ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 22, NO. 5A, 2024 81

XAC PINH KE HOACH VAN HANH CUA NHA MAY DIEN AO TRONG
THI TRUONG NGAY TOI CO XET PEN CAC KICH BAN SAC XE PIEN

DETERMINING THE VIRTUAL POWER PLANT’S OPTIMAL SCHEDULE IN THE DAY -
AHEAD MARKET CONSIDERING SCENARIOS OF CHARGING ELECTRIC VEHICLES

Nguyén Hong Nhung*, Ping Minh Quan, Vii Minh Phic, Lé Thi Thu Ha, Pao Trong Hiéu
Truong Dién-Dién tir, Truong Dai hoc Bach khoa Ha Néi, Viét Nam*

*Tac gia lién h¢ / Corresponding author: nhung.nguyenhongl @hust.edu.vn
(Nhan bai / Received: 09/4/2024; Sira bai / Revised: 03/5/2024; Chip nhan ding / Accepted: 06/5/2024)

Tém tit - Hién nay, md6 hinh nha may dién ao (VPP) da duoc xay
dung dé dap tng sy tang truong cua ning luong tai tao (RES).
Bai bao nay nghién ciru mé hinh t6i uru héa ngiu nhién hai bac dé
tbi da loi nhuan ctia VPP trong thi trudng dién ngay tdi c6 xét dén
tinh bét dinh coa RES va phu tai. M6 hinh VPP nay gdm céc
ngudn dién mit troi (PV), ngudn dién gié (WP), pin luu trit ning
luong (ESS), tram sac xe dién (EV) va phu tai. Duong cong nhu
cAu sac EV dugc xdy dung dya trén x4c sut xe dén sac trong ting
khoang thoi gian. Cac chuong trinh didu phdi ké hoach sac duoc
dua ra dé vira dam bao loi nhuan cho VPP vira thoa man nhu ciu
cua khach hang. Khach hang chéip nhén 1ui ké hoach sac s& dugc
tra tién twong tmg véi d6 cham tré ma ho phai chiu. Mirc tién tra
cho khéch hang duoc tinh toan dé cho VPP van c6 lgi nhuan. Két
qua nay déc biét y nghia khi ty trong EV ngay cang cao va gy ap
lire cho hé théng dién

Tw khéa - Thi truong dién ngdy toi; tram sac xe dién;
ning luong tai tao (RES); t6i wu hoa ngau nhién; nha may dién ao
(VPP).

1. Gigi thi¢u chung

Su tham nhap ngay cang cao cua cac ngu0n dién phéan
tan va c4c ngudn ning luong tai tao trong hé thong dién da
tao ra nhiing thach thire vé kiém soat trong mang luéi, doi
hoi phai ¢d sy quan Iy phdi hop cac ngudn ning lugng nay.
Céc nha may dién 4o (VPP) ra doi da giai quyét dugc
nhiing thach thirc ndy ¢ mirc d6 dang ké [1]. Khai niém
VPP bét dau xuét hién lan dau tién vao khoang nhimg nam
1990 va ngay cang phé bién cing vai su phét trién nhanh
chdng cia nganh nang lugng [2].

VPP 1a mot mang lu6i cac ngudn nang lwong phan tan
DER, céc hé théng luu trir ESS va phu tai linh hoat. VPP
téng hop nhidu don vi phat dién c6 kich thuéc nho khac
nhau dé tao thanh VPP duoc van hanh nhu mot nha may
dién thong thuong va cé thé tham gia vao thi truong dién
ban budn. Theo [3], VPP duogc chia lam 2 loai: VPP thuong
mai (CVPP - Commercial Virtual Power Plant) va VPP ki
thuat (TVVPP - Technical Virtual Power Plant). TVPP cung
cap cac dich vy phu trg cho nha van hanh luégi dién truyén
tai bang cach kiém soat mirc dién ap va tan sé cua hé thong,
tir d6 cai thién chat lwong hé thong cung cép dién. Trong
khi TVPP xét dén céc rang budc cua ludi dién thi CVPP vé
co ban lai tap trung hoat dong vao viéc tham gia thi truong
dién bang viéc toi wu hoa san xuét, 1ap ké hoach dé thu
duoc loi nhuan tdi da. Tuy nhién, 2 loai VPP déu huéng toi

Abstract - Nowadays, the Virtual Power Plant (VPP) model has
been developed to meet the growth of Renewable Energy Sources
(RES). This paper utilizes a two-stage stochastic optimization model
to maximize the VPP’s profit in the Day-Ahead market, considering
the uncertainty of RES and demand. The VPP includes Photovoltaic
Plants (PV), Wind Power Plants (WP), Energy Storage Systems
(ESS), Electric Vehicle (EV) charging stations, and load. The EV
charging demand curve is built based on the probability of EVs
arriving at the charging station each time interval. In addition,
programs regulating EV charging time are proposed to increase
VPP’s profit while meeting customers’ needs. Customers who accept
postponing the charging plan will be paid for the delay they must
endure. The amount paid to customers is also calculated so that VPP
remains profitable. This result is significant in the context of the
increasing EV ratio, which puts pressure on the power system.
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mot muc tiéu chung 1a tim ra giai phap nham gidp VPP thu
vé loi nhuan tbi da trong céc thi trudng ma nd tham gia,
dac biét la thi truong ngay t6i (DA — Day-ahead) [4].

Céc nghién ctru [5]-[10] da dura ra cac mé hinh tinh t6i
wu hoa dé co thé t6i da loi nhuan cua VPP trong thi truong
DA. Trong nhitng nghién ctru nay, nguoi van hanh VPP s
du bao cong suét ctia cac RES, nhu ciu phu tai, déng thoi
du bao gia thi truong, tir d6 1ap ké hoach mua/ban cho VPP
trong thi truong DA ciing nhu 1én ké hoach véan hanh cho
timg ngudn trong VPP. Tuy nhién, viéc du bao chinh xac
cac thong s6 noi trén 1a khong kha thi, tir @6 dan dén ké
hoach vén hanh dé dinh trudce s€ co nguy co khong thuc
hién dugc do s6 liéu thuc té sai khac qua nhiéu so véi sb
liéu du bao. Diéu nay din dén VPP phai chiu phi phat tir
thi truong. Do d6, can thiét phai sir dung mé hinh t6i wu
hoa ngiu nhién dé xét dén cac tham s6 bét dinh. Vi du, cac
nghién ctru [8], [9] d4 gidi thiéu md hinh t6i wu hoa ngiu
nhién hai 16p cé xét dén tinh bAt dinh cua RES. Trong do,
thay vi sit dung tryc tiép $6 liéu du bdo, nguodi van hanh
VPP s& xdy dung cac kich ban ngau nhién tir s6 liéu du bao
va sai s6 du bao, mdi kich ban ngau nhién lai c6 mot xac
suat tuong tmg. Ké hoach van hanh t4i wu ctia VPP s& dugc
x4c dinh dwa vao cac kich ban ngau nhién nay.

Bai béo nay xac dinh ké hoach van hanh cho mot CVPP
c6 chira RES, ESS, tram sac EV va phu tai dia phuong. M6
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hinh t6i wu hoa ngéu nhién hai bac (Two-stage optimization
model) duoc sir dung dé xét dén cac tham s bét dinh gdm
¢6 nhu ciu phuy tai dia phuong va cong suat phat kha dung
clia cic RES. Piém méi trong nghién ciru nay la duong cong
cong suat sac EV duoc xay dung tir md hinh tao kich ban
ngau nhién (Artificial Scenario Generator model) [11], [12]
va xac suat EV dén sac trong timg khoang thoi gian. Nghién
clru nay ciing dua ra cac chuong trinh diéu chinh thoi gian
sac bang cach tra chi phi dé nguoi st dung tranh sac vao gio
cao diém, tir 36 danh gia co hoéi thu loi nhuén cia CVPP khi
ap dung cac chuong trinh diéu chinh do.

2. Gi6i thi¢u mé hinh
2.1. M6 hinh CVPP trong thi truong dién
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Hinh 1. M6 hinh CVPP trong thi trieong dién ngay tGi

Bai b&o nay tap trung vao viéc xac dinh ké hoach van
hanh t6i wu ciia mét md hinh CVPP nham t6i da hoa loi
nhuan ciia n6 trong thi trudng dién. Gia thiét raing CVPP chi
¢6 kich ¢& nho dan dén ké hoach mua/ban dién cua CVPP
khong anh hudng nhiéu dén gia thi trudng, hay noi cach
khac, CVPP chi dong vai tro 1a don vi chap nhén gia thi
trudng (price-taker). Véi gia thiét nay thi nguoi diéu hanh
CVPP can phai dy bao gi4 thi truong dién ngay t6i (DA
clearing price), tir &6 xdy dung chién lugc giao dich cho
CVPP trong thi truong DA, cling nhu tinh toan ké hoach van
hanh cta tirng nha may/khach hang tham gia vao CVPP. M6
hinh CVPP trong bai bao dugc gia thiét bao gdm PV, WP,
tram sac EV va phu tai dia phuong (Hinh 1). Tuy theo mire
chénh 1éch giita cong suat ngudn va phu tai dia phuong &
timg thoi diém ma CVPP c6 thé tham gia vao thi truong DA
v6i vai trd 13 ngudi mua hodc ngudi ban. Néu cong suat phat
clia cac ngudn trong CVPP du ra so v6i nhu cau phu tai thi
CVPP ¢6 thé ban lugng dién du thira ra thi truong nham thu
loi nhuan. Nguoc lai, néu dién nang san Xuét ra khong du
dap tmg nhu cau phy tai thi CVPP c6 thé mua dién tir thi
trudng dé bu vao luong dién thiéu hut d6. Viéc tich hop ESS
ciing gilp cho bai todn van hanh CVPP tré nén linh hoat hon
ddng thoi CVPP c¢6 thé thu duoc loi nhuan tir viée giao dich
chénh 1éch gia (energy arbitrage).
2.2. M0 hinh bai toéan

O trong phan nay, mot mé hinh t6i wu héa ngau nhién
hai béc s& dugc gidi thiéu dé tinh toan ké hoach van hanh
cho CVPP c¢6 xét dén cac tham s6 ngiu nhién nhu: cong
suét phat kha dung cta RES, nhu cAu phu tai dia phuong,
va nhu cau sac EV. Cac bién bac mdt cua md hinh chinh Ia
ké hoach mua/ban ciia CVPP trong thi trudng DA trong khi
cac bién bac 2 la cac thong s6 van hanh khac caa CVPP,
nhu cong suét sac/xa ciia ESS hodc cong suit dau ra cia

RES. Bing cach sir dung phuong phap Monte Carlo, Cac
kich ban ngiu nhién ctia cic tham sb bit dinh bao gom
PV,WP va phu tii dia phuong dugc tao ra dé t6i wu cong
suat mua/ban cia CVPP trong thi truong DA, dong thoi
dam bao dugc do tin cdy ctia ké hoach van hanh khi s6 liéu
thue té sai khac vé6i s6 liéu du bdo. Bén canh do, bdo md
phong thoi gian sac EV dugc gidi thiéu trong [12] dugc su
dung dé xay dung dudng cong nhu cau sac EV trong khu
vue, gitip cho nguoi van hanh dé dang danh gia dugc su
tham gia cua EV trong qua trinh van hanh cua VPP.

Gia thiét rang chi phi van hanh RES va ESS la khong
dang ké, dong thoi ciing gia thiét cac khach hang trong
CVPP duoc mua dién véi mot muc gia ¢b dinh. Khi do,
ham muc tiéu caa mo hinh chi xét dén chi phi mua/loi
nhuan ban dién trong thi trudong DA nhu trong biéu thirc
(1) dudi day.

Maximize Z APApset — Ptb“y) At (1)
t

Trong do, P”™ va P&t 1a cong suét mua/ban dién cua
CVPP trong thi truong DA, 274 1a gia mua/ban di¢n DA
tai thoi diém t. Bén canh do, At la d6 dai cua mdi khoang
thoi gian tinh todn. Bai bao nay xac dinh ké hoach van hanh
cho tirng khoang thoi gian 15 phat, vi vay At = 0,25h.

Bén canh d6, mo hinh van hanh CVPP can dap ting
dugc nhitng rang budc dudi day:

¢ Rang budc van hanh cua cac RES

Rang budc (2) va (3) cho thdy, cong suat phét cia mdi
RES (PFY, PYP) tai thoi diém t trong Kich ban s ludn bi
gi6i han bei sb lieu du bao (PFYFC, PYPFC) va cong suat
phét t6i thiéu duoc quy dinh boi dac tinh ky thuat cua RES
(PLY, P[?). Rang bugc (4), (5) cho thay, cong suat phat
kha dung cua RES dugc dung dé phat 1én ludi

(PSPtV'GTid,PSIXP‘G”d), cung cép cho phu tai dia phuong

(PL/ro%d, pPL0ay va tich liy mot phan trong ESS
PV,ESS pWP,ESS
(Pt ™" P 777).
PP < PV < PIVFC @
PLVVP < P_S!%P < P;/‘IZPFC (3)
PV _ pPV.Grid PV,ESS PV,Load
PEY = P+ PSS + B )
wP _ pWP,Grid WP,ESS WP,Load
Ps,t - Ps,t + Ps,t + Ps,t (5)

¢ Rang budc van hanh cua ESS
Rang bugc (6), (7) thé hién cong suat sac PEReT va cong
suat xa P3¢ ctia ESS bi gisi han boi cong suét dinh miic
Pp max- Trong cac rang bugc nay, bién nhi phan by, thé
hién tai thoi diem tbat ki, ESS chi ¢6 thé sac hodic xa. Rang
budc (8) cho thay rang cong suat xa cua ESS dugc dung dé
cung cap cho phu tai dia phuong va ban 1én thi truong DA.
Rang bugc (9) danh gid luvgng cong suat dugc sac vao ESS
duoc lay tir cac RES hqac,m‘ua tor thi truong DA. Trong
bai bao nay, gidi han vé so6 lan sac/xa moi ngay cua ESS
duoc bo qua.
0= Psczlgar < (1 - bs,t) PB max (6)
0 < Pst?gsc < bs,t * PB max (7)

disc _ pdisc,Load disc,Grid
Ps,t - Ps,t + Ps,t (8)
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PS(.:har - PSF”V,ESS PWP,ESS + Rgtrld,ESS (9)
Tai thoi diém t bat ki mirc nang luong cia pin Egss (s )
duogc xac dinh duya trén hiéu suit sac/xa 1.
disc
St At
B

(10)

Eess(s t) — Eess(st 1) + Ps harnBAt -

Rang budc (11) biéu dién gidi han trén va dudi ciia mirc
nang luong tich lily trong ESS:
0,1 Erate = Eess(s t) = <09 E‘rate (11)

Khi két thic mot ngay lam viéc, muc nang luong cua
E§S s¢ duoc dua trd ve trang thai ban dau. Picu do dugc
thé hién qua rang buéc (12):

Eess(s,t:O) = Eess(s,t=24) = 0,5 Erqte (12)

e Rang budc vé mua ban dién trén thj truong DA

Trong cac rang budc dudi day, bién nhi phan uP4 gitp
dam bao rang tai mdi thoi diém bat ki, CVPP chi c6 thé
mua hodc ban dién. Tai uP?4 = 1, CVPP s& ban dién Ién thi
treong DA va nguoc lai. Gigi han mua/ban dién cua CVPP
trong thi truong DA dugc thé hién qua rang budc (13), (14).
Rang budc (15), (16) thé hién sy tham gia ciia cac nguon
vao viéc mua/ban cia CVPP trong thi truong.

0 < P < upt « P (13)

0< P™ < (1-uPh) =Pl (14)

Psell PPV,Grid PWP,Gnd Pdisc,Grid (15)
b G dESS Grid,Load

Pt uy __ P Tl 1_-)S’t7'l oa (16)

« Rang budc vé téng nhu ciu dién ning cua cac khach
hang trong CVPP
Tong nhu cau dién nang tai mdi thoi diém bang tong
phu tai dia phuong P29 va cong suat sac cua tram EV
PEY tai thoi diém d6. Bén canh vigc t6i da cong sudt ban
1én thi truong DA, CVPP ciing can phai dap img duoc nhu
cau tiéuqthu dién cua tong phu tai trong khu vuc. Biéu do6
duoc thé hién qua rang bugc (17)
Grid,Load disc,Load
PLoad + va — Pstn oa + Pstlsc oa (17)

PV,Load WP,Load
+ P + Pt

e Rang bugc vé can bang cong suit
Cong suat mua/ban cia CVPP va cong sudt céc
ngu0n/khach hang trong CVPP phai thoa man rang bugc
(18) vé can bang cong suat.
PP =PIV + PHP 4 pdise
S, S,
~ ST~ [PLg 4 PEY)

pgett — (18)

3. X4y dung cac kich ban ngiu nhién
3.1. Mé hinh tgo kich bin ngdu nhién cho RES va phu tii
Trong phan 2, md hinh t8i wu héa cua CVPP da xét dén
céc tham s ngdu nhién bao gdm cong suit kha dung cua
cac RES va phu tai dia phuong. Nhitng tham s ngau nhién
nay dugc moé ta dudi dang cac kich ban sb lidu s véi xac
suat xdy ra clia timg kich ban la khac nhau. Gia thiét ¢ thoi
diém 1ap ké hoach van hanh, CVPP da c6 sb liéu du bao
ngay t6i cua cac RES va phu tai, dong thoi gia thiét rang
cac s6 liéu du bao nay cd sai s6 tuan theo ham phan phdi
chuan vai gia tri trung binh bang 0 va d¢ léch chuan o.

Diéu nay c6 nghia la ching ta c6 thé coi sai s6 du béo l6n
nhét | +30 trong tng vaoi khoang tin cdy 99,7% [13]. Khi
d6, cac kich ban ngau nhién ciia cac tham s6 bt dinh duoc
tao ra theo cac budc nhu sau:

e Budc 1: Tir ham phén phdi ciia sai s6 du béo, sir dung
thuat toan Monte Carlo dé tao ra N mau ngiu nhién cia sai
s du bao, v6i N rat 16n.

e Budc 2: Sir dung thuat toan K-means dé chia s6 mau
ngau nhién vira tao ra thanh n nhom (cluster). Trong do,
diém trung tam (centroid) cua moi nhém s€ duge coi la mot
kich ban cia sai s6 du bdo vdi xac sudt dugc liy bang tong
xéac suat cia tat ca cac mau trong nhom tuong umg. Tur do,
m01 kich ban ctia tham s6 bét dinh duogc tinh bang téng clia
s6 liéu du bao ngay toi va kich ban cua sai s0 du bao

a) PV

Thai gian (gid)

Hinh 2. Théng s6 di bdo cua: a) Cong sudt ciia PV;

b) Cong suat ciia WP; ¢) Cong suat tiéu thu ciia phy tdi dia phu’ong

Ap dung phuong phap néu trén, ddng thoi gia thiét rang
s0 lidu dy bao c6 sai s6 16n nhét 1a +15%, twong g voi
ham phén phéi c6 d6 1éch chuan 1a 5%, nhom tac gia da tao
ra mudi kich ban cua cac tham sd bat dinh & trong hé don
vi twong d6i (p.u) nhu trong Hinh 2. Xac sudt cua cac kich
ban nay lan luot 1a 23%, 4%, 12%, 10%, 10%, 5%, 11%,
8%, 7%, 10%. Céc kich ban duoc tao ra nhim muc dich thé
hién tinh bat dinh cta RES cling nhu xét dén sy thay ddi
lién tuc cta phu tai trong khu vuc. Thong qua cac kich ban
nay, CVPP c6 thé dua ra ké hoach mua/ban t6i wu giri 1én
thi truong DA trudc ngay van hanh, dong thoi dam bao
CVPP van c6 thé van hanh tin cdy ngay ca khi 6 liéu thyc
té sai khac nhiéu so véi sb lidu du béo.
3.2. Mé hinh tao kich ban ngéu nhién cho EV

Hién nay, md hinh EV van chua dugc str dung rong rai
0 Viét Nam, do d6 viéc thu thap bd $6 liéu cua cac tram sac
EV tréd nén khé khan. Vi vay, trong bai bao nay, céc tac gia
da giai quyét van dé d6 bang cach sir dung mot mé hinh tao
kich ban ngiu nhién dé tao ra cac kich ban sac EV khac
nhau [11], [12]. Céu tric co ban ctia so d6 dugc ap dung
trong bd md phong nay duoc trinh bay nhu trong Hinh 3.

B mo phong sé sir dung cac thong sé dau vao bao gom
s6 lwong EV trong khu vuce sir dung tram sac va xac suét
nguoi dung sir dung tram sac tai cac khoang thoi gian khac
nhau trong ngay. Ngoai ra, cac thong s0 quan trong vé mit
ky thuat cting dugce sir dung nhu: dung luong cua pin, cong
suat cua cdc b sac, sO luong b sac va thoi gian cho sac
t6i da ciia nguoi dung. Cac thong sb nay co thé thay doi
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dua trén théi quen sac xe cia nguoi dan trong khu vyc dé

tao ra cac kich ban ngau nhién.
Théng sé EV:

S6 lugng xe dién,
Mbc do tham gia sac
claxe Trang théi néng Irong

ban dAu, nhu cau sac,

Thoi gian bét dAu/két

Matdo xe dién,
Khoang thor gian
thic chu trinh sac

M6 hinh

Trinh tao kich ban
nhan tao d& mé phéng
tai sac cho xe dién

Dung lwong pin,
86 lugng bo sac,
Caéng suét b sac,
Thoi gian cho sac

Khdi tao cac tham sé;
Kiém tra rang budc
Danh gia kha nang

van hanh

Biéu dd phan phéi cong

Céc rang bude suét sac cla EVs

Hinh 3. M6 hinh tgo kich ban sac EV [11]

Mtrc d6 tham gia sac EV cua khach hang trong khu vuc
¢6 anh huéng 16n dén cong sudt cua tram sac trong ngay.
Bai bao nay gia thiét r?mg tram sac dat & khu vuc dan cu
v6i nhu cau sac xe chu yéu tép trung vao budi téi. Phan bd
x4c suat xe sac trong tam khung gio (0, 3), (3, 7), (7, 11),
(11, 14), (14, 17), (17, 19), (19, 21), va (21, 24) dugc gia
thiét 1an lugt 13 6%, 0%, 5%, 7%, 17%, 26%, 22%, va 17%.
Ngoai ra, sb luong bd sac duge gia thiét 1a 10 bo va thoi
gian cho doi tdi da ciia ngudi dung 1a 15 phit. Tir d6, cong
sudt cta tram sac tinh trong hé don vi twong ddi (p.u) twong
{mg véi ti 1& xe tham gia sac dao dong tir 20% dén 80%
dugc thé hién nhu trong Hinh 4.

Tram sac xe dién
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S o6
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@
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=
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0.1 A
Thoi gian (gio)
— 60% . 40% 20%  m—30%
Hinh 4. Céng suat cia tram sac twong vng voi
miurc d¢ tham gia sac cua EV trong khu vuc
.
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Hinh 5. Thoi gian sac cua timg xe trong truong hop 60% EV
Ngoai ra, thoi gian sac cua timg xe ciing ¢6 thé duoc
xac dinh cu thé. Gia sir doi voi truong hop 60% EV, thoi
gian sac cua tirg xe dugc mod ta trong Hinh 5. Két qua
trong Hinh 6a cho thay, c6 mét vai xe khong dugc sac, cu
thé 1a cac xe 27-30 va cac xe 51-53. Nguyén nhén cua viée
nay c6 thé 1a do so lwong bd sac khong du hoiac 1a do thoi

gian cho tbi da cua nguoi dung bi vi pham. Van dé nay c6
thé dugc giai quyéet bang viéc tang so bo sac 1én 20 nhu
trong Hinh 6b.
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Hinh 6. S6 liwong va thoi gian sac ciia timg xe trong
truong hop tram sac co: a) 10 bé sac; b) 20 b sac

4. Tinh toan thir nghiém
4.1. Thong sé dau vio

Trong phan nay, C4c tac gia ap dung bai toan xac dinh
ké hoach vén hanh t6i uu d trinh bay trong phan 2 dé thir
nghiém cho mdt CVPP tich hop PV, WP, ESS, tram sac
EV va phu tai dia phuong.

Gia thiét rang theo s liéu du bao ngay tdi thi cong suét
kha dung 16n nhét cia PV ciing nhu ciia WP 12 20MW con
phu tai dia phuong c6 thé dat gia trj cao nhat 13 18MW. Céng
sudt dinh murc cia tram sac cling dugc gia thiét 1a 16MW.
Tir cac sb liéu ndy cling cac kich ban ngau nhién (trong hé
don vi twong d6i) da xac dinh trong phan 3, cac tac gia thu
duoc b sb lidu ddu vao ciia mo hinh thir nghiém.

Céc thong s ki thuat cia ESS duogc trinh bay trong
Béng 1. Bén canh do, nguoi van hanh CVPP ciing du bao
gi4 thi truong DA dién bién nhu trong Hinh 7, trong d6 gia
dién cao nhét 1a 121,04USD/MWh, mirc gi4 trung binh la
66,30USD/MWh va mirc gi4 thap nhat 1a 42,30USD/MWh.

= Gia mua/ban

140 1

120 4
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Gié (USD/MWh)

Thoi gian (gio)

Hinh 7. Gid mua/ban dién cia CVPP trén thi truong DA
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Bing 1. Théng s6 ciia ESS

Gi6i han luu trit nang luong ti da/téi thiéu (MWh) 40
Gi6i han cong suat xa/sac (MW) 10
90%

Hiéu suét sac
4.2. Két qua

4.2.1. Anh hwéng ciia EV dén viéc giao dich trén thi trirong
dién ngay toi

Trong phan nay, nhém tac gia tap trung phén tich anh
huéng ciia mirc d6 tham gia sac cia EV trong khu vuc dén
viéc giao dich trén thi truong dién ngay ti cua CVPP. Hai
truong hop duge xét dén bao gdm mirc do tham gia sac ciia
EV trong ngay lan lugt 1a 20% va 80% (Hinh 8).

= Tram sac xe dién Phuy tii dja phuong ~ =====WP  e===PV
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Hinh 8. San luwong dién du bdo cia RES va téng dién nang tiéu
thy voi 2 truong hop mike tham nhdp EV: (a) 20%;(b) 80%

Luu y rang, & md hinh t6i wu héa ngau nhién hai bac,
cac két qua bac 1 1a gia tri duy nhét trong khi cac két qua
béc 2 lai thay dbi twong {ung voi cac kich ban cta tham so6
bat dinh. Diéu nay c6 thé thay 15 tir cac két qua trong Hinh
9 va Hinh 10. Trong khi cong suit mua/ban cia CVPP
trong thi truong DA 1a mot gia tri duy nhat thi ESS lai c6
10 kich ban véan hanh twong tng véi 10 kich ban cia tham
sO bt dinh. Két qua nay ciing pht hop véi thuc té van hanh:
CVPP can giri ké hoach mua/béan 1én thi trudng trude ngay
van hanh thuc té, va khi ké hoach mua/ban da duoc chap
nhan thi khong dwoc phép thay ddi, hodc phai chip nhén
trd phi phat néu thay dbi. Nguoc lai, viéc van hanh céc
ngudn tich hop trong CVPP s& dugc diéu chinh mot cach
linh hoat dé ddi pho véi tinh ngiu nhién cia RES va phu
tai, ddng thoi giup duy tri ké hoach mua/ban da dit ra trude
d6 cua CVPP.

Tuy nhién, dé thuan tién cho viéc phan tich thi trong
hau hét cac két qua tinh toan dugc trinh bay sau day, cac
tac gia chi sir dung két qua béc 2 tuong ng voi kich ban
c6 x4c suit xay ra cao nhét (23%) trong 10 kich ban da
duoc tao ra (Hinh 2).

Tir Hinh 8, ta c6 thé thay, tong lwong dién ning tiéu thy
truong hop 80% 16n hon ¢ truong hop 20% kha nhiéu. Dic
biét, tai khung gi¢ cao diém (17h-22h), tong nhu cau cong
suat tiéu thy trong truong hop 80% la 33MW trong khi con
s0 d6 & truong hop 20% chi dat tam 23MW. Piéu nay dugc
1y giai do su chénh 1éch & mirc d6 str dung tram sac cua EV
trong khu vuec.

Hinh 9 thé hién ké hoach mua/ban ciia CVPP trong thi
truong DA tuong ing véi hai mirc d thdm nhép cua EV 1a
20% va 80%. C6 thé nhan thiy, viéc ting sb lugng EV dén
tham gia sac s€ anh huong 16n dén ké hoach van hanh cua
CVPP. Cy thé, xét khoang thoi gian tir 10h dén 13h va tir
17h dén 21h, khi nay gia DA ¢ mirc cao nhat nén CVPP uu
tién ban dién Ién thi trudng. Tuy nhién, khi mic d6 thdm
nhép cua EV tang 1én thi luong dién nang do CVPP bén ra
s& giam di. Tham chi, trong khoang thoi gian tir 17h dén
20h, viéc tang muarc thAm nhép cua EV tir 20% 1én 80% sé&
lam CVPP thay d6i trang thai van hanh tir ban dién (Hinh
9a) sang mua dién (Hinh 9b). Bén canh d6, tir 21h dén 24h,
v6i mie tham nhap EV 1a 80%, CVPP ciing s€ mua dién
nhiéu hon chi dé dap tmg nhu cau phu tai, céng suat mua
vao ¢ thé 1én téi 27MW. Trong khi d6 & truong hop 20%
EV cung khoang thoi gian, lugng cong sudt mua vao 16n
nhit chi dat ngudng 18MW va chii yéu dé sac vao ESS.
Bang 2 ciing cho thdy loi nhuan ciia CVPP bi giam di khi
murc tham nhap cua EV tang 1én.

Tuong ty nhu vay, mic tham nhap cua EV ciing anh
hudng dén viéc van hanh ESS. Hinh 11 mé ta thong s6 van
hanh ESS véi hai truong hgp muc thdm nhdp cua EV la
20% va 80%. Xét hai khoang thoi gian tir 10h dén 13h va
tir 17h dén 21h, néu mirc d6 tham nhap ctia ESS chi 1 20%
thi ESS c6 thé phat mot phan ning luong 1én ludi dién,
ngugc lai, néu mirc do tham nhap 80% thi toan bd cong
suét xa caa ESS chi dugc ding dé dap timg nhu cau phy tai.

Thi truong ngay toi
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Hinh 9. Céng sudt mua/ban ciia CVPP véi hai truong hop mirc
tham nhdp EV: (a) 20%, (b) 80%
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Cong suit xd/nap cia ESS(MW)

ESS

Ning lugng (MWh)

Thoi gian(gid)
——scl ——sc2 se3

Hinh 10. Théng s6 vin hanh ESS khi mirc tham nhdp EV la 80%
va twong ung voi 10 kich ban cua tham so bat dinh
Bdng 2. Loi nhudn ciia CVPP
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Hinh 11. Théng s6 vdn hanh ESS véi hai trwong hop mire tham
nhép EV: (a) 20%; (b) 80%

4.2.2. Piéu chinh thoi gian sac EV

O Hinh 8b, c6 thé thiy, lugng EV dén sac tap trung vao
khung gio tir 16-22h, day ciing dong thoi 14 khoang thoi
gian phu tai dia phuong dat murc cao nhit trong ngay. Diéu
nay c6 thé lam giam loi nhuén cua CVPP ddng thoi gy
anh hudng truc t1ep dén nguoi dung EV do khong thé dap
ung dugc nhu cau sac cua tht ca cac xe. Do do, viéc diéu
chinh thoi gian sac EV da dugc cac tac gia dé xuét nham
gidi quyét van dé nay. Voi mirc thim nhap EV 14 80%, cac
tac gia da dua ra hai kich ban dé diéu phdi lai duong cong
nhu ciu sac EV (Hinh 12). Hinh 12¢ cho thiy, luong cong
suét trong khoang thoi gian cao diém tir 16-22h da dugc

dich chuyén dé phan bd déu tai cac thdi diém khac nhau
trong ngay theo timg kich ban nham tranh quéa tai cho
CVPP. Ngoai ra, khach hang s€ dugc nhan mot khoan phi
dua trén lugng cong suit da dugc didu phdi theo ting
khung gio' khac nhau. Cu thé, dé thuan tién cho viéc van
hanh tram sac, CVPP khuyén khich nguoi dung Iui ké
hoach sac dén khoang thoi gian 8-17h ngay ké tiép, tai day
ngudi ding s& dugce tra sd tién cao nhat. Ngoai ra, nguoi
dung ciing c6 thé i ké hoach sac vé hai khung gio 22-3h
hodc 3-8h v6i muc phi nhan dugc lan luot bang 50% va
75% mirc phi cua khung gio 8-17h.

Tram sac xe dién
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Hinh 12. Hai kich ban phdn phdi thoi gian sac EV:
a) Kich ban 1; b) Kich ban 2; ¢) Cong sudt diéu phoi tir khung
gio cao diém cua tung kich bdn

O kich ban 1, $6 lugng xe dén sac dugc phan bd déu
cho cac khoang thoi gian trong ngay thay vi tap trung trong
khung gi¢ cao diém nhu kich ban gbc (Hinh 12a). Buong
cong cong suat sac EV trong kich ban 1 dugc tao ra bing
cach ap dung mé hinh da gi6i thiéu trong phan 3.2 véi xac
suét sac xe trong moi khoang thoi gian 1a 12,5%. Tur Hlnh
12a, c6 thé d& dang thay duoc trong kich ban 1, cong suét
sac clia EV tir 16h dén 22h di giam con chua dén 12MW
s0 voi kich ban gbc 1a 16MW. Dong thoi, cong sudt sac EV
tir 0 dén 4h ciing tang 1én trén 12MW, 16n hon nhiéu so véi
cong suit sac 4MW & kich ban gbc. Vi kich ban nay,
nhoém tac gia thu duge két qua bao gdbm ké hoach mua/ban
ctia CVPP biéu dién trong Hinh 13b. Tir Hinh 13b c6 thé
thiy, trong khung gio cao diém tir 17h-20h, CVPP lién tuc
ban di¢n lén thi truong thay vi phai mua dién nhu kich ban
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goc (Hinh 13a). Diéu nay la do xe den sac duoc phan bd
déu trong ngdy da lam giam cong suét tram sac vao khung
gid cao diém. Qua dé, gitip CVPP ¢6 thé tdi wu chi phi bang
céch han ché mua dién véi gi cao, tir d6 thu dwoc lgi nhuén
cao hon.

Thi truong ngay toi
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Hinh 13. CoNng sudt mua/bdn cua CVPP trong hai truong hop:
a) kich ban goc; b) kich ban 1
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Hinh 14. Céng sudt mua/bdn cua CVPP trong hai truong hop:
a) Kich ban goc; b) Kich ban 2
O kich ban 2 (Hinh 12b), lugng EV dén sac s& dugc
diéu tiét dya trén biéu dd gia mua/ban (Hinh 7). Tai day,
cac xe dén sac s& tranh tap trung vao nhiing thoi diém gia
dién cao nhu trong khoang tir 10-13h va tir 17-21h nham

han ché viéc CVPP phai mua dién trong cac khoang thoi
gian nay. Khi d6, cong suit tiéu thy cia EV d c6 su thay
d6i dang ké tai cic khung gio so voi kich ban gbc.
Diéu nay dugc thé hién trong Hinh 12b, img véi khung gio
cao diém tir 17h-20h, cong sudt tiéu thu ciia EV da giam
xudng con chua téi 10MW. Nguoc lai, trong cac khung gio
gia dién thap (Oh-4h), cong suit sac EV lai co thé dat t6i
16MW khién cho CVPP ciing phai ting cong suat mua dién
1én toi gan 30MW dé dap tmg nhu cau phu tai (Hinh 14b).
Tuy nhién, do gia dién mua vao tir Oh dén 4h chi co
42,30 USD/MWh, ddng thoi CVPP lai ¢6 thé ban dién lén
ludi voi gia cao (121,04 USD/MWh) trong khoang thoi
gian tur 17h dén 20h nén loi nhuan thu duoc ¢ kich ban 2
van rat cao. Két qua trong Bang 4 cho thiy, néu khong xét
dén chi phi phai tra cho khach hang dé ch?ip nhan sac cham
thi 1oi nhuan cua CVPP trong kich ban 2 1a 6048USD, gén
gap d6i loi nhuan cta kich ban gbc (3206USD), va cao hon
dang ké so véi kich ban 1 (5584USD).

Bidng 3. Khoadn phi tra cho nguoi dung EV theo tung khung gio

Khoin phi tdi da CVPP c6 thé tra cho
nguoi dung EV (USD/MWh)
Khung gio Kich ban 1 Kich ban 2
22-3h 5,48 6,55
3-8h 8,22 9,83
8-17h 10,96 13,10
Bdng 4. Loi nhudn cia CVPP thu duoc déi véi tung kich ban
Kichban| Kich | Kich
goc ban1 | ban2
Loi nhuan ban déu (USD) 3206 5584 | 6048
T e I e
Iﬁ;ﬁ ;l(llljzgn Ds)au khi tra phi cho khéch 3208 | 3208

Bang 3 cho thiy, khoan phi toi da ma CVPP co thé tra
cho nguoi ding EV ma van c6 thé thu vé loi nhudn 16n
hon kich ban gbc. Theo nhu chwong trinh diéu phdi
ké hoach sac, khach hang 1ui lich sac vé khoang thdi gian
8-17h ngay ké tiép s& nhan duoc khoan phi cao nhét
trong ngay (10,96 USD/MWh vé&i kich ban 1 va
13,10 USD/MWh véi kich ban 2). Néu khach hang chi
chap nhan i lich sac vé khung gio 22-3h va 3-8h thi mirc
phi ho nhan dugc giam xudng kha nhiéu (Bang 3), tuy
nhién van kha hap dan dé khach hang can nhac thay doi
ké hoach sac. Bang 4 cho the‘iy, loi nhuan thu duogc cua
tirng kich ban so véi kich ban gdc sau khi 4p dung chuong
trinh diéu chinh thoi gian sac ciia EV. C6 thé thiy, & kich
ban 2, loi nhuan ban ddu ma CVPP thu duoc ciing nhu sb
tién tdi da c6 thé tra cho khach hang 13 1én nhit. Do do,
day dudng nhu 1a phuong 4n dem lai nhiéu lgi ich nhét
cho ca nguoi dung EV va CVPP.

5. Két luan

Bai bao nay da nghién ctru hoat dong cua CVPP trong
thi truong DA trong d6 c6 xét dén tinh bat dinh cua RES.
M® hinh tram sac EV ciing da dugc tich hop vao CVPP dé
phii hop véi xu hudng phat trién cia thé gioi.

Béng céch tao ra 10 kich ban ngﬁu nhién cua cac bién
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bat dinh nhu PV, WP hay phu tai dia phuong, CVPP ¢c6 thé
lap ké hoach van hanh t&i wvu nhdm tdi da hoa loi nhuén coa
CVPP trong thi truong DA, dong thoi dam bao ké hoach
van hanh nay co6 thé img pho vé6i su bién dong ciia cac tham
s6 bat dinh.

Két qua di cho théy, s6 lugng va thoi diém EV dén sac
trong ngay c6 anh hudng 1on téi qua trinh van hanh cta
CVPP. Khi s6 lugng EV dén sac tring véi thoi gian cao
diém cia phu tai dia phuong trong ngay, loi nhuan ma
CVPP thu duoc s& giam di dang ké. Ngoai ra, nhidu khach
hang ciing khong dugc dap tmg nhu cau sac xe do viée
thiéu bo sac ciing nhu do thoi gian chd qua lau. Chinh vi
véy, cac tac gia da dua ra cac kich ban diéu phdi thoi gian
sac ctia EV bang cach tra cho ngudi ding EV mét khoan
phi nham khuyén khich ho chdp nhan Iui lich sac sang cac
khung gid mudn hon, tham chi 1ui sang ngay hom sau dé
tranh xay ra hién tugng qua tai tai cac khoang thoi gian cao
diém. Két qua da cho théy, cac kich ban nay dem lai loi
nhuan cho ca VPP 1an nguoi dung EV.

Mo hinh ciia nghién ctru con rat nhiéu tiém niang phat
trién trong twong lai. Bén canh viéc tham gia vao thi truong
DA, CVPP con c6 kha nang tham gia vao thi truong trong
ngdy (Intraday Market) hodc thi trudng cin bang
(Balancing Market), tir d6 gia tang lgi nhuén cua VPP.
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