va an ninh cta hé théng dién; vé cong suat, vi tri, sd luong
va loai DG gilp ting cuong kha ning truyén tai dién. Vi vay, tly theo myc tiéu t6i
ru c6 thé két hop phu hop cac yéu té vé loai, sb luong vi tri va cong suat cia DG dé
LDPP hoat dong linh hoat va hiéu qua hon [20], [45]. K& hoach ldp dat DG can phai
tdi wu lép dit DG trén LDPP dé ho tro cung cép nang lugng va dat dugc 1oi ich tiém

ning t6i da ciia DG véi chi phi tbi thiéu [48].

Hién nay c6 nhiéu loai DG, phan 16n DG duoc phan thanh 4 nhém co ban tly
thudc vao kha ning phat cong suat tac dung va cong suat phan khang. Trong LDPP
hinh tia, cong suét toan phan duoc cung cap hodc hap thu béi DG két ndi ¢ dau nhan

ctia nhanh x dugc trinh bay ¢ cong thuce (3.1) [77].

P« Loai DG I
1Qq Loai DG II
Sex = Pax—iQq Loai DG III (3.1)
PaxtiQq Loai DG IV

Trong do, Sgx (KVA) la cong suat biéu kién ciia DG ¢ dau nhén cta nhanh x
(KVA); Pgx (kW) va Qg x (KVAR) 1an luot 12 cong sudt tac dung va cong sudt phan

khang ctia DG ¢ dau nhan cta nhanh x.
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Dbi véi thuc té hién nay cong nghé DG dang phaét trién rat nhanh, gia thanh
dang giam va c6 kha ning sinh ra loi nhudn rat lén. Vi chién luge hién nay khai thac
va str dung hiéu qua cac ngudn ning luong tai tao thi ngudn ning luong tir pin quang
dién (PV) va tua bin gi6 (WT) dang phat trién va st dung rat pho bién. Tuy nhién,
WT 13 ngudn ning luong thuong duoc xay dung véi cong sudt rat 16n nén WT phu
hop véi viée két ndi ludi dién truyén tai. Con d6i véi cac ngudn ning luong tir PV cd
cong suat lip dit vira/nhé thi phu hop véi LDPP va PV hién nay c6 gia thanh dang
giam rat nhiéu. Chinh vi vay, déi voi DG nghién ctru & luan an nay chi nghién ciru

tap trung vao loai DG | la cac PV.

Bai toan t6i uu vi tri va cong suat DG khi tham gia vao LDPP v&i ham muyc
tiéu chi yéu 12 cuc tiéu ton that cong sut bai vi ton that cong sudt danh gia duoc hiéu
suat ciia DG tham gia vao LDPP [78], [79]. Ton that cong suit tac dung VA ton that
cong suat phan khang cua nhanh x thé hién nhu cong thire (3.2) va (3.3). Tong tén
that cong suat va ton that cong suat phan khang cua toan LDPP dugc tinh nhu cong
thire (3.4) va cong thure (3.5).

P¢ +Qx
P? + Qf

Véi P, va Q, lan luot 14 cong suit tic dung va phan khang trén nhanh x; R, va
X, 1an luot la dién tré va dién khang trén nhanh x; V, 1a dién ap tai ntt X; AP, va AQy

la ton that cong suat ctia nhanh x; APy va AQy la tong ton that cong suat trén céac

nhanh cua toan LDPP.
n
APy = Z AP (3.4)
i=1
n
AQy = Z AQ (3.5)
i=1

Céc rang budc trong lip dat DG c6 hai loai rang budc 1a rang budc cin bang
va khong can bang [19], [80]. Tuy thudc vao mdi bai todn nhit dinh s& c6 cac rang

32



budc can bang va khong can bang phu hop.

e (Céac rang budc can bang nhu can bang cong suat tac dung va cong suat phan

khang cta dudng ddy va tai nat cua hé thong.

e (Céac rang budc khong can béng nhu cac giéi han c4u hinh dién ap, gioi han
dong trén cac nhanh, gidi han cong suat may bién ap, gidi han cong suit cac DG, gidi

han sb luong DG, giéi han dong ngan mach, gi6i han cong suat tham gia...[20], [26].

Trong chuong 3 nay s€ trinh bay ba bai toan md rong sy tham nhéap ctia DG trén

LDPP nhu sau:

- Bai toan 1 thé hién trong phan 3.2, phan nay sé& trinh bay bai toan md rong LDPP
thong qua lap dit DG c6 xét dén tai cau hinh lugi (DNR). Bai toan nay s& dé xuat bai
toan dé giai quyét van dé lip dit DG trén LDPP c6 xét DNR thong qua hai giai doan.
Giai doan I — téi vu lép dat DG trong ludi dién kin va giai doan I — t6i wu cac khoa
dién mo dé LDPP van hanh ho. Bai todn dé nghi hai giai doan 13 mot dang bai toan
t61 wu moi trong toi wu lip dit DG c6 xét DNR bén canh cac dang bai toan tdi wu lip
dit DG c6 xét DNR khac da dugc cong bd nhur bai toan t6i wu dong thoi ca ba yéu tb
vi tri, cong suét va DNR (bai toan dong thoi) va bai toan tdi wu vi trf trudc va sau do
t61 vu cong suat va DNR (bai toan VT-CS va DNR). Bai toan dé nghi ¢ vu diém 1a
doan cho thiy s6 bién giam cho mdi giai doan ciia thuat toan tdi uu bang cach chia ra
hai giai doan. Ngoai ra, bai toan dé nghi hai giai doan ciing cho thdy phu hop vdi viée
lép dat DG trong dai han (giai doan thiét ké) duoc uu tién trude va viéc DNR 1a ngén
han (giai doan van hanh) duogc thuc hién sau. Bai todn dé nghi thyuc hién tbi wu lip
dit DG c6 xét dén DNR v&i ham muc tiéu 1a cyuc tiéu ton that cong suét caa hé théng.
LDPP 33 nit va LDPP 69 nlt duoc kiém tra va cho thay tinh hiéu qua bai toan dé
nghi. Bai toan d& nghi sir dung thuat toan Runner Root Algorithm (RRA) thuc hién
va so sanh voi thudt toan Coyote Algorithm (COA) va Genetic Algorithm (GA).
Ngoai ra, bai toan dé nghi ciing dugc so sanh véi cac bai toan dong thoi va bai toan
VT-CS va DNR vdi cac thuat toan khac nhau dé cho thiy hiéu qua cta bai toan dé
nghi.
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- Bai toan 2 thé hién trong phan 3.3, phan nay sé trinh bay bai toan xac dinh ciu
hinh LDPP khi mé rong cong suit cua pin quang dién (PV). Bai toan dé nghi st dung
thuat toan trao ddi nhanh vé6i cong suat nhanh trung binh (CSNTB) cai tién nhdm xac
dinh cAu hinh van hanh LDPP khi PV duoc mé rong cong suét v6i muc tiéu 1a cuc
tiéu t6n that ning luong. Uu diém cua bai toan dé nghi 1a don gian, d& thuc hién va
chinh xac trong viéc xac dinh cdu hinh cia LDPP khi PV duoc mé rong cong suét lap
dit. LDPP 18 nat va LDPP 33 niit duoc ap dung thir nghiém di cho thiy phwong phap
dé nghi 1a don gian, nhanh chéng xac dinh dugc cau hinh ludi va cé @ chinh xac cao
khi so sanh véi bai toan xac dinh cau hinh ludi dién theo phuong phap sir dung cong
suat nhanh trung binh (CSNTB) va phuong phap str dung d thi phuy tai bang cac thuat
toan toi uu.

- Bai toan 3 thé hién trong phan 3.4, phan nay s& trinh bay bai toan ap dung
mo rong cho LDPP Chu Prong théng qua lap dit DG nham ti da cong suat tham
nhap cta DG va cyc tiéu ton that cong suat ciia hé thong. Bai toan dé xuat ba giai
doan lap dit DG tuong tGng véi ba vi tri va cong suét kha thi 1ap dit vao LDPP Chu
Prong. Thuat toan COA va RRA duoc sir dung hiéu qua cho bai toan 1 va tiép tuc
duoc ap dung dé thir nghiém cho van dé 1ap dit ba DG cho LDPP Chu Prong. Tir két
qua ba DG da duogc ti wu, phén nay dé xuit mot ké hoach lép dat mo rong DG trén
LDPP Chu Prong qua ba giai doan nham phu hop véi van dé dau tu va lap diat DG

trong mot thoi gian nhat dinh.

3.2. Mé rong LDPP thong qua ldp dit DG c6 xét tai cau hinh lwéi dién phan phoi
(DNR)

O phan nay, van dé mé rong LDPP thong qua lap dit DG c6 xét tai cau hinh
lu6i dién phan phdi (DNR) chi tap trung nghién ctru van dé t6i wu lap dat vi tri va
cong suat ctia DG c6 xét dén DNR véi ham muc tiéu (OF) 1a cyc tiéu ton that cong
suat. Boi vi cyc tiéu ton that cong sudt s& danh gia hiéu qua cua DG tham gia vao
LDPP [24], [25]. Hién nay, cac nghién ciru vé téi wu lap dat DG trén LDPP v6i ham
muc tiéu 1a cyc tiéu ton that cong suat 1a kha pho bién va phan 16n dé xuat cac thuat
toan tdi wu khac nhau cho bai toan lip dit DG nhu Invasive Weed Optimization
(IWOQO) [49], Genetic Algorithm (GA) [50], Fireworks Algorithm (FWA) [51],
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Cuckoo Search Algorithm (CSA) [52]. Tuy nhién, cac nghién ctru nay chi tap trung
viée t6i ru vi tri DG va cong suit DG ma khong xem xét tai cdu hinh LDPP (DNR).
Trong khi d6, viéc thay d6i cau hinh cia LDPP thong qua cac khoa mé ciing 1 mot
k¥ thuat hi¢u qua dé giam ton that cong Sut. K¥ thuat nay duoc goi la DNR, thyc
hién thay dbi dong hoic mé khoa va tuan thi cac rang budc [53]. DNR c6 nhiéu k¥
thuat nhu nhanh va rang budc roi rac [54], trao doi nhanh [55], thuat toan FWA [56],
Shuffled Frog Leaping Algorithm (SFL) [57] ciling dugc sir dung. Cac nghién ctru
trén chi tap trung viéc dé xuét thuét toan dé cuc tiéu ton that cong suat khi lép dat DG

hoac DNR.

Trén thuc té, khi cac DG dugc tich hop vao LDPP thi lac nay cu hinh van
hanh téi wu s& duoc thay ddi, ciu hinh van hanh trudc d6 co thé khong con phu hop
dé cuc tiéu ton that cong suét va su on dinh dién ap hoac cong suat ciia DG khong
phu hop ciing s& gay ra ton that cong suat 16n. Do do, can phai xem xét mot cach toan
dién khi ldp dat DG (thiét k&) két hop vai DNR (van hanh) dé LDPP hoat dong hiéu
qua nhat. Chinh vi vay, bai toan tbi wu lap dit DG phai duoc két hop voi DRN. Hién
nay, bai toan t6i wu lap dit DG c6 xét dén DNR c6 rat nhiéu nghién ctru duoc cong

bd nhung chu yéu van tip trung vao cac thuit toan tdi wu 14 metaheuristic. Boi vi

14
.....

metaheuristic giai quyét rat hiéu qua mirc do phirc tap va mang lai 101 giai toi vu toan
cuc ciia bai toan [81]. Cac nghién ctru ti wu lap dit DG c6 xét dén DG dugc tap trung

hai dang bai toan nhu sau:

- Dang bai toan thtr nhat: Tdi wu vi tri trudc, sau d6 cong suat va DNR (bai
toan VT-CS va DNR). Dang bai toan nay s€ dugc thuc hién lua tdi wu vi tri trude,
sau d6 sé ti vu cong suat dong thoi véi DNR. Pién hinh cta bai toan VT-CS va DNR
da st dung thuat toan Fireworks Algorithm (FWA) nhu trong tai li¢u tham khao [82]
va thuat toan Harmony Search Algorithm (HSA) nhu trong tai li¢u tham khao [83].
Trong Hinh 3.1 thé hién viéc chon vi tri lap dit DG trudce, sau d6 toi wu cong suat va

tai cAu hinh LDPP.

Tuy nhién, & dang bai toan thtr nhat toi wu vi tri trude, sau d6 cong suat va
DNR la sy ldp ghép gitra DNR va lap dat DG trén lu6i dién hinh tia. Véi vi tri va

cong suat DG s& phy thudc vao cau hinh ban dau. Sau khi DNR, v6i c4u hinh méi thi
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vi tri ciia DG da dugc t6i uu trude d6 co thé khong phit hop dé cuc tiéu ton that cong
sudt va sy on dinh dién 4p hodc cong suit cia DG di dugce t6i vu khong phu hop ciling
s& gay ra ton that cong suat 16n. Vi vdy, dang bai toan tht nhat ti wu vi tri trudc, sau

d6 cong suat va DNR d@ roi vao cuc tri dia phuong.
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Hinh 3. 1. Dang bai toan ti wu vi tri trudc, sau d6 cong suat va DNR [83]

- Dang bai toan thir hai: Téi wu dong thoi vi tri, cong suat va DNR (bai toan
ddng thoi). Dang bai toan nay s& duoc thuc hién dong thoi ca ba van dé vi tri, cong
suat va DNR cung lac. Pién hinh cta bai toan dong thoi s dung thuat toan Cuckoo
Search Algorithm (CSA) nhu trong tai li€éu tham khao [84] va st dung thudt toan
Adaptive Weighted Improved Discrete Particle Swarm Optimization (AWIDPSO)
nhu trong tai liéu tham khao [85] hay cac thuat toan khac nhau dé giai quyét bai toan
ddng thoi [86]. Hinh 3. 2 thé hién dang bai toan t6i uvu dong thoi vi tri, cong suét cua
DG va DNR [86].

Bai toan dang thir hai t6i wu dong thoi vi tri, cong suit va DNR c6 kha ning
xéc dinh cau hinh cé cuec tri toan cuc. Tuy nhién, yéu cau giai quyét dong thoi ca hai
van dé 1a khong can thiét vi 1ap dit DG da t6i uu s& khong con 1a t6t nhat khi vi tri
cac khoa mo thay ddi. Viéc thuc hién van dé tdi vu déng thoi thi tham sd cia thuat
toan s& phuc tap hon so véi viée giai quyét van dé riéng 1é. Khi giai quyét dong thoi,
céc bién diéu khién 16n va sé& tén nhiéu thoi gian giai bai toan va s6 1an lap 16n dé co

thé tim ra 10i giai toi wu. Mic du, s dung cac giai thuat tién hoa khac nhau c6 kha
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nang xac dinh duoc cau hinh ludi cé cyc tri toan cuc nhung can rat nhi€u thoi gian

dé giai quyét bai toan, dic biét 1a khi LDPP c6 cau hinh 16n va nhiéu khéa mé.

Nguoén

Nguobn

D

Hinh 3. 3. Dang bai toan tbi uu dong thai vi tri, céng suat cia DG va DNR [86]

Nhu vay, van dé can khic phuc cho ca hai dang bai toan trén la: Van dé lép
dat DG 1a dai han (thiét k&) wu tién truéc va DNR 1a ngan han (van hanh) thyc hién
sau. Ngoai ra, can phai giam tham s cho thuat toan dé bai toan thyc hién trd nén don

.....

qua lap dit DG c6 xét dén DNR can tach ra hai giai doan:
- Giai doan I: Téi wu lap dit DG trong LDPP kin.
- Giai doan II: Téi wu cac khoa mé dé LDPP véan hanh ho.

Nhu vay, bai toan dé nghi s€ thuc hién don gian don gian, nhanh hdi ty va 161

I4
.....

giai toi wu toan cuc v6i tham s6 dau vao cta thuit todn giam hon cho mdi giai doan
to1 vu va di€u nay cling phu hop véi giai doan thiét ké va giai doan van hanh cua

LDPP.
3.2.1. Mo ta bai toan

Van dé DNR duoc thé hién bang LDPP kin don gian nhu ¢ Hinh 3.3, vai khoa
dién MN dong. Véi li (i = 1, .., Nbr) la dong dién trén nhanh i, khi khda chuyén

mach MN dugc mo, gia su ré“mg dong dién cua nhdnh OM giam theo Imn vVa dong dién
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ctia ON ting theo Imn. Ton that cong sudt cia LDPP kin (APX™) va ton that cong suat
ctia LDPP hé (APP®) duogc thé hién twong Gng theo cong thire (3.6) va (3.7).

. nbr nbr
APPY = 3 Ri (I = Inn )% + Zieon Ri (1 + Iy )? (3.7)

Trong do: R; 1a di¢n tr¢d ctia nhanh thir 1; Ry 1a dién tré ciia nhanh MN; [

1a dong dién trén nhanh thtr 1; [y 12 dong dién ciia nhdnh MN.

3 4
> >
_____ ~ IDGl
\\ '
DG
Loop k-th \\ !
/; 4
P 4
N 4
it - « P f—g—

DG,
Hinh 3. 4. LDPP don gian mot mach vong

O day, c6 thé thdy do chénh 1éch ton that cong suit gitta LDPP hd va LDPP kin nhu
cong thue (3.8):

APhé’ _ Apkin
nbr nbr
= D R =2l + ) + ) R+ 2l + )
ieOM ieON (3.8)
nbr nbr
= > RE - Rl = Y ()R,
ieOM i€ON
Tuong duong: (3.9)
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Athr _ APkin

nbr nbr
= > Ri(=2layli + Bn) + ) RiClaan + Bin) — Ruan Ty
iEOM ieON

+ RunIfin — RunIfin

Rt ngan cong thire (3.9), két qua nhu cong thire (3.10):

Athr _ APkin
nbr nbr
=Il%/IN Z R1+RMN+ZR1
iEOM i€EON (3.10)
nbr nbr
~ 2y | ) Rili+ Ruxhuy = ) Ril
iEOM iEON
Dit Rpoop = 2itom Ri + Run + Xieon Riy Rioop 1 dién tré clia mach vong kin.

Rut gon cong thire (3.10), két qua dugc thé hién nhu cong thire (3.11):

nbr nbr
APP® — ApKin = Il%/[NRLoop — 2Iyn 2 Ril; + RunImn — z Rilj (3.11)
ieOM iEON

Mait khac, trén LDPP hinh tia, dong dién ctia cac nhanh phu thudc vao cong
suit & ndt va khong phu thudc vao dién khang cta cac nhanh. Vi vay, gia dinh ton tai
mot LDPP ¢6 dién khang cta cac nhanh dugc thay bang dién tré nhanh va ton thit
cong suat cia LDPP nay dugc tinh nhu mot LDPP binh thudng theo cong thire (3.7).
Vi vay, khi dong khéa MN thi theo dinh luat Kirchhoff 2 dugc trinh bay nhu cong
thae (3.12).

nbr nbr
Z RiIi + RMNIMN - Z RiIi - 0 (312)
ieEOM ieON

Vi vay cong thire (3.12) s€ tro thanh cong thie (3.13):
APR® — APKM = 12 Ry o0p (3.13)

C6 thé thay tir cong thire (3.13), ton that cong suat caa LDPP 13 bé nhit khi
LPPP t6n tai mot nhanh c6 dong dién bang 0 (Imn = 0) thi khi mé nhanh nay, ton that
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cong suat cia hé thong s& 1 bé nhat va LDPP s& tro thanh hinh tia. Tuy nhién, truong
hop nay 1a khong thé vi kho duy tri dong dién trong LDPP ma dong dién ciia mot
trong céc nhanh bang khong. Do dé, chi bang cach giam thiéu ton that cong suat cia
LDPP hinh tia, gia tri ndy méi giam gan bang gia tri ton that cong suat caa LDPP Kin.
Thuc té di chi ra rang trong bai toan DNR nham giam t6n thit cong suét trong ciu
hinh t6i vu thi cac khéa chuyén mach mé thuong dugc dit trén cac nhanh co dong

dién rat nhé néu cac khoa chuyén mach mo nay dugc dong lai.

Tuong tu, trong LDPP tich hop DG véi cong suat va vi tri DG da duoc xéac
dinh dé giam thiéu ton that cong suét thi gia tri ton that cong suat trong truong hop
nay sé& 1a nho nhat ma LDPP c6 thé dat duoc. Tiép theo, néu cac nhanh c6 dong dién
nho nhit duge mé, LDPP sé& trd thanh cau hinh hinh tia va ¢ ton thit cong suét xap
xi bang voi ton that cong suat cia LDPP ¢6 DG. Do d6, van dé c6 thé duoc chia ra
thanh hai giai doan dé t6i vu. Giai doan | 1a téi wu 1ip dit DG trén LDPP kin va giai
doan II 14 t6i wu khoa mé ciia LDPP sau khi lip dit cac DG d¢é LPPP van hanh hinh
tia. Két qua thu duoc tir giai doan II 12 két qua cua DNR dé cuc tiéu ton that cong
suat. Hon nira, trén LDPP phirc tap c6 nhiéu vong lap, rat kho xac dinh cac nhanh c6
dong dién tdi thiéu do anh huong 1an nhau giita cac vong va thir ty hoat dong cua
khoa chuyén mach. Vi vay & giai doan II, van dé DNR cung cap mot giai phap dé tim

ra cau hinh LDPP hinh tia dé cyc tiéu ton that cong suat.

Ngoai ra, van d& nay ciing cho thdy cong suit va vi tri DG da duoc t6i uu
khong bi anh huong khi cau hinh ctia LDPP thay doi v6i muc tiéu cuc tiéu ton that
cong suit. Viéc thuc hién hai giai doan ti wu riéng 1¢ khong chi gitp van dé thiét ké
dai han (lap dat DG) khong anh hudng béi van dé ngian han (DNR) ma n6 hd trg cac
thuat toan toi wu giai quyét van dé don gian hon. Him muc tiéu cho hai giai doan

duogc thé hién trong (3.14)

2 2
AP = Z R, X <PVL2Q> (3.14)

C6 cac rang budc cua van dé téi wu lap dat DG trén LDPP nhu sau:

- Dong dién mdi nhanh va dién ap mdi nit phai ¢ trong gidi han cho ting giai doan:
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IA
IA

Lnacis | =12, o0y Nlr (3.15)
Vmin < Vi < Vmax’ i: 1; 2; P Nbus (316)

- C4u hinh hinh tia phai théa mén va mot sb nut tai ¢6 két ndi DG cho giai doan I1.

- Gi6i han cong suat DG phai dugc duy tri cho giai doan I:
0 < Pogi < Pogmaxis 1 = 1,2, ..., Nag (3.17)

Trong do: I; 1a dong dién hién tai trén nhanh thir i (A); I;hax; 12 dong dién 16n
nhat cho phép cta nhanh thr i (A); Vi, 12 dién dp nut thap nhat cho phép (kV); Vipax
1a dién ap nut 16n nhat cho phép (kV); V, 1a dién 4p hién tai ciia nhanh thix i (kV);
Npr 12 nhanh thi n; Npus 1 ndt th n; Ppg; 13 cong suat ctia DG thir i (MW); Pogmaxi 12

cong suit cuc dai cho phép ctia nhanh thir i (MW); ngg 1a nut lip dat DG.

3.2.2. Phwong phap t6i wu cong suit va vi tri DG trén LDPP c6 xét tai cu hinh

lwéi dién phan phdi sir dung thuit toan Runner Root Algorithm

Thuat toan tdi uu duge str dung 1a Runner Root Algorithm (RRA) [87] sé& giai
quyét bai todn hai giai doan va dugc thuc hién kiém tra trén LDPP 33 nit va LDPP
69 ndt. RRA duoc phat trién gan day dua trén ¥ tudng tir cac cdy duoc nhan gidng
thong qua cac Runners (gdc) va Roots (&) cua cdy dau tay, nhu Hinh 3.4. RRA da
vuot troi hon céc thudt toan khac thong qua 25 ham diém chuén. Gan day, RRA duogc
sir dung cho bai todan DNR va n di chimg minh nhiing vu diém so véi cac phuong
phap khac [78]. Thuat toan Coyote Algorithm (COA) [88] va Genetic Algorithm
(GA) [89] ciing duoc thuc hién dé kiém tra két qua cho bai toan dé xuat.

Trong thuat toan COA, dé tim kiém giai phap trong khong gian tim kiém, quan
thé cho so6i dugc chia thanh cac nhém nho Ng voi N ca thé cho soi trong mdi nhom.
Diéu kién xa hoi cia mdi cho séi trong nhém dugc xem nhu 1a mot giai phap cho bai

toan. Qu4 trinh tim kiém giai phap méi duoc thuc hién dya trén sy tién hoa theo thé
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hé cua quan thé cho so6i. Céac giai phdp mai dugc tao ra trong qua trinh tim kiém dya

trén sy tuong tac gitra cac ca thé trong cung mdt nhém va gitra cac nhom véi nhau.

Thuat toan GA 1a k¥ thudt phong theo qué trinh thich nghi tién héa cua céac
quan thé sinh hoc. GA 1a phuong phap tim kiém ti wu ngiu nhién bang cach mé
phong theo sy tién hoa cta con ngudi hay cua sinh vat. Diém nbi bac cuia GA va céc
phuong phép tim kiém khac 1a thuat todan GA duy tri va xtr Iy mot tap céac 1oi giai
(mot quan thé). Cac ca thé ciia quan thé hién tai khoi ngudn cho quan thé thé hé ké
tiép bang cac hoat dong lai ghép va dot bién ngiu nhién, dugc ldy mau sau cac qua
trinh tién hoa. Thuat todn GA giai quyét cac bai toan ki thuat théng qua cac qué trinh

co ban: lai tao, dot bién va chon loc cho cac ca thé trong quan theé.

Ngoai ra, bai toan dé nghi s& cling thuc hién va so sanh véi bai toan dong thoi
t6i wu vi tri, cong suat va DNR (bai toan dong thoi) sir dung thuat toan RRA va thuat
toan CSA [52]. Tuong tu bai toan dé nghi cling so sanh véi bai tdi wu vi tri trude va
sau d6 cong suat két hop DNR (bai toan VT-CS va DNR) sir dung thuat toan FWA
[51] va thuat toan HSA [90]. Pé tbi wu lap dit DG va DNR cho LDPP thong qua hai

giai doan duogc thuc hién nhu sau [87]:

«——La (leaf)

e T j

[ ‘ Thén bo (runner)/‘ \

(mother plant) = ; Ciy con (daughter plants)

Hinh 3. 5. Cay dau tay [91]
Giai doan | - Dé t6i wu lip diit DG trong LDPPP kin, RRA thuwc hién:

Buoc 1: Khoi tao.

Trong giai doan |, cong suit va vi tri DG duoc coi 12 cdy me. Do d6, nhiing

cay me dugc khoi tao ngau nhién tai diém bét dau cua thuét toan nhu sau:
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Xmother,k (1) = {round [2 + rand X (Lmax,d -2 )]1 1:’min,d

3.18
+ rand X (Ppaxqa — Puing ) } 19

Véi k=1, .., N;i=1,.., Iter; oy vad = 1,.., ndg.

Trong do: Xpotherx (1) 12 cdy me duoc khoi tao ngau nhién & vong lip thu i;
Liaxd 12 vi trf 16n nhat cia DG (MW); Pin g 12 cong suat nho nhét cia DG (MW);

Praxd 12 cong suit cuc dai cia DG (MW); Itery . 1a s6 vong 13p 16n nhét.

Tir quan thé ctia cdy me 1 cong suit va vi tri DG, di liéu ndt ctia LBPP duoc
cap nhat va dong dién dugc chay qua bang cach st dung phuong phap Newton
Raphson dé tinh duoc ton that cong suat, dién ap nat va dong dién nhanh. Tir do, Xac
dinh ham muc tiéu tinh bang cong thic (3.14). Cay tét nhat (Xvest) ciia dan sd duogc

xac dinh.
Buoc 2: Tao cac cay con.

Trong budc nay, mdi ciy con duge sinh ra twong tng cdy me. Luu ¥ rang, cdy
dau tién duoc d6i moi boi cay tét nhét caa thé hé dau. Trong truong hop lap lai dau

tién, thé hé dau tién 1a thé hé san sinh tot nhat trong quan thé khoi tao ngiu nhién.

Xbest (1 - 1) )

. 3.19
Xmother,k(l) + drunner X rand, ( )

_ 1
Xdaughter,k(l) = { =2,..,N

Trong d6: Xgaughterk (1) 12 cdy con duge sinh ra; Xpese (i — 1) la gia tri phu

hop t6t nhét cua cac DG nit thit (i - 1) va nbt th i; dypner 12 d0 dai cua than.

Sau d6, cac bién diéu khién duoc biéu thi cho vi tri cia DG duoc lam tron
thanh cac gia tri nguyén va dir liéu nut cua LDPP dugc cdp nhat va dong dién duoc
tinh bang phuwong phap Newton Raphson dé thu duoc ton that cong suat, dién ap nit
va dong dién nhanh. Ham muc tiéu tinh bang cach str dung (3.14). Cay tot nhat (Xbest

(1)) dugc xac dinh lai.

Buéc 3: Tim kiém nhé bdng khodng cdch 16m va nhé tir cdy tot nhat.
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Trong budc 3, néu khong co su cai thién trong hai 1an 1ap (i - 1) va tht i boi

chi s lién quan (RI), cong thire (3.20). Cay tdt nhit dugc cap nhat nhu sau:

Xbest (i - 1)

. ! 3.20
Xmother,k(l) + drunner X rand, ( )

_ 1
Xdaughter,k(l) = { =2,..,N

Vi f (Xbest (i - 1)) va f (Xbest (i)) 1a gid tri phu hop t6t nhét ciia cac DG nut
th (i - 1) va nat the i. Thu hep tim kiém vé6i khoang cach 16n: trong quy trinh nay,

cac cady mdi cua Npg dugc tao ra b@ing cach diéu chinh cay tdt nhat hién tai dya trén;
X perturbed,d = round [vec {1,1..,1,1,1 4 dypner X rand g, 1, ..., 1} X Xpesr ()] (3.21)

Trong d6:d=1,... ,Npg; vec {1, 1...,1,1, 1+ dypperX rand, 1,..., 1} 1a mot

vecto voi phan tir di dugce cap nhat boi 1+ dyypperx rand va cac phan tur con lai.

Tim kiém hep vdi khoang cach nhd: Trong budc nay, ciling cd cac cay mai

Npc dugc sinh ra bang cach str dung (3.22):
X perturbed, d = round [vec{1,1...,1,1,1 + d oo X rand g, 1, ...,1} X X pese ()]  (3.22)

Tir cac c@y san sinh m&i 2 x Npg, dir liéu ndt cia LDPP duoc cap nhat va dong
dién duoc tinh bang Newton - Raphson dé c6 nhiing gia tri ctia hAm muc tiéu dya trén
cong thuc (3.14). Vao cudi budc, giai phap tot nhat (Xbest (i) duoc lam méi thém

lan nira.
Bueée 4: Tao cdy méi ¢ lan Idp tiép theo.

O budc cudi cuia mdi thé hé, cac cy con méi cho lan lip tiép theo.
Buéc 5: Tranh gidi phdp t6i wu khéng toan cuc.

O bude nay, néu nhu khong c6 su cai thién tbt dang ké cua cac thé hé sau sb
lan ldp duge xac dinh trude (stallmax). LUC Ndy, thuat toan RRA sé tai khoi dong va

tao ngau nhién cac thé hé gbc gidng & bude 1, nguoc lai thi sang bude 2.
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Giai doan || - Pé t6i wu cdc khéa mé dé LDPP vin hanh hé, RRA thuwc hién giai

doan 11:

Trong giai doan ndy, mdi cau hinh hinh tia cia LDPP dugc trinh bay theo vi tri
cua cac khoa mé. Do do, vi tri ciia cac khoa mé dugce coi la cdy me va tao ngéu nhién:

Xmother,k(i) = round [Xlow,d + rand X (X highd — Xlow,d)] (323)

Trong d6: d=1,..., NSW: X towa= 1 va X nignd 13 s6 lugng khoa trong vong kin
di cua LDPP.

Giai doan 1 Giai doan 11
Bit da >
[ Cap nhat cong suat va vi i DG vao da ieu nat__|
Buoce 1 T 3 AU nhie . ¥
| 4o cdy m¢l Ngau nhien | Budc 1| Tao cAy me ngau nhién |
¥ N
. Tao ca . —~
Buée 2| 40 cay con | Buoc 2 | Tao cdy con |
— v
ga% nhgthc}u ht? I}llut W Cap nhat dit liéu day va
anh gia a? 1ch nght danh gia ham thich nghi
| Tim cay tot nhat (Xpes (i) | i
l Tim ciy tot nhat (Xpes (i)
Bude3 | Tinh RI | Buée 3 | Tinh RI
R Dung E Dung
Sal Sal
Tao cdc cdy mdi tir tim ki.é'm cuc bo (bude 16n) Tao cac ciy méi tir tim kiém cuc bo (budce 16m)
Tao cdc cdy mdi tir tim ki€m cuc bd (bude nho) Tao céc ciy méi tir tim kiém cuc bo (bude nhod)
Cép nhat dir 1iél'l nut vz‘i_ danh gia ham Céap nhat dir li¢u day va danh gia ham
thichnghi thich nghi N
Céap nhat clﬁy tot nhat Cép nht cdy tbt nhit
- < e
Buée 4 v Buée 4 v
Tao cly me cho thé hé tiép theo tir cdy con Tao cdy me cho thé hé tiép theo tir ciy con
¥ v
Bude 5 | Cép nhit sy cai thi¢n lién quan (RI) | Buce 5 | Cép nhét cai thién lién quan (RI)
bung Dung i 1
[Count = Count +1 | Count = Count + T Count=0
buin
Stall,,=>Count uns
Sai
| | Khdi tao ngau nhién cdy me |
Te

Khoa mo

|

Hinh 3. 6. Luu d6 bai toan hai giai doan st dung RRA

Céng suat va vi tri DG |
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Tuong tu bude 2 & giai doan I, mdi cdy mdi sinh dugc tao ra bang ciy me
tuong tng 1a cong thirc (3.24). Nhan thiy rang, do ciy con duoc dai dién boi cac khoa
mo, tit ca cac cdy con duoc lam tron thanh gia tri nguyén. Sau dé, dit liéu day cua
LDPP dugc cap nhat va dong cong suat duoc tinh toan dé co dugc nhirng gia tri ham
thich nghi dya trén (3.24). Vao cudi budc, giai phap tt nhat (Xbest (i)) duoc lam mai

mot 1an nira.

o) = {8 0D k=1
daughter,k round[Xpotherk (1) + drunner X rand], k = 2, ...,N (3.24)

Tuong tu bude 3 & giai doan |, giai doan 11 cac cdy méi 2 x Nsw duoc tao néu
budc nay sé dugc thuc hién bdi cong thie (3.25) va (3.26). Tir cong thire (3.25) va
(3.26), cho thiy rang tat ca cac bién diéu khién cling duoc lam tron dén sb nguyén

gan nhat dé biéu dién cac khda mé.

X perturbed,d = round [vec{1,1...,1,1,1 4+ d jypper X randgy,1,...,1} (3.25)
X Xbest (1) ]

X perturbed,d = round [vec{1,1...,1,1,1 + doo X randg,1,..,1}

x X best (1) ] (326)

Trong do: X perturbed,a 12 cdy con dai dién cho cac khoa mo; d pypner 12 0 dai
ctia than; d ;oo 12 40 dai ctia r&; Xpest (i) 12 giai phap tot nhat; Nsw 1a sé luong khoa

chuyén mach.

Budc tao ra cac thé hé san sinh cho lan 1ap tiép theo va budc thoat khoi giai
phap cuc bd twong tu nhu & giai doan 1. Luu d6 cua RRA sir dung bai toan hai giai
doan dé tbi wu lap dit DG c6 xét DNR nhu & Hinh 3.5.

3.2.3. Két qua kiém tra

Phuong phap dé xuat di dugc dénh gia trén hai LDPP bao gdm: LDPP 33 nut
va LDPP 69 nat. Trong mdi LDPP, 3 DG c6 cong suit toi da 1a 2 MW duoc lip dit.
Phuong phéap dé nghi duoc trién khai trong phan mém Matlab trén may tinh c4 nhan
v6i CPU Intel Core i3 4160 @ 3.6 GHz, 1 CPU, 8 GB, Windows 7 SP1 (64-bit). Dé

thé hién tinh wu viét ctia bai toan dé nghi, thuat toan RRA dugc st dung dé mo phong
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dong thoi kiém tra thém trén hai thuat toan COA va GA. Ngoai ra, bai toan dé nghi
cling duogc so sanh v6i cac bai toan dong thoi (sir dung thuit toan RRA, CSA) va bai

toan VT — CS va DNR (str dung thuat toan HSA va FWA).

Céc tham sb ciia RRA, dugc xac dinh boi nhiéu lan thyc hién thir nghiém va

dugc ap dung cho hai LDPP duogc trinh bay trong Bang 3.1.

Bang 3. 1. Tham s6 chung cua thuat todn RRA cho LDPP 33 va 69 nat

Hé thng Thong sb chung cia RRA - LDPP 33 va LDPP 69 nit
Truong hop Giai doan | Giai doan 1l Pong thoi
Cay me 30 30 30
S lan lap t6i da 300 150 1000

Kich thuéce 6 5 11
drunner 4 4 4
droot 2 2 2
Stallmax 50 50 50

Véi thuat toan COA thong sb diéu khién cuia COA dugc thiét 1ap cho ca hai
giai doan bao gdm: $6 nhom va sb ca thé trong mdi nhém duge chon 13 5 va 6. S6
vong l1ap 16n nhét duge chon 300. Thuat toan GA vdéi kich thude quﬁn thé chon 1a 30,
ti 1 chon loc va dot bién duoc chon 1an luot 1a 50% va 20% cho ca giai doan I va giai
doan II. Trong khi do, $6 vong 1ap 16n nhét duoc chon trong giai doan I 1a 500 cho

LDPP 33 nut va 2000 cho LDPP 69 ntt va giai doan II 1a 150 cho ca hai LDPP.

3.2.3.1. LDPP 33 nut

Hinh 3.6 thé hién so do don tuyén ciia LDPP 33 nut, bao gom 5 khéa mé va
37 nhanh [87]. Thong sb cua cac niit va thong s ctia cac duong day duoc thé hién
trong Phu luc 5 va Phu luc 6 [59]. Khi LDPP 33 nit hoat dong & ché d6 binh thudng
véi khda mo 1a {33; 34; 35; 36 va 37}.
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Hinh 3. 7. So d6 don tuyén cta LDPP 33 nit [87]

Két qua tir Bang 3.2 cho thiy ton that cong suit ban dau 1a 202,68 kW giam
xudng con 41,905 kW & giai doan | va ¢ giai doan Il 1a 53,313 kW. Két qua tir giai
doan I cho thiy t6n that cong suat 1a tbi thiéu vi day 1a ton that do LDPP kin gay ra.
O giai doan |, tim cong suat va vi tri cac DG trong LDPP kin va trong giai doan I,
xéc dinh khoa mo sao cho LDPP hinh tia véi khoa mo tdi wu 1a {33; 34; 11; 30; 28}.
Vi vay, & giai doan Il thi ton that cong suit ting 1én t6i 53,313 KW so v6i 41,905 kW
& giai doan |. Cac két qua clia bai toan hai giai doan bang thuat toan RRA twong tu
v6i cac két qua ctia cac thuat toan COA va thuat toan GA. Diéu ndy, cho thiy bai toan
hai giai doan dugc thuc hién vdi cac thuat toan khac nhau cung cho két qua tuong tu

vO1 nhau.

Két qua thuc hién trén ciing mot thuat toan RRA cho ca hai bai toan dong thoi
st dung RRA va bai toan hai giai doan sit dung RRA dugc thé hién nhu & Bang 3.3.
Tuy nhién, cac két qua tir bai toan hai giai doan c6 gia tri ton that cong suat gan giong
v6i két qua cia bai toan dong thoi (RRA). Gia tri ton that cong suat cia bai toan dong
thoi (RRA) 1a 50,825 kW thap hon 2,4879 kW so véi giai phap tdi wu ciia bai toan
hai giai doan (RRA) dd dé nghi. Ngoai ra, bai toan hai giai doan chi mat 34,39 giay

dé thuc hién cho ca hai giai doan, it hon 46,39 gidy so v&i bai toan dong thoi.
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Tir két qua ¢ Bang 3.2, gia tri ham thich nghi trung binh & giai doan | va giai

doan |l ctia bai toan hai giai doan x4p xi gia tri toi thiéu ham thich nghi hon bai toan

dong thoi. Pidu nay cho thiy rang bai todn hai giai doan gilp cho RRA dé dang xac

dinh két qua tdi uru so v&i bai toan dong thoi.

Bang 3. 2. Cac két qua cua bai toan hai giai doan - LDPP 33 n(t

Bai toan dé nghi - Bai toan hai giai doan

i Ban
Thong so @ RRA — Giai doan COA — Giai doan |GA - Giai doan [89]
au
| T | T | T
|33 kheng | 3334 | kneng | 33 3% | Khong | 33,34,
Khéa mé 6 6 c6  [11, 30, 28
35: 36: 37 11: 30: 28 11: 30: 28 30,
PDG - MW 1,133(25) | 1,133(25) | 1,172(30) | 1,172(30) |1,107(25)|1,107(25)
, - 10,815(32) | 0,815(32) | 0,754(14) | 0,754(14) 0,823(32)(0,823(32)
(Nt s6) 1,101(8) | 1,101(8) | 1,146(24) | 1,146(24) | 1,105(8) | 1,105(8)
AP (KW) | 202,68 | 41,905 | 53,313 | 42,342 | 54,035 | 41,9082 | 53,4274
% Gism AP ; 7932 73.70 7911 7334 | 7932 | 7364
Hamt%hi'gzngh' ; 46,289 | 59553 | 48,085 | 595526 | 44,2733 | 53,4274
Ham thich nghi} 42,695 | 55472 | 42,6949 | 554702 | 425102 | 53.4274
trung binh
Do lach chudn | - 1177 2509 | 117681 | 2,50883 | 0.9969 0
Tho g(ls'f‘)n CPU| 25078 | 9316 | 25078 | 9316 | 13049 | 3954
86 lan lap trung 2452 | 1850 | 2846 | 2856 | 2604 | 255

binh
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Hinh 3. 8. Puong cong hoi tu ¢ giai doan | (RRA) sau 50 lan chay - LBPP 33 nit
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Hinh 3. 9. Pudng hoi tu ¢ giai doan 11 (RRA) sau 50 lan chay - LDPP 33 nut

Hinh 3.7 va Hinh 3.8 cho thay sy hoi tu ctia giai doan | va giai doan Il (RRA).
Céc ciu hinh dién ap cia bai toan hai giai doan (RRA) va bai toan dong thoi (RRA)
dugc thé hién nhu Hinh 3.9. O day, bai todn dé nghi véi dién ap & cac nut cia giai

doan Il dugc nang cao va c6 cau hinh dién 4p gan giéng bai toan dong thoi.
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Hinh 3. 10. C4u hinh dién &p trong céc truong hop - LDPP 33 n(t

Bang 3. 3. Két qua téi wu cua cac bai toan khac nhau - LDPP 33 nit

Bai toan dé B2 todn B2 todn Bai toan Bai toan
Thong nghi - hai A Ny A .. | VT-CSva | VT-CSva
X - dong thoi | dong thoi
sO giai doan (RRA) (CSA) [52] DNR DNR
(RRA) (FWA) [51] | (HSA) [90]
Khoa 33; 34; 33; 34; 33; 34; 7: 14; 7: 14;
mo 11;30; 28 | 11;30;28 | 11; 31; 28 11; 32; 28 10; 32; 28
1,1326 (25) |1,12095 (25)| 0,8968 (18) | 0,5367 (32) |0,5258 (32);
Poc - MW
0,8146 (32) |0,87689 (18)| 1,4381 (25) | 0,6158 (29) |0,5586 (31);
(Nut)
1,1011 (8) |0,969711 (7)| 0,9646 (7) | 0,5315 (18) |0,5840 (33)
AP (kW) 53,3129 50,825 53,21 67,11 73,05
% Giam AP 73,70 74,92 73,75 66,89 63,95
Thoi gian (s) 34,39 46,39 52,4 64,3 74,8
S6 lan lap TB 63,7 751,9 724.6 668,4 704,5

Két qua tir bai toan dé nghi so sanh véi mot s6 bai toan da thuc hién trén ciing

LDPP 33 nit nhu ¢ Bang 3.3. Tir két qua, cho thdy mirc giam % ton thit cong suit
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ctia bai toan hai giai doan (RRA) cao hon 0,05% so v6i két qua bai toan dong thoi
(CSA) va cao hon 1,12% so voi két qua bai toan dong thoi (RRA) dat duge. Tuy
nhién, hiéu suit ciia bai todn hai giai doan (RRA) t6t hon bai toan VT-CS va DNR
(HSA) va bai toan VT-CS va DNR (FWA). Cac mirc giam dugc thé hién chi tiét o
Bang 3.3 cho mdi loai bai toan va thuit toan ap dung dé t6i wu. O bai toan VT-CS va
DNR (FWA va HSA) la chon vi tri 1ap dit DG trén LDPP hinh tia ban dau trudc khi
t6i uu cong suit cia DG va DNR. Nhu vdy, véi két qua cua kiém tra trén LDPP 33
nut da cho thdy mot bai toan mai dé nghi giai bai toan t6i wu lap dit DG va DNR
thong qua hai giai doan cho két qua t6i uu twong tu nhu bai toan tdi wu dong thoi va
tdt hon bai toan tdi wu vi tri trude va toi uu cong sudt va tai cAu hinh sau. Cac thuat
toan khac duoc sir dung dé t6i wu cho bai toan hai giai doan 1a RRA, COA va GA da

cho két qua 1a gan gidng nhau va dang tin cay.
3.2.3.2. LDPP 69 nit

LDPP 69 nit dugc trinh bay trong Hinh 3.10 ¢6 73 nhanh va 5 khéa ma. Thong
s6 ciia cac Nt nhu trong Phu luc 9 va dudng day nhu trong Phuy luc 10. Khi LDPP 69
nut hoat dong binh thuong véi khoa ma 1a { 69; 70; 71; 72; 73 } [92].

28 29 30 31 32 33 34 35

'28'29.30.31.32‘33'34.
47 48 49 50
00 0 @
47 48 T 49 72 :
53 54 55 56 57 58 isg 60 61 62 63 64 65

51 : 68 :
36 37 38 39 40 41 42 43 44 45 igp

36 37 38 3940 41 427 43 T 44 T 45

Hinh 3. 11. So d4 don tuyén cua LDPP 69 nut [92]

Két qua ctia bai toan hai giai doan & LDPP 69 niit nhu ¢ Bang 3.4. Vi ton that
cong suat ban dau 1a 224,89 kW di giam xudng con 28,89 kW & giai doan | va 39,31
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KW 6 giai doan II. Cac két qua ctia bai toan hai giai doan bang thuat toan RRA tuong
tur voi cac két qua cua cac thuat toan COA va thuét toan GA. Diéu nay, cho thy bai
todn hai giai doan dugc thuc hién véi cac thuat toan khac nhau cung cho két qua

tuong ty voi nhau.

Bang 3. 4. Cac két qua cua bai toan hai giai doan - LDPP 69 n(t

Bai toan dé nghi - Bai toan hai giai doan

i Ban
Thong so A RRA — Giai doan COA - Giai doan GA — Giai doan
au
| | | I | |
69; 70; N 69; 70; N 69; 70; o Con. 1.
Khéamé | 71; 72; KZ%”Q 12; 55; K';%”Q 12; 55; Ki%”g 69é57_0é212’
73 63 63 ’
50G - MW 1,618(61) | 1,618(61) |1,554(62)| 1,618(62) [1,622(61)|1,622(61)0,
Nitsh) -1 0,771(50) | 0,771(50) |0,824(50)| 0,771(50) [0,743(50)| 0,743(50)
ut so

0,675(21) | 0,675(21) [0,735(21)| 0,675(21) |0.678(21)| 0.678(21)

AP (kW) | 22489 | 28,89 39,31 29,32 40,02 28,89 39,33

% Giam AP - 87,15 82,52 85.53 80,25 85,75 80,60

Gi4 tri 1on nhat

cua ham thich| . 31,399 | 42,878 | 32,016 | 43,07 28,97 39,33
nghi
Gia tri trung
binh cua ham | . 29,380 | 40,544 | 30,021 | 41,18 28,92 39,93
thich nghi
Do léch chuan| - 0,723 1,469 | 0893 | 1824 | 0,023 | 6e-11
Thoi gian 3467
CPU (9) 32,97 27,26 , 29,35 35,43 28,31
S6 lan lap
. - 240,15 71,05 | 25204 | 7509 | 24222 | 74,25
trung binh

C6 thé thay rang, cac két qua tir bai toan hai giai doan (RRA) gan giéng voi
két qua thu duoc tir bai toan dong thoi (RRA), nhu Bang 3.5. Ton that cong suét cua
bai toan dong thoi 1a 35,193 kW thip hon 4,171 kW so véi bai toan hai giai doan.
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Ngoai ra, vé thoi gian CPU, bai todn hai giai doan mat 60,23 gidy dé thu duogc két
qua cho ca hai giai doan, thap hon 184,26 gidy so voi bai todn dong thoi.

70 ‘
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Hinh 3. 12. Buodng cong hoi tu giai doan | (RRA) sau 50 lan chay - LDPP 69 n(t
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Hinh 3. 13. Puodng cong hoi tu ¢ giai doan 11 (RRA) sau 50 lan chay - LDPP 69 n(t

O Bang 3.4 cho thay céc gia tri ham thich nghi ¢ giai doan | va giai doan I
gan voi thong sb toi thiéu cua bai todn dong thoi (RRA). Su hdi tu cua bai toan hai
giai doan nhu Hinh 3.11 va Hinh 3.12. Trong Hinh 3.12 thé hién cau hinh dién ap cta

bdn trudng hop khac nhau. O day, dién ap cac nut duoc nang cao khi sir dung bai toan
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hai giai doan (RRA) va cau hinh dién 4p cia giai doan II gin giéng véi bai toan dong

thdi (RRA).

Pién ap (p.u)

Ban diu

[=]
«
N

09 L
0

Giai doan I
= Giai doan II
== Pone thoi DG va DNR

R

10

20 30

Nut

69

Hinh 3. 14. Cau hinh dién p trong cac trudong hop - LDPP 69 niit

Bang 3. 5. Két qua t6i wu ciia cac bai toan khac nhau - LDPP 69 n(t

B

Thén Bai toan Bai toan Bai toan | Baitoan VT- \?ﬁé(;a\r/]a
y 9 | hai giai doan | ddng thoi | ddng thdi | CSva DNR N
(RRA) (RRA) | (CSA)[52] | (FWA) [51] (HSA) [90]
Khéa mé 69; 70; 69; 70; 14; 69; 70; 69; 70; 69; 17;
12: 55; 63 55; 61 14:58: 61 | 13:55;63 |13;58;61
1,6175 (61) | 0,5161 (64) | 0,5413 (11) | 1,1272 (61) |1,0666 (61)
PDG (MW)
, 0,7710 (50) |1,45167 (61)| 0,5536 (65) | 0,2750 (62) |0,3525 (60)
(Nt s6)
0,6752 (21) [0,53696 (11)| 1,7240 (61) | 0,4159 (65) |0,4257 (62)
AP (KW) 39,31 35,193 37,02 39,25 40,3
% Giam AP 82,52 84,35 83,54 82,55 82,08
Thot gian
CPU (5 60,23 184,26 186,9 203,2 2357
S 1an lap 311,15 807,15 796,9 840,6 860,2
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Bai toan dé nghi (RRA) c6 két qua so véi bai toan dong thoi (RRA va CSA),
bai toan VT-CS va DNR (FWA va HSA) nhu Bang 3.5. O ddy, v6i ton thit cong suit
ctia bai toan dé nghj 1a 82,52% cao hon 1,02% so véi bai toan ddng thoi sir dung CSA
la 83,54% va cao hon so véi bai toan ddng thoi sir dung RRA 1,83%. Pdi véi bai toan
VT-CS va DNR thi két qua bai toan dé nghi gan bang véi bai todn VT-CS va DNR
str dung thuat toan FWA 12 82,55%, tham chi tot hon so véi bai toan VT-CS va DNR
st dung thuat toan HSA 1a 82,08%. Nhu vay, vi két qua cua kiém tra trén LDPP 69
nut da cho thdy mot bai todn mai dé nghi giai bai toan t6i wu lap diat DG va DNR
thong qua hai giai doan cho két qua t6i uu twong tu nhu bai toan tdi wu dong thoi va
tdt hon bai toan tdi wu vi tri trude va toi uu cong sudt va tai cAu hinh sau. Cac thuat
toan khac duoc sir dung dé t6i wu cho bai toan hai giai doan 1a RRA, COA va GA da

cho két qua 1a twong ty nhau va dang tin cay.
3.2.4. Két luan

O phan 3.2 d¢ xuat bai toan t6i vu lap dit DG c6 xét tai cau hinh thong qua hai
giai doan dugc dé nghi dé mo rong LDPP. Trong giai doan I 1a tdi uu lép dat DG
trong LDPP kin va giai doan 11 1a tdi wu khoa m& dé van hanh ho. LDPP 33 nut va
LDPP 69 nit dugc kiém tra bai toan dé nghi da cho thiy bai toan hai giai doan hiéu
qua dé ti uu 1ap dit DG (trong giai doan 1) va xét dén DNR (trong giai doan I1). Bai
toan dé nghi cho thay hiéu qua khi thyc hién kiém tra trén hai LDPP 33 nit va 69 nut
bang céac thuat todan RRA, COA va GA c6 két qua 13 trong ty nhau. Ngoai ra, bai toan
dé nghi cling thuc hién so sanh vai cac bai toan tdi wu d@)ng thoi vi tri, cong suat va
DNR (bai toan dong thoi) va bai toan toi wru vi tri trudc va sau do6 tdi uu cong suat va
tai cau hinh (bai todan VT-CS va DNR). Két qua kiém tra ciing cho thay bai toan dé
nghi c6 két qua twong duong véi bai toan dong thoi va tét hon bai toan t6i vu VT-CS
va DNR. Nhu vdy, voi bai toan dé nghi c6 két qua t6i vu lip dat DG 13 khong anh
huong dén viée t6i vu khoa mo. Piéu d6 co nghia 1a van dé lap dat DG (thiét ké)
khéng bi phu thudc vao van d& DNR (van hanh). Bai todn hai giai doan di giai quyét
hai van dé riéng 1é gitp thuat toan téi wu don gian, rat ngan thoi gian tinh va hidu qua
trong ting giai doan thiét ké va van hanh LDPP. Két qua kiém tra va so sanh trén

LPPP 33 n(t va LDPP 69 niit véi cac phwong phap khac da cho thay bai toan hai giai
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doan 14 hiéu qua dé ti wu lap dit DG co xét DNR. Bai toan dé nghi dugc nghién ciru,

thue hién va cong bd trong cong trinh sb [1], [5] va [7].

3.3. Xac dinh cdu hinh vin hanh LDPP khi mé rong cong suit DG

Dbi véi cac LDPP chua duoc 1ap dit DG thi viée thuc hién t6i wu va lap dat DG
theo vi tri va cong suét tdi wu 1a kha thi. Tuy nhién, trong thuc té viée lép dat DG theo
vi tri va cong suit toi uu ciing con mot sb kho khin. Bai vi viée lp dit cac DG ciing
con phu thudc vao cac yéu td nhu chinh sach wu dii, dinh huéng phat trién, chi phi dau
tu, cac yéu t anh huong dén méi truong ciing nhu vi tri dia 1y... Thyc té hién nay,
phan 16n cac LDPP duoc lap dit cac PV 13 phd bién, vi cong nghé cta PV dang phat
trién va gia thanh ctia PV da va dang giam dan. PV lap dit theo cong suat, vi tri va s6
lwong phu hop véi thiét ké ban dau 1a rat kho thyc hién. Bai vi, PV duoc lap dat vao
LPPP tuy thudc vao cac yéu td khac nhau nhu chi phi dau tu, méi truong, chinh sach
vu dai, cong suat va vi tri DG cho phép két ndi. Vi vy, cac LDPP c6 san két ndi PV
thi s& m& rong cong suat PV trong thoi gian tiép theo dé dem lai hiéu qua hoat dong

cho hé théng dién phan phbi.

Mot s6 LPPP lip dat DG khong phu hop vi tri va cong suat t6i uu hay LDPP
tiép tuc mo rong cong sudt ciia cac ngudn PV di duoc lap dit thi can xem xét viée van
hanh dé LDPP hoat dong hiéu qua thong qua viéc giam chi phi van hanh. Him muc
tiéu giam thiéu chi phi van hanh gdm c6 chi phi ton that cong sudt va chi phi thay d6i
khoa dién, nhu cong thire (3.27). Trong dé, viée thay doi khoa dién va chi phi thay doi
khoa dién 1a rat 16n. Do d6, LDPP can xac dinh m¢t ciu hinh vén hanh sao cho LDPP
van hanh vai chi phi ton that 1a bé nhat [71] vd DNR 14 phuong phap hiéu qua dé giam

t6n tht cong suét.

n
C=C,) AP xT;+nxC, (3. 27)
i=1

Nhu vay, LDPP d4 dugc lap dat PV can phai c6 phuong 4n van hanh nhim cuc
tiéu ton that nang lugng trong mot khoang thoi gian khao sat. Didu nay 12 rat dang quan
tAm vé6i sy bung nd cac trang trai PV hién nay va trong tuong lai. T4i cAu hinh lué6i

dién phan phéi (DNR) 1a mot phuong phép rat hiéu qua trong xac dinh cu hinh van
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hanh cho LBPP khi PV mé rong thém cong suat. Viéc ldp dit md rong cong suat cta
PV trén LDPP can phai di cung voi DNR 12 giai phap thiét thuc va hiéu qua dé giam

thiéu ton that nang lugng.

Nhiing niam gan day, DNR véi muc tiéu ton that cong suat hay ton that ning
luong 14 vin dé di va dang duoc nghién ciru kha phd bién [93]. Céac nghién ctru hién
nay chi tip trung chu yéu vao cac phuwong phap tbi wu cho bai toan DNR. Tuy nhién,
cO rat it nghién ctru DNR c6 xét dén sy tham gia ciia DG hodc c6 xét DG nhung khong
xét anh hudng ctia DG trén LDPP. Trong cac phuong phap DNR thi tiy theo muc do
phirc tap ctia bai toan ciling nhu théng s6 dau vao cua bai toan dé lira chon phuwong phap
giai bai todn phu hgp. Trong cac phuong phép hién nay, DNR st dung k¥ thuat trao
d6i nhanh duoc sir dung 1a kha don gian, giam mirc 6 phtic tap cia bai toan va nhanh
chong xac dinh dugc cdu hinh van hanh cuia LDPP. O nghién ctru [71] di cho thiy viéc
sir dung cong suat nhanh trung binh (CSNTB) 14 rat hidu qua trong viéc giai quyét van
dé t6i wu DNR cho LDPP. Trong nghién ctru [94] da tmg dung hiéu qua k¥ thuat trao
d6i nhanh cho bai toan DNR thong qua viéc sir dung CSNTB 1a rat hidu qua va tham
chi khéng can sir dung d6 thi phy tai [71].

Nhu vay, st dung k¥ thuat trao d6i nhanh va CSNTB dé giai quyét cho bai toan
DNR la don gian va hiéu qua. Tuy nhién, v4i sy tham nhap ngay cang cao ctia PV vao
LDPP sé& lam cho dong cong suat trén cac nhanh & mot s thoi diém khao sat co thé
thay d6i hudng truyén cong sut. Piéu nay, s& dan dén CSNTB khong dam bao gia tri
dung dé str dung DNR hoic CSNTB ctia mdt s6 nhanh c6 thé bing khong ma ton that
ning lugng khong phai 1a nhé nhat. Viée xac dinh CSNTB chinh xac khi LDPP ¢6 két
n6i PV 1 can thiét cho DNR khi PV duge mé rong cong suat dé cuc tiu ton that ning
lwong. Mot phuong phap dé nghi dé giai quyét bai toan DNR 1a sir dung k¥ thut trao
d6i nhanh v6i CSNTB cai tién. Ky thuat nay 1a dya vao hé sb phuy tai dé xac dinh
CSNTB cai tién théng qua viéc bo sung (b)) mot luong cong sudt & cac nhanh co PV
tham gia vao LDPP. Van dé b6 sung cong suat nay cho cac nhanh ¢é CSNTB cai tién
chinh x4c va gitp cho qua trinh DNR xéc dinh cau hinh chinh x4c vé6i ton thit ning
lwong 13 nho nhat. K§ thuat trao di nhanh voi CSNTB cai tién phit hop véi bai toan
DNR khi PV duoc lip dit va mé rong cong suit cho LDPP.
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O phan nay dé nghi thuat toan trao d6i nhanh v&i cong suat nhanh trung binh
(CSNTB) cai tién nham xéac dinh nhanh cdu hinh van hanh LDPP khi PV dugc mé rong
cong suit v6i muc tiéu 1a cuc tiéu ton that nang luong. Uu diém ndi bac cua bai toan
dé nghi 1a don gian, dé thuc hién va chinh xac trong vi¢c xac dinh cAu hinh cua LDPP
khi PV duoc mo rong cong suét lip dat. LDPP 18 nit va LDPP 33 n(t duoc ap dung
thir nghiém da cho thay phuong phap dé nghi 14 don gian, nhanh chéng va chinh xac
dé xac dinh cau hinh van hanh ciia LDPP. Phuong phap dé nghi c6 d6 chinh xac cao
khi so sanh véi bai toan xac dinh cau hinh theo phuong phép st dung cong suat nhanh
trung binh (CSNTB) va phuong phép sir dung d6 thi phu tai bang cac thuét toan t6i uu.
Phuong phép dé nghi méi tién hanh thuc hién kiém tra trén LDPP 18 n(t va LDPP 33
nit va so sanh véi cac phuong phap 1dp trinh tién héa (EP) [70], phuong phap
Gravitational Search (GSA) [70] va phuong phap d6 thi phu tai cia PSS-ADEPT 5.0
da cho thay tinh hiéu qua ctia phuong phap dé nghi. Phan mém PSS/ADEPT la cong
cu dé thiét ké va phan tich luéi dién phan phdi cho phép thiét ké, chinh stra va phan

tich so dd ludi va cac mé hinh ludi dién mot cach truc quan.
3.3.1. M6 hinh toan hoc

Hinh 3.14 trinh bay mot LDPP don gian, van dé DNR dugc thé hién thong qua
chuyén dbi vi tri khoa mé trong vong kin. O day, c6 hai khoa mé MN va PQ, mdi khoa
mo & tai mot thoi diém. Cong thire (3.28) thé hién muc tiéu bai toan DNR giam ton

that nang lugng [71].
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Hinh 3. 15. LDPP don gian c6 mdt vong kin
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M Npr
Min: AA(X) = Z £ x ) R x ( (3.28)
i=1

m=1

P’ + Qf
V2

Trong d6: R; 1a dién tré nhanh (Q); P, va Q; 1 c6ng suit tac dung (kW) va phan
khang (KVAR) tai thir i (kVAr); Vila dién ap nat (kV); tm 1a thoi gian khao sat (h).

Cong thuc (3.29) 1a do léch ton that cong suat nhanh MN (8Pyy) giita LDPP
kin va LDPP h¢ dugc tham khao ¢ tai liéu [87].
8Pyn = APyg- APy = Il%/[Npeakl:{Loop (3.29)

Cong thirc d6 1éch t6n that ning lugng trén nhanh MN (8Ayy) phu thudc vao
8Py, hé s6 ton that (LLF) va hé sb tai (LF) [95], [96]. Ta c6 8Ayy gitta LDPP mach
Kin va hinh tia & nhdnh MN trong 24 gio, nhu cong thire (3.30) va cong thirc (3.31).

SAmN = Z?ﬂ APMNT;

(3.30)
= 24 APyaxLLF = 24 RyoopIinpear LLF
Plnpeak+Qinpea
= 24R 0p ( e k) (a.LF + (1 — a)LF?)
— RLOOp PMNavg 2 QMNavg 2 _ 2
= 241 (( Navg)" (SN ))(aLF+(1 a)LF2) 331
—LF2 2
Vi LLF = alF + (1—a)LF2; a=" jp— Jwe, pp o e
LF-LF Ppeak (P)? peak

O day, LF va LLF 1a hé s tai va ton that; a 13 hang sé phu thudc LLF va LF;
Ppeak Va Qpeak 12 cong suit tac dung cuc dai va phan khang cuc dai; Pgravg V@ QpRravg
la CSNTB tac dung va phan khang.

Tir cong thire (3.31), d6 1éch ton that nang lugng (8A) duoc xac dinh théng qua
CSNTB (Pgravg) Va hé sb tai LF. Vi mét so ti ddc trung, gia tri LF duge x4c dinh d&

dang trong mdt khoang thoi gian khao sat [96].
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- Hinh 3.16 a biéu dién cong sut ciia tai va cong suat phat cua PV, P32"1a cong

sudt cuc dai cia PV vao luc 12 gio, Tagla thoi gian PV phat cong suat.

- Hinh 3.16 b biéu dién dudng cong cua tai va PV vi mot phan ning luong am
(Aneg) s€ dugc tinh ra gid tri CSNTB (Pgrayg). Tanla thoi gian cong suét tao nang luong

am, c6 chiéu truyén cong sudt ngugc so voi chiéu truyén cong suat khi khdng cé PV.

- Hinh 3.16 ¢ biéu dién ning lwong dugc quy doi thanh ning luong duong (Apos)
va CSNTB cii tién (PiRayg )-

Xét LBPP c¢6 PV nhu Hinh 3.15 v6i cong sut cia tai va PV trong thoi gian
khao sat 24 gid nhu Hinh 3.16. O Hinh 3.16 a cho thay d0 thi ciia tai va do thi ctia PV.
Hinh 3.16 b cho thdy PV va d6 thi phu tai két hop, & day cho thay nang lugng 4m (Aneg)
s& dan dén CSNTB (Pgravg) rat nho. Hinh 3.16 ¢ cho thdy phan ning lugng 4m (Aneg)
duogc chuyén dbi thanh ning lwong duong (Apos) s& dan dén CSNTB cai tién (Pé\'Ran)
pht hop véi lugng cong suat duge truyén trén nhanh. Nhanh MN duogce coi 1a ¢6 cong
sudt (c6 PV) truyén nguoc huéng so véi cong suat truyén trude d6 (khong PV). Bai
toan DNR dé giam ton that ning luong trong 24 gior dugc xac dinh sao cho do 1éch tén
that ning lugng (5A) trong cong thirc (3.31) 1a thip nhat. Tuy nhién, gia tri SA s& khong
chinh xac khi gia tri CSNTB bét thudng nhu & Hinh 3.16 b, tirc 13 cong suat nhanh (co
PV) c6 su chuyén huéng & mét sb thoi diém so v6i huéng trude d6 (khong c6 PV). Tai
thoi diém nay, CSNTB ctia nhanh MN 16n hon ctia nhanh PQ vi do lugng cong suat
truyén nguoc trén nhanh s& 1am thay doi gia tri thuc vé truyén niang lugng lam cho
CSNTB khéng con chinh x4c dé sir dung cho qua trinh t6i wu DNR. Chinh vi vdy, can
phai xét sy anh hudng cua cong suat PV trén cac nhanh trong qua trinh DNR khi LDPP
c6 két ndi PV.

Dé xét anh huong cia CSNTB ¢6 PV, xem xét LDPP duoc trén Hinh 3.16. Néu
khong c6 PV, CSNTB sé& duoc truyén theo mot chiéu tir ngudn dén tai tai mdi thoi diém
trong khoang 24 gio. Khi PV tham gia vao LDPP véi cong suat 16n hon cong suét trén
nhéanh MN, Ic ndy s& c6 cong sudt truyén nguoc trong nhanh MN, tiy thudc vao thoi
gian hoat dong cua PV. Luc nay, CSNTB trén nhanh MN dugc tinh theo phuong phap
Pgravg s€ khong chinh xac cho vi¢c tinh ding ton that nang luong theo cong thirc (3.31)

ma can phai cai tién CSNTB phu hop dé tinh chinh xé4c cho qué trinh DNR. Hinh 3.16
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b cho thay rang, tai thoi diém tir 0 dén A va B dén C do tac dong ctia PV 1a khdng c6
hoic khong dang ké, nén cong suit cia nhanh MN ¢ huéng thuan so véi luc khong co
PV. Nhung tai thoi diém a dén b, tac dong cta PV tic dong 1én nhanh MN nén CSNTB
ctia nhanh MN véi chidu nguoc so véi thoi diém tir 0 dén a va b d¢én C. Do d6, CSNTB
cta nhanh MN trong 24 gio la rat nhé. Vi vay, su dung phuong phap CSNTB (Pgrayg)
dé DNR s& md khoa ma ton that nang lugng ctia hé théng khdng phai la bé nhat theo
cong thire (3.30). Vi vy, khi tham gia PV vao LDPP thi cin CSNTB can duoc cai tién
thanh CSNTB cdi tién (PgRayg) d€ xdc dinh chinh x4c nhanh khéa mé dé ton that ndng
luong 12 nhé nhit trong hé thong. Tir Hinh 4.16 a, ¢6 c4c truong hop xem xét cong suat

cua tai va PV nhu sau:

Truwong hop 1: CSNTB Pggr,yg trén nhanh truyén mot chiéu tir ngudn dén tai
duogc tinh theo cong thic (3.32)

ZieOA(PLoadti_PPVti) YieAB(PPvti—Proadti) ZieBC(PLoadti_PPVti)
YicoC PBRavg = + + (3.32)

Yicoa ti YieaB ti YieBCY
Truong hop 2: CSNTB cdi tién Pk, trén nhanh truyén khi c6 PV. Luc nay

cong suat truyén hai chiéu, dugc tinh theo cong thire (3.33)

3 PN _ 2icoA(Proadti=Ppvti)  XieaB(PPvti—PLoadti) | ZieBC(PLoadti—Ppvti 333
ie0C TBRavg — - + ( : )

YicoAti YieAB ti YieBC ti

Trong d6: Proad 12 cOng suit tai (kW); Ppy 13 cong suit PV (kW); ti 1 thoi gian
khao sat (h).

Ching ta c6 PRk, tr (3.32) va (3.33) khi két ndi vi PV thi s& nhu cong thire (3.34).

2 YieaB(PLoadti—Ppvti)

N
Zieoc PBRavg - ZieOC l:’BRavg -

YieaB ti

YieAB(PLoadti—Ppvti)

N —_
@Zieoc PBRavg_ ZieOC PBRan +2 YieABti
€

= Yieoc PBravg T 2PeRravga = X Peravg + PeRneg (3.35)

Hinh 3.16b cho thiy Aeg ¢ phan dudi (gid tri 4m), néu chung ta tinh gié tri
CSNTB (Pgravyg) thi gid tri nay s€ khong chinh xac. Do do, gia tri Aneg (@M) phai duoc
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quy doi sang gié tri Apes (dwong) va CSNTB cai tién (Pggayg) nhan gié tri chinh Xac
dé tinh A, nhu Hinh 3.16 c. Gi4 trj Pjkay, 12 gid tri CSNTB cai tién, thé hién chinh
XA4C gia tri trung binh nhanh cta hé thong va Pgrneg 12 gid tri CSNTB can bo sung dé
nhénh c6 gié tri PRRayg. LUC NAY, v6i gié tri PhRay, thi SA dugce x4c dinh chinh xé4c va
cho két qua nhanh mé ¢6 ton that ning luong 13 thip nhat (nhanh MN) theo cong thirc
(3.30). Do d6, qué trinh DNR s& cho két qua chinh xac cdu hinh luéi 13 ti wu. Gia tri
Pgrneg 12 gia tri CSNTB bu cho mdi nhanh c¢6 cong suit truyén nguoc (so v6i ban dau)
cua LDPP khi ¢6 PV dugc tinh nhu cong thire (3.35).

Tir Hinh 3.16, v6i hai phan ning luong cung cip cta PV (Apy) va phan ning
luong con lai ciia hé théng (Apeg)- X€t mot tam giac can c6 day la AB va duong cao

P12M Tinh gan dung tai thoi diém cuc dai luc 12 gid, ta co:

A _ T . P%Zh _ Pézh P}Zh _ (P%Zh)z _ (P%Zh)z
neg — ‘a — ‘AB h — 1AB h — 'PV h
g 2 PR 2 2 pF3f 2 pF3f
(PE2M)2Tpy
& A = 24P, = =t
ne BRne h
g g 21311:%/
(P12h ZT
s
2P32h24

Trong d6: Apy 14 ning lugng ciia PV (kWh); P12D 13 cong suat cua hé thong ldc
12 gio (kW); PE2" 1a cong suat PV ldc 12 gio (kW); Tag = Tpy 12 thoi gian phat cong
sudt ctia PV (h); T, 1a thoi gian cua hé théng co cong sudt am (h); Pgrneg 12 CSNTB
b6 sung (KW).

Gia tri cua Pé\IRan dugc tinh bang cong thic (3.35). Cap nhat gia tri trén cac
nhanh trong hé théng c6 dong cong suat truyén nguge khi LDPP c¢6 PV. Khoa duoc
dinh nghia m¢ thong qua gia tri A 1 nho nhat gitta LDPP kin va LDPP hinh tia, nhu
cong thirc (3.36). O day, PV chi tao ra cong suat tac dung nén chi bl cong sut tac dung
trén cac nhanh bi anh huong ma khdng xét cong suat phan khang. Lic nay, SA duoc
tinh nhu cong thirc (3.37)

P]?Ravg = PBRavg + l:)BRneg (336)

64



N 2 2
24RL00p IB]Ran QBRan F
A i2 + ( ) (aLF + (1 a) )

Xét LDPP 10 kV c6 18 nut: LBPP ¢6 19 nhénh véi 17 khéa dong va ¢6 2 khoa
md {17, 18}. So d6 don tuyén dugc thé hién trong Hinh 3.17 [60]. Thong sb cac nit

nhu trong Phu luc 1 va duong day nhu trong Phy lyc 2. Céac phuy tai bao gdm thuong

mai (Mcom.), dan dung (Mres.) nhu trong Phu luc 3. D6 thi cua timg loai phu tai va d6
thi phat cong suat PV dugc thé hién trong Hinh 3.18 [71]. LDPP 18 nit thir nghiém 2

kich ban DNR véi cong suit PV ban dau da dugc lép dat va cong suit cia PV dugc mé

rong. Két qua kiém tra trong 2 trudng hop dé kiém tra anh hudng ctia cong suat PV sau

khi mo rong dén CSNTB ctia LDPP.
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Hinh 3. 18. So d6 don tuyén cua LDPP18 n(it

CPres. <w===- CQ,res

Hé 56 P (din dyng) Hé 36 Q (din dung) Hé 50 P (thwong mai)  Hé 6 Q (thuomg mai) Hé 50 P cua PV
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Hinh 3. 19. D4 thi tai va dd thi caa PV
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Khi LDPP chua c¢6 PV véi cic khoa mo ban dau {18, 19}, t6n that ning luong
13 1514,0 kWh. Néu khong c6 PV, hudng truyén tai dién cta cac nhanh cia Vong 1 va
Vong 2 nhu Hinh 3.19. Véi két qua DNR gidng véi két qua ¢ tai liéu tham khao [60].
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Hinh 3. 20. Chiéu truyén cua cong suat khi khéng cé PV

Trwong hop 1: LDPP md rong voi PV1 tai nut 18 véi Ppyvi = 560 kW:

Véi viée két ndi PV véi cac khoa mé ban dau {18, 19}, ton that nang luong Ia
1345,5 kWh. Hinh 3.20 cho thay hudng truyén cong suat cia cac nhanh khi PV 14 560
kW. Qua trinh DNR thyc hién thay doi nhanh trong hai vong kin. P6i véi Vong 1,
huéng truyén cong suit cua cac nhanh véi PV 1a khong doi so v6i ban dau. Vi cong
sudt ctia PV ndi v6i LDPP nho hon cong suat phu tai tai nat 18 nén khong nhanh nao
c¢6 cong suit truyén nguoc chidu. O Bang 3.6 cho thdy két qua chi tiét trén cac nhanh

khi lap dat PV.
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Hinh 3. 21. Chiéu truyén cua cong suat khi PV1 12 560 kW
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Bang 3. 6. Cac thong sé khi PV lap dat mo rong tai nit 18 véi Peyi= 560 kW

Nhanh |[Khoa| p12h Pa?h | Thay d0i |Pprneg| Porave| PhRavg | QBRavg| OA

Khong PV | C6 PV h/“}‘zﬁirf;" (W) | w) | kw) |(kvAR)| (Wh)

Vong 1
2-15| 14| 1671,2 | 13888 Khong 0 | 13796/ 13796 3254 | 1075,3
15-16| 15| 1337,1 | 1055,8| Khong 0 | 990,9| 9909 | 242,1| 556,9
16-17| 16| 10051 | 7245| Khong 0 | 603,9| 6039| 159,5| 208,8
17-18| 19| 6685 | 3884 | Khong 0 | 2111| 211,1| 772 | 270
14-18| 17| 680 | 3481 | Khong 0 | 235| 235 | 793 | 37
13-14| 13| 3321 52 Khong 0 | 279,9| 2799| 11,8 | 420
12-13| 12| 8329 | 5524 | Khong 0 | 600,7| 600,7| 134,1| 202,7
8-12| 11| 12347 | 9535| Khong 0 | 857,8| 857,8| 2256 | 421,1
2-8 | 7 2997 | 2714,2| Khéng 0 |1984,6| 19846 597,7 | 2299,2
\Vong 2

2-3| 2| 16508 | 1650,8| Khéng 0 | 15046/ 1504,6) 432 | 1390,8
3-4 | 3| 13728 | 1372,8| Khong 0 | 11805 11805 347 | 859.4
4-5 | 4 1096 | 1096 | Khéng 0 | 857,6| 857,6| 262 | 456.4
5-6 | 5 820 820 Khéng 0 | 5352| 5352| 178 | 1805
6-7| 6| 5444 | 5444 | Khong 0 | 2133| 2133| 93 | 307
7-11| 18| 1441 | 1441| Khong 0 | 431 | 431 | 85 11
10-11| 10 256 256 Khéng 0 | 2996| 299,6| 742 | 541
9-10| 9 | 6565 | 6565| Khong 0 | 556,3| 556,3| 159 | 190,0
8-9 | s68/ 1157 | 1157 | Khong 0 | 876,7| 876,7| 267 | 476,7
2-8 | 7| 29199 | 2919,9| Khéng 0 | 20046/ 2004,6] 662 | 2528,2

Khéa mé: {17, 18}
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Bang 3.7 cho thay két qua thir nghiém vdi truong hop ban dau va Pé\IRan. Két
qua ton that nang lugng cua trudng hop khoa mé ban dau 1a 1514 kWh (khong co PV),
con khi c6 PV ¢6 1a 1325,1 kWh. Phuong phap CSNTB ci tién (Pggayg) dua ra chu
hinh véi cac khoa mé giéng voi phuwong phap CSNTB (Pgravg) tuong tmg t6n thit ning
lwong 14 1325,1 kWh, vi cong suit caa PV nho nén khong c6 nhanh nao trén LDPP 18

nat co cong suat truyén nguoc chiéu so voi chiéu truyén cong suat ban dau.

Bang 3. 7. Khda ma trong trudng hop PV1 ¢6 cong suat 560 kW

Truong hop Ppvi (KW)| Ppv2 (KW) | Ppy (KW) | Khéamo | AA (KWh)
Ban dau - - - {18, 19} 1514,0
Ban dau 560 - 560 {18, 19} 13455
CSNTB 560 - 560 {17, 18} 1325,1

CSNTB cai tién 560 - 560 {17, 18} 1325,1

Truwong hop 2: LDPP cd Ppyvi va mé rong thém PV2 tai nat 18 véi Ppyz = 2440 KW:

Véi viée két ndi PV voi cac khda md ban dau {18, 19} vé6i ton that ning lugng
s€ 1a 1196,5 kWh. DNR thuc hién chuyén mach Cac nhanh trong mot vong kin cua hai
vong duogc thuc hién. Hinh 3.21 va Bang 3.8 thé hién huéng truyén cong suit cta cac

nhanh khi cong suét ciia PV 1a 3000 kW.
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Hinh 3. 22. Chiéu truyén ctia cong suat khi thém PV2 1a 2440 kW
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Bang 3. 8. Cac thong sé khi PV lap dat ma rong tai nit 18 thém Pevz = 2440 KW

Nhanh|Khoa| Pi2h | Pi2h | Thayddi | Pgrneg| Peravg | Phkavg | QBRavg | OA
Khong | COPV | huong (CO/ | (kW) | (kW) | (kW) |(KVAR)| (Wh)
PV Khong)
\Vong 1
2-15] 14 | 1671,2 | 166,2 Khéng 0 1046,5|1046,5| 325,4 | 642,8
15-16| 15 | 1337,1 | 1644 Co 45 | 658,9 | 6634 | 242,1 | 266,9
16-17) 16 | 1005,1 494 Cé 40,65 | 2724 | 313,1 | 1595 | 66,1
17-18| 19 | 668,5 830 Co 1148 | 120,2 | 235 772 | 32,7
14 -18| 17 68,0 1569 Cé 410,3 | 307,8 | 7181 | 79,3 | 2794
13-14| 13 | 332,1 |1167,3 Co 2271 | 514 | 2785 | 11,8 41,6
12-13| 12 | 8329 | 6664 Co 74 269 | 3430 | 1341 | 72,6
8-12| 11 | 12347 266 Cé 11,8 | 525,7 | 537,5 | 2256 | 1819
2-8 | 7 2997 1490 Khoéng 0 1651 | 1651 | 597,7 | 1650
\Vong 2
2-3 | 2 | 1650,8 | 1402 Khbéng 0 1460 | 1460 432 |1315,2
3-4| 3 | 13728 | 1124 Khéng 0 1136 | 1136 347 | 8004
4-5| 4 1096 848 Khéng 0 813 813 262 | 4139
5-6 | 5 820 572 Khbéng 0 491 491 178 | 154,7
6-7| 6 5444 297 Khéng 0 169 169 93 21,1
7-11| 18 | 1441 102 Khong 0 874 | 874 8,5 44
10-11) 10 256 503 Khéng 0 601 601 74,2 208
9-10| 9 656,5 904 Khbng 0 344 344 159 81,5
8-9| 8 1157 1406 Khbng 0 921 921 267 | 521,7
2-8 | 7 | 29199 769 Khéng 0 1619 | 1619 662 |[1735,6

Khoa mé: {18, 19}
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Pbi v6i Vong 1, nhanh 2-15 (khoa 14), nhanh 2-8 (khoa 7) c6 cong suét hé thong
(c6 PV) luc 12 gid v6i hudng khong d6i (khéng) so voi ban dau (khong PV) tai 12 gio,
vi vy khong can b sung vao cac nhanh ndy. V&i nhanh 15 —16 (kh6al5), nhanh 16 — 17
(khda 16), nhanh 17 — 18 (khda 19), nhanh 14 — 18 (khoa 17), nhanh 13 — 14 (khoa 13),
nhanh 12 — 13 (khda 12) , nhanh 8 — 12 (khoa 11) véi cong suét hé théng (co PV) luc 12
gio ¢6 hudng thay doi (co) so v6i ban dau (khong PV) luc 12 gio. Luc nay, CSNTB 1a
khong dung gia tri thuc dé tinh d6 1éch ton that ning lrong (SA). Do d6, & mdt sd nhanh
c6 cdng suat bi doi chiéu thi can bd sung mot gia tri CSNTB bo sung 1an luot 13 4,5 kW;
40,65 kW, 114,8 kW 410,3 kW, 227,1 kW; 74,0 kW; 11,8 kW. Vi vay, gia tri Pé\’Ravg la
céc gia tri m6i nhu Bang 3.8. Liic nay, nhanh 17 — 18 (khéa 19) v&i d6 16ch ton that ning
lwong c6 gid tri 12 32,7 Wh 13 nho nhét, nén khoa mo & Vong 1 1a khoa 19.
Tuong tu, Vong 2 khong ¢ cong suat truyén nguoc so voi ban dau. Bang 3.8
thé hién cac két qua tinh toan cua 2 vong c6 vdi CSNTB, CSNTB cai tién va do léch

ton that nang lugng cua cac nhanh cua 2 vong kin.

Khi cong suat PV 1a 3000 kW tai nat 18, voi gia tri SA nhé nhat, khéa mé cho
Vong 1 1a khéa 19 va Vong 2 1a khoa 18. Bang 3.9 cho thay két qua thir nghiém voi
truong hop ban dau, phuong phap Pgravg va phuong phap Pé"Ravg. Két qua ton that nang
luong cua trudng hop ban dau 13 1514 kWh khi khong PV va khi c6 PV 14 1196,5 kWh.
Phuong phép Pegaye cho khéa mé 1a {18, 13} véi ton that ning lugng 1a 1312,0 kWh
Va PiRavg cho khoa mé 1a {18, 19} voi ton that ndng lugng 1a 1196,5 kWh. Nhu véy,

phuong phap Pé‘IRan cho két qua t&i wu v6i ciu hinh ¢ ton that nang luong 14 nho nhat.

Bang 3. 9. Khéa mé trong trudng hop khi mé rong PV2 ¢6 cong suat 2440 kW

Truong hop | Pevi (KW) | Peva (KW) | Pev (kW) | Khoéamé | AA (kWh)
Ban dau khong PV - - - {18, 19} 1514,0
Ban dau c6 PV 560 2440 3000 {18, 19} 1196,5
CSNTB 560 2440 3000 {18, 13} 1312,0
CSNTB cai tién 560 2440 3000 {18, 19} 1196,5
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Bang 3.9 cho thay két qua thir nghiém bang cac phuong phap sir dung CSNTB
va CSNTB cai tién dé xac dinh cau hinh LDPP. Di véi phwong phap st dung CSNTB
cai tién cho két qua x4c dinh ciu hinh v6i ton that ning luong 13 thp nhit con phuong
phap sir dung CSNTB cho két qua xac dinh c4u hinh véi ton that nang luong khong 14
thip nhat. Boi vi, CSNTB cii tién duoc xac dinh ¢6 bd sung mot lugng cong suit bu
dé CSNTB cai tién duoc xac dinh dung véi gia tri do 1éch ton that nang lwong 1a nho
nhit dé thuc hién khda mo chinh xac. Do tic dong ctia PV dén cac nhanh ciia LDPP s&
lam cho 8A khéng chinh xac, diéu ndy s& dan dén két qua DNR khong chinh xac (ton
that nang luong ctia hé thong khong 1a nho nhét). Do d6, phuong phap Pé\]Ravg st dung
CSNTB cai tién dé DNR khi LDPP ¢6 PV vdi ton that ning lwong 1a nho nhat. Phuong
phép Pé\IRavg 1a phuong phap don gian, dé thyc hién va cho két qua ciu hinh LDPP

chinh x4c véi ton that nang lugng 1a nho nhat.
3.3.2. Xdc dinh cau hinh v4n hanh bing thuit toan trao d6i nhanh ci tién

Thuét toan trao dbi nhanh da chirng minh 1a mdt trong nhirng thuat toan hiéu
qua cho van dé DNR dé cuyc tiéu ton thit ning lwong [62]. Qua trinh trao d6i nhanh cta
thuat toan la nhanh chong cho két qua cau hinh van hanh véi mirc giam ton thit ning
luong cao nhat dua trén quy tac heuristic két hop v6i cong thic thuc nghiém. Thuat
toan trao doi nhanh duogc ap dung trong cac nghién ciru nay véi thong sd dau vao dé
tinh toan 1a cong suat nhanh trung binh (CSNTB) cai tién dé khac phuc viéc tac dong
ctia PV 1&n CSNTB. Do d6, DNR c¢6 thé cho két qua tdi ru voi mot cdu hinh 1uéi c6
t6n that niang lugng khong 13 nho nhat. Trong cdng thirc (3.37), 8A; va 6A; 1a do léch
t6n that nang luong cho vong lap thir i va vong lap thir j dugc thé hién nhu cong thirc
(3.38) va (3.39).

8A; = AAjnirial — AA; (3.38)
8A; = AAjpitial — DA; (3.39)

O cong thirc (3.37) va cong thirc (3.38), AAiyiriar 12 gid tri 13 ton thit ning luong
ban dau ciia LDPP trudc khi DNR, AA; |4 gia tri ton that ning luong khi mé/dong mot
cdp khéa ¢ vong lap thiriva AA; la t6n that nang luong khi mo/dong mot cap khoa &

vong lap thi j.
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Ta c0: cong thure (3.39) - cong thire (3.40)
Tir cong thire (3.40), cho théy:
Néu 8A; > 8A; thi AA; < AA, (3.41)

Xéc dinh tap [S] gobm N cong tdc m¢& d€ dam bao LDPP
hinh tia. Khoa m¢ ban dau SiAB,i=1 .. N

Tinh toan AA cia hé thong
v
— Véi i=1, dong khoa md SiAB voi LDPP ¢6 mot vong kin «
r + b b
Xac dinh cong suat va chiéu truyén trén nhanh
cua LDPP khi khong PV (luc 12 gio).
v
Tinh cong suit nhanh cuia LDPP khi c6 PV (12 gid).
Xéc dinh nhanh c6 chi€u cong suat truyén ngugc.
v
‘ Tinh toan cong suat nhanh chi c6 PV (lic 12 gio) ‘
v
| Xéc dinh CSNTB |
v

X4c dinh CSNTB cai tién

v
Xac dinh nhanh c6 CSNTB nhé nhat v6i nhanh

nay c6 khéa m¢o SIMN
v
Tinh 3A cta vong kin thir i va luu vao tap D
v
=i+l
Dung
Sai

Chon vong i c6 0A giam 16n nhat trong tap D va cap nhat tap S
bang SiAB thay cho SiMN

Mirc giam SA trong tap D bang 0

Pung

In két qua mo cong tic va tinh AA

Hinh 3. 23. Thuat toan trao doi nhanh cai tién khi c6 PV
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Tir cong thirc (3.41) cho thay, trong nhiéu cau hinh LDPP dugc xét khi dong/
md mot cap khoa dién, cau hinh nao ¢ SA gitta hai vong lp 16n nhat s& c6 AA 13 nho
nhét. Do do, thuét toan trao ddi nhanh dugc cai tién dé DNR véi sy anh huodng cia PV.
Thuat toan nay duogc cai tién tir thuét toan trao d6i nhanh do Civanlar va cac cong sy
[62] d& xuat d&& DNR vé6i muc tiéu cuc tiéu ton that ning luong. Luu d6 thudt toan trao
d6i nhanh cai tién thuc hién DNR cho LDPP ¢4 PV nhu Hinh 3.22. C6 céc rang budc
ctia vn dé toi wu lap dat DG trén LDPP 14 dong dién mdi nhanh va dién 4p mdi nut

phai & trong gidi han cho phép nhu cong thirc (3.42).

IA

0 < Ii Imax,i; i :1, 2, vees Nor

(3.42)
Vmin < Vi < Vmax; i: l’ 2’ «++5 Nbus

3.3.3. Két qua kiém tra

LDPP 12,66 kV ¢6 33 nut: 37 nhanh vai 32 khéa dong va 5 khoa mo 1a {33, 34,
35, 36, 37}. Trong Hinh 3.23 cho thay so d6 don tuyén caa LDPP 33 nit. Dir liéu cia
c4c n(t nhu trong Phy lyc 5 va thong sé cua duong ddy nhu trong Phu luc 6 [59]. Péi
voi LDPP 33 nut sau khi mé rdng su tham nhap cia cac DG 1a PV. LDPP c6 3 PV
duoc lap dat & nat 6, nt 18 va nat 22 cta hé théng. Vi cac PV co do thi hé s cua tai

va do thi phat cong suat duge thé hién trong Hinh 3.24 [70].

36
22

9 10 11 12 13 14 {1516 17

Hinh 3. 24. LBPP 33 nut [70]
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Hinh 3. 25. Db thi cua phu tai va PV

Sau khi stir dung CSNTB cai tién va thudt toan trao doi nhanh cai tién dé t6i wu
c4u hinh ctia LDPP véi myc tiéu 1a cyc tiéu ton that nang luong. O Hinh 3.24 cho thay
trinh tu thuc hién cua thuit toan trao d6i nhanh cai tién st dung phuong phap CSNTB
cai tién. Pé thyc hién phuong phap CSNTB cai tién, trong mdi vong kin thay doi cac
khoa mé bang cach xac dinh CSNTB, CSNTB bé sung, CSNTB cai tién va do 1éch ton
that nang luong. O mdi vong kin, khoa mé dan dugc thay thé bang cach xac dinh do
1éch ton that nang luong cua mdi khoa ma. Boi véi 5 vong Kin, tim khéa mo ¢6 do 1éch
t6n that nang luong 16n nhat cho mdi vong lap, theo cong thic (3.40). Qua trinh nay
duoc thue hién cho dén khi khoa mo chéng 1€n khoa mo trude do thi thuat toan s€ ding
lai. Két qua cudi ciing s& duoc xac dinh v6i khoa mé véi do 1éch ton that nang lugng
bang khong. Tir cac khoa mo ndy xac dinh dugc cau hinh luéi t6i wu véi ton that ning

lwong 12 nho nhét trén toan LDPP.

Bang 3. 10. Két qua DNR ctia phuong phap dé xuit cho LDPP 33 nit

Phuong phép Khoa mo AA (kWh)
Ban dau {33,34,35,36,37} 3304,820
Phuong phap do thi {7,9,14,32,37} 2243,980
EP [70] {7,10,14,31,37} 2334,280
GSA [70] {7,10,14,17,28 } 2075,510
Phuong phap trao doi nhanh
, {7,10,14,17,28 } 2075,510
va CSNTB cai tién
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[33, 34, 35, 36, 37]

[7, 34,35, 36, 37]
0A=19.88

[33, 13, 35, 36, 37]
0A=3.095

[33, 34, 8, 36, 37]
0A=20.618

[33, 34, 35,32, 37]
0A=1.329

[33, 34, 35, 36, 28]
OA = 18.476

[6, 34, 8, 36, 37]
0A=4.324

[33, 14,8, 36, 37]
5A=0.001

[33, 34,8, 36, 37]
5A =0.0799

[33, 34,8, 36, 28]
9A = 8.5078

[33, 34,8, 31, 37]
5A=3.6673

[7,34,8, 36, 28]
OA =0.4957

[33,34, 8, 36, 28]
0A =1.3820

[33, 34, 10, 36, 28]
0A =0.0279

[33,34,8,32,28]
8A =0.0509

[33,14,8, 36, 28]
0A =0.1077

[7,34,8, 32, 28]
5A =0.0679

[33, 14, 8, 32, 28]
5A =0.00016

[33, 34, 10, 32, 28]
0A =0.3702

[33, 34, 8,32, 28]
0A=0.0318

[33, 34, 8,32, 28]
0A=0.0318

[33, 34, 10, 32, 28]
A =7.69x10°

[33, 34, 10, 32, 28]
0A =0.2805

[33, 34, 10, 32, 28]
A =7.69x10°

[33, 34, 10, 31, 28]
5A =7.69x10°

[7, 34, 10, 32, 28]
5A = 0.6067

[7, 34,10, 32, 28]
5A=0

[7,14, 10, 32, 28]
0A=1.217

[7,34,11, 32, 28]
0A=0.144

[7, 34,10, 32, 28]
5A=0

[7,34, 10, 32, 28]
5A=0

\

[7,14, 10, 32, 28]
0A=0

[7,14, 10, 32, 28]
0A=0

[7,14, 10, 32, 28]
SA=0

[7,14,10, 17, 28]
0A =0.1659

[7,14,9,32,28]
SA=0

/

[7,14,10,17, 28]
5A=0

[7,14,10, 17, 28]
5A=0

[7,14,10, 17, 28]
5A=0

[7,14,10, 17, 28]
5A=0

[7,14,10,17, 28]
5A=0

V61 phuong phap dua ra da thi nghiém va so sanh vdi cac phuong phap khac
nhu phuong phap sir dung d6 thi, GSA [70] va EP [70], két qua & Bang 3.10. LDPP 33
nGt ¢ 3 PV tham gia vao cac nit 6, 18 va 22 [70]. LDPP ban dau, chwa thyc hién DNR
c6 khoa mé tuong Gng { 33, 34, 35,36, 37 } voi ton that nang lwong ban dau 12 3304,82
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Hinh 3. 26. Qua trinh téi wu LDPP 33 nuat c6 PV

kWh. Trong khi EP c¢6 khoa mo twong ung 1a { 7, 10, 14, 31, 37 } véi ton that ning
luong 1a 2334,28 kWh. Con phuong phép do c6 khoa mé twong Gng 1a { 7, 9, 14, 32,
37 } v6i ton that nang luong 1 2243,98 kWh. Tir két qua, phuong phap di dua ra cho
két qua gidng voi GSA c6 khda mé { 7, 10, 14, 17, 28 } véi ton thit ning luong 14




2075,51 kWh. Phuong phap di dua ra cho thiy rang két qua DNR giéng GSA vdéi ton
thit ning luong 1a thp nhét va tot hon cac phuong phap khac di dugc kiém tra. Tuy
nhién, d6i voi phuong phap dé xuit c6 tong cong 80 1an tinh toan phan bd cong sut:
40 1an (voi PV) va 40 1an (khong PV), Hinh 3.25. Trong khi GSA phai tinh phan b
cong sudt voi dan sd Iya chon (N = 100), s 1an 1ap lai (Ir = 5) va s bac trong d6 thi
phu tai (24 gid). Nhu vay, s6 1an tinh toan phan bd cong sudt cia GSA tuong duong
v6i 12.000 1an. Két qua thuc nghiém trén LDPP 33 nut cho thdy phwong phap CSNTB
cai tién 13 hiéu qua trong viéc DNR cho LDPP ¢6 anh huong cia PV.

3.3.4. Két ludn

Phan nay di dua xuat thuat toan trao d6i nhanh véi cong suat nhanh trung binh
(CSNTB) cai tién nham xac dinh nhanh cdu hinh van hanh LDPP khi PV duoc mé rong
cong suat véi myc tidu 13 cyc tiéu ton that nang luong. Bai toan dé nghi 1a st dung
CSNTB cai tién va thuat toan trao doi nhanh cai tién dé x4c dinh ciu hinh van hanh
ciia LDPP thong qua d6 1éch ton that ning lugng. Bai toan dé nghi da cai tién CSNTB
dé c6 gia tri chinh xac cho do 1éch t6n that cong suat giita vong kin va vong hé trong
LDPP va d6 léch ton that nang luong gilra cac cAu hinh khéac nhau. Tt d6, xac dinh
dugc chinh xac cau hinh c6 ton that nang luong 1 nho nhat. Uu diém noi bac cia bai
toan dé nghi 14 don gian, dé& thuc hién va chinh xac trong viéc xac dinh cAu hinh cta
LPPP khi PV duoc mé rong cong suét lap dat. LDPP 18 nit va LDPP 33 n(t dugc ap
dung thir nghiém dé cho thiy phuwong phap dé nghi 1a don gian, nhanh chéng xac dinh
duoc cau hinh luédi va c6 do chinh xac cao khi so sanh véi bai toan xac dinh ciu hinh
van hanh cho LDPP theo phuwong phap CSNTB va phuong phap st dung d6 thi phu tai
béng cac thuét toan toi vu. Bai toan dé nghi da dugc nghién ctru, thuc hién va cong bd

& cong trinh s6 [2] va [10].

3.4. Mé rong ngudn dién phan tan cho LDPP Chw Prong — Gia Lai

Mot trong nhitng muc tiéu cho qué trinh lap dat DG la t6i da cong suat cia DG
tham nhap vao LDPP va thu hat cac nha dau tu tir tw nhan. Béi vi, cong sut cua cac
DG c6 thé két ndi véi LDPP cang nhiéu thi chi phi cho 1 kW Ia cang thap trong dau
tu va nguoc lai. Ngoai ra, tir quan diém van hanh LDPP, yéu té gitp giam chi phi

trong van hanh h¢ thong la cyc tiéu ton that cong suat. O Viét Nam va cic quoc gia
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khac, chua cudn hit dau tu 1ap dit cac DG trén LDPP vi chi phi lip dit cac DG c6
cong sut nho co thé dit hon so v6i cac DG c6 cdng sut 16n nam trén hé thong truyén
tai vé& chi phi mbi kW cho dau te DG. Do d6, LDPP hién nay cin phai dugc ting ty

1¢ DG tham gia vao hé thdng véi cong sudt toi da nham thu hat dau tu tir tu nhan.

DG dugc phat trién theo 10 trinh két ndi vao LDPP, do d6 lua chon s6 luong
va cong suat phi hop dé c6 ké hoach két ndi vao LPPP 1a van dé can quan tim. Dé
¢ duoc lgi ich tdi da tir DG, cong suét va vi tri phai dugc xac dinh tdi wu dé giam
cac tac dong x4u 1én hé théng. Do d6 viée lap ké hoach lép dat nguén dién phan tan
(DEP) vi s6 lugng, vi tri va cong suét thich hop ctia DG sé cai thién hiéu qua hoat
dong ciia LDPP [46]. Trong qua trinh lap dit cac DG theo thoi gian, tiy thudc vao sb
luong va cong suat DG sé& lira chon giai doan lap dit vao LDPP cho phu hop va dat
hiéu qua. Tt do, nha hoach dinh s€ dua ra ké hoach lép dit DG cho moi giai doan cho

LDPP phu hop véi didu kién thuc té.

3.4.1. LBDPP Chw Prong — Gia Lai

LDPP Chu Prong — Gia Lai c6 257 nit, 259 nhanh, téng tai 1a 8,6357 MW va
c6 ba khdéa mo tuong tng 1a {33 - 34, 154 - 238, 164 - 182} nhu so do & Hinh 3.26.
Dir liéu cua duong day va nat thé hién ¢ Phu luc 11 va Phy luc 12 [91]. LDPP Chu
Prong duoc gia dinh rang tai khong dbi va can bang. Bang 3.11 cho thay thuc té khao
sat cac DG dy kién lap dat kha thi & mot s6 nat trong hé thong véi cong suat cua DG
cho phép két ndi & mdi nat. Bang 3.11 cho thay vi tri va cong suat kha thi cho phép
DG két ndi cia LDPP Chu Prong — Gia Lai [91].

Bang 3. 11. Ving va cdng suat cho phép DG két ndi - LBPP Chu Prong [91]

STT | DG dugc kétndi | P (MW) Niit kha thi két néi DG
1 la Drang 2 (DG 1) 1,50 221, 222, 223
164, 165, 166, 167, 168, 169, 170, 171,

2 | laDrang 3 (DG 2) 1,60
172,173

34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51

3 la Puch 3 (DG 3) 3,40
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Véi gia thiét 1a t6i vu lap dat DG khong xét dén cau hinh cia LDPP Chu Prong.
Trong d6, c6 ba vi tri dugc chon trong ba viing kha thi véi ¢ng suat Ion nhat twong
trng cho mai vi tri 12 1,5 MW; 1,6 MW va 3,4 MW. Hinh 3.26 cho thay ba ving véi
cac vi tri dugc phép két ndi twong tng mdi viing chi dugc chon mot vi tri dé két ndi
DG. Khi thyc hién téi vu lip dit DG cho LDPP Chu Prong — Gia Lai véi muc tiéu 1a

cuc tiéu ton that cdng suat nhu cong thic (3.14) trong bai toan 1.

102 101 100
99 98 97 96 95 94 93\g2 91 9% 89 88
65 66 67 68 69 70 71 72 73 74 75
) 71 76| 78179]801 81] ’82 83 84 83/86 87

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 303132.'
109 103

/7]

47 46 45 44 43 42 41 40 39 38 37 36 35 34

180 181
/ 146 /

-

136 137 138 139 140 141 143

156

251 252 253

234 236 :

VUNG 2 231 232 233 \ 37 238
226227 228 229 240 241
213 215 218 223 \224 225
208 209 210 211 212 214 216 217 \{19 220\ 221 222
242 247
202
VUNG 1
182 183 184 185 186 187 188 189 190 191 102 \194 195 196 \198 199 200 201 \203 204 245

205 206 254 255 256 257

Hinh 3. 27. Céc ving két ndi DG kha thi cia LDPP Chu Prong

Do van hanh & cap dién ap thip nén ton that cong suit cia LDPP ludn chiém
ty trong 16n trong tong t6n that ctia toan hé théng dién. Vi vdy, nang cao hiéu qua cta
LDPP thong qua giam t6n that cong suat 1a mot muc tiéu quan trong. Him muc tiéu

cua bai toan xac dinh vi tri va cong suat DGs trén LDPP dugc mo ta nhu sau:

OF = min(z AP) (3.43)
Khi lap dat DGs trén LDPP phai dam bao cong suat DGs nam trong gidi han
cho phép:
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Ppimin < Ppgi < Ppgimax; T = 1 (3.44)
Ngodi ra, trong qua trinh lip dit DG trén LDPP can phai thoa mén céc dicu
kién rang budc can bang cong suit, dién 4p va dong dién nim trong giéi han cho

phép. Do do, ham thich nghi cua bai toan dugc mo ta nhu sau:
fit = f + k. [max(VE® — Vypin, 0) + max(Vpax — V™, 0) + max(LCEpq, — LCFYT, 0)] (3.45)

Trong do6: fit 1a gia tri cua ham thich nghi, k 1a hé $6 phat vi pham rang bugc
dién ap va dong dién. VA va V. 13 giéi han dién ap thap nhat cho phép va dién ap
thap nhat trong LDPP. VIM va V.., 1 gi6i han dién ap 16n nhat cho phép va dién
ap 16n nhat trong LDPP. LCF,., va LCFI™ 1 hé s6 mang tai 1on nhat trong LDPP

va hé s6 mang tai cho phép.

3.4.2. T6i wu vi tri va cong suat ciia DG trén LDPP Chu Prong sir dung thuit
toan Coyote Algorithm (COA)

Thuat todn Coyote Algorithm (COA) [97] da dugc ching minh tinh hiéu qua
trong bai toan hai giai doan dé téi wu 1ap dat DG va cd xét tai cau hinh luéi dién phan
phdi (DNR). Trong phan nay, thuat toan COA dugc thuc hién cho véan dé lap dit toi
uu DG cho LDPP Chu Prong. Trong COA, dé tim kiém giai phéap trong khdng gian
tim kiém, quan thé ché s6i dugc chia thanh cac nhom nho Ny véi N, cé thé cho sbi
trong mdi nhom. Piéu kién x& hoi cia mdi cho séi trong nhom duogc xem nhu 13 mot
giai phap cho bai toan. Qua trinh tim kiém giai phap méi duoc thuc hién dya trén sy
tién hoa theo thé hé cua quan thé chd soéi. Cac giai phap mai duoc tao ra trong qué
trinh tim kiém dua trén su twong tac gitta cac ca thé trong cling mot nhom va giita céc
nhém véi nhau. Chi tiét cac bude thuc hién caa COA cho bai toan xac dinh vi tri va

cdng suat cac DG dugc mo ta nhu sau:
Budc 1: Lya chon théng sb

Uu diém ciia COA so véi cac thuat toan khac 1a khéng can thong soé diéu khién
trong qué trinh tinh toan. Céc thong sé khai tao ban dau chi bao gom sé nhém ché
s6i Ng, s luong c thé trong mdi nhom N, va s6 thé hé khao sat Gyyay. Vi kich thuéc

quan thé duoc xdc dinh bang N, X N..
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Budc 2: Khoi tao

Diéu kién xa hoi cia mdi ca thé ché séi trong mdi nhom duge xem nhu mot giai
phap cua bai toan. Vi vay, quan thé ban dau duoc khai tao cho bai toan ti wu vi tri
va codng suit DGs duoc khoi tao nhu sau:

sc? =LY, ...L% . PS, . By

1,¢’ Npg,c’ " 1,c’ ND(;,C]

(4.46)

Trong d6, g = 1,2,..,Nyvac = 1,2,...,N.. L] . va P 1a vi tri va cong suat

caa DG thirk, voi k = 1,2, ..., Npg.

Khi d6, vi tri va cdng suat DGs dugc khoi tao nhu sau:
ngc,c = round[2 + rand(0,1). (Np,s — 2)] (4.47)

PJ. = rand(0,1). (P, .o — S in) + Po (4.48)

k,min

Trong d6 PJ .. va B? . lagioi han cdng suat Ion nhat va nho nhat cua DG

k,min
thu k.

Sau khi quan thé ban dau duoc khaoi tao, gia tri ham thich nghi caa mdi cé thé
dugc tinh toan dua trén biéu thuc (4.44).
Budc 3: Cap nhat diéu kién xa hoi cua cac ca thé cho sdi trong mdi nhoém

Trong mdi nhém, hanh vi cia mdi ca thé ché s6i phu thudc vao cé thé dau dan
alpha. Ngoai ra, mdi nhém thudng c6 nhiing tap tinh riéng so véi cac nhoém khac.
Dua trén dic diém nay, mdi giai phap trong COA duoc cap nhat: Trong nhém thi g,
c& thé c6 ham thich nghi tét nhat duoc chon tré thanh cé thé alpha (al®). Xu hudng
x& hoi chung ciia nhém (ct®) duoc xac dinh bang diéu kién xa hoi trung vi cua cac ca
thé trong nhom. Khi d6, diéu kién x& hoi méi cua cac cé thé trong mdi nhém duoc
tao ra nhu sau:

n_sc? =sc? +r.(al9 —scf) +r,.(ct9 — sc) (4.49)

Trong d6 n_sct va sc 1a diéu kién x& hoi mai va diéu kien xa hoi hién tai cua
cé thé tha ¢ trong nhdm thir g. sc® va scf 1a diéu kien x& hoi ctia hai ca thé dugc chon

ngau nhién trong nhdm g. r, Va r, 1a sé ngau nhién trong khoang [0, 1].
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Dua trén diéu kién xa hoi mai cua céc cé thé duoc tao, gia tri ham thich nghi
nhu biéu thirc (4.44) duoc tinh toan. Néu diéu kién x& hoi méi c6 gia tri thich nghi
t6t hon diéu kién x& hoi hién tai cua ca thé twong wng, nd s& duoc chon dé tré thanh
diéu kién xa hoi cua ca thé do.

Budc 4: Tao ra ca thé mai thay thé cho cé thé c6 do thich nghi kém trong mdi nhém

Trong mdi nhém, cé& thé ché s6i gia vén cd sy thich nghi kém nhét trong nhém
s& bi chét di va thay thé bai ¢4 thé chd s6i con vdn dugc sinh ra nho sy twong tac gitra

cac ca thé trong nhom nhu sau:

g .
X1 T3 < k,
g _ ) 9 .
Xpuppy,j = X2, 13, <k, +k, (4.50)
g . :
X, ; ; nguoc lai

Trong d6 x5, .« (G =1,2, ..., D) la bién diéu khién tht j trong vector giai

phap diéu kién xa hoi cua ca thé séi con. D 1a sb bién can tdi vu. xf‘j va ng 14 bién
diéu khién cua hai giai phap duoc chon ngau nhién trong nhém. ry; 1a sé ngau nhién
trong khoang [0, 1]. xﬁj la bién dugc khoi tao ngau nhién. k, va k, 1a hai gié tri xac
suat duge xac dinh:

k,=1/D (4.51)

ky=(1—ky)/2 (4.52)

Sau khi diéu kién x& hoi méi cua céc cé thé soi con duoc tao, gia tri ham thich
nghi duoc tinh todn. Néu diéu kién xa hoi méi co gia tri thich nghi tét hon diéu kién
x& hoi cta ca c6 do thich nghi kém nhat trong nhém, n6 sé thay thé cé thé xau nhat

trong nhém, nguoc lai nd s& bi chét di.
Budc 5: Trao doi ca thé soi gitra cac nhom trong quan thé

Mic du sbng thanh timg nhém, nhung ciing c6 nhirng cé thé roi bé nhom dé
séng mot minh hoac tham gia cac nhém khéc. Dua trén tap tinh nay, trong COA dé
da dang thong tin gitra cAc nhom trong qua trinh tao ra cac giai phap mai, co xay ra
sur trao d6i ca thé gitra cac nhom. Xac suat (P) caa mot cé thé séi roi bo nhom dé
tham gia mdt nhom khac va nguoc lai dugc xac dinh nhu sau:

P, = 0.005 x N2 (4.53)
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Tir biéu thic trén cd thé thay rang voi s luong soi trong mdi nhém 16n hon
hoic bang 14, su trao d6i cé thé gitta cac nhdm chic chin xay ra. Khi xay ra sy trao
d6i ca thé giira cac nhém, hai nhém ngau nhién s& dwgc chon va tir hai nhém duoc

chon, hai c4 thé ngau nhién s& dugc chon dé trao ddi vi tri.

bat thong $6: s6 nhom N, $6 ca thé N, va sd vong lap 16n nhat Gy
y
- Tao Ng X N diéu ki€n xa hdi cua cac cé thé soi st dung
- Banh gia ham thich nghi cua mai diéu kién xa hdi su dung
- bat vong 1dp (G) bang 1

Budc 6: Diéu kién dirng tim kiém

- Xéc dinh ca thé alpha trong moi nhom
- Xéc dinh xu hudng xa hoi cia moi nhom
- Tao dicu kién xa hoi mdi cia moi ca thé trong nhom su dung

| Danh gia ham thich nghi cta cdc diéu kién xa hdi méi |

| Cap nhat diéu kién xa hoi ciia cac c4 thé trong mdi nhom |
- Tao dicu kién xa hdi cua ca thé so1 con trong moi nhom str dung

- Panh gia ham thich nghi cta cé the soi con

- Thay th¢ ca thé xau nhat trong nhom bang ca thé s6i con néu sy thich
nghi cua ca thé soi con tot hon

rand < 0.005 X N2

Xuat két qua: Vi tri va cong suét toi uu ctia DGs

Hinh 3. 28. Luu d6 t6i wu lap dat DG bang thuat toan COA

Qua trinh cap nhat diéu kién xa hoi cua mdi ca thé s6i trong mdi nhdm, thay thé

c4 thé s6i gia bang ca thé s6i con trong mdi nhom, trao d6i ca thé gitra cac nhom trong
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quan thé s& dugc thuc hién lién tuc cho dén khi s6 vong lap dat dén gia tri dat trudc
(Gnay)- Nguoc lai, qué trinh tim kiém giai phap cho bai toan sé tiép tuc quay vé budc
3 dé tiép tuc thuc hién. Khi diéu kién dung dat duoc, cé thé co diéu kién xa hoi tét
nhat dugc xem nhu 13 két qua cua bai toan xac dinh vi tri va céng suat toi uvu caa DGs
trén LDPP. Luu d6 thuat toan COA duoc md ta nhu Hinh 3.27.

3.4.3. Két qua kiém tra

Phuong phap tbi uu vi tri va cong suat DG dya trén COA dugc xay dung trong
moi truong Matlab. Thong sé diéu khién cua COA duoc thiét 14p cho hé thng véi s6
nhom va sb ca thé trong mdi nhom 1an duge chon 14 5 va 6, sb vong ldp 16n nhét duoc
chon bﬁng 300. Thuat toan COA duogc chay 50 lan doc lap va két qua t6i vu thu duge
tir COA duoc so sanh v6i thuat todn RRA [87]. LDPP Chu Préng dugc sir dung mo
phong t6i wu vi tri va dung luong DG véi 3 DG. Phuong phap dé nghi dugc trién khai
trong phin mém Matlab trén mdy tinh c4 nhan véi CPU Intel Core i3 4160 @ 3.6
GHz, 1 CPU, 8 GB, Windows 7 SP1 (64-bit).

Bang 3. 12. Két qua téi vu 3 DG cho LDPP Chu Prong voi thuat toan COA va RRA

Théng sd Ban dau COA RRA
0,661 (221); 0,731 (221);
Ppoec (MW) - 1,489 (164); 1,502 (164);
2,256 (48) 2,156 (48)
Téng cong suat DG
- 4,406 4,389
(MW)
AP (kW) 81,566 43,116 45,426
0,9717 0,9717 0,9717
Vmin (pU) , . .
(nat 99) (nat 99) (nat 99)
Vmax (pu) 1,0 (nat 1) 1,0 (nat 1) 1,0 (nat 1)
LBI 0,00441 0,00141 0,00144
(MNgm)max 0,28341 0,17231 0,17245
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Két qua khi thyc hién t6i vu 3 DG cho LDPP Chu Prong 3 thuat toan COA,
RRA va GA duoc thé hién & Bang 3.12. Trong d6, két qua tbi wu bang thuat toan
COA cho ton that cong suat 1a thdp nhat 1a 43,116 kW, d6i v6i thuit toan RRA 1a
45,426 kW va thuat toan GA 1a 46,421 kW. Tuong tu, tong cong suat DG tham gia
vao LDPP Chu Prong ciia COA 1a 16n nhit 4,406 MW so véi thut toan RRA va GA
tuong tmg 13 4,389 MW va 4,255 MW. Nhu vay, d6i voi LDPP Chu Prong thi phuong
phap COA 14 hiéu qua nhit. Déi véi LDPP Chu Prong can xem xét dé mé rong két
nbi DG dé dap tng timg giai doan lap dit DG theo kich ban 1a 3 giai doan lap dit véi
modi giai doan 12 1 DG. Véi cac két qua t6i uu cho cong suat va vi tri cia 3 DG ddi
v6i LDPP Chu Prong cho thiy dé dau tu hiéu qua can chia ra 1am 3 giai doan lap dat
DG tuong tng v6i 3 vi tri két ndi & 3 ving ctia hé thong. Ba giai doan 1ap dit DG cho
LDPP Chu Prong dugc thé hién nhu Bang 3.13.

Bang 3. 13. Ba giai doan lap dat DG vao LDPP Chu Prong

Thong s6 Ban dau Giaidoan 1 | Giaidoan2 | Giai doan 3
0,661 (221)
1 (221
Ppoc (MW) - 0,661(221) (1)’229 2164; 1,489 (164)
’ 2,256 (48)
AP (kW) 81,566 77,259 63,339 43,116
Muc giam % AP - 5,28 18,02 31,93
0,9717 0,9717 0,9717 0,9717
Vmin (pu) , , . g
(nat 99) (nat 99) (nat 99) (nat 99)
Vmax (pu) 1,0(nat1) | 1,0(nat1) | 1,0(nat1) 1,0 (nat 1)
LBI 0,00441 0,00441 0,00381 0,00141
(1/1gm)max 0,28341 0,28341 0,28341 0,17231

e Trudng hop ban dau: Khi chua két néi DG thi ton that cong suat trén LDPP 13
81,5655 kW véi dién ap nat thap nhat twong wng 12 0,9717 pu (tai nat 99) va dién &p
n(t cao nhat twong @ng 1a 1,0 pu (tai nGt 1). Hé sé can bang tai (LBI) 12 0,00441 va

ty s6 cuc dai cua dong dién thyuc té véi dong dién dinh mac (I/lam)max 1 0,28341.
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e Giai doan 1: Lap dat 1 DG voi cong suat 1a 0,6609 MW tai nat 221. Lic nay,
hé thdng c6 ton that cong suat giam tir 81,566 KW xudng con 77,26 kW twong tng
v6i mic giam % ton that cong suit 1a 5,28%. Dién ap thip nhit 12 0,9717 pu (tai nat
99) va dién ap cao nhat 1a 1,0 pu (tai nat 1). LBI 12 0,00441 va (1/1¢m)max 12 0,28341,
cac chi s6 khong thay d6i so véi truong hop ban dau vi cdng suat cua DG 1a nhé nhu
Hinh 3.28.
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Hinh 3. 29. Hé s6 mang tai cua cac nhanh va dién ap nit ¢ giai doan 1

e Giai doan 2: Tir giai doan 1 tiép tuc lap dat thém 1 DG véi cong suat 1a 1,4898
MW tai nit 164. Llc nay, hé thong c6 ton that cong suat giam tir 81,566 kW con
63,3393 kW twong rng voi mic giam % ton that cong suat 1a 18,02%. Bién &p nho
nhat 12 0,9717 pu (tai nat 99) va dién ap cao nhat 1a 1,0 pu (tai nt 1). LBI 14 0,00381
va (I/1am)max 12 0,28341. Chi s6 LBI c6 cai thién hon so véi truong hop ban dau va
giai doan 1, nhu Hinh 3.29.
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Hinh 3. 30. H¢ s6 mang tai ctia cic nhanh va dién ap nit & giai doan 2
e Giai doan 3: Tir giai doan 2 tiép tuc ldp dat thém 1 DG véi cong suit 1 2,2554
MW tai n(t 48. Lic ndy, hé théng co ton that cong suat giam tir 63,3393 kW con
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43,1161 kW tuong (rng véi mac giam % ton that cong suat 1a 31,93%. Pién &p nho
nhat 12 0,9717 pu (tai nat 99) va dién 4p cao nhat a 1,0 pu (tai nGt 1). LBI 14 0,00141
va (I/lam)max 1a 0,1723. Cac chi s6 LBI va (I/14m)max cai thién hon so véi ban dau,

giai doan 1 va giai doan 2 nhu Hinh 3.30.
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Hinh 3. 31. Hé s6 mang tai cua cac nhanh va dién ap nit ¢ giai doan 3

Giai doan 3:

Pp =2,2554 MW
AP=43,1161 kW DG3
Mdrc gidm AP =31,93% 102 101 100
99 98 97 96 95 94 93N92 91 90 89 88
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Giai doan 2: Giai doan 1:
Ppc = 1,4898 MW Pps =0,6609 MW
AP=63,3393 kW AP=77,259 kW
Mirc gidm AP =18,02% Mirc gidm AP = 5,28%

Hinh 3. 32. LBPP Chu Prong véi 3 giai doan lap dat mo rong DG
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Hinh 3.31 thé hién cac giai doan lip dat DG cho LBPP LDPP Chu Prong sau
khi t6i uu bing thuat toan COA véi 3 DG. Dé khai thac téi da kha ning cua DG can
c6 mot ké hoach l3p dat DG trong timg giai doan. Trong ba giai doan lap dit cho thay
DG c¢6 thé mé rong thém DG c6 kha thi lap dat. Tur d6, tdi wu vi tri ¢ng vai cac nat
c6 kha nang lp dit va cdng suat téi da cua DG tham gia vao LDPP cho ting giai
doan cy thé. G day, LDPP Chu Prong lap dit 1 DG ¢ giai doan 1, tiép theo b sung 1
DG nira & giai doan 2 va cudi cung 1a lap dit thém 1 DG cho giai doan 3. Nhu vay,
LDPP Chu Prong ¢6 3 DG duogc két ndi véi sb luong, cong suat va vi tri da duoc toi

wu v6i muc tiéu 1 cuc tiéu ton that cong suat cua hé théng.

3.4.3. Két ludn

Trong phan nay, LDPP Chu Prong — Gia Lai cua Viét Nam duoc ap dung dé
mé rong théng qua lap dit DG nham tdi da cong suat tham nhap va cuc tiéu ton that
cong suat ciia hé thong. Bai toan dé xuét ba giai doan lap dat DG twong (ing véi ba vi
tri va cdng suat kha thi cho phép lip dat vao LDPP Chu Prong. Thuat toan COA,
RRA va GA duoc sir dung hiéu qua cho bai toan 1 va tiép tuc duoc ap dung dé thi
nghiém cho véan dé lap dat ba DG cho LDPP Chu Prong. Tir két qua ba DG da dugc
t6i wru, luan an dé xuat mot ké hoach lap dat mo rong DG LBPP Chu Prong qua ba
giai doan nham phu hop véi van dé dau tu va lap dat DG trong thoi gian téi. Bai toan
dé nghi ti vu lp dit DG trén LDPP bang thuat toan COA d3 duoc nghién cau, thuc

hién va cong bé trong cong trinh sé [3], [8] va [9].
3.5. Két luan chwong 3

Chuong 3 phén tich va dé xuat bai toan md rong ludi dién phan phdi (LDPP),
mo rong cong suit cia ngudn phan tan (DG) dé nang cao hiéu qua LDPP. Trong
chuong 3 dé xuat hai bai toan méi va mot bai toan ap dung cho LDPP Vi¢t Nam, céc
bai toan nhu sau:

Bai toan 1: M& rong LDPP thong qua xac dinh vi tri va cong suat toi wu ciia
DG c6 xét tai cau hinh ludi dién phan phdi (DNR): Lu4n an dua ra mot bai toan moi
dé giai quyét van dé t6i wu vi tri va cong suat cia DG thong qua hai giai doan. Tuong
g, Giai doan I - T6i wu lip dat DG trong LDPP kin (giai doan thiét ké) va Giai doan

Il - Téi wu khéa mé dé ludi dién van hanh ho (giai doan van hanh). Bai toan dé nghi
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thuc hién t6i wu lap dat DG c6 xét dén DNR véi ham muyc tiéu 1a cyuc tiéu ton that cong
sudt ctia hé thong. Bai toan dé nghj hai giai doan 13 mot dang bai toan t6i wu méi trong
tdi uu lép dat DG c6 xét DNR bén canh céc dang bai toan tdi uu lép dat DG co xét
DNR khic da duge cong bd nhu bai toan t6i vu dong thoi ca ba yéu to vi tri, cong suat
va DNR (bai toan dong thoi) va bai toan toi wu vi tri trude va sau do tdi wu cong suit
va DNR (bai toan VT-CS va DNR). Bai toan dé nghi ¢6 vu diém ndi bac 1a dua ra 10
thdy s bién giam cho mdi giai doan cua thuét todn t6i uvu bang cach chia ra hai giai
doan. Ngoai ra, bai toan dé nghi hai giai doan ciing cho thy phu hop véi viéc lap dat
DG trong dai han (giai doan thiét k&) dugc vu tién trudc va viéc DNR 1a ngan han (giai
doan van hanh). LDPP 33 nit va LDPP 69 nit duoc kiém tra va cho thay tinh hiéu qua
bai toan dé nghi. Bai toan dé nghi sir dung thuat toan Runner Root Algorithm (RRA)
dé thuc hién va so sanh véi mét sb thuat toan Coyote Algorithm (COA) va Genetic
Algorithm (GA). Ngoai ra, bai toan dé nghi ciing dugc so sanh vdi cac bai toan dong
thoi va bai todan VT — CS va DNR véi cac thudt toan khac nhau dé cho thay hiéu qua
clia bai toan tach ra hai giai doan. Cac két qua mo phong ctia bai toan dé xuat cho thay
ton that cong suat toan hé thong twong ty véi bai toan dong thoi va tot hon so voi bai
toan VT — CS va DNR. V& thut toan, két qua cho thay thuat toan RRA va COA 1a cac
thuat toan hiéu qua dé toi wu lap dat DG cho LDPP. Bai toan dé nghi thong qua hai
giai doan da duoc nghién ctru sinh nghién ciru, thyc hién va cong bd trong cong trinh
s6 [1], [5] va cong trinh lién quan sd [7].

Bai toan 2: Xac dinh cdu hinh LDPP khi mé rong cong suat ctia pin quang dién
(PV): Luan an dé nghi thudt toan trao d6i nhanh véi cong suat nhanh trung binh
(CSNTB) cai tién nhim xac dinh nhanh c4u hinh van hanh LDPP khi PV dugc mo
rong cong suat véi muc tiéu 13 cuc tiéu ton that ning luong. Uu diém ndi bic cua bai
toan dé nghi 1a don gian, dé thyc hién va chinh xé4c trong viéc xac dinh cAu hinh cua
LDPP khi PV dugc mé rong cong suat lap dat. LDPP 18 nat va LBPP 33 nit duoc ap
dung thir nghiém da cho thiy phuong phép dé nghi 1a don gian, nhanh chéng xac dinh
duoc ciu hinh ludi va ¢6 d6 chinh Xac cao khi so sanh véi bai toan xac dinh cAu hinh
luéi dién theo phuong phéap str dung cong suat nhanh trung binh (CSNTB) va phuong

phap sir dung d6 thi phu tai bang cac thuat toan téi wu. Bai toan dé nghi str dung thuat
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toan trao d6i nhanh st dung CSNTB cai tién dd duoc nghién ctru, thuc hién va cong
bd & cong trinh s6 [2] va cong trinh lién quan s [10].

Bai toan ap dung mé rong LDPP Chu Prong — Gia Lai cuia Viét Nam: LDPP
Chu Prong duoc ap dung dé mé rong thong qua lap dat DG nham ti da cong sut
tham nhap va cuc tiéu ton thit cong suit cuia hé thong. Bai toan dé nghi ba giai doan
lap dat DG twong tng véi ba vi tri va cong suat kha thi cho phép lip dit vao LDPP
Chu Prong. Thuat toan COA va RRA duoc sir dung hiéu qua cho bai toan 1 va tiép
tuc dugc ap dung dé thu nghiém cho van dé lép dat ba DG cho LDPP Chu Prong. Tu
két qua ba DG da duoc t1 wru, luan an dé nghi mot ké hoach lép dat mé rong DG LDPP
Chu Prong qua ba giai doan nham phu hop voi van dé dau tu va lap dit DG trong thoi
gian téi. Bai toan dé nghi t6i wu lap dat DG trén LDPP bang thuat toan COA da duoc
nghién ctru, thyc hién va cong bd trong cong trinh s6 [3] va cong trinh lién quan s6
[81, [9].

Chuong 3 trinh bay vé van dé lap diat DG dé md rong LDPP c6 xét dén tai cau
hinh dién, xac dinh c4u hinh LDPP khi cac DG dugc md cong suit va ké hoach mo
rong cho LDPP Chu Prong — Gai Lai ctia Viét Nam. Chuong 3 dé cho thay dugc hai
bai toan méi trong mé rong LDPP va mé rdng cong suat ciia DG da duoc lap dat dé
t6i da ty 1é tham gia ctia DG trén LDPP. Tuy nhién, khi LDPP tham gia vao trong thi
truong dién thi can phai né tranh dugc van dé phat hop déng do su ¢b mét dién, chénh
léch gia ning luong, 6n dinh cong suit phat ciia cac ngudn ning luong tai tao ciing
nhu su phat trién nhanh chong vé cong nghé thi bo du trit nang lugng (ESS) tré nén
rit quan trong trén hé thong dién hién nay. Chuong 4 s& trinh by van dé mo rong sy

tham nhép ctua ESS trén LDPP.
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CHUONG 4
MO RONG SU THAM NHAP CUA BO DU TRU
NANG LUQNG TREN LUOI PIEN PHAN PHOI
4.1. Giéi thiéu

B du trit ning luong (ESS) 1a cong cu rat hitu ich dé tranh duoc nhirng kho
khin vé phat hop dong khi tham gia vao thi truong dién do sy cb mat dién hay cong
suat phat khong 6n dinh ciia c4c ngudn ning luong tai tao (RES) dong thoi ESS ciing
dem lai cac 1gi ich nhét dinh trong van hanh LDPP. Khi c¢6 ESS tham gia vao thi
LDPP sé& dé dang kiém soat, linh hoat va cai thién trong hé thong. Trudc day, ESS
duoc két ndi vao LDPP chua nhiéu béi vi cong nghé chua dugc phat trién manh cling
nhu gia thanh chua dap ung t6t. Thoi gian gan day, v6i sy nhanh chong tiép can va
thay d6i cong nghé nén ESS duoc nghién ctru st dung ngay cang nhiéu véi loi ich rat
16m tir chénh 1€ch gid nang lugng va hd tro cho RES. ESS c¢6 nhiéu loai cong nghé
khac nhau trén thi trudng va trong mdi loai c6 uu va nhuoc diém theo yéu cAu va muc
dich khac nhau [9]. Trong cac loai cong nghé cua ESS thi pin du trir ndng lugng
(BESS) la mot trong céc loai cong nghé duoc sir dung nhiéu cho LDPP vi thoi gian
dap ng nhanh, kha ning luu trit va tinh doc 1ap [32]. BESS ¢6 wu diém nbi troi nhu
linh hoat, 6n dinh va dich chuyén thoi gian st dung cong suét ciing nhu dap Gmg tot
cong suat khong on dinh ciia cac DG tai tao [98]. Chinh vi thé, BESS ngay cang tro
nén hap dan va can thiét d6i voi LDPP hién nay [13]. Pin lithium-ion 12 mot trong
c4c loai cia BESS dang cha y nhat hién nay vi n6 c6 thoi gian dap Gng nhanh, trong
luong thap, kich thudc nho, d& lap dat va tiét kiém [33], [99]. Viéc mé rong cong suat
van hanh cua BESS 1a mot vin dé cép thiét dé mo rong LDPP va khai thac hi¢u qua
cac loi ich tir BESS. Tuy thudc vao quan diém cta ngudi van hanh hay quan diém

ctia nha dau tu sé c6 su lva chon loi ich khai thac tir BESS phu hop [72].

- Quan diém ddi v6i nha van hanh: Cép dién cho ludi nho hay luéi doc 1ap, khai

thac cac nguon dién tai cho.
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- Quan diém ddi v6i nha dau tu: 6n dinh cong suat phat caa RES, chénh léch gia

nang lugng, tranh bi phat hop déng do sy cb mat dién.

M6t mé hinh ning lwong don gian cua hé thdng c6 sy tham gia cua BESS duoc
thé hién nhu & Hinh 4.1 ¢6 céc thanh phan 1a nguon, hé thong diéu tiét nang lugng,
tai va BESS. Cong suét trong hé théng gia dinh 1 ton that cong suit duoc bo qua,
cdng suat duoc tiéu thu théng qua tai hodc 1a duoc trix lai nhw cong thic (4.1). Cong
suat Ps(t) duoc xac dinh thdng qua sé du cua Pg(t) va Pi(t) nhu cong thic (4.1), con
nang lugng cia BESS duoc xac dinh nhu cong thirc (4.2) [100].

P (t) =R, () -P.(t) (4.1)

t

W () = j Py (1)d (4.2)

0

O day: Pg () 1a cong suat cua nguon (KW), Pi (t) 1a cong suat doc lap cua tai
(KW), Ps () la cong suat dau vao (kW) va Ws(t) 1a nang luong luu trir (KWh). Dung
luong BESS duoc xac dinh théng qua cong suat dinh mac (Pam) va Wy(t).

Ngudn P(t) o H.e_en’thovng € Pt) Tai
diéu tiét nang lwong

Ps(t)

BESS

Hinh 4. 1. BESS trong h¢ thong nang lwong don gian [100]

Dbi véi BESS ludn cé hai giai doan 1a giai doan sac va giai doan xa [101].

Trong giai doan sac:
E.=E+Rn (4.3)

Trong giai doan xa:
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(4.4)

Véi E: 1a nang lwong luu trit tai thoi diém t (KWh), Py 12 cdng suat sac (nap)
hodc xa ¢ thoi diém t (gia dinh véi t =1 gid) van la hiéu suat. Bé st dung BESS can
phai xac dinh théng sé6 BESS nhu cdng suat dinh mac Pam (KW) cong suat cuc dai
Pmax (kW), dung luong S (KWh) va cong suat van hanh Pi (kW) cua BESS. Trong d0o,
Pi 1 cdng suat & mdi khoang trong 24 gid, nd dugc chon 1am céc bién trang théi trong

qué trinh téi uu.

BESS déng mat vai trd noi bat trong chudi hoan chinh cua hé théng dién: phat
dién - truyén tai - phan phdi - tai. N6 tao ra mot co ché phan wng nhanh trong chudi
cung ng mai cta nganh dién. Voi cac vu diém vuot troi cia BESS nhu chénh 1éch
gia, can bang tai, san tai dinh, dich chuyén thoi gian phat cong suat, quan ly nhu cau
tai, giam chi phi truyén tai va tri hodn nang cap hé théng. Trong d6, gia chénh léch
giita cac thoi ky thi cc nha phan phdi s& diéu tiét mua ré & mot sb thoi diém nhu cau
tai thap dé sac (véi gia ré) dé st dung hoic ban ra khi gia dién cao cho thay mang lai
loi ich rat I6n tir chi phi mua dién ddi voi cac nha dau tu hay cac ho tiéu thy dién.
Ngoai ra, giam phi truyén tai va tri hodn viéc xay dung hoic nang cap hé thong dién

cting mang loi ich 16n cho nganh dién.
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Hinh 4. 2. Gia nang lugng trong 24 gio
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- Chénh léch gia nang lugng: Hinh 4.2 thé hién gia mua dién cua cac khung gio trong

ngay tir hé thdng, cac bién trang thai nhu ¢ cong thirc (4.5).

P=P'— P véii=1...24 (4.5)

1

Trong thoi gian xa cua BESS thi P, = — P, va trong thoi gian sac thi P, = P*.
Vi vay, loi ich théng qua chénh léch gia nang lwong theo cac thoi diém duoc thé hién
nhu & cong thic (4.6). Trong d6 P 1a dai lugng cong suat sac vao va P"1a dai cong

SUAt Xa ra.
T,=) (B =BG (45)
i

Trong d6, C; la gia nang lwong gio thir i va T, 1a lgi ich c6 duoc thdng qua

chénh léch gia dién.
- Giam chi phi truyén tai va dau tu cho hé thong:

+ Giam chi phi chi phi truyén tai: Khi xét dén chi phi truyén tai thi nguoi ding
phai tra phi. T, 1a loi ich caa viéc giam chi phi truyén tai.

T, = Yie{thoi gian phi thap})(P — P7)Ca + Die(thoi gian phi cao}(P —

_ ~ 4.7)
P7)Cp + Xiefthoi gian phi trung binn) (BT — P Ce

Bang 4.1 thé hién chi phi truyén tai cua cac khoang thai gian khac nhau. Véi
cac tham s6 ¢ Bang 4.1, loi ich truyén tai duoc biéu dién & cong thuc (4.7). Chi phi

truyén tai trong Bang 4.1 1a gid tri trung binh 1a mot kW mdi thang.

Bang 4. 1. Chi phi truyén tai theo thoi gian

Chi phi truy cap dwong truyén Phi ($/ KW - thang)
Khoang thoi gian véi chi phi thap Ca
Khoang thoi gian véi chi phi cao Cy

Khoang thoi gian vai chi phi trung binh C.
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+ Tri hodn dau tu: BESS sac khi nhu cau tai thdp va xa ra khi nhu cau tai cao

nén BESS c6 thé cat giam tai dinh va tri hodn viéc nang cap thiét bi hay duong day.

Dé lap dat BESS thi can phai c6 chi phi dau tw, van hanh va bao tri. Hai yéu

t6 nay duoc md ta nhu sau.

- Chi phi dau tu lip dit BESS: Chi phi ndy lién quan dén cdng suit cuc dai va ning

luong luu trit t6i da. Chi phi dau tu duoc thé hién nhu cong thirc (4.8).
Ceess = Cp * Ppax + Gy * Wiy (4.8)

Trong d6: Poax 12 €ONQ Suét cuc dai (KW), Wi,y 12 ning luong cuc dai (KWh),
Cp ($/KW) va Cyy ($/KWh) lan luot 1a chi phi ctia Pyay V& Wiay.

- Chi phi van hanh va bao tri: Chi phi hang nim ciia BESS gdm c6 thanh phan cé dinh
¢6 lién quan dén Pam va thanh phan thay doi phu thugc vao ning lwong xa ra hang

nam. COng thuc (4.9) biéu dién méi quan hé cua hai thanh phan nay.

Com = Cums * Pam + Cymyv * Wannual (49)

Trong d6: Cys 12 thanh phan ¢b dinh ($/kW/nam); Cy, | thanh phan thay doi
($/KWh); Wynnuar 12 nang luvong xa hang nam cua BESS (KWh/nam).

BESS 1a rat can thiét cho hé thong dién trong qua trinh tham gia thi truong
dién canh tranh trong thoi gian t&i. Pung trén quan diém d6i v6i nha dau tu thi BESS
gitp tranh bi phat hop dé)ng do sy c6 mat dién, chénh léch gid nang lugong, 6n dinh
cong suat phat cia RES thong qua su dich chuyén thoi gian st dung ning lugng.
Ngoai ra, BESS ciing giup tri hodn dau tu hodc ning cp hé théng, cin bang ning
luong trong hé théng dién. Vi cac yéu t6 trén, van dé sir dung va khai thac hiéu qua
BESS trong qua trinh tham gia trén LDPP 14 rit quan trong va ¢ ddy khong xem xét

dén cac chi phi dau tu, 1ap dit va bao dudng.

Trong [102], nhém tac gia dé nghi tdi vu BESS dé van hanh nham cuc tiéu ton
thit ning lwong bang cach so sanh & mot s6 vi tri c6 thé sé& lap dat trong hé théng.
Trong [103], nhom tac gia dua ra k¥ thuat téi wu BESS va hé thong tu dién dé giam
thiéu ton that niang lwong. Ca hai nghién cau [102], [103] chi dé cap dén tac dung cua
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viéc lap dit tdi vu BESS dé giam thiéu ton that nang luong ma khdng xét chi phi mua
dién. Trong [104], nhém tac gia dua ra phuong phap xac dinh cdng suat va vi tri théng
qua qua trinh sac va xa hang ngay cua BESS dua trén ham chi phi. Trong [105], nhom
tac gia dua ra ky thuat tdi wu BESS nham giam chi phi ton that ning luong. Trong
[106], nhém tac gia chi dwa ra mot ky thuat tdi wu BESS trong LDPP dé san dinh cua
dd thi phu tai, quan 1y hé théng va can bang tai. Cac nhom tac gia cua nghién ciu trén
chi dé cap vao viéc cuc tiéu ton that ning luong khi lip dat BESS. Van dé giam ton
that nang luong khi c6 BESS tham gia vao hé théng 1a rat nho bai vi cong suat sac va

xa la ¢b dinh & trong mot khoang thoi gian.

Tuy thudc vao muc tiéu lap dat BESS can phai xem xét ti wu cong suat va vi
tri dé khai thac loi ich tir BESS. Khi BESS duoc két ndi vao LDPP thich hop thi s&
phét huy téi da cac lgi ich cua nd. Néu khong, BESS sé tac dong xau dang ké dén cac
loi ich kinh té cling nhu ki thuat caa LDPP [73]. Do d6, viéc xac dinh cong suét va
vi tri lap dat BESS trong LDPP la mot yéu to can phai xem xét can trong. Viéc giam
t6n that cong suat hay ton that niang luong bang cach st dung BESS tich hop vao
LDPP la rat bé bai vi nang lugng sac va xa la cé dinh trong mot khoang thoi gian.
Téi vu lap dat BESS trong LDPP sé& gilip tiét kiém chi phi 1a mot trong nhiing giai
phép hitu hiéu thdng qua chénh Iéch gia nang Iuwgng. Ngoai ra, BESS cling dugc khai
thac hiéu qua véi DG c6 cong suat phat khdng on dinh duoc két ndi vao LDPP. Hién

nay, viéc m¢ rong su thdm nhap BESS vao LDPP vai cac muc tiéu chinh sau:

- BESS Ia mot cong cu hitu hiéu dé giam chi phi ning lugng va diéu chinh céc vi

pham rang budc k¥ thuat.

- BESS la mét thanh phan dé cai thién hiéu suat caa RES bang cach dich chuyén
thoi gian sir dung nang luong va lam 6n dinh cong suat dau ra caa cac ngudn nang

lrong tai tao.

Trong pham vi nghién ctru ctia luan an, van dé nghién ctru lép dat BESS chi tép
trung viéc khai théac loi ich thu dugc tur viée lép dat BESS trong h¢ théng trén quan
diém khai thac cac loi ich ctia nha du tu va khong xét dén chi phi dau tu, 1ap dit cling

nhu bao tri biao dudng BESS. Do d6, nghién ctru ti vu vi tri va cong suit van hanh
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ctia BESS trong 24 gid dé giam chi phi ning luong 1 rat can thiét. Trong d6, khoang
24 gid duoc chia thanh gior cao diém co gia dién cao, gio tiéu chuan co gia dién binh
thudng va gio thap diém véi gia dién thap nhat. Muc tiéu cua bai toan 1a giam gia mua
nang luong tir hé théng va giam chi phi ton that niang luong. Ngoai ra, bai toan ciing
g6p phan giam phu tai & cac gid cao diém va ngugc lai s& ting gio thip diém dé st
dung nhung phai dap umg c4c rang budc ki thuat. Pé giai quyét van dé, thuat toan
Cuckoo Search Algorithm (CSA) duoc sir dung 1an dau tién cho bai toan tbi wu vi tri
va dung luong cia BESS tham gia vao LDPP. C4c thuat toan Genetic Algorithm (GA)
[107], Path Finding Algorithm (PFA) [108] va Sunflower Optimizatio (SFO) [109]

cling dugc trién khai dé so sanh.
4.2. M0 ta bai toan

Nham dap tng nhu cau dién cao trong gio cao diém thi cac ngudn phat khac
nhau phai hoat dong dé cung cap dién ning theo nhu cau. Tham chi, mot s6 ngudn
dién c6 gia ning luong cao ciing phai dugc kich hoat. Van dé nay sé gay ra hiéu qua
khéng cao trong qua trinh diéu tiét va van hanh hé théng phan phdi. Chinh vi vay,
BESS mot giai phap ph hop vi n6 c6 thé nap ldc thap diém va xa ra lic cao diém.
Viéc khai thac chénh léch gia dién dé co dugc chi phi nang lugng thap thi vi tri BESS

thich hop n6 s& giam duoc tén that ning luong caa hé thong.
Ham muc tiéu trong tdi wu cong suat van hanh va vi tri BESS trong mdi khoang

cua 24 gio dugc xac dinh nhu cong thac (4.10):

24

OF (S) = z ( Ps,i + P loss,i ) Ci (4-10)

i=1
Trong d6: P,; 12 cong suat dugc mua tir hé thong & khoang thoi gian thi i,
Ploss.i 12 ton that cong suat & khoang thoi gian thir i va C; 1 gia dién & khoang thi i.
Trong ham muc tiéu ¢ céng thtc (4.10) cho thay c6 2 thanh phan chinh:

- Thanh phan tha nhat 14 chi phi mua ning lugng & mdi thoi diém khac nhau sé

khac nhau vé gia ning lwong. V&i thanh phan thtr nhat cho thay viéc dich chuyén thoi
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gian str dung cong suat cia BESS mang lai lgi nhuan tir chénh léch gia nang luong ¢
c4c thoi diém.

- Thanh phan thi hai 1a chi phi ton thit céng suat & mdi thoi diém tly thudc vao
cng suat va vi tri 1ap dat cia BESS. Thanh phan nay 1a thanh phan ton that cong suat
c6 gia tri nho so véi cong suat & mbi thoi diém. Tuy nhién, gia tri nay ciing cho thay
hiéu qua cua viéc BESS tham gia vao hé thong ciing 1am giam ton that cong suat

trong hé théng.

S dugc xem 1a giai phap cho vi tri va cong suat van hanh caa BESS, duoc thé
hién nhu cong thuc (4.11):
K = [ X1, X9, «vy Xo5 ] (411)

O day, bién dau tién x1 s& dai dién cho vi tri va cac bién con lai tir X2 dén x2s 12
dai dién cho cong suat van hanh cua BESS. Véi céc bién nay 1a P4 cia BESS (tinh
theo gié tri %) va cong suat cua BESS trong mdi khoang thi dung luong luu trir trong

ung voi S va dugc tinh nhu cong thac (4.12).
BESS apacity (S) = max(| cumulative _ sum(x, ..., Xz5) |) (4.12)

Véi cumulative _ sum 1a mot ham dwuoc tra vé mot chudi cac tong mot phan

trong vecto [ x5, ..., X,5 |.

t BESS (%)
3 8

o

I4
A

ong sua
[9)]
o

A

. C
—
o
o

Gio

Hinh 4. 3. Céc gia tri trong mét giai phap dién hinh cua BESS

Trong Hinh 4.3, gi4 tri cua K gém c6 {+50; +100; -50; -100; +50; +100; -50:
-100; +50; +100; -50; -100; +50; +100; -50; - 100; +50; +100; -50; -100; +50; +100;

97



-50; -100}. Véi gia dinh Pgm cua BESS 1a 1 MW, dau am sé& dai dién niang luong xa
va diu duong dai dién niang luong sac. Nhu vay, dé van hanh & trudng hop nay thi
dung lugng Iuu trir phai dat 1a 150% Pam tic la 1,5 MWHh.

Pé hiéu qua, thi nang lwong trong thoi gian 24 gio khao sat la bang khéng, tirc
la tong dién ning tich liy bang khong trong 24 gi¢ khao sat. Diéu nay dé dam bao
cho BESS tiép tuc hoat dong sac va xa cua ngay hom sau. Do d6, bai toan ti wu cong
suit van hanh va vi tri cia BESS can théa méan diéu kién rang budc & cong thic (4.13).

V6i Pggss; 1 tong dién nang tich lity caa BESS trong thoi gian khao sat i.

24
Z P BESS,i — 0 (4.13)
i=1

Pé dam bao thoa man véi rang budc nay, sé dua vao ham muc tiéu dé phan
anh céc rang budc anh hudéng dén cua vecto nghiém voi hé sb phat (p) twong ung.
Chang han, ¢ vecto nghiém trong Hinh 4.3 ¢6 tong cdng suat tich liy trong mdi
khoang bang khong thi gia tri p bang khdng. Nguoc lai, néu né khac khong thi s&

thém gia tri p phu hop muae d6 vi pham cua rang budc.

Ngoai ra, lap dat BESS khong duoc tac dong xau dén rang bugc vé dong dién

va dién ap cua hé thdng. Céc rang budc trong cong thic (4.14) can phai xem xét.

Ij < Ij,ralte ;) =12, ..., Npranch (4.14)
Vi > VIOW va Vi < Vhigh ’ 1= 1,2, ey Npys

O day: I; VA I e 12n luot 12 gid tri dong dién hién tai va dinh mac cta nhanh
tha j (A); Vi la di¢n ap tai nat thir i (KV); Vigw Va Vhigh lan luot 12 giGi han dién ap

ngudng dudi va ngudng trén; n_bus va n_branch lan luot 1 s6 nit va nhanh.

Ham thich nghi duoc dua ra tir ham muc tiéu véi cac diéu kién rang budc duoc
biéu dién & cong thic (4.15).
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f = OF + p.[max (Vi — Viin, 0) + max (V max — Vhigh» 0 )

24
E l:)BESS,i
i=1

Vé6i Vi VA Viay 1an luot 13 dién 4p ngudng dudi va dién ap ngudng trén;

(4.15)
+ max (Kl .x — Kl jqe ) +

Kl oy V& Kl ot 180 luot 12 hé s6 mang tai tdi da va gidi han; p 12 hé sé phat.
4.3. Toi wu cong suat va vi tri ciia BESS

V6i moi giai phap thi sé co bién dai dién cho vi tri va cac bién con lai dai dién
cho cong suat van hanh trong tirng khoang thoi gian hoat dong ciia BESS. O day, sd
luong dugc gia dinh 1a mét BESS va thoi gian thuc hién khao sat 1a trong 24 gio. Vi
vay, trong mdi giai phap duogc thé hién nhu (4.12). Cac bién x, dén x,5 thé hién cho
Pam (%) cia BESS va céc bién nay déu 1a s6 nguyén. Trong qué trinh tim giai phép

tdi wu cho cong suét van hanh va vi trf ciia BESS sir dung thuat todan CSA nhu sau:
+ Budc 1: Khoi tao.
Pé bat dau vi CSA, mot tap hop giai phap sé tao ra ngau nhién nhu sau:

S; = round (xlow + rand (xhigh — X low )) ;i=1,2,...,n (4.16)

Trong do, n 1a kich thudce cua tap hop giai phap; Xjo va Xpjgh 1@ gi61 han dudi
va gidi han trén cia cac bién. D6i vé6i bién dai dién cho vi tri ctia BESS thi gi61 han
dudi 1a 2 va gio1 han trén 1a nlt 16n nhét trong hé¢ théng. Véi cac bién dai dién cho
cong suat van hanh c6 gigi han 1a [-100; 100]. O day, gia tri dwong s& dai dién cho
qué trinh sac va nguoc lai thi s€ dai dién cho qua trinh xa. Ham thich nghi nhu cong
thirc (4.15) va gii phap tot nhét (Sgpest) S& dugc tim ra tir tp hop gidi phép va danh

gia bang gia tri phu hop.
+ Budc 2: Cap nhat tap hop giai phap.

Dé thuc hién phuong phap dua trén ki thuat Lévy dé cap nhat tap hop giai
phap. Tap hop mdi duge tao ra nhu ¢ cong thire (4.17) nham kham pha khéng gian
tim kiém v&i hé s6 phan phdi (¢) trong [0, 2].
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S = round (S; + (S; — Sgpest ) Levy (9)); i=1,2,..,n (4.17)

Thong qua ham thich nghi nhu & cong thire (4.16), dan s6 méi duoc danh gia.
So sanh giai phap hién tai véi giai phap méi va thay thé néu nhu ham thich nghi méi

t6t hon. Cudi cing, S gbest S€ ¢ap nhat mai lai.
+ Budc 3: Cap nhat quan thé giai phap.

Duya trén co ché phat hién trimg khong nam trong khong gian tim kiém va s&
cap nhat lai. Tap hop mdi sé tao ra nhiam khai thac khong gian tim kiém nhu cong

thirc (4.18).

SPeW = round ( S; + rand(O,l)(Sj —S)®M(,:));i=12,..,n (4.18)

O day, S jvaSy lan luot 13 giai phap duoc chon ngau nhién; @ 14 biéu tuong
clia phép nhan timg phan tir trong ma tran; M (i, :) 12 hang thi i trong ma tran M, voi

M =rand (n, 25) > Pa; Pa la yéu td dot bién, véi Pa thuong dugc chon 0,25 [110].

Tiép theo, thong qua ham thich nghi nhu ¢ cong thirc (4.15) dan s méi s&
duogc danh gia. So sanh giai phap hién tai v6i giai phap méi va thay thé néu nhu ham

thich nghi méi tot hon. Cudi cung, S gpest € cap nhat moi lai mot lan nira.

Buéc 4: Kiém tra.

Trong budc 2 va budc 3 duoc thyc hién lién tuc dé cap nhat dén khi s6 1an lap

dat gia tri 16n nhét (iter,,,,) da duoc dit trude. Luc nay, Sgbest 12 két qua bai toan.
4.4, Két qua kiém tra

Dé thyc hién t6i uu cong suat va vi tri ciia BESS sir dung phan mém Matlab
2016a. LDPP 18 ntt va LDPP 33 nat duoc kiém tra vé viéc tim kiém toi vu cong suét
van hanh va vi tri ciia BESS str dung CSA. Gia thiét rang, c6 ba loai tai 1a cong
nghi¢p, dan dung va thuong mai. Trong do, mdi loai s& chiém mot ty 1€ nhat dinh.
Ngoai ra, ty 1& nay cling khac nhau d6i voi timng nat. Khi d6, tai tai mdi niit duoc tinh

nhu cong thire (4.19) [71], [111].
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g 3
Pi= ) Pipeaic RiRR,
X k=1 (4.19)

Qj,i = Qj,peak- Rj,kRQk,i
\ k=1

Trong do, P;; va Q;; la cdng suat n{t j tai khoang thoi gian i voij = 1,2, ..., Npys

vai=1,2,..,24.P

) peak VA Qjpeak CONG SUAL cuc dai cua tdi thu j. Ry 1a hé so cua

loai tai K tai ndt j voi k = 1, 2, 3 twong @ng Vi ba loai tai. RB; va RQy; lan luot 1a

hé sb tai loai k sir dung tai khoang thoi gian j.

Bang 4.2 thé hién ba khung gio tuong tng véi ba muc gia dién cua Viét Nam
[112]. O day, twong tng & mdi khung gid cao diém, khung gid binh thudng va khung
gio thap diém thi twong &ing voi gia dién cao, gia dién binh thuong va gia dién thap.

Bang 4. 2. Khung gio va gia dién

Khung gio Khung gio Khung gio
Khung gio , . .
cao diem binh thuong thap diém
oy oy 4 g6 - 9 gio
Thoi gian 197g‘i‘; _1210g1% 11 gio - 17 gio | 22 gio - 4 gioy
& & 20 gid - 22 gid
Gi4 dién ($/kWh) 0,12890 0,070 0,04540

Gia dinh thoi gian xa va sac 1a bang nhau (t= 1 gid) va cong suat dinh muac gia
dinh 12 1 MW. Hé sb phat p dugc chon vai gia tri 14 10.000. Thoi gian biéu va gia
mua dién nang nhu & Bang 4.2. Phuong phap dé nghi st dung thuat toan CSA va
dugc so sanh véi cac thuat todn GA, SFO va PFA dé thé hién d6 tin cay cua thuat
toan CSA cho bai ton téi wu cong suat van hanh va vi tri BESS trén LDPP 18 niit va
LDPP 33 nit. Trong d6, GA dya trén mot y tuong vé thuyét tién hoa [107] duoc tng
dung thanh céng trong nhiéu bai toan ky thuat, SFO Ia thuat toan méi dua trén y tuong
chuyén dong cua hoa hudng duong vé phia mat troi [109] va PFA lay ¥ tuong vé su
di chuyén va phan cép lanh dao cua bay dong vat dé tim kiém thire an [108]. O cac
bai toan tbi wu voi cAc muc tiéu khac nhau thi thuat toan SFO va PFA da cho thay
hiéu qua khi so sanh véi cac thuat toan khac [71], [109].
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4.4.1. LDPP 18 nut

Hé thdng 18 nit véi dién ap 12 10 kV, so d6 don tuyén nhu & Hinh 4.4. Cac dit
liéu ctia N0t ¢ Phu luc 1 va dir liéu cia duong day ¢ Phu luc 2 duoc tham khao tai liéu
[113]. Ty 1& loai phu tai va ty 1& str dung ctia ting loai phu tai tai mdi khoang thoi
gian trong ngay duoc & Phu luc 3 va Phu lyc 4. Tong tai cia LDPP trong giai doan
khao sat dugc thé hién ¢ Hinh 4.5, véi PV nbi vao vi tri 1a nit 7 c6 cong suat phat
nhu Hinh 4.6. V61 gia ctia PV duogc gid dinh nhu gid dién cia Bang 4.2 va vi tri cong

suat duoc gia dinh 14 d3t ¢ vi tri nhu Hinh 4.4.
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Hinh 4. 4. LBPP 18 nit ¢c6 PV tham gia vao hé thong
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Hinh 4. 5. Tai caa LDPP 18 nut

Dé tbi vu cdng suat va vi tri trong mdi gio cia BESS, cac tham sé cua CSA
bao gom n va iter,,,, duoc chon twong wng 1a 20 va 50, thuc hién trong 30 lan chay
va giai phép tét nhat thu duoc trong céc 1an chay duoc coi la giai phap t6i uvu. Cac
tham sb kiém soat bao gdm quy mé dan sé va sb lan lip lai cua GA, SFO va PFA

duoc chon gidng véi CSA.
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Hinh 4. 6. Cong suat phat cua PV

Sau khi thuc hién tim kiém ti wu cho cong suat van hanh va vi tri bang phuong
phap CSA thi vi tri BESS la nt 15 va cong suat van hanh 24 gio cia BESS theo %
cong suét dinh muc 1a {-24; 49; 24, 100; -25; -8 ; -37; 81; 3; -38; -100; 42; -35; 1; -
66; 11; 28; -82; -97; -4; 9; 48; 100; 20}. Hinh 4.7 cho thiy cong suit van hanh cta
BESS ¢ mdi gio 1a nam trong gidi han cho phép va tong dién ning trong khoang 24
gid bang khong. Piéu nay cho thdy BESS c6 thé thyc hién van hanh cho ngay tiép

theo v6i tong dién ning trong thoi gian khao sat 13 bang khong.
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Hinh 4. 7. Cong sut van hanh caa BESS - LDPP 18 niit

Dé xac dinh kha nang luu trir cia BESS, diéu dau tién 1 tinh tong dién nang
tich Iily trong 24 gio. LUc ndy, gia tri tuyét ddi cua phan tir 16n nhat chinh 1a phan
dung luong. Vi vy, tong dién ning tich lily trong 24 gio 1a {-24; 25; 49; 149; 124;
116; 79; 160; 163; 125; 25; 67; 32; 33; -33; -22; 6; -76; -173; -177; -168; -120; -20;
0}. Gia tri Ion nhat 1 177 twong tmg dung luong 12 1,77 MWh va day chinh la dung
luong BESS can thiét dé van hanh. Két qua tir phwong phap CSA cho LDPP 18 nut
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nhu Bang 4.3. Vi két qua nay, cho thiy chi phi mua dién duoc giam tir 10523,5441
d6 la ($) xudng con 10265,2634 $. Khi c6 BESS tham gia vao LDPP 18 nit thi chi
phi mua dién nang giam duoc 258,2807 $ twong ing muc giam 2,45% trong ngay.

Hinh 4.8 thé hién cong sut dugc mua trude khi c6 BESS va sau khi c6 BESS
ctia hé thong. Trong gid cao diém BESS xa ning luong da luu trir dé cip cho hé
thng. O day, ¢ thoi gian thir 10 va tht 11 (thoi gian tir 9 dén 11 gio) va khoang thoi
gian thir 18; thir 19 va thr 20 (thoi gian tir 17 dén 20 gid) vi cong suat BESS cung
cap twong tng 1 38%; 100%:; 82%:; 97 va 4% clia cong suat dinh murc. O cac gio thip
diém va binh thuong, BESS s€ dugc sac dé luu tri. Chéng han, ¢ cac khoang thoi
gian tht 2; thir 3; thi 4; thtr 23 va thit 24 thi BESS dugc sac lan lugt bang 49%; 24%;
100%; 100% va 20% cong suit dinh mirc. Nhu vy c6 thé thay, viéc lap dat BESS

cling da gop phan giam dinh tai trong gio cao diém.
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Hinh 4. 8. Cong suat mua cua LDPP 18 n(t khi c6 hoic khéng c6 BESS
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Hinh 4. 9. Gid tri cua ton thit nang lwong va chi phi ton that nang luong khi c6
BESS - LDPP 18 nuat
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Bang 4. 3. Két qua sau khi lip dat BESS d6i véi LDPP 18 nit

Trang thai | Gi4 tri ham | Chi phi mua | Chi phi tiét AA Chi phi
thichnghi | dién($) | kiém ($) (kWh) | AA($)

Bandau | 10682,3856 | 10523,5441 - 1679,4449 | 158,8308

Lép dat BESS | 10420,9595 | 10265,2634 | 2582807 | 1674,7208 | 155,6961

Ngoai ra, két qua trong Bang 4.3 va Hinh 4.9 d3 thé hién ton that ning luong
va chi phi ton that ning luong & cac khung gid cao diém duoc giam khi co BESS
tham gia vao hé thong. Hinh 4.10 va Hinh 4.11 ciing thé hién ring, lip dat BESS

khong gay tac dong x4u dén dong dién va cau hinh dién ap ctia hé thong.
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Hinh 4. 11. Bién &p nut khi c6 BESS - LDPP 18 nut
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So sanh gitra phuong phap CSA véi GA, SFO va PFA thi két qua tét nhat trong
30 1an chay doc lap cua phuong phap CSA, GA, SFO va PFA nhu Bang 4.4. Trong
khi phuong phap GA c6 duoc dung luong va vi tri caa BESS la 2,22 MWh tai nut thir
9. Con ddi véi phuong phap SFO thi dung lwong va vi tri cua BESS dat duoc 13 1,58
MWh tai nGt thi 3 va ddi véi phuong phap PFA thi dung lwong va vi tri cia BESS 1a
1,8 MW tai n(t thi 18. COng suat van hanh cua BESS (trong 24 gid) sau khi thuc

hién phuong phép CSA, GA, SFO va PFA nhu Hinh 4.12.

Bang 4. 4. Cac két qua tinh toan cia CSA, GA, SFO va PFA - LDPP 18 nut

Phuong | Vit | DUN9 | Giati - Chipht i Chiphi AA | Chiphi
ha (niit) luong | ham thich | mua dién | tiét kiém (KWh) AA (9)
Phap (Mwh) | nghi ) %)

Ban dau - - 10693,0598 | 10523,5441 - 1679,4449 | 158,8308
CSA 15 1,77 |10420,9595 | 10265,2634 | 258,2807 | 1674,7208 | 155,6961
GA 9 2,22 |10570,5415 (10407,4480| 116,0961 | 1705,2337 | 157,5186
SFO 3 1,58 [10532,4499 |10364,9542 | 158,5899 | 1689,2404 | 157,4761
PFA 18 1,8 |10461,2865|10304,1091| 219,435 | 1783,7335 | 157,1775

Tir Bang 4.4, cho thay rang chi phi dién ning mua duoc bing phuong phap
CSA 1a nhé nhat so vai chi phi cua phuong phap GA, SFO va PFA. Phuong phép lap
dat BESS ma CSA dat dugc ¢ tong chi phi mua dién l1a 10265,2634 $ trong khi
phuong phap GA, SFO va PFA thu dugc tuong ung la 10407,4480 $; 10364,9542
$ va 10304,1091 $. So véi h¢ thong ban dau, phuong phap dé nghi CSA gidp tiét
kiém 258,2807 $ trong khi sé tién tiét kiém dwoc cua cac phuong phap GA, SFO va
PFA lan luot 1a 116,961 $; 158,5899 $ va 219,435 $. Twong tu, chi phi ton that nang
lwong cuia phuong phap tir CSA 1a 155,6961 $ 1a thdp nhit so véi cac phuong phap
tir GA, SFO va PFA lan luot 1a 157,5186 $; 157,4761 $ va 157,1775 $.
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Hinh 4. 12. Cong suat van hanh BESS vai CSA, GA, SFO va PFA - LDPP 18 nit

Bang 4. 5. Hicu qua ciia CSA, GA, SFO va PFA khi c6 BESS cho LDPP 18 n(t

Phuong phap CSA GA SFO PFA

Gi4 tri thich nghi cyc tiéu 10420,9595 | 10570,5415 | 10532,4499 | 10461,2865

Gia tri thich nghi trung binh | 10534,7008 | 13186,7217 | 10698,2309 | 10767,8222

Gia tr1 thich nghi cyc dai 10624,4975 | 34809,9839 | 11028,3392 | 11175,5319

Do léch chuan 58,6329 7307,463 111,2877 152,4096
S6 1an hoi tu trung binh 123,3688 28,5333 27,6667 40,1667
Thoi gian (s) 106,6542 54,951 56,0792 57,5677

Hi¢u qua cua phuong phap CSA, GA, SFO va PFA cho LDPP 18 nut trong 30
lan chay nhu & Bang 4.5. Tir két qua, cho thay rang mac du thoi gian tinh toan va sb
lan 13p hoi tu cua phuong phap CSA 13 cao hon phuong phap GA, SFO va PFA. Tuy
nhién gia tri tbi da, tdi thiéu, trung binh va d6 Iéch chuan cia phuong phap CSA nhé
hon céc gia tri cia phuong phap GA, SFO va PFA. Bac tinh hdi tu trung binh trong
30 lan chay cua cac giai phap nhu ¢ Hinh 4.13. Tur hinh vé cho thy phuong phap
CSA c6 xu huéng hoi tu vé gia tri nho hon phuong phap GA, SFO va PFA. Vi viy,
phuong phap CSA dang tin cay va hiéu qua hon phuong phap GA, SFO va PFA cho
viéc tdi vu lap dit BESS trén LDPP.
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Gia tri ham thich nghi

S6 vong lap

Hinh 4. 13. Buong cong hoi tu cia PFA, SFO, GA va CSA - LDPP 18 nit
4.4.2. LDPP 33 nut

LDPP 33 nat duoc trinh bay nhu trong Hinh 4.14 ¢6 mc dién &p 1a 12,66 kV.
Cac thong s6 tai cac n(t & Phu luc 5 va duong day o Phu luc 6 cia LDPP duoc tham
khao tir tai lieu [59]. Ty & loai tai trong Phu luc 7 va ty I& sir dung ctia moi loai tai
trong Phy luc 8 [71]. Tong tai ciia hé théng trong giai doan khao sat dugc thé hién
trong Hinh 4.15. Déi véi hé théng nay, cac tham sé CSA, GA, SFO va PFA gom n
VA iter,,,, duoc chon twong tng 14 20 va 100. Cac DG duoc két ndi vao LDPP 1a 3
PV, vi tri két ndi 1a nat 18, nit 22 va nt 26 nhu Hinh 4.14.

Hinh 4. 14. LDPP 33 nat ¢6 3 PV tham gia vao hé thong
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Hinh 4. 15. Tai cia LDPP 33 n(t

Dbi véi LDPP 33 nut, khi phuong phap CSA t6i uu BESS thi vi tri 1a ndt 2 va
cdng suat van hanh trong 24 gio theo % cdng suat dinh muc 1a {82; 100; 100; 91; -
34; - 38; -100; 86; -65; -81; -100; 7; 100; -100; -100; -100; 100; 81; -100; -75; 46; -
100; 100; 100}. C6ng suat sac va xa cia BESS nhu Hinh 4.16, cong suat van hanh
nam trong dinh muc va téng dién ning trong 24 gio 1a bang khong. Biéu nay cho thay
BESS c6 thé thuc hién van hanh cho ngay tiép theo. BESS c6 téng dién ning tich liy
la {82; 182; 282; 373; 339; 301; 201; 287; 222; 141; 41; 48; 148; 48; -52; -152; -52;
29; -71; -146; -100; -200; -100; 0}. Gi tri Ién nhat 1a 373,0 twong tng v&i dung luong
luru trix 14 3,73 MWh va day chinh 1a dung lwong can thiét cua BESS.
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Hinh 4. 16. Cong suat van hanh cua BESS - LDPP 33 n(it
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Bang 4. 6. Két qua sau khi lap dat BESS d6i véi LDPP 33 nit

Trang thai | Giatri ham Chi phi Chi phi tiét Chi phi
thich nghi | mua dién ($) kiém (3) AA ($)
Ban dau 4117,2242 3971,4943 - 1506,884 | 137,777
Lap dat BESS| 3813,0712 | 3667,8305 303,6638 | 1506,4889 | 137,1419
6 :
I:l Ban dau
Il L:ip dat BESS
— 4 | Céng suit BESS
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&€ 0
@]
2 ‘ ‘ ! ‘
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Hinh 4. 17. Cong suat mua ciia LDPP 33 ndt khi ¢ hoic khong c6 BESS
Két qua tir phuong phap CSA cho LDPP 33 niit ¢ Bang 4.6. Két qua cho thay
chi phi mua dién nang da giam 303,6638 $ (giam 7,65%) trong 24 gio. Hinh 4.17 thé

hién cong suit dugc mua trude khi co6 BESS va sau khi c6 BESS trong hé thong.

Trong gio cao diém BESS xa ning luong da luu trir dé cap cho hé thong. O day, tir 9

gio dén 11 gid va tir 18 gid dén 20 gio cong suat cua BESS cung cap cho hé thdng
lan Tuot 12 81%; 100%; 100% va 75% cong suat dinh muac caa BESS. O cac gio thap

diém va tiéu chuin, BESS s& duoc sac dé luu trir. Nhu vay, lép dat BESS ngoai viéc

giam chi phi mua dién nang, BESS ciing gop phan giam dinh tai trong gid cao diém

va giam ton that ning luong ctia hé théng khi c6 BESS nhu Hinh 4.18.
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Hinh 4. 18. Gi4 tri ton thit nang lwong va chi phi ton thit ning lwong khi c6 BESS -
LDPP 33 nat
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Hinh 4.18 ciing cho thay véi dung lwong va vi tri toi wu cia BESS di lam giam

t6n that ning lugng ciing nhu chi phi ton thit ning lwong cua hé théng. Hinh 4.19 va
Hinh 4.20 d3 cho thay khi ldp dit BESS thi nd khong tac dong xau dén dong dién va

dién ap cua hé thng.
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Hinh 4. 20. Dong dién nhanh khi c6 BESS- LDPP 33 nat
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Hinh 4. 21. Cong suat van hanh BESS vai CSA, GA, SFO va PFA - LBPP 33 nut
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Bang 4. 7. Céc két qua tinh toan cia CSA, GA, SFO va PFA - LDPP 33 niit

Phuong |Vi tri Er‘;';g Gia tri niz g?é'n ti?'kf’:r'n AA Chi phi
phap |(nat)|, . ° thich nghi ' i (kWh) AA ($)
(MWh) ($) (%)
Ban dau - - 4117,2242 | 3971,4943 - 1506,884 | 137,777
CSA 2 3,73 | 3813,0712 | 3667,8305 | 303,6638 | 1506,4889 | 137,1419
GA 3 2,94 | 3943,8311 | 3787,6752 | 183,8191 | 1505,0175 | 135,1959
SFO 10 | 2,23 | 3945,0977 | 3815,5320 | 155,9623 | 1452,1091 | 125,8681
PFA 3 2,81 | 3845,8422 | 3711,6225 | 259,8718 | 1506,5038 | 133,5666
N 5000 —CSA
‘fn ---GA T
= Rt T SFO
2 4000 PFA] |
g 99
=
=
_63 .............
0 ! 1 1
0 20 40 60
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Hinh 4. 22. Buong cong hoi tu caa PFA, SFO, GA va CSA - LDPP 33 nut

Hiéu qua cua phuong phap CSA, GA, SFO va PFA khi ¢6 BESS cho LDPP
33 nut c6 3 PV, nhu Bang 4.8. Tuong tu nhu LDPP 18 nut, mac du thoi gian tinh toan

va sb lan Iap héi tu trung binh cia phuong phap CSA cao honso véi phuong phap

GA, SFO va PFA. Tuy nhién céc gi4 tri toi da, trung binh, t4i thiéu va do léch chuan

cua ham thich nghi cua phuong phap CSA nho hon cac gia tri cua phuong phap GA,
SFO va PFA, nhu Hinh 4.22.

Phuong phap CSA c6 két qua tt nhat trong 30 lan chay doc lap so véi cac
phuong phéap tir GA, SFO va PFA nhu Bang 4.7. Trong khi phuong phap GA, SFO
va PFA c6 dugc dung luong va vi tri caa BESS lan luot 14 2,94 MWh tai n(t thu 3;
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2,23 MWh tai nit tha 10 va 2,81 MWh tai nat thir 3. Chi tiét vé cong suat van hanh
cua BESS cua cac phuong phap nhu Hinh 4.21. Céc két qua tinh toan cia phuong
phap CSA, GA, SFO va PFA cho LDPP 33 nat nhu Bang 4.7. Két qua cua phuong
phap CSA di cho thdy, BESS gilp giam chi phi mua dién tir ban dau la 3971,4943
$ xudng con 3667,8305 $ twong tng véi chi phi mua nang lugng duoc tiét kiem la
303,6638 $. Trong khi phuong phap GA, SFO va PFA sé tién tiét kiém duoc la
183,8191 $; 155,9623 $ va 259,8718 $ la thip hon lan luot |4 119,8447 $; 147,7015
$va 43,792 $ so véi CSA. Bdi véi LDPP 33 nut, mac du chi phi ton that ning lwong
ctia phuong phap CSA 1a 137,1419 $ thap hon so LDPP khong c6 BESS 1a 137,777
$ va cao hon so véi phuong phap GA, SFO va PFA tuong ung la 135,19598,
125,8681$ va 133,5666 $. Tuy nhién, két qua rd rang la chi phi tiét kiém cua phuong
phap CSA vuot troi hon phuong phap GA, SFO va PFA. Bang 4.8 ciing cho thay hiéu
qua cta phuwong phap CSA tét hon so véi cac phuong phap GA, SFO va PFA khi c6
BESS cho LDPP 33 nut.

Bang 4. 8. Hiéu qua cua CSA, GA, SFO va PFA khi c6 BESS cho LBPP 33 nut

Phuong phap CSA GA SFO PFA
Thich nghi cuc tiéu 3813,0712 | 3943,8311 | 3945,0977 | 3845,8422
Thich nghi trung binh | 3998,0242 | 4235,0721 | 5005,2403 | 4297,219
Thich nghi cuc dai 4189,6828 | 4793,4513 | 29803,6606 | 5885,5111
Do 1éch chuan 70,4216 | 2286883 | 46852723 | 4857155
S6 1an héi tu trung binh 55,1 63,7667 | 65,5333 86,6333
Thoi gian (s) 2374453 | 122,6167 | 122,6141 | 127,1943

4.5. Két luan chuong 4

Chuong 4 trinh bay bai toan mé rong LDPP thong qua lip dat BESS. Dé toi
wu cong suat va vi tri BESS can xem xét toi wu cong suat van hanh trong 24 gid va vi

tri lap dat voi muc tiéu 1a giam chi phi mua dién va chi phi ton that ning luong. Mo
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rong cong suat BESS tham gia vao LDPP dé van hanh LDPP nham giam chi phi ning
lwong, 1am min céng suat cua RES va cai thién céc yéu td ky thuat. Hai LDPP duogc
kiém tra 1a LDPP 18 nut va LDPP 33 nut dé cho thay sau khi tdi wu viéc lap dat BESS,
chi phi mua dién giam 2,45% va 7,65% cho LDPP 18 ntt va LDPP 33 nut. BESS
khong nhirng 1am giam chi phi dién ning ma con giam dinh tai, giam tén thit ning
luong. Ngoai ra, két qua cua phuong phap dé nghi cho thay phwong phap CSA 13 hitu
hiéu hon phuong phap GA, SFO va PFA cho bai toan téi wu BESS trén LDPP. Bai
toan dé nghi ti wu lép dat BESS trén LDPP da dugc nghién ctru, thyc hién va cong

b trong cong trinh sb [4] va cong trinh sb [6].
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CHUONG 5
KET LUAN

5.1. Két luan

Noi dung luén an “M& rong ngudn dién phan tan va bo du trir ning luong trén
ludi dién phan phéi” da nghién ctu, phan tich va dé nghi bai toan mo rong LDPP,
mé rong cong suit cua ngudn dién phan tan (DG) va mé rong cong suit van hanh cia
bd dy trlt nang luong (ESS) dé nang cao hi¢u qua hoat dong LDPP. Luan an dé xuét

ba bai toan mdi va mdt bai toan ap dung cho LDPP Viét Nam, cac bai toan nhu sau:

Bai toan 1: M& rong LDPP thong qua xac dinh vi tri va cong suat tdi wu cia
DG c6 xét tai cdu hinh lu6i dién phan phdi (DNR). Lu4n an dua ra mot bai toan méi
dé giai quyét van dé toi wu vi tri va cong suat cia DG thong qua hai giai doan. Giai
doan | - Téi wu lap dit DG trong LDPP kin va Giai doan I - Téi vu khoa mé dé ludi
dién van hanh hé. Bai toan dé nghi thuc hién téi wu lap dat DG c6 xét dén DNR voi
ham muc tiéu 1a cyc tiéu ton that cdng suat. Bai toan dé nghi & bai toan méi trong tdi
vu 1ap dat DG c6 xét DNR bén canh cac bai toan tdi uu bai todn dong thoi vi tri, cong
suit va DNR (ddng thoi) va bai toan ti vu vi tri va sau d6 t6i uu cong suat va DNR
(VT-CS va DNR). Bai toan dé nghi c6 uu diém 1a dua ra 1oi giai tdi wu toan cuc. Bai
toan dé nghi cho thay sé bién giam cho mdi giai doan cta thuat toan tdi uu bang céch
chia ra hai giai doan. Ngoai ra, bai toan dé nghi hai giai doan ciing cho thay phu hop
véi viéc lap dat DG trong dai han duoc wu tién trude va viec DNR 1a ngan han thuc
hién sau. LDPP 33 nat va 69 nat duoc kiém tra va cho thay tinh hiéu qua bai toan dé
nghi. Bai toan dé nghi st dung thuat todn RRA va so sanh véi COA va GA di cho
két qua tuwong ty nhau. Ngoai ra, bai toan hai giai doan ciing dwgc so sanh véi bai
toan dong thoi va bai toan téi wu vi tri trude va sau d6 tdi wu cong suat va DNR dé
cho thay tinh hiéu qua cua nd. Khi téi wu cho LDPP 33 nit v4i bai toan hai giai doan
bang RRA; dong thoi (RRA), dong thoi (CSA); VT-CS va DNR (FWA) va VT-CS
va DNR (HSA) véi mirc giam % ton that cong suat lan luot 12 73%:; 74,92%:; 73,75%;
70%; 66,89% va 63,95%. Tuong tu, LDPP 69 nut 1a 82,52%; 84,35%; 83,54%;
82,55% va 82,08%. Cac két qua md phong cua bai toan dé nghi cho thay ton that cong
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suit toan hé thong tuong tu v4i bai toan dong thai va tét hon so véi bai toan VT- CS
va DNR. Két qua ciing cho thiy cac thuat toan RRA, COA va GA 13 hiéu qua dé tdi
vu lip dat DG cho LDPP c6 DNR. Bai toan dé nghi da dugc thuc hién va cong b
trong c6ng trinh [1], [5] va céng trinh lién quan [7].

Bai toan 2: Xéc dinh cau hinh LDPP khi mé rong cdng suat cua pin quang dién
(PV). Luan an dé nghi thuat toan trao d6i nhanh voi céng suat nhanh trung binh
(CSNTB) cai tién nhim x4c dinh ciu hinh van hanh LDPP khi PV dwgc mé rong
cOng suat véi muc tidu cuc tiéu ton that nang luong. Uu diém cua bai toan dé nghi 1a
don gian, d& thuc hién va chinh xac trong viéc xac dinh cau hinh cia LDPP. LDPP
18 nat dwgc thir nghiém cho bai toan sir dung CSNTB cai tién va da cho thiy dugc
hiéu qua khi LBPP c6 PV. LDPP 33 nut dugc ap dung thir nghiém cho phuong phap
sir dung k§ thuat trao doi nhanh va CSNTB cai tién. Ton that nang lugng caa phuong
phap d& nghi 1a 2075,51 kWh, phuong phép st dung db thi tai 1a 2243,98 kWh va
phuong phap EP 12 2334,28 kWh. Két qua cho thay phuong phap dé nghi 1a don gian,
nhanh chéng xac dinh dugc ciu hinh ludi va c6 @ chinh xac cao khi so sanh vai bai
toan khac. Bai toan dé nghi duoc nghién ciu, thuc hién va cong bé o cong trinh [2]

va cong trinh lién quan [10].

Bai toan 3: Ap dung mo rong LDPP Chu Prong - Gia Lai caa Viét Nam. LDPP
Chu Prong dugc ap dung dé ma rong thong qua lap dat DG nham téi da cong suat
tham gia cua DG va cuc tiéu ton that cong suat cua hé thong. Bai toan dé nghi ba giai
doan lap dit DG twong tng vai ba vi tri va cong suat kha thi cho phép lap dat vao
LDPP Chu Prong. Thuat todn COA va RRA duoc su dung hiéu qua cho bai toan 1 va
tiép tuc duoc &p dung dé thir nghiém cho van dé lap dit ba DG cho LDPP Chu Prong.
Két qua vai thuat toan COA cho két qua tong cong suat ctia DG tham gia vao LDPP
1a 4,406 MW t4t hon so véi thuat toan RRA 1a 3,389 MW va ton that cong suat cua
COA 14 43,116 thap hon so v6i RRA 1a 45,426 kW. Tir két qua ba DG di duoc toi
wu, d& xuat mot ké hoach lap dat mé rong DG cho LDPP Chu Prong qua ba giai doan.
LDPP Chu Prong lap dit DG & giai doan 1 cong suét 1a 0,6609 MW (nat 221) c6 ton
that cong suat tir 81,566 kW giam xudng con 77,26 kW (giam 5,28%). Giai doan 2,
lip dat thém DG véi cong suat 1a 1,4898 MW (nut 164), ton that cong suat giam con
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63,3393 kW (giam 18,02%). Giai doan 3 lap dat thém DG véi cong suat I 2,2554
MW (nit 48) ton that cong suat con 43,1161 kW (giam 31,93%). Bién ap cac nit va
dong dién cac nhanh nam trong pham vi cho phép. Bai todn m¢ rong LDPP Chu
Prong véi muc tiéu tdi da cong suat va cyc tiéu ton that cong suat duoc nghién cau

va cong bé trong cdng trinh [3] va cong trinh lién quan [8], [9].

Bai toan 4: Mo rong LDPP thong qua lap dit pin du trit nang luong (BESS)
dé giam chi phi mua dién. Luan an d& nghi bai toan xac dinh vi tri va céng suit cua
BESS trén LDPP nham giam chi phi mua dién ciing nhu giam chi phi ton that ning
luong. Bai toan dé nghi co diém méi 1a dé nghi ham muyc tiéu cyc tiéu chi phi ning
lwogng va 4p dung thuat toan CSA lan dau tién cho van dé t6i wu vi tri va cong suat
van hanh caa BESS. Viéc téi vu BESS vao LDPP khong nhiing giam chi phi mua
dién, ma con giam ton that ning luong va céc loi ich khac. Phuong phap dé nghi thi
nghiém & LDPP 18 nut cho thay chi phi giam 258,2807 $ (giam 2,45%). LDPP 33
nut, chi phi mua dién giam 303,6638 $ (giam 7,65%). Ngoai ra, ton that ning luong
cling duoc giam xuéng. Thuat toan CSA cho thay hiéu qua hon so véi GA, SFO va
PFA. Bai toan dé nghi da duoc nghién ciu, thuc hién va cdng bé trong cong trinh s6
[4] va [6].

5.2. Hwéng nghién ctru tiép theo

Luan 4n da phan tich va dé xuat cac bai toan mé rong LDPP. Tuy nhién, luan an van
con mot s6 han ché 1a chua xem xét hét cac bai toan mé rong khac. Nghién ctu sinh

tiép tuc nghién ciru cac bai toan khac nhu:

- Bai toan mo rong LDPP thong qua lap dat ESS véi ham da muc tiéu (muc tiéu

kinh té két hop muc tiéu nang cao céc chi sb van hanh cia LDPP);

- Bai todn m¢é rong LDPP véi sy tham nhap cua tua bin gio (WT) va pin quang
dién (PV) két hop véi bo du trit ning luong (ESS);

- Bai toan toi wu ESS c6 xét dén céac chi phi dau tu, chi phi lap dat va chi phi
van hanh ciua BESS trén LDPP.
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