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TOM TAT

Bii bao ndy pi¢i thién vi tinh todn vin hanh t41 wu mé hinh trung tim nang ]mmg (Energy hu'b -
EH} vét muc uéu lam giam thiéu b1 da chu phi siF dung nang luong M8 hinh at xua( dua trén cdu
tric co ban cia ER nham dap dng tinh da dang ctia phu tin khi xét ddng thén nhu cu uén ty dién
ning, nhiét néng vi nhidt lanh Rii toén t81 wru dwoc thidt lip dira trén co so dde tinh lal/ngay vé
biéu gié ning lu'cmg Tmng dé, ham muc ti€u 13 cuc tién chi phi mua néng l\rcmg dién va khi tr
nhién ti hé lhong, cic rmg bube toan hoc bao gdm cén bang cdng suil vio/ra ctia BH, gid nang
luong, guor han cong suat, gici han chuyén doi cia cac thiet by trong md hinh. Chuong trinh tinh
todn duge thue luén bét phin mém GAMS - The General Algebraic Modeling System. Higu qud
cta md hinh EH dwge dinh gia thong qua viée so sanh vér md hink cung cip ning luong truyén
théng. K&t qua tinh todn cho thiy md hinh ducc dé xudt va bai todn 81 wu dem lan higu qua tiét
kiém ning hrong cho ngu sit dung va 14 co s dit igu déng tin ¢y trong viéc quén Iy, vén hinh

t8i 1 hé théng nang lwomg

Tir khéa: vin hanh (67 wu, energy hub, GAMS, gid dién, gict khi tis nbnén

DAT VAN PE

Sir dung t8i wu ndng luomg la mot trong
nhitng gidi phap droc qua.n lam hang d4u hign
nay tnede nhu'ng yeu chu vé cin bing ning
lu{mg va cac vin d8 nghiém trong anh hudmg
dén tal nguyén mé: tredmg sinh théi trong qué
winh khai thac, sit dung ning luong. Gan day,
mé hinh mang luéi ning luong (Energy
intcrct) st dung dbng thoi nhiéu dang nang
leong khac nhau d3 cho thiy mét budc tién
méi trong cdng nghé khai thac va su dung
higu qua nang lugng [1].

Trong sé céc nghién ciu vé hé théng mang
luéi niing lugng [2], (5], dang chd ¥ nhét phai
k& dén khai niém v& mé hinh trung tim néing
luong EH ciiz vién cong nghé lién bang Thyy
Si Andersson v&i md hinh nhiéu dang ning
lwong khac nhau duogc tién h:m.h két ni théng
qua khiu chuyén hoa, didu tiét, hru trir [6].
Hién nay, EH dvoc coi nhu mdt nén ting co
ban m¢i dé xdy dung nén hé thong da nang
lugng. M6 hinh nay di cé nhidu nghién ciru
d¢ cip dén nhu: (6] tién hanh phén tich mé
hinh hg théng da ning luong dua trén khdi
niém EH, [7] thiét 1ap phuong trinh trang thil
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ciia khi tr nhién va hé théng dign hdn hop, [8]
xer xét dwa trén mé hinh EH céa thiét bi tich
trit dién ning dwa ra phiong phap t6i wu phin
doan theo dong thoi gian va xac dinh dugc
cdu trite t8i wr cia EH

Hién nay, tredc tde &5 phat wién khéng
ngimg cha xi hdl, nhn ciu sk dung ning
lugng theo do ciing khong ng\'rng gla tang va
ngay trd nén da dang Nhung md hinh cung
cap ning luong truyén théng truse diy dd
khéng con phit hop. M6 hinh hé théng na.ng
legng do mdt dang nang luong duy nhét 13
dién néing mac dh 6 nhitng wu diém néi tr8i
trang viée truydn tai, tich trir; Tuy nhién, md
hinh nay ciing c6 nhimg mat han che khéng
nhd nhu cae thiét bi nhidt duge chuyen héa tir
dién ning phin phdi nhé 1¢ khong tip trung
ddn dén van &8 quan 1y nhu céu phu i ud
nén phirc tap.

Hién nay, phu tai da phin dwoc thiét ké theo
cu trie hé théng, dién hinh ohu 5 hop hé
théng dién, khi tu nhién va diéu hoa khéng
khi clia cdc trung tdm thuong mai, toa nha cao
thng glup thudn lgi hon cho qua trinh quan ly,
phén phéi nang luong. Nhigu md hinh khac
ciing di duee gidi thigu nhim phi hop hon
voi didu kién s dung mdi. Tuy nhién, nhimg
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mé hinh d3 durgc 8 xudt trwde diy chua b su
hd try giita dién néng va nhiét nang din dén
kha ning linh heat va df tin cdy cia md hinh
con nhidu han ché. Gin diy, nghién ciru [9],
[10] m3c di. 43 x4y dyng md hinh i wu héa
EH véi ham muc tiéu la chi phi ning luong
rhd nhit; tuy uhién, xét & goc dj céu tric cia
m0 hinh, cac ng,hlen ciru noi trén mdi chi dip
img co ban yéu chu sir dung dién nang va nhiét
ning ma chua tinh toin cy thé nhu chu sir dung
nthiét lanh, nhiét ndng cua phu tai. Vay nén, cin
¢ nhimg dé xult nghién ciru xdy dung céu trie
mé hinh EH phii hgp hon,

Cu thé, nghién clru niy déu tién s& tién hanh
phén tich, dwa ra mé hinh EH vdéi viéc bd
sung va thay &t cdu trie méi nhim dap img
ddng thi nhu clu sk dyng dién ning, nhigt
nong va nhiét lanh; tiép theo, giai quyét bai
toan vin hanh tdi wu dya trén co s& 4p dung
bidu gia niang lrong hién nay di vé1 ki v
phu 14 sinh hoat. M6 hinh todn duoc xy
dyng v6i ham mue tidn tdng chy phi nang
luong 13 nhé nhit, c4c ring buge bao gém:
G161 han cong sudt thidt bi, cin bing ning
luong, bidu gia ning lwong. Cudi cing 13
ph?m két qua tinh toan va nd1 dung thzo ludn
huéng nghién e tiép theo. Két qua tinh todn
la co s¢ dir liéu dang tin cdy trong vigc vén
hanh t6i wu ning lugng dién nhidt tr do tiét
kiém chi phi cho ngudi st dung dbng thoi
gop phin ning cao d5 tin ciy va hidu sudt
quan Iy rhu ciu si dung nhe cit gidm dinh
cla @b thi phu tai dién.

MO HINH EH

M ta md hinh EH

Cu triic thng quat cia md hinh EH vdi nhidy
dang ning luomg khac nhau két ndi théng qua
khau chuycn héa, didu i, lua triE, duge midu
td nhu hink £ [11].

Két cdu bao gdm nhiéu dang nang luong diu
vao (thuong la dién nang va khi tr nhién)
cung cdp nang lugng cho phu tai théng qua hé
théng cac thiét bi chuyén ddi va hru trit trong
mé hinh M& quan hé gtita ning lugng diu
Va0 va ra dugc miéu ta theo ma tra.n chuyen
dbi C, (coupling factor) tiéu thi méi quan hé
giita nang lwomg dhu vao tai nut thir 1 va ning
legng dAu ra tai mit thir ]
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ENERGY HUB

caror

Hinh 1. Cdw triic ca ban cia EH

L R
2l-[e] ®
L F,

Trong d6, Py la ning luong dau van vi
P, wlanang luong chuyén hoa diu ra.

M6 hinh EH 82 xufit

Ninr di giés thidu ¢ phén mo diu, d¢ thuin
tién hon cho viéc quén ly ning lweng, thanh
phén phy tai hién nay dwge phan tach khi &
Mé hinh sa dung ning luong truyén théng
trrde diy chi yéu thong qua hé théng I
dién phan phéi. Trong do, nhiét ning duge
cung cdp boi céc thiét bi chuyén hoa tir ning
iuqng dlen mot cach nh¢ 1¢ khong 4p trung
din dén vén dé quan ly nhu chu phu i g
nén phic tap. Buoc nang cip ¢ mac ¢ co
hon, phu tii nhiét dwoc cung cfp riéng tt
mang ludi khi twe nhién nhu & hink 2.

£ -3 r—\y" L
: - "
2L Transtormer Tardle
Biéa ning il
Tas lah
Input Oupu L,
Khi tg nhugn
s
Ges boller T aong
B [ Cmeer |

Hinh 2. Mgt mg hinh cung cdp ning lugng
triyén thdng
Qué trinh chuyén héa ning lugng tu din
nang £, (f) va khi tu nhién P, (/) tai thi
didm t dap img nhu chu st dung difo
nang, nhiét nong, va nhiét lanh cva phy
lan lwgt la: L(£), L,(1), vaL(t) thong qu
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may bién dp (Transformer), may lanh trung
tdm AC (Air-Conditioner) va ndi hoi GB (Gas
boiler) dugc mo ta nhu saw

FO=LO ya + L (DY
RO=L0y,

Trong 46, *°, y™ , #" 14n Iuot 12 higu suht
lam viéc cua cac t}uet bi AC, GB, va miy
bién ap.

M6 hinh duoc giét thiéu néu trén mic du
phén tach riéng bit hé thdng cung cdp dién
ning, nhiét néng va nhiét lanh cho phu ta;
tuy nhién lai chua cd sy lién két, trao dbi gilra
dién ning va khi tr nhién din dén dé tin ciy
va kha nang linh hoat tucmg d5i thép. Do do,
& khic phuc nhuge didm nay, nhém nghlen
ciru d& xudt sir dung md hinh EH cé chu tric
dwge gidi thi€u nhu hink 3.
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Hinh 3. Ma hinh EH dé xudt cho nhom phy i
ki viee dén cu

Xet ta1 thin didm ¢, mé hinh EH d8 xudt oung
cap nang luong dlen L(¢) thong qua may bién
ap va tuobin khi MT (M:cro turbine). Lu(mg
nhlet lanh L(I) duge cung cap théng qua cic
thle! bi bac gdm' may lanh trung tim AC,
thiét bi lam Iank hap thy nhiét (Absorptwn
Chiller -ACh) Lwong nhiét néng L.(#) dirgc
cung cap tir t'uabm khi MT va GB Nhyv vy,
¢ thé thay nhu cdu sir dung néng lirom, dlen
nhiét néng, va nhiét Janh co su chuyen don
théng qua cac thiéi b trong mo hinh kha linh
hoat. M6 hinh toan thé hién mb quan hé gma
nang legng vao/ra cia EH ¢o thé duge biéu
thi dudi dang ma trén sau’

L] [0 betty 5
LIl 0 el bali-da) H )]
EL (8t atl b albuatt™ |

Trong d6:

Vf : Hiéu sudt chuyén db: cua tuabin MT tir
khi tu nhién sang dién;

}’Lf - Hiéu suit chuyén déi cva tuabin MT tir
khi tu nhién sang nhiét,

}/"Ch . Hidu sudt chuyén ab1 cia thiét bi nhiét
lanh Ach,

yr Hiéu sufit may bién ap;

8,0 . HE s6 dién nang chuyén ddi qua AC;
8. HE s6 nhidt ning chuyén doi qua Ach;
8,7 - He s6 chuyén dé1 nhuét ning théng qua
tuabin MT

VAN HANH TOI UU MO HINH EH DUA
TREN YEU TO GIA BIEN

Vian hanh t8i wu hoa he théng nang luong 13
hinh thite phin phm t8i wu cac dang nang
Iwgng nhim dap mg cac myc ti€u van hanh
nhu: chi phi van ha.nh nho nhat luong phat
thai Carbon nhé nhat hojc 14 t6i da hoa lou ich
clia cic dang nimg lugng mo‘l .vv, Dbng
théi, thoa mén céc rang budc vé mat ky thudt
cta hé théng nhu Cong sudt Xglm han, cin
bing ning lueng, gici han chuyén dé:..

M5 hinh t6i wu co ban duoc thé hién dudi
bidu thire (4)

min f(P)
stL=CP
P<P<P @
Trong d6, md hinh bao gdm cic dang nang
lugng khic nhau s& cd sy phin phéi khac
nhau L=CP la didu kién vin hinh cda bin
thén EH (cdn blng ning l\wng vao ra), phin
anh mdi quan hé tong hop giita cac dang néng
luong uong qua trith  chuyén  déi
P < P < Pbiéu difn cic didu kién rang budc
vé hé Lhnng va thiét bi vAn hanh . vv

Muyc ti¢u cua bal todn vén hanh té wu chinh
13 giam thiéu t&1 da chi phi st duny nang
luong cha hé théng Do vdy, néu goi
AONAG) lin hrot 1a gia 1 kWh ning
lm;mg dién va khi tu nhién tai thai diém ¢
{USD/&Wh] Ta s& c6 ham muc tiéu chi phi
nhu sau:
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mn EPC = T [ AOAN+RO40] ©)
Rimg bugc bdo gbm:
o/ Hiéu sudt chuyén 361

07 <1 (6)
0y <1 )
0y <1 (8)
b Gidi han cong sudt:

PSP ©
P()<P™ o (10)
¢/ G167 han chuyén do1.

0<6,. <1 an
0<8,, <1 (12)
0<8,, <1 (13)
@&/ Cén béing cong sudt

Ring budc cin bing cong suit tir bifu thic
(3) c6 thé viét lai nhy sau:

L(0)=(1-8,. (DL (0)+6,, O B,

L=ty 108 l-0,a )
LO=6,r POHE 100N abars BN
(14)
¢/ Biéu gid ndng luong
Biéu gid ning luong dong var trd quan trong
trong ham muc téu (5) Vin d& td wm hoa
dwge xem xét dua trén gia khi tw nhién va gia
ién. Trong do, gid khi dbt tr nhién 13 khong
46i va dugc xac dinh theo [12]. Bidu gia dién
cho khu vuc dan cir duge xac dinh theo biéu
214 str dung nang lugng theo thoi gian (Time
Of Use-TOU) [13], [14]. TOU 1 hinh thirc
don gian nhdt cia biéu gia link hoat. Muc tiéu
chinh ciia chuong trinh dinh gia la dé khuyén
khich viéc giam tiéu thy ning lrong trong gidy
cao diém. Trong bidu gia TOU, gia dién mdi
kWh thay d cho cac thoi diém khic nhau
trong ngdy. TOU hién dwa trén muc gia dién
khéc nhau theo 3 cip d6 duoc giéi thiéu xdc
dinh theo hinh 5 nhu sau:
1, max (G5 cao didm)
A= (Git urih thuimg) (13)

(-nmmal

Aeomn  (Grirthkp didm)
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Tit (5) va (14) ta thiy chi phi sir dung nng
luong cua hé thong phu thude it Iom vao
lugng di¢n nang tiéu thu theo timg thiri diém
trong ngay. Do do, bai toan tiét kidm chi phi
str dung nang luong 14 bai toan tinh toan #
wu ning Jucmg dién, khi ty nhién dau vao theg
ting thoi diém trong ngay sao cho ham mye
t1éu chi ph1 12 nho nhét voi cac didu kiéa lzng
bude ve cén bang va giéi han cong sudt cua
hé théng. Noi cach khac yéu cin cia b
théng 14 giai bai toan téi wu dé tim tip nghigm
X={P(1), P(1)} thoa min ham muc tiéu (5
vt cac rang budc (6-14).

TINH TOAN AP DUNG

B¢ lam 16 tinh wu viét cia mé hinh EH &
xudt, bin bao tién hanh tinh toan nhu ciu ning
lueng din vie mua tir hé théng va chi phi
niing luong/ngly giira hai mé hinh duoe gici
thigu & kinh 2 va hink 3 vén dii lidu tinh todn
duoe gidi thigu o muc 4 1

D lidu tinh todn.

Phu tds tink todn

Gia thiét tinh toan ap dung voi khu v din
cir ¢6 @b thi phu tai ngay dién hinh nhu kink 4.

o wMaR vl

g uh

N Ther gian (5] "
Hinh 4. Nhu cdu tiéu thy ning hegng dién, nhigr,
fanh trong ngdy cvia phu tdi

Biéu gid nang heong
Biéu gia nhiét dugc xéc dink theo (12), bifu
g1a dién duge xac dinh theo hink 3.

ll Uﬂh

#0iEn @i
n B o8 v o®

'nz'h gun(gd)

Hinh 5. Biéu gid néing hrong diin vé khi vy nhib

3
n

G ming hepag 104§

amn 2> owd 8
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Théng s6 thiét bj va @161 han cong sudt hé théng
Théng sb ctiz hé théng duoc cho trong bang sau:
Bing 1. Higu sudz thiée bi

M
AC MT
e Vae Yos 7 7on i o
085 04 08 095 05 09
Bang 2. Céng sudt giéz han cia hé théng

P o Psmax
5

MW)
3

Két qua tink todn
Mo hinh d¢ xuét duoc lap chwong trnh tinh
toan bing ngén ngi 14p trinh GAMS, sit dung
solver MINOS. GAMS la ngdn ngir lp trinh
cho phép ldp cic bai toan toi wu véi nhing
m hinh 1én va phir tap [14] M6 hinh duoc
trinh bay ngin gon va don gian, cho phép sir
dung nhimg lién hé dai s6 doc l3p voi guai
thudt tinh todn
M5 hink cung cdp neng leong truyén théng
Niing lzong ddu viao duoc xac dinh theo cong
thire (2) cho két qua nhu sau:
a@
s
gun Lll ?l H
0 1k il il
s onou o3 W o
Thén panigi)

Hink 6 Nhu cdu ndng hegng dign va khi tw nhién
1ir hé thdng theo mé hinh truyén thong

0w KO
EH

20

ERER

ing loomp i vha- MW

°

Két qua tinh toan nang lugng du vio cha md
hinh EH ¢ xudt duge thé hién & hink 7

il

o1

s

s

; JthnI...l”M

Thin p {geo)

mOge mih gL

Hinh 7. Nhu edu néing lugng dign va khi e niuén
tir hé thing theo md hink EH dé xudr

Tir két qua tinh todn, ta c6 nhan xét nhir sau:
Hiéu qud chuyén d6i nang lwong: Vao giy
thép didm hé théng vin chil yéu sir dung nang
tugng dign, cac gi¢r binh throng va cao digm,
luong nhiét ning cé xu huong dwge sir dung
nhiéu hon Cu thé gio cao diém tir Sh dén
20h, nhu ciu dién ning giam dang ké Nhu
ciu dién nang 16n nhét ty 3.5 MW giam
xubng con 2.4 MW,

Higu gqué kink : Chi phi nang Iwong (5)
theo ngay do d6 ciing giam thidu ding k& tir
63633 USD theo mé hinh cung cép ning
luong truyén théng giam xubng con 5759.5
USD. M3i ngay hé théng tiét kiém duoc sb
uén la:

A= 6363.3 -5759.5=603.8 (USD).

Két qué tinh toan cho thdy md hinh EII d&
xuét hoan toan dang tin cfly va phi hep vdi
phu tai khu vire din cwr.

KET LUAN

Nghién ciru, tinh toan théng qua md hich EH
cho thiy mé hinh mang ludi ndng luong voi
nhidu dang ning luong khac nhau c6 nhiu m
diém hon so véi cach thic cung cdp ning
luong truyén théng. Bii bao di gio1 thidu md
hinh EH cung cép ning luong mét cach diy
di hem so véi nghign cira trude ddy. Két qua
tinh toan t61 u'u cho thiy: Vao g)(‘:r thip didm,
phu tai chi véu dwoc cung efp dién tir ludi
dign, vao gio binh thudng va gzﬂ cao diém,
nang lugng dién dwoc cung cfip mét phin
thong qua thiét bi chuyén hoa tir ning luong
nhiét do do gitip cit giam dinh cia phy tai hé
thdng va giam chi phi thanh toan cho khach
hang. Ngoat ra, d5 tin cdy cung cép dién cling
duac cai thidn do ¢ su chuyén 46i giia cic
dang ning lugng. Do do, khao sat df tin cdy
cta hé théng ning lugng théng qua md hinh
EH 12 mdt hudng nghién ciru méi can tiép tue
dugc khai thac.

M3 hinh trung tim nang lugng EH cin duge
phat trién m&r réng khi xem xét dén tinh ngu
nthién cia phu tai. Ngo#i ra, d& mé hinh t6i vu
hon 6 thé xem xét bd sung thiét bi tich trit
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dién va nhiét ning nhim dua ra tinh todn
chinh xic va it giam nhu clu si dung ning
luong dién & mite téi da
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OPTIMIZATION OF ENERGY COST THROUGH ENERGY HUB MODEL

Pham Thi Hong Anh"", Pham Thi Ngnc Dung,z !la Thal\h T\mg

{University of

an
*Unwersity of chhnalagy Tl NU

3nstitute of Elecerity — Hoa Nam University of Technology — China®

TOU  pricing prmclpln

Thus article introduces and calculates the optimal operation of energy hub (EH) mode] with aim to
decline the <nergy usage The proposed model 15 based on the basis of EH to response to the
variation of energy loads while concerning about the electricity, heat and cool consumption. The
optimization problern is constricted based on the daily load demand and electric tariff TOU-Time
of Use Wherein, the objective function is to optimize total energy cost during the day with the
consiranis, mcluding power balance, energy prices, power hmitation of the system The
calculation model 1s performed by soﬂ\va.rc GAMS The General Algebraic Modeling Sysiem.
The ef of the pi d model 15 eval d in comparrson to traditional energy supply
model. The caleulation results are the rehable database i optimizing the energy system and
reducing the cost for consumers.

Key words: aptimal operation, energy hub, GAMS, natural gas price, electncity price
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