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T O M T A T 
Bai bio nay gidi thipu va tinh toan v |n hanh tli uu m6 hinh tnmg tam n5ng lupng (Energy hub -
EH) vdl muc lieu Iam giam thieu toi da chi phi sur dung nang lupng Mo hlnh de xuat dua tr6n cau 
tnic cc ban ciia EH nham dap umg tinh da dang ciia phy tai khi xet dong thdi nhu cau tieu thy dien 
nang, nhiet nong vk nhiet lanh Bai loan toi uu duoc thiet lap dya tren co sd dac tinh tai/ngay va 
bilu giil nang luong. Trong do. ham myc tieu la cue tieu chi phi mua nSng Iuang dien va khi tu 
nhien tir he thong; cac riing buoc loan hpc bao gom can bang cdng suat vao/ra ciia EH, gia nang 
luong, gldl ban cong suat, gidi hgn chuyin dli ciia cac thiet bi trong m6 hinh. Chuong trinh tinh 
toan dupe tiiuc hipn bdi phan mlm GAMS - The General Algebraic Modeling System. Hieu qua 
ciia mo hinh EH duoc danh gia thdng qua viec so sanh vdi md hlnh cung cap nSng luong tmyen 
thong. Ki t qua tinh toan cho thay mo hinh duoc de xuat va bai toan toi uu dem lai hieu qua tiet 
kiem nang luong cho ngudi sii dung va la co sd dtt li§u dang tin cay trong viec quan I^, van hanh 
toi im bp thong nang luong 
Tit khoa: van hdnh toi iru, energy hub, GAMS, gid difn, gid khi lu nhien 

DAT V A N D E 

Sii dyng toi uu nang luang l i mdt trong 
nhiing giai phip duac quan tam hang dau hipn 
nay trudc nhiing yeu cau vl can bang nang 
lupng vi cac van de nghiem trpng anh hudng 
den tai nguyen moi tmdng sinh thii trong qua 
trinh khai thae, sii dyng nang Iuang. Gan day, 
md hinh mgng ludi nang Iuang (Energy 
intemet) sii dung dong thai nhieu dang nang 
luang khic nhau da cho thay mpt budc tien 
mdi trong cdng nghe khai thae va sii dyng 
hipu qua nang \uqmg [1]. 
Trong so cic nghien ciiu ve he thong mang 
ludi nang lucmg [2], [5], dang chii y nhat phai 
ke din khai nipm vl rad hinh tnmg tam nang 
luong EH ciia vipn cdng nghe lien bang Thyy 
Sl Andersson vdi mo hinh nhieu dang nang 
lupng khic nhau duac tiln hinh kit noi thdng 
qua khau chuyen hda, dilu tilt, luu trii [6]. 
Hien nay, EH dupc coi nhu mot nen ting ca 
bim mdi dl xay dung nen he thong da nang 
lupng. Md hinh nay da cd nhieu nghien ciiu 
dl cap den nhu: [6] tiln hanh phan tich md 
hinh he tiiong da nang lupng dua tren khai 
nipm EH, [7] tiiiet % phuang trinh trgng thii 
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Ciia khi tu nhien vi h§ thong dien hon hpp, [8] 
xem xet dua tren md hmh EH ciia thiet bi tich 
trii dien nang dua ra phuang phip toi im phan 
dogn theo ddng thdi gian va xac dinh dupc 
cau tnic toi uu cua EH. 

Hipn nay, tmdc toe dp phat triln khdng 
ngung cua xa hdi, nhu cau sir dung nang 
lupng theo dd cung khdng ngimg gia tang va 
ngiy trd nen da dgng. Nhirng md hinh cung 
cap nang lupng tmyen thong tmdc day da 
khdng cdn phii hpp. Mo hinh he thong nang 
Iugng do mdt dgng nang Iuang duy nhat la 
di$n nang mac du cd nhiing uu diem noi trpi 
trong vipc tiuyin tai, tich trii; Tuy nhien, md 
hinh nay ciing cd nhiing mat han chl khdng 
nhd nhu cic thilt bi nhiet dupc chuyen hda ttr 
dipn nang phan phoi nhd le khdng tgp trung 
dan den van de quan ly nhu cau phu tai trd 
nSn phyc t ^ . 

Hipn nay, phu tai da phan duac thilt kl theo 
cau tnic hp thong; diln hinh nhu lo hcrp hp 
thong dipn, khi tu nhien va dieu hda khong 
khi ciia cac trung tam thuang mai, Ida nha cao 
lang giup thugn Ipi han cho qua trinh quin Iy, 
phan phoi nang lupng. Nhieu md hinh khic 
cung da duac gidi thieu nham phu hop hon 
vdi dilu klpn sit dyng mdi, Tuy nhien, nhiing 

file:///uqmg


Pham Thi Hong Anh vd Dig Tap chi KHOA HQC & CONG NGHt ibb(uoj: i j y . 144 

md hinh da duac de xuat tmdc day chua cd su 
ho tra giua dien nang va nhiet nang dan din 
khi nang linh hoat va dp tin cay cua mo hinh 
cdn nhieu han chl. Gan day, nghien ciiu [9], 
[10] mac dli da xay dyng md hinh toi tm hda 
EH vdi ham myc tieu la chi phi nang luong 
nhd nhat; tuy nhign, xet d gdc dp cau tnic ciia 
md hinh, cic nghien ciiu ndi tren mdi chi di^ 
ling ca bin yeu cau sii dyng dien nang va nhiet 
nang ma chua tinh toan cy the nhu can sii dung 
nhiet lanh, nhipt ndng ciia phy tii. Vgy nen, can 
cd nhiing de xuat nghien cum xay dung cau tnic 
mo hinh EH phii hpp han. 
Cy thi, nghien cuu nay dau tien se tiln hinh 
phan tich, dua ra md hinh EH vdi viec bo 
sung va thay doi cau tnic mdi nham dap iing 
dong thdi nhu cau sir dyng dipn nang, nhipt 
ndng vi nhiet Ignh; tilp theo, giai quylt bai 
toin vgn hinh toi uu dya tren ca sd ap dung 
bieu gia nang luong hien nay doi vdi khu vyc 
phy tai sinh hogt. Md hinh toan duac xay 
dyng vdi him muc lieu long chi phi nang 
luong la nhd nhat; cic ring budc bao gom: 
Gldi han cdng suat thilt bi, can bang nang 
lupng, bieu gia nang Iuang. Cuoi cimg li 
phan ket qua tinh toan va npi dimg thao lugn 
hudng nghien ciiu tiep theo. Kit qua tinh loan 
la ca sd du lieu dang tin cay trong vipc vgn 
hanh toi uu nang lupng dien nhiet tir dd tilt 
kipm chi phi cho ngudi sii dyng dong thdi 
gdp phan nang cao dp tin cgy va hipu suat 
quan ly nhu cau sit dung nhd cat giam dinh 
cua do thi phu tai dien. 
MO HINH EH 
M6 ta mo hinh EH 

Cau tnic tong quit ciia mo hinh EH vdi nhilu 
dgng nang lupng khic nhau kit noi thdng qua 
khau chuyen hda, dilu tilt, luu tru, dupc mieu 
tinhufti«ft/[ll]. 

Ket cau bao gom nhilu dgng nang lupng dau 
vao (thudng l i dien nang vi khi tu nhien) 
cung cap nang lupng cho phy tai thdng qua hp 
thong cac thiet bi chuyen doi va luu tru trong 
mo hinh Moi quan hp giua nang lupng dau 
vap vi ra dupc mieu ta theo ma Iran chuyen 
doi Cy (coupling factor) - bilu tiii moi quan hp 
gifia nang luang dau vao tai mit thu 1 va nang 
lup^g dau ra tgi mit thii; 

140 

Hinh 1. Cau triic ca bdn cua EH 

"A' 

i . 

-[c.] 

7;" 
p. 

.P.. 

Trong dd, P ;̂.. „j la nang lupng dau vao va 
Pfj, „i la nang lucmg chuyen hda dau ra. 
Mfi hlnh EH dl xult 

Nhu da gidl thipu 0 phan md dau, de Uiuai 
tien han cho viec quan Iy nang luong, tiianh 
phan phy tai hien nay dupc phan tich khd i& 
Md hinh sit dyng nang luong tmyin thong 
tmdc day chu yeu thdng qua hp thong litdi 
di|n phan phoi. Trong dd, nhiet nang diroc 
cimg cap bdi cac thilt bi chuyen hda tii nang 
lupng dipn mpt cich nhd le khdng lgp trung 
dan den van dl quan Iy nhu cau phu lai tiir 
nen phiic tgp. Dupc nang cap d miic dp cao 
hon, phy lai nhipt dupc cung cap rieng lu 
mang ludi Idii ty nhien nhu d hinh 2. 

/>. 
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k 

Hiah 2. Mot mo hinh eung cdp ndng lugng 

truyen ihong 

Qui trinh chuyen hda nang lugng tii dien 
nang P^ (t) va khi tij nhien P^ (/) tgi Ihtn 
diem t dip iing nhu cau sit dung dî a 
nang, nhi|t ndng, va nhipt Ignh cua phy t^ 
lan lugt Ii: 4 ( 0 , ^ ( 0 , viX^(0 tiidng qua 
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(2) 

miy bien ip (Transformer), miy lanh tmng 
lam AC (Air-Conditioner) vi noi hoi GB (Gas 
boiler) dugc mo ta nhu sau-

PAO = LM/rBA+k(Or.,c 

p^it) = L,(t)/ros 
Trong do, ?^^, y ' ^ , / lan luat la hipu suat 
Iam viec cua cac tiult bi AC, GB, vi miy 
bien ap. 

Md hinh dugc gidi thieu neu tren mgc du 
phan tich rieng bipt he thong cung cap dien 
nang, nhiet ndng vi nhiet lanh cho phy tii; 
tuy nhien lgi chua cd sy lien ket, trao doi giua 
dien nang vi khi tu nhien dan den dd tin cay 
va kha nang linh hogt tucmg doi thap. Do do, 
de khac phyc nhuge dilm nay, nhdm nghien 
Cliu de xuat sii dyng md hinh EH cd cau tnic 
dupc gidi thieu nhu hinh 3. 

p. 

E)i«n n^g 
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Hinh 3. Mo hinh EH de xuat cho nhom phg tdi 
khu vuc ddn cu 

Xet lgi thdi diem t, md hinh EH d l xuat cung 
cap nang luang dien Lc(t) thdng qua miy bien 
ip va tuobin khi MT (Micro turbine). Lugng 
nhiet Ignh LJf) dugc cung cap thdng qua cac 
thiet bi bao gom- rnay lanh tmng tam AC, 
thiet bi lam lanh hap thy nhiet (Absorption 
Chiller -ACh) Lugng nhipt ndng L^it) dugc 
cung cap tir tuabin khi MT va GB Nhu vgy, 
cd the thay nhu cau su dung nang lugng dien, 
nhipt ndng, va nhiet Ignh cd su chuyen doi 
thdng qua cic thilt bj trong md hinh khi linh 
hogt. Md hinh loan thi hien moi quan hp giiia 
nang lugng vio/ra ciia EH cd the dugc bilu 
thi dudi dgng ma Iran sau 

i. 

K 
L, 

= (3) 

Trong dd: 

j ^ : Hieu suat chuyen doi ciia tuabin MT tir 

khi tu nhien sang dien; 

y^ : Hieu suat chuyin doi ciia tuabin MT tir 

khi tu nhien sang nhipt, 

y^^ . Hipu suat chuyen doi ciia thilt bi nhiet 
Ianh Ach, 

/j. : Hieu suat miy biln ap; 

S^^ . Hp so dien nang chuyen doi qua AC; 

Sjf(.f,: He so nhiet nang chuyen ddi qua Ach; 

S/^fj- • He so chuyen doi nhiet nang thdng qua 

tuabin MT 

VAN HANH TOI UXJ MO HINH EH DUA 
TREN YEU TO GlA DIEN 
Van hinh toi uu hda he thong nang luong la 
hinh thiic phan phoi toi im cac dang nang 
Iugng nham dap img cic myc tieu vgn hanh 
nhu: chl phi van hinh nhd nhat, Iuang phit 
thai Carbon nhd nhat hogc la toi da hda Igi ich 
cda cac dgng nang lypng mdi..,w, Dong 
thdi, thda man cac rang budc vl mat ky thuat 
cua hp thong nhu- Cdng suat gidi hgn, can 
bang nang lugng, gidi hgn chuyin doi.. w 

Md hinh toi uu co ban duac the hien dudi 

bilu thiic (4)-

m i n / ( i ' ) 

s.t.L = CP 

P<P<P 
(4) 

Trong do, mo hinh bao gom cac dang nang 
Iugng khic nhau se cd sy phan phoi khic 
nhau L=CP la dilu kien van hanh ciia ban 
than EH (can bing nang lugng vio ra), phan 
anh moi quan he long hop giira cac dang nang 
luong trong qui trinh chuyen ddi 
P<P<P bilu dien cac dilu kien rang budc 
ve h? thong va thill bi van hanh , w 
Myc tieu ciia bai toan vgn hanh loi uu chinh 
li giam thieu toi da chi phi sii dung nang 
lugng ciia he thong Do vgy, neu gpi 
^gi'),MO la" '^crl la gia i kWh nang 
lugng dien va khi tir nhien tgi thdi diem t 
[USD/kWh] Ta se cd ham muc tieu chi phi 
nhu sau: 
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mm£:PC = X[^ . ( ' )4( ' ) + -Pg(')^(')] (5) 
Rang bupc bao gom: 

a/Hliu sudt chuyin ddi 

o<r^<i (6) 
0<C<l (7) 
o<rr<i ^ (8) 
b/ Gi&i hgn cong sudl: 
P^,)<P^ (9) 

p,{l)<pr (1") 
c/ Gicri han chuyen 3dl. 

o<s^<\ (11) 
0<S^<\ (12) 

0<<5,„<1 ^ (13) 

d/ Cdn bdng cdng suat 

Rang bupc can bang cdng suat tii bieu thiic 
(3) cd the viet Igi nhu sau: 

i,(')=(i-«.c(0)r,';(')+<'„(oC.(') 

(14) 

e/ Biiu gid ndng lirang 

Bilu gii nang luong ddng vai trd quan trpng 
trong him myc tieu (5) Van de toi uu hda 
dugc xem xet dua tren gii khi lu nhien va gii 
dien. Trong dd, gia khi dot tu nhien la khdng 
doi vi dugc xic dinh theo [12]. Bieu gii dien 
cho khu vuc dan cu dugc xac dinh theo bilu 
gii sii dyng nang Iugng theo thdi gian (Time 
Of Use-TOU) [13], [14], TOU la hinh tiiirc 
dan giin nhat ciia bieu gii linh hogt. Muc tieu 
chinh ciia chucmg trinh dinh gii la de khuyin 
khich viec giam tieu thy nang lugng trong gid 
cao diem. Trong bieu gia TOU, gia dipn moi 
kWh thay doi cho cac thdi diem khic nhau 
trong ngiy. TOU hipn dua tren mite gia dien 
khac nhau theo 3 cap dd duac gidi thieu xac 

dinh theo hinh 5 nhu sau: 

K ( 0 ~ 1 K-natmal (G'o binh thuimg) 

.'^e-min (Glffthap (film) 

Tir (5) va (14) ta thay chi phi sii dyng nang 
luang ciia hp thong phu ihudc rat Idn vao 
lupng dien nang tieu thy theo tiing thai diem 
Irong ngay. Do dd, bai toan tilt kiem ehi phi 
sii dung nang lugng la bii toin tinh toan toi 
uu nang luang dien, khi tu nhien dau vao tiieo 
tirng thai dilm trong ngiy sao cho ham nnic 
tieu chi phi la nhd nhat vdi cac dieu kien rang 
bupc vl can bang vi gidi hgn cdng suat cua 
he thong. Ndi cich khic, yeu cau ciia h? 
thong la giii bii toin toi uu de tim tap nghi?m 
X={/'g(/), PJit)} tiida man him muc tieu (5) 
vdi cac rang budc (6-14). 
TINH T O A N A P DUNG 
D I lam rd tinh uu viet ciia mo hinh EH de 
xuat, bai bio tiln hanh tinh toin nhu cau nang 
lugng dau vio mua tir he thong va chi phi 
nang luong/ngiy giua hai mo hinh dupc gioi 
thieu d hinh 2 vi hinh 3 vdi dfi lieu tinh loan 
duac gidi thipu d muc 4 1 
DS" liiu tinh todn. 
Phu tdi tinh todn 

Gii thilt tinh toin ^ dyng vdi khu vuc dan 
cu cd do thi phy tii ngay diln hinh nhu Ain/iJ. 

LI1.IU III Xl 

(13) 

Hinh 4. Nhu cau lieu thy ndng lugng diin, nbifl. 
Ignh trong ngdy ciia phg Idi 

Bieu gid ndng luang 

Bilu gii nhipt dugc xic dinh theo (12), bieu 
gii dien dugc xac dinh theo hinh 5. 

I ' 

Tbii san (giir) 

Hinh 5. Biiu gid nang lugng diin vd khi tu nkiiK 
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Thdng so thiet hi vd gidi hgn cong sudt hi thdng 

Thong so cua hp tiiong duac cho trong bang sau: 

Bang 1. Hliu sudt thiet bi 

rf 
0 85 

MT 
/ g e 

0 4 

/ G B 

0 88 

Bang 2, Cong sual 

p . 
(MW) 
5 

/ 
0 95 

giai fiiiin 

P: 

/ g h 

0-5 

ciia he 

rr 
0 9 

thong 

(MW) 
3 

Ket qud tinh todn 
Md hinh de xuat dugc lap chuang trinh tinh 
loin bang ngon ngu lap trinh GAMS, sit dung 
solver MINOS. GAMS li ngon ngu lap trinh 
cho phep lgp cic bii toin toi uu vdi nhiing 
md hinh lon vi phiic tgp [14] Md hinh duac 
Irinh bay ngan gon va dan giin, cho phep su 
dung nhiing lien he dai so ddc lap vdi giii 
thugt tinh toin 

Mo hinh cung cdp ndng lirgng tnryen thdng 
Nang Iugng dau vao dugc xac dinh theo cdng 
thiic (2) cho kit qua nhu sau: 

'IMigan(gKF) 

Hinh 6 Nhu cdu nang lugng diin vd khi tif nhien 

tie hi thong theo mo hinh truyen thong 

Kit qui tinh toan nang lugng dau vio ciia md 
hinh EH de xuat dugc thi hipn d hinh 7. 

t\ 
Hinh 7. Nhu cdu ndng lugng di?n vd khi tu nhien 

tir hi thong theo md hinh EH de xudt 

Tir kit qui tinh toan, ta cd nhan xet nhu sau: 
Hieu qud chuyen doi nang luang: Vao gid 
thap diem he thong van chii ylu sii dung nang 
lugng dipn, cic gid binh thudng vi cao diem, 
Iuang nhipt nang cd xu hudng dugc su dyng 
nhilu hon Cu the gid cao diem tir 9h den 
20h, nhu cau dien nang giim dang kl Nhu 
cau dipn nang ldn nhat lir 3.5 MW giam 
xuong cdn 2.4 MW. 

Hieu qud kinh ti: Chi phi nang luong (5) 
theo ngay do dd cung giim thilu dang ke ttr 
6363.3 USD theo md hinh cung cap nang 
lugng tmyen thong giam xuong cdn 5759.5 
USD. Moi ngay he tiiong tiet kiem duoc so 
tiln la: 

A= 6363.3 -5759.5-603.8 (USD). 
Ket qua tinh toin cho thay mo hinh EH de 
xuat hoin toin dang tin cgy va phu hgp vdi 
phu tii khu vuc dan cu. 
KET LUAN 

Nghien ciiu, tinh toan thdng qua md hinh EH 
cho thay md hinh mang ludi nang lugng vdi 
nhieu dgng nang lugng khac nhau cd nhilu uu 
dilm ban so vdi cich thiic cung cap nang 
luang tmyin thong. Bai bio da gidi Ihieu md 
hinh EH cung cap nang lugng mot cich day 
dli han so vdi nghien cim imdc day. Kit qui 
tinh toin toi uu cho thay: Vio gid thap diem, 
phy tai chu ylu dugc cung cap dipn tu ludi 
dien, vao gid binh thudng va gid cao diem, 
nang lugng dipn dugc cung cap mdt phan 
thdng qua tiiiet bi chuyin hda tii nang Iugng 
nhiet do dd giiip cit giim dinh ciia phy tii hp 
thong vi giim chi phi thanh toan cho khach 
hang. Ngoii ra, dp tin cay cung cap dien ciing 
dugc cai thien do cd su chuyen doi giua cac 
dgng nang Iugng. Do dd, khao sit dp tin cay 
ciia h | thong nang lugng thdng qua md hinh 
EH la mdt hudng nghien ciiu mdi can tilp tye 
dugc khai thic. 

Md hinh tmng tam nang Iugng EH can dugc 
phat trien md rpng khi xem xet din tinh ngau 
nhien ciia phu tii. Ngoii ra, dl md hinh toi uu 
hem cd the xem xet bo sung thilt bi tich tru 



dien vi rdiipt nang nham dua ra tinh toin 
chinh xac vi cit giam nhu cau sii dyng nang 
lugng dien d miic loi da 
"Bdi bdo Id sdn phdm cua di tdi co md so 
T2017-07-05. dugc tat trg bdi ktnh phi ctia 
Trudng Dgi hoc Cdng nghi Thong tin & 
Truyin ihdng-DHTN". 
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SUMMARY 
O P T I M I Z A T I O N O F ENERGY COST THROUGH ENERGY HUB MODEL 

Pham Thi Hong Anh'*, Pham Thi Ngoc Dung,^ Ha Thanh Tung" 
University of Information and Communication Technology - TNU 

^University ofTechnology - TNU 
^Institute ofElectncity - Hoa Nam University ofTechnology- Chmcr 

This article introduces and calculates the optimal operation of energy hub (EH) model wilh aim to 
decline the energy usage The proposed model is based on the basis of EH to response to the 
variation of energy loads while concerning about the electncity, heat and cool consumption. The 
optimization problem is constructed 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 
constraints, including power balance, energy prices, power limitation of the system The 
calculation model is performed by software GAMS - The General Algebraic Modeling System. 
The effectiveness of the proposed model is evaluated in companson to traditional energy supply 
model. The calculation results are the reliable database in optimizing tiie energy system and 
reducing the cost for consumers. 

Keywords; optimal operation, energy hub, GAMS, natural gas price, electricity price 
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