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The energy market plays an important role in the optimal operation of
an energy hub (EH) model. Using energy prices as a controllable
resource is expected to further encourage optimization of the
integration among various forms of energy, such as electricity and
natural gas, within the energy center. This paper proposes a generalized
linear modeling method for the energy balance equation of EH
considering the price elasticity of demand. With the goal of maximizing
EH revenue, the optimal operation problem is established based on
energy price control and solved using the GAMS (CPLEX)
programming language. To determine the effectiveness of the proposed
modeling method and analyze the impact of energy prices on regulation
(considering different price elasticities on adjusted results), the model
is tested through calculations applied within the scope of a very small
energy network. The results show that maximizing the profit of EH by
fully utilizing the price flexibility of the load is beneficial for reducing
the variance and peak-to-valley difference of the load and can lead to
further optimization potential of this model.
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Vén hanh t6i vu

Thi truong nang lugng dong vai trd quan trong trong viéc van hanh toi
uu m6 hinh trung tim nang luong (Energy hub — EH). Str dung gié nang
lugng nhu mét tai nguyén co thé kiém soat dugc ky vong s& thiic day
t6i wu héa qua trinh tich hop cac dang nang luong nhu dién, khi tu
nhién,.. trong EH. Bai bao nay dé& xuit phuong phap mé hinh héa tuyen
tinh téng quat cho  phuong trinh can bang ning lwong ciia EH co xeét dén
d6 co gidn nhu cau tai theo gia ning luong. V6i muc tiéu toi da hoa
doanh thu ciia EH, bai toan van hanh t6i wu duogc thiét lap trén co so
kiém soat gid ning lugng va giai quyét thong qua ngon ngit lap trinh
GAMS (CPLEX). Bé xac minh tinh hiéu qua ciia phwong phap mo hinh
hoa duge dé xuat va phan tich tac dong ciia gia nang luong dén viéc
didu tiét (xem xét @6 co gidn gia khac nhau dén két qua diéu chinh), mo
hinh dugc kiém chimg théng qua tinh toan ap dung trong pham vi mang
ludi nang luong siéu nho. Két qua cho thiy, téi da hoa loi nhuan cua
EH tan dung day du tinh linh hoat gia cua tai c6 loi cho viéc giam
phuong sai va chénh Iéch dinh thip cua tai, dong thoi co thé khai thac
sau hon tiém ning t&i wu ciia mé hinh nay.
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1. Gi6i thiéu

‘Ngdy nay, md hinh h¢ théng ning luong (NL) dugce quan tim dic biét thong qua viéc phat
trién cac giai phap nham ting cuong kha nang khai thac va tng dung cac dang nguon phén tan,
tdng cuong quan ly dya trén nhu cau phu tai [1], [2]. Trong béi canh o, viéc thay doi phuong
thire van hanh, thiét ké cac hé thong quan tri NL doc 1ap, thuc hién thi truong hoa va xay dung
mo hinh hé¢ théng NL tich hop (Integrated Energy System, IES) da trd thanh xu thé va thu hit
dugC sy quan tdm cua cac nha nghién cuu [3], [4].

IES ¢6 thé duoc coi la su két ndi cia cac mang luéi NL (dién, nhiét, khi tu nhién...) thong qua
cac trung tim NL (Energy hub — EH). Trong d6, EH thuc hién cac lién két giita san xuat, truyén
tai, phan phéi va sir dung NL bai cac bo chuyén doi khac nhau [5]. EH ¢6 kha ning (mg dung
trong nhiéu linh vuc, bao géom hé thong phan phdi dién, mang luéi NL siéu nho, khu cong nghiép
va toa nha thong minh... [6], tré thanh diém néng nghién ctru trong thoi gian gan day.

Dudi goc d6 van hanh tdi uu, Bahrami va Safe [7] di xay dung mé hinh EH giai quyét van dé
cung cap téi vu NL dién, nhiét cho bénh vién, khach san va khu dan cu; Gils va cong su [8] da thiét
I4p mot mo hinh véi cac bién nhi phan 0-1 dé xac dinh ciu truc ti wu cua thiét bi trong EH; Li va
Nahaei [9] thiét lap mo hinh EH bd sung hé thong cap lanh dé giam thiéu chi phi tiéu thy NL;
Mancarella va Chicco [10] tién hanh phan tich vé tinh linh hoat cua thiét bi trong EH dé dap ung
nhu cau va tinh da dang cua phu tai; Pazouki va cong su [11] xem xét sy tham gia cta cac dang NL
mai, xe dién va cac yéu té khac trong mé hinh EH c6 tinh dén yéu t6 ngiu nhién trong bai toan van
hanh t6i wu NL. Mic du ¢6 nhiéu nghién cttu vé mé hinh nay, tuy nhién van con ton tai mot s6 van
dé sau: 1/ Phuong phap mé hinh héa EH chu yéu dugc sir dung d& mo ta phuong trinh can bang
cong suét cua cac dang NL. Tuy nhién, hau hét cac tai liéu déu tién hanh phan tich va m6 hinh hoa
theo Cau trac riéng, chua dua ra dugc phuong phap mé hinh hoa téng quat. 2/ Vé phuong dién véan
hanh t&i vu mo hinh EH, méc du da c6 m0t s tai 1iéu xem x¢ét kha nang dap ung nhu cau phu tai,
tuy nhién chu yéu xét cho tai tinh tién, tai diéu khién va cac yéu té khac [10], [12]. Bén canh d6, cac
dic diém vé gia NL van chua duoc phan anh rd rang trong nhiing nghién ctru nay. Trong tinh hinh
mai vé thi truong NL [13], gia NL duoc chia sé theo thoi gian thuc va dang tré thanh mot ngudn
lyc kiém soat trong qua trinh ra quyét dinh van hanh cta hé thong.

Trén co so d6, dya trén ma tran md ta quan hé két ndi cua tirng thiét bi trong EH, bai bao nay
dé xuét phuong phap mo hinh hoa tong quat cho phuong trinh can bang cong suat EH duéi dang
biéu thirc tuyén tinh cia cac bién duoc thu duge. Sau do, xem xét do co gidn theo gia cua nhu cau
dbi voi tai NL dé dé xuat mot mo hinh tuyén tinh hoa ting phan. Bai toan van hanh t6i uu EH
dugc thiét 13p trén co s kiém soét boi gia NL. Cudi cing, mé hinh dugc kiém ching thong qua
tinh toan ap dung trong pham vi mé hinh mang ludi NL siéu nho.

2. Phwong phap nghién ciru
2.1. M6 hinh va phwong trinh cén bang cong suit EH

Céu trac EH dugc md ta nhu mot diém node két ndi NL dau vao P va NL dau ra L (Hinh 1)
[8] Trong d6, NL dau vao P = [Py, P,... m] NL dau ra (tai cua EH) L=[L,, Ly,..., Ly]- EH bao
gom céc thiét b Chuyen d6i NL, luu tri, nguon phan tan va cac thiét bj khac.

Thiét bj chuyén d&i 1 s
Thigt bj chuyén dsi S

.
Thidt bj chuyan dai 2
) mmp

Energy hub

Thiét bi chuyén déi

HI

P R o 0 L
P —— S — B
| Thiét bi chuyén déin
Hinh 1. Céu triic EH Hinh 2. Két cau cac thiét bi chuyén doi
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Thong sb cac thiét bi Chuyén doi gbm cong sudt dau ra O = [0y, O,,...,0;,...0/] va dau vao

S=[Sy, Sa,... 9] Tvad lan luot 1a tong sb thiét bi Chuyen ddi. Qen, va Qgis lan luot 1a NL nap
va Xxa Cua cac thlet bi tich trir. Mdi quan hé gira O va S duoc thé hién qua cong thirc (1):
P O] |Cro i Cps |[O
O0=pgS 1 =C - 2
. & RS [cm v

Trong (1), #=(;;) 1*J 1a ma tran c6 | hang va J cot, 75 1a hiéu suat Chuyen doi [7], [9]. Do ¢6
sy tham gia cua nguon phan tan, thiét bi Iuu trit NL R, Qgn, Quis €O thé coi nhu thong sb6 diéu
chinh cho P, L, O, S. Trén co s¢ d6, md hinh toan hoc cia EH dugc xay dung nhu sau:

1/ Ma trdn lién két C (2): Ma tran lién két C c6 M+N hang va I+J cot, miéu td moi lién hé
gitta NL vao/ra cua EH voi NL vao/ra cua thiét bi chuyén doi. Trong d6, C dugc phan hoach
thanh cac ma tran con: Cpoz(Cmi)Mxh CPS:(ij)MxJ, CLO:(Cni)NXh CLsz(an)ij, cac blén Sé
Crni'» Cmj » Cni» Cnj Nhn gid tri [0, 1] tlty trang thai két ndi cua thiét b

2/ Ma tran cua thiét b chuyén doi NL dang "chugi™ D: Thiét bi chuyén doi NL dang "chudi”
dugc mo ta nhu Hinh 2. Gia sir trong EH c6 G thiét bi chuyén mach chudi, g 1a bién dém cua no
(9=1,2...,G), dinh nghia ma tran D kich thuéc G x (I+J) 1a ma tran cua thiét bi chuyén mach
chudi vei:

D=[Dg | Ds] ©)) Do0=DsS 4)

Trong d0, Do = (Dgi) ¢ « 1, Ds = (Dgj) 6 « s 1a cdc ma tran phén khéi (ma tran con) cua D. Déi
vGi mot thiét bi Chuyen mach chudi g nao @6, néu no6 co két ndi dén cong dau ra i va cong dau
vao j cua thiét bi Chuyen 6101 NL thi gia tri twong ing cua Dy va Dg; la 1, nguoc lai la 0. Do do,
néu khong tinh dén cac nguén NL méi va luu trit NL trong EH, bang cach lién két cac cong thirc
(1), (2) va (4) va loai bo ma tran O, chiing ta c6 thé xdy dung phuong trinh can bang cong suat
cua EH nhu sau:

s 0 Coon+Cps |
z -lL ()
Alp | Zp=|Con+Cs O (6)
0 Do7—Ds 0

Trong cong thirc (5), Za 1a ma tran hé s6 khi khong xét dén sy tham gia cia NL méi va cac
thiét bi Iitu trit NL. Trong cong thirc (6), | 1a ma tran don vi bac M.

3/ Can bang NL EH xét dén nguon NL méi va thiét bj tich trir: Xay dung ma tran A (c6 K cot
va [+J+M=+N hang) ddi voi NL méi, ma tran B cho cac thiét bi Iuu trir 1a mot ma tran c6 H cot va
I+J+M+N hang. Chia hai ma tran nay cac khéi theo kich thudc caa I, J, M, N nhu sau:

A=[ALiALALATT
B:[BgngngzB[]T

Trong d6, Ao=(Ai)ik, Bo=(Bin)i biéu thi méi quan hé NL dau ra cua cac thiét bi chuyén
dbi. Truong hop thiét bi NL méi thir k hodc luu trit NL h bd sung/luu trit NL tir cdng dau ra | cua
thiét bi chuyén doi thi cac phan tir twong (mg Ay, B, s& nhan gia tri 1, nguoc lai nhan gia tri 0.
As=(Ai) 1k, Ae=(Andmks AL=(Andns lan luot biéu thi quan hé tiép nhan NL dau vao cua thiét b
NL méi va cac thiét bi chuyén doi NL; Bs=(Bjn)s+, Be=(Amn)m<t, BL=(Am)n=+ lan luot biéu thi
quan hé tiép nhan NL dau vao cua thiét bi tich trir va cac thiét bi chuyén d6i NL dau vao/ra cua
EH. Céc phan tir trong ma tran Ag, Ap, AL, Bs, Bp, B. duoc ldy gia tri tuong tu nhu Ao, Bo.

Khi xét dén sy tham gia ciia NL méi va thiét bi tich trit, can diéu chinh P, L, O va S trong cac
cong thirc (2) va (4), nhu trong Bang 1. Dya trén sy didu chinh cua Bang 1, phuong trinh cn

biang cong suit cho EH c6 thé dugc thu duoc bang cach két hop cac cong thirc (1) (2) va (4) theo
cung mdt cach (8).

()
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Bang 1. Gid tri diéu chinh cia P, L, O, S

S 0 . .

p L Matrangoc Ma trian dwoc sira doi

Zp i Zg)| e | = P P-Bp(Q™- Q™)+ AR
(2 Za] G e 1= 6 ®) L L+BLQ™ Q- AR
R 0 0 0-Bo(Q™- Q™)+ AcR

S S+Bs(Q"- Q™)- AR

Trong phuong trinh (8), Zg 1a khdi ma tran dugc thém vao khi xét dén NL mdi va thiét bi tich
trir. N6 dugce dinh nghia 1a ma tran hé so B:
~(CpoBo —CpsBs —Bp)  CpoAp —CpsAs—Ap
~(CLoBo —CisBs+BL) CloAo—CrsAs+A ©))
—(Do By + DsBs) Do A + DsAs
Tom lai, dya trén mo ta cua ma tran két néi thiét bi trong EH, tic ma tran A, B, C, D, phuong
trinh can bang NL tong quat c6 the viet dya trén (8). Phuong phap nay don gidn, 13 rang va c6
tinh tong quat chung. Khi thém hoac 7giém b6t di cac thiét bi trong md hinh, chi can sura doi lai
cac ma tran A, B, C, D, chung ta c6 thé c¢6 dugc phuong trinh can bang cong suat maoi.

2.2. Dj co gidn ciia nhu cau tdi theo gid

Do co gidn cuia cau theo gia (Price Elasticity of Demand - EDP), Ed dung dé chi su bién dong
cuia lwong cau khi c6 sy thay doi cua gia ca. NL duoc giao dich nhu mét loai hang hoa voi do co
gidin cau theo gia nhét dinh. Hé s6 co gidn cau theo gid 1a dai lwong vat chét chu yéu dé do luong
tac dong cua sy thay doi gia ca hang hoa d6i véi nhu cau sir dung NL [14]. Trong kinh té hoc, n6
duoc biéu dién nhu sau:

Ed =29, 22 (10)
qa »
Trong do, aq vaq, Ap vap lan Tuot 12 d6 bién thién va luong tuyét déi ciia nhu cau tai va gia.
Dbi véi duong cau tai NL chung (Hinh 3).

A ,{»ﬁ
Rvind |

My bién ép

C) -

o
o

Hhigt

La

»
L Chuyén d6i 2
0 ENERGY HUB

Hinh 3. Puong cong nhu cau NL Hinh 4. Cdu triic EH dé xuat

DPuong dic tinh nhu cau tai NL thuong dugce xay dung dua trén viéc thu thap dit liéu nghién
ctru chuyén sau, tur d6 thuc hién udce tinh cac tham 86 dé xay dung nhu cau tai cho ngudi ding
[15] - [17]. Nghién ctru nay st dung phuong phép tuyén tinh hoa ting phan thay vi di séu vao do
luong tinh chat nhu cau cua ngudi sir dung. Ddi véi tai NL thir n, md hinh tuyén tinh hoa tirng
phan nhu cau tai cia no la:

Wﬂ
L"yt = Zé‘n,w,t (an,w,tpn,w,t +ﬁn,w,t) (11)

w=1
Trong do, t 1a bién biéu thi thoi gian, w14 sé lugng ham tuyén tinh: w = 1,2...,\W,, W, la
tong so doan chia. a, £ 1a cac tham so tuyen tinh hoa. ¢ 1a bien logic [0 1]. Cac bién o, p théa man
(cong thure toan 12) gidi han trén va gisi han dudi cua gid NL (0,14, Pntw)- Dé can bang cong
suét c6 thé 1a mot biéu thirc tuyén tinh, tir (11) va (12) c6 thé viét thanh (13).
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5 < <5 o
nwt Pntw pn o nwt Pntw Ln,t = z (an,w,tpn,w,t + ﬂn,w,tan,w,t) (13)
(12) =
z 5n,w,t =1
w=1

Mat khac, tir quy luat cung cau, nhu cau tai NL thuong thay doi ty I¢ nghich véi gia nén Eq
thuong am. Nguoi ta thuong nghién ctru gid tri tuyét dbi cta n6 va cho rang |[Ed| cang nho thi do
co gidn theo gia cta nhu cau tai NL cang thap va nguoc lai.

2.3. Thiét ldp mé hinh téi wu

MBS hinh cua mang ludi NL c6 thé dugc két ndi boi nhiéu EH khac nhau [5]. Trén co so dap
rng nhu cau tai, mdi EH sir dung ciu tric riéng phi hop dé dat dwoc kha niang van hanh téi wu.
EH c6 thé diéu chinh gia NL va st dung do co gian theo gia cta tai dé mo rong khong gian tdi wu
hoa. Véi muyc tiéu tdi da hoa doanh thu, mé hinh toan hoc duoc thiét 1ap nhu sau:

2.3.1. Ham muc tiéu

TN W,
max z ZZ(anwtp nwt T BowtPrwt) = Z‘gmtpmt Qt:| (14)

t=1{ n=lw=1 m=1
_ Trong do, T 1a tong s6 khoang thoi gian trong chu ky 1ap lich. pyva 6y an luot 1a gid tri NL
dau ra/vao cua loai NL thl’r n tai thoi diémt. Bien Q la chi phi van hanh cta EH:

K H .
Q = z(ﬂSj it +,Usj')+Z(ﬂRkRk,t +#Rk)+2[ﬂoh (Qh,tdls +Qh,tCh) +,UQh] (15)
k=1 h=1

Trong cong thic (15) , As lis, AR g, 120 luot 12 hé s chi phi van hanh cua thiét bi chuyén doi
va NL mai, tuy nhién trong bai bao nay, chi phi van hanh caa NL méi duoc coi 1a 0, (A va ug =
0); Aq va uqg 1a hé so chi phi van hanh cua thiét bi luu tri.

2.3.2. Cac rang bugc toan hoc

Céc rang budc bao gom: rang budc can bang NL (8); rang budc V& gia va cac bién logic (12);
rang budc hoat dong cua thiét bi Chuyen ddi, thiét bi tich trir va NL m&i; cac rang budc vé trao
d6i cong suat véi hé théng NL, gom:

a/ Gidi han cia cdc thiét bi chuyén déi: Thiét bi chuyén dbi chii yéu thuc hién chuyén doi va
két ndi gitra cac dang NL khéc nhau. Cong suét S; ciia thiét bj chuyén doi thoa mén:

s <S, <8™ (16) —§%M <S, =S, <S%, (17)

it =

Trong do, min va max biéu thi giéi han trén va dudi cua bién tuong @ng, Sup VA Sgow 12 giGi
han ting giam cong suat cua thiét bi thu j theo thoi gian t.

b/ Rang budc Vdn hanh cua thiét by tich triv: Cac thiét bi luu trir NL bao gom pln thiét bi luu
trix nhiét, v.v. Thiét bi tich trit khong thé cung luc ¢ trang thai sac va xa (Q,"va Q" duge mo ta
thong qua cac bién nhi phan (0, 1) nhu cong thirc toan (18).

En(t+1) =E, () + Q" (t) -Q,™(t) —e 0<R <R (19)
E, ()™ <E, (t) < E, (t)™ <R <R * R*
E, (0)= Eh(T) (18) 0< kt = [ k,t*mln 1Kt max] ) (20)
0<Q" (1) < ™ Q™ (1) 0<Ret < 2Ryt min + = 2Rt max (21)
0<Q™ (M) <™ Q™™ 0<PR, <P™ (22)
a0+, (1) <1

Trong (18), E 1a NL dugc luu trit, E(0) 1a gié tri NL ban dau (gia thiét = 0), e 1a NL tiéu tan
ciia thiét bj tich trit. ¢,™(t), ¢,"*(t) 1a cdc bién nhi phan thé hién trang théi nap/xa cia thiét bj tich
trir thur h tai thoi diém t.

http://jst.tnu.edu.vn 113 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 109 - 117

¢/ Rang bugc cong sudt phat ciia cac dang NL méi: Bbi vi NL méi, chang han nhu NL gio,
quang dién..., cong sut phat cia n6 mang tinh chét dy bao va dap ung cac rang budc (19). Trong

do, R . la san luong du bao cia NL méi k trong khoang thoi gian t. Trong bai bao nay, chi phi

van hanh cua NL méi khong xét dén, dleu nay s& giup thuc day cong suat tiéu thu va toi da hoa

ham muc tiéu ciia bai toan van hanh t6i uu EH. Bong thol san luong du bao cling dugc xem xét

den g|0| h'c.ln trén va glO‘I han dugi [Rk,t min, Rk,t max] Rk,t miny Rk,t max (20) BO sung d(.) tin Cay X
=[0, 1] vao (20) dé Chuyén d6i thanh diéu kién rang budc sb thuc, ta co cong thic toan (21).

d/ Rang bugc trao dol NL véi hé thong duroc gidi thiéu o cong thirc toan (22).

T6m lai, mé hinh téi wu héa EH dugc xay dung mot cach tong quat c6 xét dén do co gidn nhu
CAu tai theo gia NL duoc mé ta thong qua mé hinh t6i uu hoa bac hai nguyén hdn hop (Mixed
Integer Quadratic Programming - MIQP). Dé giai quyét van dé nay, bai bao sir dung ngdn ngi
lap trinh GAMS (CPLEX ) [18] lam c6ng cu dé tinh toan.

3. Két qua tinh toan va thao luan

Dua trén mé hinh EH trong tai liéu [12], nghién ctru nay mé rong EH nhu trong Hinh 4. Cac
tham s6 va bién can tim gom: P = [Pee, Pygl”, L=[Lee, Lin , Lgg,]™s céc ky hiéu “ ee, gg, hh ” tuong
lrl'l'lg l1a dlél’l khi tu nhién va nhlét Ma tran S= [SHz, SCH4; Spc, SCHP: SGF: Svi, sz] O= [OHz, OCH41
OFC]_, OFcz, OCle, OCsz, OGF1 Ovl, OV2] V01 cac chi SO H2 CH4 FC CHP GF Vl V2 Ian llIO't
1a cac thong so cua thiét bi chuyén d6i dién nang thanh H,, thiét bi metan hoa, pin nhién ligu
(FC1, FC2 lan luot 14 dau ra cua pin sang dién va nhiét), turbine khi (CHP1, CHP2 lan luot 1a dau
ra dién va nhiét), ndi hoi, thiét bi chuyén déi o 1 va 2. QP"=[Q% 4y, Q" ¢ ]™~ QU=[Q% 4, QU
sn]" VGi cac ky hiéu “sH,sh” 1an lugt 1a thiét bi luu trit Hydro va luu trit nhiét. Thiét bi NL moi &
day gia thiét c6 mot may phat dién gi6 R = [Rying]. Bang cach xac dinh ma tran tuong quan C, ma
tran vi tri D cua thiét bi chuyén ddi theo tang. Tir cong thirc toan hoc (8) duogc viét lai thanh cong
thac (25).

SHZ

SCHA,

Skc
1 o o0 o0 0 1 0 -1 0 0 0 -1] Scw [0
0 =7 0 1 1 0 1 0 -1 0 0 0f Sc 0 (25)
0 0 e 7ne O my 0 0 0 0 0 0 Svi || L
0 0 7y W W O O O 0 0 -1 0 Sve || Ly
o 0 o 0 0 0 3, 00 00 o0f & Ly
W -1 -1 0 0 0 0 0 0 -1 0 0f F 0|

Qs -Qu

Q5 -

RWind

Dir ligu tinh to4n gom nhu cau phu tai (hinh 5); Hinh 6 thé hién gi4 dién va khi ty nhién duoc
mua tir hé thong. Hiéu suat cac thiét bi duoc giai thiéu tai Bang 2.

Cong sult (\1w)
i niag ling USDY kWh)
2

llllm

6 7 8 9 1011 121314151617 18 192021222324 o
Théigian (h) 5 10 15 20 5

Hinh 5. Nhu cau tai va du bdo dién gi6 Hinh 6. Biéu gid NL
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Bang 2. Hiéu sudt cua cdc thiét bi trong mé hinh

K}" hléu NMH2 Hme Nfce Ntet Nche Ncht Nt
Gia tri 0,85 0,80 0,50 0,30 0,40 0,40 0,76

3.1. Phan tich két qud vdn hanh téi wu EH cé xét dén dp co gian ciia nhu cadu tdi theo gida NL

Dua trén mo hinh dé xuét, lay hé sé y = 0,5. P9 co gidn theo gia cua nhu cau tai dua trén két
qua phan tich thong ké ctia mot khu d6 thi va hé s co gidn cta né sau khi diéu chinh tuyén tinh
hoa duoc thé hién nhu bang 3.

Bang 4. Cai ddt dé co gian theo gid ciia nhu cau doi
Voi cac tdi khac nhau
Hé s6 dan hoia(MWh2/$)

Bang 3. Dg co gidn theo gid ciia nhu cau tai NL

Héso dan  Giasan Gid tran Cs
Loai tai : Gia san Loai hinh tai

hdi (Mwhzg)  (/Mwh)  ($IMWh) : KBl KB2 KB3 KB4
Dicn 0,11 80 90 Dicn 0,11 -0,09 -013 0
' -0,06 90 120 ; -0,06 -0,04 -0,08 0
Nhi¢t nong -0,05 80 120 Nhiét néng 0,06 -003 -0,07 0
Khi ty nhién -0,06 60 100 Khi tw nhién 0,06 -0,04 -0,08 0

Hinh 7 va Hinh 8 1an luot hién thi két qua van hanh t6i wu cta céc thiét bi trong EH va biéu
gia NL thoi gian thyc.

—— ) khi

2100

6,0 e A\ Z02

40 / ! 0

Cong suit (MW)

¥
% F+

1] 5 10 15 20 25 0 5 10 15 20 25 0,6 L> 5 10 15 20 25 0 5 10 15 20

Thei gian (gio) Théi gian (gié) Thiri gian (giér) Thoi gian (gii)

Hinh 7. Két qua védn hanh t6i wu ciia cdc thiét bi

@ bién ning

=
105 == Khi ty nhign
- — nhigt
o
ol
0]

1 234356 78 9101112131415161718 192021222324
Th'n'iglin[h)

Hinh 8. Két qud t6i wu gid NL theo thoi gian thuc

Két qua tinh toan Hinh 7 cho thdy trong thoi gian nhu ciu tai dién thip va du thira NL gi6
(1~8h, 21~24h), tai dién chu yéu duoc dap (g boi NL gi6. Luc nay, cac thiét bi chuyén hoa dién
thanh hydro, luu trir hydro va metan hoa hoat dong dé hap thu NL gi6 du thira v6i chi phi thap,
luu trit dé du phong. Trong gid cao diém, dién gi6 va hydro du trit ding dé phat dién bang pin
nhién liéu van chua dap ing dwoc nhu cau phu tai dién, luc nay do gia mua khi ré hon gia mua
dién nén tuabin khi hoat dong dé cung cdp dién nang. Tuy nhién, do cong suit van hanh cua
tuabin khi con bi han ché bai phu tai nhiét nén van phai mua dién voi gia kha cao dé dap tng nhu
cau phu tai dién trong mot sb thoi diém phu tai dién cao.

Hinh 8 cho thay biéu gi4 tdi uu NL theo thoi gian | dé t6i da héa doanh thu ciia EH. Bo qua tén
that NL va chi phi van hanh trong EH (hai thanh phan nay tuong db6i nho), khi gia mua NL bén
ngoai khong b1en dong nhiéu va gia NL téi wu khong dat dén gidi han trén, xu huéng thay doi
ctia gia NL gidng nhu xu hudng thay d6i phy tai & Hinh 5.
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3.2. Téc déng ciia cdc dé co giin nhu cau tdi theo gid khdc nhau doi Véi viée dinh gid téi wu

Viéc dinh gia t6i wu cho phy tai khong chi lién quan dén phu tai tham chiéu chuan va chi phi
mua NL téi wu ma con lién quan dén do co gidn theo gia ctia nhu cau phu tai. O nhitng khu vic
chu yéu 1a cong nghiép va thuong mai, d6 co gidn theo gia cua nhu cau tai thap, trong khi &
nhiing khu vyc cha yéu 1a tai trong dan cu, do co gidn theo gia ctia nhu cau tai cao. Ngoai ra,
nhiing thay doi vé gia NL ciing s& dan dén nhimg thay d6i ddi véi dic tinh tai. Bé phan tich tac
dong dudi cac do co gian gia khac nhau (Bang 3) vai cac kich ban (KB) dugc trinh bay trong
Bang 4. Céac thong sb phu tai NL va gia tham chiéu 1a dugc lay tir dit lidu trong Hinh 5.

o
°

[ 5.0 KB oo KB2 = = = = = KB3
t A —.-—: KB4 ——— KBS 4.0 [ <
~8.0 A= N = L PR
Eso t ! \\ ;-‘-0 o y N R
(X LT A yu”k;/\ % E L N 7/ el T~
%{0 ‘ -\,/-r’i/\ AR ?:,0 i»\ e :;’\//9 : /\\/
P20 ﬁ S Lo
0 1‘0 1; :lo 25 0 s 10 15 20 3‘5 0 < 1‘0 1‘5 o 25
Théi gian (gid) (hour) Théi gian (gio) (hour) Théi gian (2id) (hour)
Hinh 9. Ddc tinh tdi theo cdc kich ban vdn hanh khdac nhau
Bang 5. So sdnh két qud t6i wu héa trong cdc kich ban khéc nhau
So sanh KB 1 KB 2 KB 3 KB 4 KB 5
bién 1,17 2,27 0,55 5,69 5,69
Phuong sai tai ~ Nhiét 0,14 0,17 0,05 0,18 0,18
Khi 0,17 0,39 0,14 0,56 0,56
A bién 3,44 4,31 2,84 6,59 6,59
Ch(e,\‘/‘ll\‘,\}‘;"h Nhigt 138 147 095 162 162
khi 1,81 2,41 1,47 2,94 2,94
Tong chi phi (%) 15260 16248 14527 18898 11917
Ty Ié tiéu thu dién gi6 (%) 100 100 100 97,3 97,3

Hinh 9 cho thiy cac duong dic tinh thay doi cua phu tai trong cac kich ban khac nhau (thé
hién su thay dbi cua gia NL). Bang 5 thé hién phwong sai phu tai, chénh léch tir dinh dén day,
doanh thu cua EH va ty 18 tiéu thy NL gi6é d6i v6i cac dang NL khac. Co thé thdy rang so véi viéc
khong xem xét diéu tiét gia (KB5), néu coi phu tai lam ngudn tai nguyén c6 thé kiém soat duoc
(KB 1~3), chi phi cua EH s& ting 1én, dong thoi, nd s& gitip giam phuong sai phu tai, ting chénh
léch dinh va tang ty Ié tiéu thy dién gio. KB 4 1a trudng hop dic biét, hé sé co gidn theo gia cua
kich ban nay bang 0. Do d6, mic du co tinh dén viéc kiém soat gid nhung van khong lam thay doi
dugc déc tinh phu tai, phuong sai phu tai, chénh 1éch dinh — day va tiéu thu dién gio, ty Ié giéng
nhu truong hop 5. Tai thoi diém nay, gia NL do EH dat ra budc phai & mac gii han trén dé toi
da hoa doanh thu. Véi sy gia tang do co gian theo gia (KB 4—-KB 2—KB 1—KB 3), kha nang
thay di cac dic tinh tai théng qua gia NL ciing ting 1én va dic diém nay ciing da duoc dap tng
trong khi téi da hoa loi ich ciia EH, nghia 1a: khi do co gidn cua gia ting 1én, phuong sai tai va
chénh léch tir dinh dén day giam. Ngoai ra, do tinh co gidn cua gia, trong chu ky NL gi6 du thira
va tai dién thap, co ché gia ciing c6 thé dugc str dung dé thic day tiéu thu NL gié gia ré va ting
ty 1€ tiéu thu NL méi.

4. Két luan

Dua trén nén tang cua thi truong NL, xét dén do co gidn theo gia cua nhu cau phu tai, bai viét
nay tién hanh nghién ctru vé mo hinh hoéa va phuong phap van hanh t6i wu ctia cac Trung tdam NL
véi quy mo6 nho. Céc két luan chinh nhu sau: 1/ Phuong phap mé hinh hoa phuong trinh cin bang
cong suat cua EH dya trén mo ta ma tran moi quan hé ket noi caa tung thiet bi 1a ngan gon, rd
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rang va linh hoat, gitip giam khé khin trong viéc md hinh héa cac hé thong phuc tap va tao diéu
kién thuan loi cho viéc lap trinh may tinh; 2/ Quy dinh gia c6 tinh dén tai NL c6 thé tan dung toi
da do co gidn theo gia cua nhu cau phy tai nham tdi da loi nhuan cia EH, né c6 loi trong viéc cai
thién cac dic tinh cua phy tai (giam chénh léch phuy tai va chénh léch tir dinh dén day). Po co
gidn theo gia cang cao thi kha ning cai thién dic tinh tai cang tot; ngoai ra, sau khi xem xét quy
dinh vé& gi4 cua tai NL, viéc sir dung kha ning dap tmg co gidn cua tai ciing c6 thé gitp cai thién
kha nang tiéu thu NL.
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