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TOM TAT

Ngay nay, nhu cau st dung dién tang Ién manh mé d gay ap luc dn |én san
xuat dién ciing nhu van hanh hé thng dién. Day la dong luc dé thic ddy su dau
tu vao cac nguon ndng lugng tai tao nhu dién mat trdi, dién gid. Tuy nhién, cac
nguon nang lugng tdi tao nay phu thudc nhiéu vao diéu kién thoi tiét va rat kho
dé du béo chinh xdc ciing nhu diéu chinh cong sudt phat dan dén nhiéu khé khan
trong viéc phdi hop van hanh hé thong dién. D€ gidi quyét nhiing van dé trén thi
viéc tich hgp cac ngudn dién tai tao vao trong mot mé hinh nha mdy dién do
(VPP) ¢6 thé coi la mot gidi phap hifa hen. Bai bao nay sé gidi thiéu md hinh nha
mdy dién do (VPP) cling nhu thyc hién tdi uu hda van hanh m hinh VPP ¢6 xét
dén giao dich ngay tGi (day-ahead market) véi thi truong dién. Phan toi uu héa
sé dugc thuc hién trén phan mém GAMS va CPLEX. Két qua t6i uu c6 xét dén cac
kich ban khac nhau sé dugc trinh bay va thao luén. Tiém nang (ng dung cda VPP
la rdt I6n, vi thé, nghién ctiu nay cd ¥ nghia thuc tién cao.

Tirkhda: Nha mdy dién do, ndng lugng tdi tao, thi truong dién ngay tdi, téi uu
héa van hanh.

ABSTRACT

Nowadays, the rapidly increasing demand for electricity has put great
pressure on electricity production as well as power system operation. This is the
driving force for investments in renewable energy sources like solar power and
wind power. However, these renewable energy sources are highly dependent on
weather conditions, which makes it challenging to forecast and precisely adjust
generating capacity. Therefore, this leads to difficulties in coordinating and
operating the power system. Integrating renewable power sources into the
virtual power plant (VPP) can be a promising solution to solve the above
problems. This article will introduce the VPP model as well as optimize the
operation of this model considering the day-ahead market with the electricity
market. GAMS and CPLEX software will be used for the optimization segment.
The optimal results under different scenarios will be shown and discussed. This
research has substantial practical significance because VPP has a broad range of
applications.

Keywords: Virtual power plant, renewable energy, day-ahead market,
optimal operation.
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CACTU VIET TAT

VPP (Virtual Power Plant): Nha may dién do

PV (Photovoltaic): Quang dién

DR (Demand Response): Dap tng nhu cau phu tai

ESS (Energy Storage System): Hé théng luu trit nang
lugng

CHP (Combined heat and power): Nha mdy dién nhiét
két hop

CHi SO (INDEX)

t: Thoi gian trong ngay (t=1,2,3...24) (h)

BIEN VA THAM SO

PPV : Cong suat phat thuc té cta PV tai thai diém t [MW]

PFPVFC: Cong suat du bao kha dung cua PV tai thai diém t
[MW]

PFV: Gigi han cong suat phat t6i thiéu ctia PV [MW]

ufV: Bién trang thai bat/ tat ctia PV. ufV = 1 khi PV bat
trong khoang thai gian t, ufv = 0 khi PV tét trong khoang
thai gian t.

PEHP: Cong suat phat t6i thiéu ctia nha may CHP [MW]

PEHP: Cong suat phat t6i da clia nha may CHP [MW]

PCHP: Cong suat phat cla nha may CHP tai thai diém t
(MW]

uttP u§lt, uShy 1a cac bién trang thai ctia nha may CHP
tai thoi diém t. Trong d6: uf’? = 1 khi nha may CHP van
hanh trong khoang thai gian t, uttf = 0 khi t6 may ngiing
hoat dong; u§liy =1 khi nha may bigoas khéi dong &
khodng thdi gian t, u§lit = 0 khi nha méay khéng khai dong;
u$hy = 1 khi nha may CHP ding & khoang thdi gian t,
u$hy = 0 khi nha may khong khéi dong

P : Cong suat phat thuc t& cha dién gio tai thai diém t
[MW]

P: Gidi han dudi cong suat phat ctia dién gié [MW]

PWVFC: Dy bao cong suat kha dung clia dién gié tai thoi
diém t [MW]
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ulV: Bién trang thai bat/ tat cta dién gi6. ulV = 1 khi
dién gi6é bat trong khodng thai gian t, ul¥ = 0 khi dién gi6
tat trong khoang thai gian t

PJISC : Cong suat xa clia pin tai thai diém t [MW]

PShar : Cong sudt sac tai thai diém t [MW]

pghar : Céng sut sac/xa I6n nhat cta pin [MW]

b, la bién nhi phan chi trang thai ca pin. b= 1 khi pin &
trang thai xa, b= 0 khi pin & trang thai sac

Eess(yy: MUc ndng lugng ctia tdm pin h tai thoi diém t
(MW]

n$har: Higu suat sac/xa ctia pin

E ate: Dung lugng t6i da cta pin [MW]

Eess(ty: MUc nang lugng tai thai diém t clia pin [MW]

pdemand: Nhy cau tiéu thu cong suat thuc té tai thoi
diém t ( day la nhu cau tiéu thu sau khi da c6 nhiing diéu
chinh) [MW]

Pl°2d: Nhu c4u cong suat du bao ban dau tai thai diém t
(MW]

PPRUP: Cong suat DR tang lén [MW]

PPRAoWn. Cang sudt DR giam xudng [MW]

LPFp/down: Gii han phu tai tham gia DRp/down

Pell: Gigi han cong suat ban Ién thi trusng [MW]

Psell : Cong sudt dién ban lén thi trudng ctia VPP [MW]

Ptbuy: Cong suat mua dién tu thi trudng tai thoi diém t
[MW]

Plli)r‘;y: Gi6i han cong suat mua dién tur thi trudng [MW]

uPA 13 bién nhi phan chi trang thai mua hoic bén véi thi
truding dién. uPA=1 13 VPP ban lén thi trudng dién, uPA=0 I3
VPP mua dién ti thi trudng

0C, : Chi phi van hanh nha may CHP [$/MW]

CSHP: Chi phi khai dong nha méy CHP [$/MW]

CSHP: Chi phi tat nha may CHP [$/MW]

CGHP: Chi phi bién di trong nha may CHP [$/MWh]

DRC; : Chi phi DR [$/MW]

CPR"P: Chi phi thyc hién DRup cho méi don vi dién
[$/MW]

CPRdown: Chj phi thyc hién DRdown cho méi don vi dién
[$/MW]

DAY"Y: T8ng chi phi mua dién trén thi trusng [$]

DASe!: Téng chi phi ban dién 1én thi trusng [$]

CP™: Chi phi mua dién ti thi trudng [$/MW]

Csel: Chi phi ban 1 don vi dién 1én thi trusng [$/MW]

1.GIGI THIEU

Trong vong mét thap ki trd lai day, khai niém nha may
dién 3o (VPP) dang dan trd nén phd bién va phat trién trén
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toan thé gidi. Nha may dién 4o c6 rat nhiéu Igi ich. N6 c6
thé diéu chinh cong suat phat ra vao nhimng thai diém thich
hop dé viia dadm bdo déd 8n dinh cho lugi dong thai dap
ung dugc lugng dién nang tiéu thu. Mot li do nia khién
VPP tré nén thinh hanh bai vi né gitp cac nha may ndng
lugng tai tao véi kich c& nhé cé thé tham gia vao thi trudng
dién. Trén thé gi6i hién nay cé vé van nha mdy san xuat
nang lugng tai tao vGi da dang quy moé 16n va nho, dau vay
khéng phai nha may nao cling da diéu kién dé tham gia
vao thi trudng mua ban dién. Vi du nhu & Viét Nam, Cuc
Diéu tiét dién luc da ra quy dinh la cong suat dat cla cac
nha may dién tdi tao phai I6n hon 30MW thi méi duoc
quyén lua chon gia nhap thi trudng [1]. Chinh vi vay, viéc
VPP c6 khé ndng t8ng hgp cac nguén ning luong phan tan
tu nhitng nha may chua dat du diéu kién, c6 quy mé nho
nhu & trong ho dan da giup nhiing nha may ay ¢ co hoi
tham gia vao thi trudng dién va dem lai rat nhiéu lgi ich vé
mat kinh té.

Cé rét nhiéu bai bao nghién cliu vé nhiing van dé xay ra
trong qua trinh van hanh VPP trong dé c6 thé ké dén nhu
viéc quan Ii cdc ngudn phan tan va nang lugng téi tao dé
tich hop Ién ludi dién thong minh & bai bao [2] hay la tiém
nang cua viéc dung cac phan mém tri tué nhan tao trong
viéc phan tich, du bdo s6 liéu dé gidi quyét su bat 6n dinh
cla cac ngudn nang lugng téi tao cling dugc dé cap trong
bai bao [3]. Bdc biét, c6 mot hudng nghién ctiu c6 tinh thuc
tién rat I16n, d6 1a viéc tich hgp cac ngudn dién tai tao va téi
uu hda van hanh cho VPP xét dén giao dich ngay téi khi
tham gia thi trudng dién. Trong [4], nhiing thuat todan nham
t6i uu trong viéc san xudt quang dién dong thai gidm tén
that dién nang trén lugi da dugc dua ra, tuy nhién chua dé
cap dugc dén cac van dé vé thi trudng. Tuong tu nhu vay,
bai bao [5] da dé xuat y tudng tich hgp xe dién Ién VPP
cung vdi nhing Igi ich ¢4 thé dat dugc khi két hgp cung
nang lugng gié nhung ciing chua nhic dén viéc mua ban.
Bai béo [6,7] da dé cap dén phuong phap t6i uu van hanh
dya trén gid ca la mét giai phdp thich hgp cho viéc giao
dich trén thi trudng, tuy nhién nhugc diém cta bai bao la
chua xét téi cac nguodn nang lugng tai tao va DR

Khéi niém diéu chinh nhu cau phu tai 1a su thay déi
trong mé hinh tiéu thu dién thong thudng dé ddi pho véi
van dé vé gia dién ciing nhu gidm ap luc cho hé théng dién
vao nhimng gid cao di€ém, khéi niém nay dugc dé cap téi
trong bai béo [8]. Tac gia cla [9] da nghién ctru vé viéc lap
ké hoach van hanh hang tuan cho VPP dua trén mé hinh
bai toan t6i uu hda tuyén tinh ngau nhién hai bac cé xét
dén céc yéu t6 bao gom hé thong luu trir ndng lugng, cac
ngudn nang lugng téi tao bat dinh va nha may dién truyén
thong. Trong [10], mé hinh bai todn nay con dugc dp dung
vGi muc tiéu la t6i da hoa Igi nhuan théng qua viéc tham
gia vao ca giao dich ngay téi va thi truong trong ngay cula
VPP. Tuy nhién, diém chung clia cd [9,10] la déu chua
nghién ctu vé DR. P& gidi quyét nhu cau nay, mét mé hinh
toan hoc cho viéc diéu chinh phu tai dién trong quan li
nang lugng déi vai VPP dugc gidi thiéu & [11], mé hinh nay
cling d6ng thai lam tang su linh hoat va Igi nhuan khi giao
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dich trén thi trudng. Ngoai ra trong bai bao [12], viéc lap ké
hoach cho nédng lugng dy trir da dugc dé xuat két hgp vai
phuong phép tinh xac suat xay ra clia cac kich ban dya trén
50 liéu trong qua kh, tir d6 dap tng nhu cau tiéu thu va cai
thién lgi nhuan hang gid ctia VPP.

Trong bai bao nay, bén canh viéc dua ra nhiing rang
budc nham t6i uu céng suat khi van hanh trong nha may
dién do cla nhiing ngudn nang lugng tai tao quen thudc
nhu nang lugng gié hay mat trdi, nha may CHP. Ngoai ra,
ESS cling nhu DR da dugc dé cap chi tiét trong bai bao. Vai
muc tiéu la téi da héa lgi nhuan thu duogc, cac rang budc vé
chi phivan hanh va giao dich ngay t&i trong thi truéng dién
cling da dugc cac tac gia xét dén.

2. MO HINH BAI TOAN
Mb hinh van hanh VPP dugc thé hién theo hinh 1.

VIRTUAL POWER
PLANT (VPP)

i

PHOTOVOLTAIC 'WIND POWER

Pbuy
VPP

OPERATOR ELECTRICITY MARKET

)

COMBINED HEAT AND ENERGY
POWER STORAGE
SYSTEM

Psell

Hinh 1. M hinh van hanh nha mdy dién do trong thi trudng dién

Trong bai bdo, nhom tac gia tap trung vao viéc t6i uu
van hanh VPP trong dé cé xét dén cac thanh phan: dién
mat troi, dién gié, CHP, ESS va phu tai dia phuong. Trong
mo hinh nay, VPP dugc tham gia vao thi trudng ngay téi véi
ca hai vai tro la ngudi mua lan ngudi ban. Trong trudng hop
cdng suat phat du ra so véi nhu cau st dung, nha san xuat
c6 thé phat dién ban lén hé théng dé thu vé Igi nhuan.
Ngugc lai, khi lugng céng suét san sinh ra bi thiéu hut,
khéng cung cdp du cho phu tai thi nha san xuat c6 thé mua
thém dién trén thi trudng dé bu vao. Lugng dién mua dugc
c6 thé nap vao ESS véi hai muc dich. Thi nhat, tai thoi diém
gia dién cao, lugng dién ay c6 thé dugc ban ngugc lén thi
trudng dé thu vé 1ai. Tha hai, lugng dién luu trit c6 thé dugc
dung dé cung cép lén luéi khi nhu cau phu tai cao, tranh
tinh trang thi€u hut céng suat. Bén canh do, phu tai dia
phuong ciing tham gia cung cdp DR khi cong suat nguén
cta VPP bi thi€u hut, tir dé gidam chi phi van hanh VPP.
Trong phan nay, bai bao tap trung xay dung két hgp gilia
viéc t6i uu van hanh trong VPP déng thoi t6i da héa lgi
nhuan khi ban dién lén ludi.

Khi xét d&€n nhiing rang budc t6i uu van hanh bén trong
VPP, trudc tién nhom tac gia tap trung nghién clu vé céng
suat phat ctia cac thanh phan tham gia vao VPP nhu sau:

e Rang budc cha nguén dién gié va PV: cdng suat phat
thuc té bi giGi han béi cong suat du bao va cong suat phat
t6i thiéu:

uEV % P]_l‘)V < PtPV < ufv * PtPVFC (-I)
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uV « pW < PV < ulV « pPVFC ()

e Rang budc clia nha may CHP: V&i nha méy nay, cong
suat phat dugc gidi han béi cong suat dinh muc:

ufHP « pCHP < pCHP < CHP  pCHP (3)

Ngoai ra, gidi han tang/ gidm cong suat két hgp vai cac
bién nhi phan quy dinh trang théi van hanh cta CHP dugc
thé& hén qua cac rang budc sau:

PET” — BETY < ulHy « R @
PCHP — pCHP < (yCHP , pCHP (5)
uffff — u§ht = uft? — gy ©)
usht +ughh <1 7)
us s, uspy, ufte { 0; 1) 8

Trong dé, (4) va (5) lan lugt 1a gigi han tang gidm cong
suat. (6), (7), (8) la rang budc chi trang thai.

e Rang buédc clia ESS: ESS dugc tich hgp trong VPP véi
muc dich tranh sy qua tai trén ludi cling nhu diéu chinh
biéu d6 phu tai tai nhimng thai diém khac nhau trong hé
théng dién. Gigi han sac va xa cla pin lan lugt dugc thé
hién qua (9), (10). Hai rang budc nay cling cho thay & bat cu
thai diém nao, ESS chi c6 thé hodc nap hodc xa:

0 < P < (1 — by)Pshar, 9)

0 < Pdis¢ < bpghar (10)

Muc nang luong cta pin tai thoi diém bat ki dugc xéac
dinh dua trén hiéu suat sac va xa. Miic nang lugng sau gio t
sé bang téng muc nang lugng trudc gid t cong thém phan
nang lugng nap vao va trir di phan nang lugng xa ra giira 2
khoang thai gian:

disc
Bt

Eess(t) = EeSS(t—l) + PBc?arrchhar ~ _char (11
B

Rang budc (12) cho thady muc nang lugng cua pin tai bat
c’ thai diém nao déu bi gidi han bdi mic nang lugng téi
thiéu va muc nang lugng téi da cho phép:

OtlErate < Eess(t) < 0'9Erate (12)

Khi két thuc 1 ngay lam viéc, muc nang lugng trong tam
pin phai dugc trd vé nhu trang thai ban dau dé dam bao
dugc vai tro clia ESS trong ludi trong nhiing ngay van hanh
ti€p theo. Diéu d6 dugc quy dinh qua rang budc:
Eess(t:O) = Eess(t=24) = 0'5Erate (13)

Do ESS khi lam viéc nhiéu gi¢ sé phat ndng giam hiéu
suat lam viéc, can phai c6 bién phap lam mat lam giam
nhiét d6 cua ESS, giai phap thuc té€ la dua ESS vao phong
diéu hoa nhiét d6 thap tir d6 sé tén lugng dién tu dung dé
lam mat. Thong sé nay sé dugc cong thém vao phu tai tiéu
thU PtLoad

e Rang budc vé DR: Nghién ctiu nay quan tam dén DR &
muc do don gian, trong d6 trung tam van hanh VPP sé tra
mét chi phi cho phu tai dia phuong dé ho chap nhan gidm
hodc tang céng suat dién. Piéu nay gilp giam dugc chi phi
mua dién ti hé théng khi nguén trong VPP thiéu hut.
Ngudgc lai, khi céng suat du thira, diéu nay sé tang kha nang
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tan dung t6i da cdng suat nguén. Do khong phai tat ca cac
phu tai déu tham gia chuong trinh dap Gng phu tai linh
hoat, nén gigi han céng suat c6 thé tang/ gidm phai ndm
trong giGi han cho phép. Gigi han nay thudng dugc lay
theo ty 1é cla t6ng phu téi (khodng 8 - 30%) va dugc thé
hién & trong (14) va (15):

0 < P”®"P < LPF,, * uPR (14)

0 < PPRIOWD < LPFyqun * (1 — uf®) (15)

Nhu ciu céng suat thuc té clia phu tai tai tung thai
diém phu thudéc vao nhu cdu du bao cong suat ban dau
cing nhu lugng DR tang hodc gidam. Rang budc (16) da thé
hién diéu dé:

Ptdemand — Ptload + PtDRUP _ PtDRdown (16)

Tai m6i thai diém thi nhu cau tiéu thu thuc té sau khi
di€u chinh c6 thé thay déi va khac véi nhu cau tiéu thu ban
dau. Tuy nhién, trong 1 ngay thi téng cong suat phu tai tiéu
thu ban dau phai bang vdi téng céng suat phu tai thuc té
da diéu chinh dé ddm bao thda man dugc nhu cau st dung
dién cta khach hang trong 1 ngay. Diéu nay dugc thé hién
qua (17):

234 Ptload — 254 Ptdemand (17)

e Rang budc mua/ban dién: Tai 1 thai diém thi VPP chi
c6 thé mua hodc ban dién Ién thi trudng.

Gidi han cong sudt ban 1én thi trudng dugc thé hién nhu
sau:

0 <Pl <uPA«M (18)
Gidi han cong suat mua dién tu thi truong:
0<P™< (1-uPA)*M (19)

Trong dé, M la mot s6 rat I6n

Ngoai ra, cdng suat mua/béan ctia VPP va cong suat van
hanh cac phan t trong VPP phai thoa man rang budc can
bang céng suat sau:

Ptsell _ PtbuY — PtPV + th + PtCHP + PtdiSC _

Ptchar _ [PtLoad + PDR up PtDR down] (20)
t

Ham muc tiéu cta mo hinh van hanh VPP |3 téi da héa
lgi nhuan thu dugc dua trén chi phi van hanh ciing nhu chi
phi cho DR va chi phi giao dich vdi thi trudng dién:

Max DA — DAY — 0C, — DRC, 1)

t

Trong d6 cac thanh phan lgi nhuan hodc chi phi dugc

tinh nhu sau:

0C, = PP« CJF + ughy « Csy” + usp *Csp” (22)
DRC, = PtDRUP « CPRUP + pPRdown , cDRdown (23)
DAY = PP« )W (24)
DAl = psell « cgell (25)

3. TINH TOAN THU NGHIEM
3.1. 56 liéu dau vao
Cac théng s6 dau vao dugce cho nhu trong bang 1.
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Bang 1. Thong s6 dau vao

STT Théng s6 Gia tri
1 (6ng sudt dinh mic nha may CHP 30MW
2 Gidi han tang/ gidm cong sudt nha may CHP 25MW
3 (6ng sudt phat tdi thiéu nha may CHP 0,5MW
4 (6ng sudt phat cia nha may CHP trudc thoi diém 20MW

lap ké hoach
5 Dung lugng cta ESS 20MWh
6 Mdc nang lugng trong ESS trong gid trudc thai 5MWh
diém lap ké& hoach
7 (6ng sudt sac/ xa l6n nhat cla ESS 10MW
8 Hiéu sudt sac/ xa ctia ESS 0,914%
9 (6ng sudt tu diing d€ lam mét cda hé théng ESS 0,IMW

10 (6ng sudt phat tdi thi€u cia hé thong PV oMW
11 (ong suat ddt cta hé thong PV 15MW
12 (6ng sudt phat tdi thi€u cia hé thong tuabin gi6 MW
13 (Cong suat ddt ctia hé thong tuabin gio 15MW
14 Gidi han phu tdi tham gia DR tang 6MW
15 Gidi han phu tai tham gia DR gidm 6MW
16 | Chiphi bién d6i cong sudt nha may CHP 45/MW
17 Chi phi khéi dong nha may CHP 8%
18 | Chiphitat nha may CHP 2%
19 Chi phi DR tang 52$/MWh
20 Chi phi DR gidm 625/MWh

- S6 liéu du bdo ngay tdi clia phu tai dia phuong, du bao
céng suat kha dung clia hé théng PV cong suat dat 15MW,
du bdo cong sudt kha dung hé théng céc tuabin gi6 téng
cdng suat dat 15MW dugc cho nhu hinh 2.

60

M

Cong suat(M'W)

Thoi gian(gio)

PV

Gid Phu tai

Hinh 2. 56 liéu du bao cong sudt tai, PV, dién gi6

Can ct vao dé6 thi du bao phu tai va d6 thi du bao cong
suat dién gid va dién mat troi. Ta thdy vao thai diém cao
diém (khoang 19-21h) khi ma PV khong thé phat dién, téng
cdng suat phat ctia nguén khéng da dap dng phu tai. Vi
vay, VPP bat budc phai st dung céac bién phap phu trg nhu
ESS, DR, mua dién tu thi trudng dé c6 thé hé trg cho viéc
thi€u nguén, dap tng nhu cau tiéu thu.

Can cur vao gia ban budn dién cta EVN déi véi phu tai >
110kV, gia mua dién cua thj trudng thay déi theo tiing khung
git. C6 3 khung gid: gi¢ cao diém ( khoang thai gian tu
9-10h, tu 18-21h) c6 gid 1165/MWh, giG binh thudng
(khoadng thai gian tir 5h-8h va 11h-17h) c6 gia 655/MWh, giG
thap diém (khodng thai gian tir 22h-4h) c6 gia 41$/MWh.
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Hinh 3. Gid mua va béan dién thay ddi trong ngay

Gia bén dién trong ngay dugc gia thiét nhu trong hinh
3. Vao thdi diém ban dém (tir 23h-4h), khi ma nhu cau su
dung dién thap, ngudn du thira so vdi tai, gia ban dién lén
thi trudng sé thap. Vao thai diém ma nhu cau st dung dién
cao (9h-10h), gia ban dién ting lén. Thoi diém budi trua
nguén dién du thira do PV dang hé trg dugc cong suat 16n
va nhu cau st dung dién thap nén gia ban dién giam. Vao
gi& cao diém buéi t8i, khi nguén thiéu do khéng c6 céng
suat PV tham gia vao, déng thai tai dat dinh trong quang
thdi gian nay, gia dién tang cao.
3.2. Két qua tinh toan

Cong suat phat ctia cac nguén nhu hinh 4.
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Hinh 4. Cong suat phat cta cac nguon
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Hinh 5. Cong sudt phét thuc té va cong suat phat du bdo clia PV

Do viéc phat PV khéng ton chi phi vdy nén hé thong sé
uu tién tan dung t8i da nguén PV c6 thé st dung dugc nhu
trén hinh 5.
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Hinh 6. Cong sudt phat thuc té va cong sudt du bao cla dién gio

Tuong ty nhu PV, hé thdng sé tan dung t6i da nguén
dién gi6 c6 thé phat dugc nham t6i da hda lgi nhuan nhu
trén hinh 6..

TU d6 thi cong suat phat cé thé thay, CHP luén phat vdi
céng suat t6i da trong sudt quang thai gian, vi mac du cé
chi phi cho viéc van hanh nha may dién CHP nhung viéc tat
va khai dong lai tén chi phi I6n cling nhu la gid ban dién ra
thi trudng van cao hon nhiéu so véi chi phi van hanh nén
dé t6i da héa Igi nhuan thi nha may CHP phat véi cong suat
t6i da trong toan bo giai doan lap ké hoach.

Pcharge mmmm Pdischarge e====ESS

Cong suat (MW)
Cong suat (MW)

Thaoi gian (gio)

Hinh 7. Cong sudt xac/ sa cta ESS

ESS hoat ddng linh hoat, vao nhiing gi¢ thap diém, khi
nguén thira so vdi tai, gia ban dién thap, ESS sac dé tich trir
nang lugng. Vao gid cao diém, khi nguédn thiéu so vai tai,
gid mua dién cao, ESS x& dé hé trg ngudn, gidm lugng dién
nang mua vé (hinh 7).
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Hinh 8. Cng suat mua va ban cia VPP vdi thi truong dién
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Tu hinh 8 c6 thé thdy, VPP mua ban dién linh hoat: Mua
dién vao gid binh thudng khi gia dién khéng cao dé tich tri
day nang lugng cho ESS hé trg nguén trong gid cao diém.
Mua dién vao gi& cao diém, khi ma nguén khéng dap ung
dugc phu tai du da huy dong ca ESS. Céac thoi diém thap
diém, dé t6i da héa Igi nhuan thi VPP sé tan dung dé ban
dién |én thi truong.

Cong suat DR ¢o gid tri bang 0. DR & day khéng co y
nghia vi khi du thita cong suat, VPP da tan dung ban dién
lén thi truong, khong co céng suat DR giam xudng. Khi
thi€u céng suat, VPP sé thuc hién viéc mua dién tu thi
trudng, khéng c6 cong suat DR tang lén.

Chuing ta sé xem xét mot s6 kich ban sau:

e Kich ban 1: Céng suat mua/ban cta VPP bi gi6i han
bgi dudng day truyén tai

¢ Kich ban 2: Danh gia dnh hudng clia ESS

A) Kich ban 1: Céng sudt mua/bdn ctia VPP bi giéi han béi
dugc ddy truyén tai.

Hé thong VPP dugc xay dung tir cac ngudn nang lugng
tai tao co kich ¢ nho va cac hé thong ESS dugc lap dat
phan tan trong lugi phan phéi va trong cac hé tiéu thu
dién. Do d6, viéc mua ban dién vdi thi truong dién phan
nao bi anh hudng béi giéi han cda lugi dién phan phéi.
Trong phan nay, nhom tac gia gia thiét rang hé théng két
néi gilra VPP vdi thi trudng dién chi c6 gidi han cong suat
t6i da la 15MW, nén céng suat giao dich gitia VPP véi thi
trudng phai nhé han hodc bang 15MW.
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Hinh 9. Cong suat sac/ xa ctia ESS
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Hinh 10. Cong suat mua/ ban dién ctia VPP
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Hinh 11. Cong sudt DR tang/ giam
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Hinh 12. So sanh chi phi van hanh

Tu hinh 9 + 12 c6 thé thdy dugc kich ban dusng day
khong bi giGi han céng suat mua va béan dién dem lai hiéu
qua kinh té cao hon. Biéu nay dugc ly gidi do vao mét s6 thai
diém, VPP c6 thé ban dién nhiéu han nhung bi gidi han, viéc
gidi han céng suat ban ciing ép ESS phai dir trit nang lugng
khéng t6i uu, va phai sir dung DR tang do nguén du. Bén
canh dé, viéc gi6i han cdng suat mua dién lam cho VPP phai
st dung DR gidm xuéng vao gid cao diém.

B) Kich ban 2: Bdnh gid dnh hudng cla ESS

Trong kich ban nay, dung lugng cla ESS tang lén, thay
d6i tir mirc 20MWh [én 40MWh.

Két qua hinh 13 + 15 chi ra rang, kich ban tang muc du
tri nang lugng ctia ESS dem lai hiéu qua kinh té& cao hon. Vi
khi tang muc du trit ndng lugng cda ESS, sé tri dugc nhiéu
nang lugng hon dé c6 thé xa ra vao nhiing gid cao diém,
giam lugng dién mua khi gia cao.
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Hinh 13. Cong sudt sac/ xa cta ESS
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Trong bai bdo nay, nhém tac gia da néu ra mé hinh toi
uu hoa van hanh trong VPP trong d6 c6 xét dén cac nguén
nang lugng tai tao, va nha may CHP. Bén canh dé, cac yéu
t6 vé chuang trinh DR cling nhu hé théng luu trit nang
lugng trong nha may dién do cling da dugc nghién cdu. Bai AUTHORS INFORMATION
bdo con tich hop thém yéu t6 giao dich trén thi trudng
ngay téi. Phan mém GAMS da dugc nhom tac gia dp dung
dé phan tich va van hanh céc kich ban téi uu héa. Két qua
nghién clu cling da dua ra cac kich ban dé danh gia anh
hudng cda ESS va gidi han cong suat mua, ban dién lén viéc
van hanh VPP,
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