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Tém tit - Ciing v6i sy ting trudng clia cac ngudn ning lwong tai tao
(Renewable Energy Sources - RES), m6 hinh nha mdy dién do
(Virtual Power Plant - VPP) dugc phat trién nham két ndi, quan Iy va
diéu khién cac ngudn dién nho, cac tai didu khién dugc hay cac hé
théng luu trit nang luong, tir d6 tham gia vao hé thong dién nhu mot
nha méy dién duy nhét. M6 hinh nay han ché dugc nhimg nhugc diém
cta cac ngudn dién tai tao, ddng thoi gitip cac ngudn dién nay c6 thé
tham gia thi truong cong sudt can bang - linh vyc vén chi thude vé
cac nha may dién truyén thdng. Trong nghién ciru ndy, nhom tac gia
d3 xay dyng mot mé hinh t5i uru hoa hai bac dé xac dinh dugc cong
suét du phong t6i vu ma VPP c6 thé cung cip cho hé théng, dong thoi
tinh toan céc kich ban giao dich trong thi truong dién ngay t6i (DA)
va trong ngay (ID) twong tmg vdi cac kich ban huy dong du phong
nhdm ti da hoa tdng loi nhuan cia VPP.

Tir khéa - Thi trudng cong suét can béng; hé théng luu trit ning
luong (ESS); ké hoach van hanh toi wu; ndng lugng tai tao
(RES; nha may dién ao (VPP)

1. Pat vin dé

Trong nhirng nam gan ddy, cAc nha may dién st dung
céc ngudn ning luong tai tao (RES) nhu dién gid, dién mit
troi va ddc biét 14 cac hé thong dién mit troi ap mai (PV
rooftop), dwoc tap trung dau tur, phat trién va dan tré thanh
mot phan quan trong trong hé thong dién trén toan thé giéi.
Chinh phu ctia nhiéu nuéc da dua ra nhiing chinh sach rat
hép dan dé thuc day sy dau tu cho RES. Vi duy, cho phép
c4c ngudn dién nay dwoc phép tham gia vao thi truong
dién, tham chi 1a cung c4p dich vu du phong cho ludi [1],
[2]. Tuy nhién, trong van hanh thyc té, RES gap nhiéu kho
khan khi tham gia vao thi truong dién do phan 16n cac RES
déu c6 kich ¢& nho va bd tri phan tan. Bén canh do, trong
khi nhitng nha may dién truyén théng c6 thé diéu tiét cong
suét phat theo mot Kké hoach cho trude thi cdc RES lai kho
¢6 thé dam bao duoc cong suat phat ciia minh do tinh bt
dinh cua tdc dd gi6 va birc xa mat troi.

Dé khic phuc nhiing van dé néu trén, m6 hinh nha may
dién do (VPP) da dugc phat trién. M6 hinh nay tong hop
cong suat cua nhleu nguon nang lugng khac nhau, tir cac
nha may dién truyén thdng c¢6 kich c¢& nho cho dén céc loai
RES, tai diéu khién dugc va hé thdng luwu trir nang luong
(Energy Storage System - ESS). Khi d6 trong thi truong
dién, t6 hop nay c6 thé dugc coi 1a mot don vi tham gia duy
nhét [3], [4]. Khong nhiing thé, VPP c6 thé dong hai vai tro
trén thi truong: Nha cung cép hodc nguoi tiéu dung, ty
thudc vao quy mé cua cac RES va ESS so v6i nhu cau tai
cuc bd. Thyc chat, day 1a mot giai phap k¥ thuat dya trén
cong nghé thong tin va truyén thong tién tién ciing nhu hé
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thong diéu khién dé co thé két ndi, didu khién tir xa va phbi
hop hoat dong cua cac RES, tai diéu khién duoc va ESS.

Nho do, khong nhing cong suét phat kha dung cua cac RES
dugc tan dung t6i da ma phan cong suat du thira hodc thiéu
hut do sai s0 du bao cling dugc bu trir nho hoat dong nap/xa
ctia ESS. Nghién ciru [3], [5] ciing cho thiy, cac RES kich
¢ nho tham gia vao thi truong dién thong qua VPP s€ thu
duoc lgi nhuén cao hon so véi khi hoat dong doc 1ap.

Véi viée tich hop nhiéu RES, ESS va cac phu tai, VPP
c6 kha nang tham gia vao thi truong dién véi céc loai giao
dich khac nhau nhu giao dich ngay tdi (Day-ahead market
- DA) hay giao dich trong ngay (Intraday market - ID). Bén
canh do, VPP cling c6 thé cung cap dich vu du phong trong
thi trudng cong sudt can bang (Balancing power market —
BC) hay con c6 thé goi 1a thi truong cong suit du phong
(Reserve market). Pa c6 nhiéu két qua nghién ciru duogc
cong bd cho thiy, mot ké hoach van hanh hop 1y s& gitip
cho VPP t6i da hoa lgi nhuén ciia ho trong tat ca cac thi
truong noi trén [6]-[8]. Tuy nhién, chi co rat it nghién ciru
cha ¥ dén vai tro ctia VPP trong thi truong BC trong khi
tiém ning cua thi truong nay rat 16n.

Trong nghién ctru [9], cac tac gia da xay dung mo hinh

véan hanh cua VPP trong thi truong DA c6 xét dén tinh huéng
VPP bi huy dong dé cung cap cong suat du phong. Trong do,
mirc cong suat dy phong t6i da ma VPP can phai cung cap
da dugc xac dinh trudc theo timg nam. Tuy nhién, co thé
thay, mé hinh nay khéng phtt hop véi nhimg VPP ¢6 ty trong
RES cao do tinh bat dinh cta cac ngudn dién. Cac nghién
ctru [10] - [12] lai gia thiét ring, cong suat du phong dugc
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giao dich dong thoi véi thi truong DA trong khi hau hét cac
thi trudng dién hién nay déu yéu cau hop dong cong suat dy
phong phai dugc ky két trude ngay van hanh it nhat vai ngay
cho dén vai tuan [13]-[15]. Piéu nay lam giam tinh thyc tién
clia cac két qua nghién ciru thu dugc.

Bai bao nay dé xudt mot mo hinh t&i uu héa hai bac
(Two-stage optimization model) tap trung vao viéc xac dinh
cong suat du phong t6i vu ma VPP ¢6 thé cung cap cho ludi.
Déng thoi, mo hinh nay cling du tinh cac kich ban hoat dong
¢6 thé c6 ctia VPP trong thi trudng DA va ID tuong Gng voi
viéc VPP c6 bi huy dong cong suat du phong hay khong.
Xac suat kich hoat dy trit dugc tinh dén trong bai bao nay dé
dam bao rang, VPP c6 thé cung cap dich vu du phong trong
nhiing gid c6 nguy co thiéu dién 16n nhat. Tinh bat dinh ctia
céc RES ciing nhu ciia céc phu tai ciing dugc tinh dén.

2. M6 hinh vin hanh VPP trong thi trweong dién

Trong phan nay, cac tac gia xay dung mé hinh van hanh
cua mot VPP c6 chira cac RES, ESS va phu tai cuc bd
(Hinh 1). VPP nay tham gia vao céac giao dich BC, DA va
ID cua thi truong dién va don vi van hanh VPP can phai
xé4c dinh duoc ké hoach van hanh cua VPP sao cho tbi da
héa duogc loi nhuén tir tit cac cac giao dich trén.

BC D&/
ID

t
‘Dbuy

VPP ® ' a
= AEE ‘
h $ - B . I:D
Storage RES Demand

Hinh 1. M6 hinh VPP

Trude hét, thi truong DA va ID 1a hai loai giao dich
quan trong nam trong thi trudng ban budn dién. Hai thi
truong nay déu cho phép cac don vi phat dién, cac cong ty
mua ban dién va cac khach hang 16n tién hanh chao gia
ciling nhu kha nang phat dién/ nhu cau mua tuong tng trong
mdi gid. Tuy nhién, giao dich DA dugc thyc hién vao ngay
true ngdy van hanh thuce té con giao dich ID lai dwoc tién
hanh chi mot gid trude thoi diém van hanh véi muyc dich
diu chinh lai lvong cong suit mua/ban da xéac dinh trong
giao dich DA [16]. Khi VPP tham gia vao hai loai thi
truong nay, loi nhuan/ chi phi cia VPP dugc tinh trén
lwong cong sudt phat/ tiéu thu thuc té trong mdi gio.

Cung van hanh song song v6i thi trudng ban budn dién
la thi truong BC, day 1a noi ma cac don vi phat dién giao
dich va ky két ‘hop ddng cung cip cong suit dy phong.
Luong cong suét dy phong nay cho phép don vi van hanh
hé thong dién c6 thé ddi pho voi nhiing su co mét can bang
cong suat dot ngot, tor d6 duy tri dugc sy én dinh cua hé
thong dién. Néu tham gia vao thi truong BC, VPP co thé
thu dugc hai loai 1gi nhuan nhu sau (Hinh 2):

- Phan loi nhuan thir nhét, thu duogc tir viéc cung cép
cong sudt du phong SRE (kW) véi gia cpqse ($/kW).

- Phan loi nhuén tht hai, thu duoc tir phﬁn dién nang
thuce té dugc tao ra khi cong suat du phong dugc huy dong,
va c6 muc gia cix($/kWh).
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Hinh 2. Loi nhudn ciia VPP trong thi truong BC tuong vng vdi
cdc kich ban huy dong dw phong

Tuy nhién, viéc VPP tham gia vao thi truong BC sé gap
nhiéu kho khan. Trong nhiéu thi truong dién trén thé gidi
hién nay, viéc giao dich cong sudt du phong can dién ra
trude thoi diém van hanh thyc té it nhat vai ngay, dong thoi
don vi cung cip du phong phai c6 kha ning duy tri dwoc
cong suit du phong trong mot khoang thoi gian tdi thiéu
dugc quy dinh trudce (c6 thé tir 30 phut cho t6i vai gid) [15],
[17], [18]. Trong khi d6 don vi van hanh VPP khong thé
xac dinh dugc liéu VPP c6 dugc huy dong dé cung cép
cong suat du phong hay khong, va néu c6 thi mirc huy dong
12 bao nhiéu. Hinh 2 cho thiy, néu cong suat du phong
khong dugce huy dong thi tong loi nhuan cia VPP ¢ thé
thap hon trudng hgp VPP ban toan bd cong suit phat kha
dung cho thi truong DA/ID.
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Giai doan co hop déng Dang ky hiéu chinh
cung cap dy phong trong thj truong ID

Hinh 3. M6 hinh vin hanh VPP trong thi truong dién

C6 thé thay ring, trong trudng hop cong suét du phong
khong dugc huy dong, ning luong trong VPP vén danh cho
du phong s& khong duoc sir dung dén. Dé ting duoc loi
nhuén cta VPP, bai bdo nay dua ra mo hinh cho phép VPP
duoc diéu chinh ké hoach vén hanh trong thi truong ID dé
tan dung phan ning luong con du thira sau mdi giai doan
¢6 hop ddng du phong (Hinh 3). Tuy nhién, viéc diéu chinh
nay phai dam bao VPP ¢ du nang lugng dé cung cap dich
vu du phong trong giai doan hop dong tiép theo.

Dé giai quyét van dé néu trén, mot mé hinh téi uu hoa
hai bac dugc dé xuit. Pay 1a mé hinh dugc xdy dung tir
goc do cua don vi van hanh VPP va tép trung vao viéc xac
dinh cong suat dy phong tdi vu ma VPP c6 thé cip cho hé
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théng. Cac kich ban hoat dong co thé c6 cia VPP trong thi
trudng DA va ID ciing dugc tinh todn nhung khong phai 1a
két qua chinh ciia bai todn ndy. Xac suit huy dong du
phong ciing nhu tinh bat dinh trong phu tai va cong suét
phat ctia RES ciing dugc xét dén trong mo hinh nay.

Hai bac ctia m hinh t6i wu dwoc trinh bay nhu sau:

- Trong bac 1, VPP quyét dinh chién luoc giao dich trén
thi truong BC dua trén s6 liéu dy bao dai han cia RES va
phu tai cuc bo, cling nhu la xac suat huy dong dy phong.
Cong suét dy phong SR phai cao hon mtc tdi thiéu duogc
quy dinh trong thi truong BC va phai c¢6 kha nang duy tri
trong thoi gian tdi thidu 7,0y

- Trong bac 2: VPP du tinh cac kich ban giao dich
Pt /Pbuy trong thi trudng DA. Chii ¥ rang, & thoi diém
thuc hién mé hinh ndy, cong suat phat kha dung ciia RES
va phu tai chi 1a s6 lidu du bao dai han véi sai s6 1on nén
cac kich ban DA sé& duoc tinh todn va diéu chinh lai 1an nira
vao ngay thuc hién giao dich véi cac s6 liéu du bao ngén
han méi nhét duge cap nhit. Déng thoi, cac kich ban huy
dong du phong ciing dugc tinh dén dé dy doan luong ning
lwong mua / ban can dugc diéu chinh trong thi truong ID.
Pé don gian hoa md hinh, nhém tac gia chi xem xét hai
truong hop sau: Toan b cong suit du phong duoc huy
dong hodc khong huy dong du phong, trong d6 xac suét xay
ra nhitng trudng hop nay trong gio t duoc gia dinh 1an lugt
la pég va (1 — p&g). Sé liéu PL,;, /PL,,, trong kich ban huy
dong toan bo du phong s€ dugc dung lam ké hoach van
hanh ding ky trong thi truong DA. Nguoc lai, s6 liéu
P11/ Pyyy tuong tmg voi kich ban khong huy dong du
phong cho thiy, sy hiéu chinh ctia VPP trong thi trudng ID.

3. Bai toan t6i wu héa hai bac xac dinh ké hoach vén
hanh cia VPP
Bai toan tdi wu hoa ké hoach véan hanh duoc xay dung
v61 ham muc tiéu 1a toi da hoa loi nhuan cua VPP:
Maximize F = Y2, SR? csppase + PERSRE clg +
pgR (Pstell,lcgell - Plguy,lclguy) +
(1 - pst‘R)(Pstell,Z Cstell - Plsuy,zcbuy)
Trong d6: SRt 14 cong sut du phong t6i da ma VPP c6
thé cung cap trong gio t; pix 1a x4c suat huy dong toan bd
cong suat du phong cua VPP; Pl 1 /Py, 4 la cong suat
ban/ mua ciia VPP trong thi trudng DA; Py 5/ Ppyy 2 12
cong suit ban/ mua di duoc hiéu chinh trong thi truong ID.

@)

3.1. Rang buéc bdc 1 cia bai todan
Rang budc nay cho thdy, VPP cin phai dam bao cong
suét dy phong 16n hon mirc t6i thiéu SR,,,;,, va duy tri trong
thoi gian tdi thidu ;o .
SRmin < SR® = Pigs_sp + Pgss_sr
< usp(Ppssmax + Presratea)

t t-1 _ ,,t

Usg —Usp” = U 2
t

k=t— TiON

Trong do, Phps_sg VA Phss_sp lan luot 12 cong suét du
phong cap bai RES va ESS; Pgssmax 12 cong sudt nap/xa

dinh mirc cua ESS; Presrareq 12 cOng sut dinh mic cia
RES. Bi¢n nhi phan uy bang 1 thé hién VPP c6 hgp dong
cung cap du phong SR trong gid t va nguoc lai.
3.2. Rang buéc bic 2

Céac rang budc bac 2 dugc Vthiét 1ap tuong Gng voi hai
truong hop: Toan bd cong suat du phong cia VPP dugce
huy dong/ khong dugc huy dong. Trong cac rang budc nay,
cong suat phét kha dung cta RES va phu tai cuc bd 1a hai
tham so bat dinh dugc Xac dinl} bang so liéu du bao va sai
s0 du bao voi gia thit cac sai so du bao tuan theo ham phén
bo chuan (Normal Distribution Function).
3.2.1. Truong hop 1: Céng sudt dw phong ciia VPP duwoc
huy dong hoan toan

- Cac rang budc van hanh cua RES:
< Prest
< u}t?ES(P}gESf + P}gES—erTOTPIgESf) (3)
Pigs1 = Pkes—sg + Pies—grias + Phes—ioada

+ Pips—gss1 4

Céc rang budc trén cho thdy rang cong suit phat Py ES1
trong gio t ciia RES phai 16n hon cong suat phat tdi thiéu
Pl omim duoc quy dinh boi dic tinh ki thuat ciia RES, dong

t t
UpgsPrESmin

thoi khong dugc 16n hon s6 liéu dy bao Phpg, va co tinh
dén sai 6 du bao Pirs_orror. CONg suit phat cia RES duoc
ding dé phat lén ludi (Pigs—gria,1): cung cap cho phu tai
(Phgs—10aa,1) Va tich trit trong ESS (Pfgs_gss1)- Trong cac
rang budc ndy, ukgs 12 bién nhi phan thé hién trang thai
ON/OFF cua RES.

- Rang budc cua ESS:
0< PE?.S"lStl = Pigs_gss1 + Pgtrid—ESS,l

< uss 1Pessmax (%)
0= PEdSlgclh * PESS SR + PESS—ngd 1 + PESS load,1

< (1 — Ugs 1)PESSmax (6)
Egssmin < EESS 1= EESS 1 +1h Ecglsa P, gg,clh't

< EESSmax (7)

Egss = Egs§! ®)

Trong rang bude (5) va (6), Pigsva PE‘?Eih't lan luot

tuong ung la cong suat’nap hoac x4 cua ESS trong gio tva
bi gidi han bdi cong suat dinh mirc Pgggmq, . Bien nhi phan
uls ; biéu dién trang thai nap/xa ctia ESS. Khi & trang thai
nap, ESS lay dugc cung cap dién tir RES (PEzs_gss 1) VA tlr
hé thong dién (Plyiq—gss,1)- Ngwoc lai, khi 6 trang thai xa,
ESS phét cong suat Pleg_ gria 1€n hé thong va cung cap
Pfss_1oaa,1 cho phu tai cuc bd.

Rang budc (7) cho thdy, mbi lién hé giita ning lugng
Efss 1 tich trit trong ESS va cOng suét nap/xa trong mdi gio,
trong d6 1 1a hiéu suat nap/xa. Rang budc nay ciing cho
thdy, Efss 1 bi gi6i han béi hai thong sd k§ thudt Egssmax
Va Eggsmin- Bén canh do, rang budc (8) yéu cau nang luong
tich trir trong ESS sau mdi ngay can dugc phuc hdi vé mot
gié tri cai dat ban dau.
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- Rang budc cua giao dich DA:

0 < Pseus = Pres—grian + Pess—grian
<(1- ubuy,l)(PESSmax + Presratea — SRY) )

0 < Piyy1 = Piria—toaas + Paria-Essa
< Upuy,1 (Pessmax + L0ad max)

t t
Upyy T Usg = 1

(10)
(11)

Céc rang budc trén cho thay, cong suat Psell , ma VPP
ban 1én hé thong trong giao dich DA duoc lay tir RES va
ESS. Ngugc lai, phan cong suét Plguy,l mua tir h¢ thong s&
dugc ding dé cp cho phu tai cuc bd (Pt ria-toaas) V& nap
Vao ESS (P,i4_gss,1)- Bién nhi phan uf,,, bang 1 thé hién
VPP mua dién trong gio t va ngugc lai. Rang bude (11)
khong cho phép VPP mua dién trong thi truong DA dé
cung cap cho dy phong cuing mot luc.

- Rang budc can bang cong suit:

disch,t cht
Presi + Prgsy + Phuy1 = SRY + Ployy + Pigy

+PDf + PD—errorPth (12)

3.2.2. Truong hop 2: VPP khong dugc huy dong dé cung
cap du phong

Tuong ty nhu trudng hop 1, cac rang bude cia truong
hop 2 dugc viét nhu sau:

- Cac rang budc van hanh ctua RES:
UppsPresmin < Presz + Pres—sr
=< uRES(PRESf + PRES—errorPIgESf) (13)
Pngs,z = PlgEs—grid,z + Pngs—load,z + PIgES—ESS,Z (14)
- Rang budc cua ESS:

ch,t t t
0< PESSZ - PRES—ESS.Z + Pgrid—ESS,Z

< U 2 Ppssmax (15)
0 < Pisott = = Pgss—griaz T Péss-toad2
= (1 — Us Z)PESSmax (16)
lgslgczht(f) + Piss—sr < Prssmax 17)
Egssmin < Efssz = Efss2 + 1P ;shstz ly chsi;,czh't
< Egssmax (18)
- Rang budc cua giao dich DA:
0 < Pieuz = Pres—griaz T Pess—gria.2
< (1 - ubuy)(PESSmax + Presratea — SRY)  (19)
0 < Pluys = Piria—toaaz + Poria-Ess,2
= ultmy (Pessmax + Load,nqy) (20)

- Rang budc can bang cong suét:

disch,t
Prisz + Prssy + Phuyz = Peenz + PESSZ + Ppy

+PD—errorP[§f (21)

4. Tinh toan thir nghiém
4.1. Mé hinh thir nghié¢m

Trong ph?m nay, cac tac gia ap dung bai toan ké hoach
véan hanh t6i uwu trong thi trudng di€n da trinh bay trong
phan 2va3dé thir nghiém cho mét mo hinh VPP don gian
v6i tong cong sudt dinh muc cua cic hé thdng dién mat troi

1a 30 MW. Phu tai cuc bd trong VPP c6 cong sudt du bao
16n nhét trong ngay la 30 MW. D¢ tinh toan mé hinh tdi
uu, cac tac gia dung cong cu GAMS [19] va CPLEX [20].

Nghién ctru nay gia thiét rang, hé thong VPP nodi trén
dang dugc van hanh tai Viét Nam va duoc phép ban dién
lén hé théng v6i muc gia 80 USD/MWh. Nguoc lai, gia
dién ma VPP mua tr hé théng 1a biéu gia ba bac
130 USD/MWh, 70 USD/MWh, va 45 USD/MWh tuong
mg v6i cac khung gio: Cao diém, binh thudong va thip
diém (Hinh 4) [21]. Déi véi thi truong BC, do thi truong
nay chua dugc xay dung va van hanh tai Viét Nam nén cac
tac gia gia thiét rang VPP sé& thu dugc 8 USD cho mdi MW
cong suat dy phong. Bén canh d6, mdi MWh dién niang du
phong sé& c6 gia cao hon gia ban dién thong thuong 1a 30%.
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Hinh 5. 86 liéu du bdo cong sudt dién mdt troi va phy tdi

Téng cong §u§t du bao cua di¢n mat troi cling nhu cua
phu tai 'dufgc biéu dién nhur trén Hrinh 5. 7Sai so0 du bao duoc
gia thict tuan theo ham phén phoi chuén vdi gia tri trung
binh bang 0 va d¢ 1éch chuan 0,05.

X4c suat huy dong dy ' phong trong moi gio duoc gia thiét
nhur trén Hinh 6. X4c sudt nay duoc tao ngau nhién tir ham
phéan bé déu U (0,0.05) (Uniform distribution function).
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Hinh 6. Xdc sudt huy déng dw phong
4.2. Két qud tinh todn
M®6 hinh VPP noéi trén dugce tinh toan véi ba truong hop
sau day:
- Truong hop 1: Théngrsé ESS 1a 10 MW/40 MWh;
thoi gian duy tri du phong toi thieu 1a 1 gio.
- Truong hop 2: Thong s6 ESS 1a 10 MW/40 MWh;
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thoi gian duy tri dy phong tdi thiéu 1a 3 gio.

- Trudng hop 3: Thong sé ESS 1a 20 MW/40 MWh;

thoi gian duy tri dy phong tdi thiéu 1a 3 gio.
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Hinh 7. Cong suat dy phong 16i wu trong ba truong hop khac
nhau vé théng s6 ciia ESS va thoi gian duy tri die phong t0i
thiéu. a) Truwong hop 1; b) Trieong hop 2; ¢) Truong hop 3

V6i 86 liéu RES va phu tai d4 cho ¢ trén, c6 thé thay rang,
cong suat phat ctia RES kha nhé va chi c6 du thira cong suat
dé ban 1én ludi hodc nap vao ESS trong khoang thoi gian tur
9 gio den 15 gio hang ngay. Dleu do ciing cho thdy, kha ning
cung cap du phong ciia VPP rat han ché. Tuy nhién, v6i md
hinh van hanh di duoc xdy dung trong Phan 2, VPP c6 thé
cung cép hop ddng du phong ngay ca khi cong suét phat cia
RES nho hon phu tai cyc bd nhu ltc 16 gio va 17 gio trong
trudng hop 3 (Hinh 7c¢). Viée xét dén xac suat huy dong du
phong ciing khién cho VPP phai diéu tiét cong suat phat sao
cho c6 thé cung cép du phong trong nhing gid ¢6 x4c suét
huy dong du phong cao. Cu thé, trong trudng hop 1, khi thoi
gian duy tri dy phong duoc yéu cau it nhét 1a mot gio, VPP
s& cung cép ba giai doan du phong 1a (9 giv - 10 gio), (12
gio) va (14 gio - 15 gid) déu la nhimg khung gior c6 xac suat
huy déng du phong cao (Hinh 7a). Ngugc lai, tai thoi diém
11 gio va 13 gid, VPP khong c6 hop dong cung cap du phong
mic du cong suat phat ciia RES du thira, 1y do 1a vi x4c suét
huy dong du phong trong hai gio nay kha thap. Trong céc
truong hop 2 va 3, thoi gian duy tri du phong t6i thiéu ting
Ién thanh 3 gio dan dén s6 giai doan cung cép du phong giam
di, khoang cach giita cac giai doan kéo dai ra dé VPP c6 thé
tich lity da niang luong cho giai doan dy phong tiép theo. Tuy
nhién, c6 thé thiy, trong nhiing truong hop nay, VPP vin ¢6
xu huéng cung cap du phong trong nhiing gid c6 nguy co
thiéu dién cao. Bén canh do, cac két qua cling cho thay chi
¢6 ESS tham gia cung cdp du phong. Téng cong suat dy
phong ciing dugc nang cao khi cong sudt nap/xa dinh mic
ctia ESS tang 1én (Hinh 7b, 7¢). Biéu nay cho thiy dugc vai
trd quan trong cta ESS trong thi truong dich vu dy phong.
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Hinh 8. Céng Sud:t mua/ban cia VPP trong truong hop 1.
a) Khi cong suat du phong dwoc huy dong hoan todn;
b) Khi cong suat dw phong khong dwoc huy dong

Céc tac gia dd di sdu vao phén tich két qua cua trudng hop
1. Cong suat mua/ban cua VPP trong thi truong DA/ID duoc
biéu dién trong Hinh 8. Do mé hinh d& xuét c6 xét dén tinh
bat dinh ciia phu tai va cong suat kha dung ciia RES, trong khi
d6 cac thong sb van hanh ciia VP trong thi truong DA/ID lai
1a cac bién bac hai ctia m6 hinh. Vi véy, cac két qua trong Hinh
8 duoc coi 1a du bao vé ké hoach giao dich trong tuong lai voi
gia trj trung binh va mirc d6 bién thién dugc biéu thi bang biéu
d6 cot va thanh 15i (Errors Bars) twong tmg.

Két qua 8a 1a kich ban mua/ban cua VPP khi toan bd
cong suat du phong duge huy dong, dong thoi cling chinh
la kich ban dugc dung trong giao dich DA. Nguoc lai, khi
cong suat du phong chi dugc huy dong mot phﬁn hoac
khong duge huy dong, phan ning lugng ESS con du thira
sau cac ky hop dong c6 thé dugc ding dé cung cip cho phu
tai, giup lam giam bt luong cong suat mua vao trong dém.
Céc ving duoc bao bai nét dut do trong Hinh 8b biéu dién
sir hiéu chinh coéng sudt mua/ban cia VPP trong thi trudng
ID sau khi cong suat du phong khong duge huy dong. Day
ciing chinh 14 mirc hiéu chinh 16n nhit.
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Hinh 9. Thong soA: vdn hanh cia ESS trong truong hop 1.
a) Khi cong sudt du phong duwoc huy dong hodn toan;
b) Khi cong suat dw phong khong dwoc huy dong
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Hinh 10. Cong §uétphdt ciia RES trong truong hop 1.
a) Khi cong suat du phong dvgc huy dong hodn toan;
b) Khi cong suat du phong khong dwoc huy dong
Céc thong s6 van hanh cia ESS va RES duoc trinh bay
trong Hinh 9 va 10. Tuy nhién dé don gian, cac hinh nay
chi biéu dién gia tri trung binh cia cac két qua thu duoc.
Tir cac két qua nay, c6 thé thdy mot phan dién ning ma
VPP mua tir hé théng vao ban dém dwoc ding dé nap cho
ESS gitip dam bao ESS ¢6 du nang lugng trude khi bat dau
ky hop dong du phong dau tién trong ngay. Nho d6, mac
du chi c6 ngudn cong suat phat rit nho nhung VPP van c6
thé tham gia vao thi truong BC.

5. Két luan

Trong nghién ctru ndy, cic tac gia da dé xuat mo hinh
tinh toan cong suit du phong tbi vu ciia VPP, dong thoi du
béo cac kich ban mua/ban cé thé xay ra trong thi truong
DA va ID tuong tmg v6i cac tinh hudng huy dong du
phong. Viéc cho phép VPP hiéu chinh cong suat mua/ban
trong thi truong ID gitip VPP ¢6 thé tan dung tdi da ning
luong tich trit, tir &6 thu dwoc loi nhudn cao hon. Xac suat
huy dong du phong da duge xét dén dé dam bao VPP c6
thé cung cip du 'phong trong nhiing gid ¢6 nguy co thiéu
dién cao. Cac két qua cung cho thdy & ESS déng vai tro
chinh trong viéc cung cap du phong cua VPP.

Trong nhimg nghién ctru tiép theo, nhom tac gia s& tap
trung céi thién mo hinh tinh toan nhu dua thém kich ban
chao gid trong thi truong dién canh tranh giup nang cao
tinh thyc tién ctia mo hinh.

Loi cam on: Nghién cuu né}f duoc tai tro boi Truong Pai
hoc Bach khoa Ha Noi qua d¢ tai ma s6 T2020-TT-001.
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