TNU Journal of Science and Technology

226(11): 85 - 93

OPTIMIZING THE INTEGRATED ENERGY SYSTEM
BASED ON ENERGY HUB MODEL

Pham Thi Hong Anh?, Ha Thanh Tung?, Pham Thi Ngoc Dung?
ITNU - University of Information and Communication Technology

2TNU - University of Technology

ARTICLE INFO

ABSTRACT

Received: 05/01/2021
Revised: 16/7/2021
Published: 21/7/2021
KEYWORDS
Natural gas
Electricity

Energy network
Optimal operation
Energy Internet

Energy hubs play an important role in implementing the integrated
energy system as an interconnection point between various energy
components and networks. Multiple EHs can couple and form an
interconnecting EHs system. This paper suggests an integrated
view of multiple energy systems with renewable in energy
internet. Multi-period optimal energy flow in electrical, nature
gas and district heating system is studied with the comprehensive
consideration of energy consumption, green gas emissions and
renewable energy output based on the well-accepted energy hub
model. Renewable energy is effectively promoted in the
coordinated operated system. Compared to the traditional system
operation method, wind power accommodation is realized by
supporting part of the heat loads in energy internet. A better
comprehensive benefit can be achieved.
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Cac trung tdm nang lugng (Energy hub — EH) dong vai tro quan
trong trong viéc thuc hién két ndi cac hé thong ning lwong. Nhiéu
EH c6 thé ghép ndi tao thanh mot hé thdng lién két véi nhau. Bai
bao nay dé& xuat md hinh tich hop cua nhiéu dang ning lugng khéc
nhau bao g6m dién nang, khi tu nhién, nhiét suoi v4i nang luong tai
tao trén co s6 md hinh trung tim ning luong. Phan b niang luong tdi
uu trong hé thdng dién, khi ty nhién va hé théng sudi duoc tinh toan
béi ham muc tiéu mire tiéu hao nang luong, chi phi phat thai ra moi
truong va chi phi cat giam nang lugng gid. Két qua tinh toan téi wu
cho thay sy tham gia cua ning lugng tai tao da phat huy hiéu qua toi
da so v6i phuong phap van hanh truyén théng.
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1. Gi6i thiéu

Can kiét tai nguyén ning luong va ap lyc 6 nhidm méi trudng dang 14 hai van dé 16n dbi voi
cac nha khoa hoc. Ngay nay, thay vi sir dung cac hé théng niang lwong don 1¢ [1], céc hé thong
ndng luong dugc sir dung két hop dong thoi bat dau nhan dwoc su quan tam sau sac [2], [3]. Khai
niém ve mang ludi ndng lugng Energy Network (EN) ra doi [4]-[6] dugc coi la mot bude dot pha
M&i nang cao do tin cay, lam giam 6 nhlem mdi trudng, thuc ddy su phat trién cua cac hé thong
su dung ning luong tdi wu, ning cao tinh 6n dinh, dat duwoc muc tiéu sir dung niang luong tiét
kiém va hiéu qua.

Trong nhitng nim gan day, nhidu hoc gia da tién hanh cac nghién ctu toan dién vé hé thong
tich hop nhiéu dang ning lwong: nghién ciu dong cdng suat tdi wu cua hé thdng tich hop; [8] dé
Xuat md hinh dong phéat nham diéu phdi hi¢u qua mang ludi dién, nude va khi dét ty nhién trén
pham vi cia mot thanh pho [71; dé xuat céc giai phap két hop gitra san Xuit va tiéu thu nang
luong dién - nhié t[9]; dé xuat thuat toan giai quyét van dé t6i uu hiéu suat bién déi cua thiét bi
trong mang ludi dién - khi @t va nhiét két hop [10].

Trung tdm nang lugng (Energy EH -EH) [1] 1a mot md hinh da thu hit sy quan tdm cua cac
nha nghién cru. EH duogc coi 1a mot hé théng da niang két hop cong suat va tai thong qua hé
théng bién d6i [11], [12]. Cac nghién ctu [13]-[15] giai quyét cac van dé két hop giira cac dang
ning luong khéc nhau théng qua mé hinh nay. Nhin chung, EH cho phép két ndi téi wu giira cac
loai hinh ning lugng, c6 xét dén thiét bi luu trit, ngudn phén tan, xe dién, ...

O nhiing khu vuc rong 16n, EN phai cung cip cho rat nhiéu phu tai. Do d6, nhiéu EH duoc két
ndi quy mo 16n bang mang ludi phan phdi dé cung cap niang lugng cho khach hang. Noi dung bai
bao nay giai quyét ba van d& chinh sau day: (1) Phan tich dong thoi cac van d& vé téi uu héa chi
phi van hanh trong cac mang str dung EH va sir dung cac ngudn tai tao trong mang luu trir va
phan phdi niang luong; (2) Pam bao hoat dong tdi wu cho cac mang trong moi tinh hung bang
cach xem xét cac thdng sb van hanh va ton thit nang lugng caa ca mang phan phéi dién va khi ty
nhién; (3) Panh gia tac dong ctia cac ngudn ning lwong, thiét bi luu trir di voi higu suat cua EN
bang cach so sanh hai kich ban tinh toan muc tiéu thu nang luong cua hé thdng va chi phi phat
thai so véi hinh thac chi sir dung nang luong truyén thong.

Dua trén mo hinh trung tdm ning luong, bai bao nay tién hanh nghién ctru bai toan van hanh
t6i wu hé thdng ning lugng tich hop dién ning, khi dot tw nhién va hé thong suéi trung tam nham
nang cao hiéu suit str dung ning luong va giam lugng khi thai ciing nhu chi phi cat giam dién gio.
Bai b4o gdém 5 phan: Phan 1 gigi thiéu vé md hinh trung tdm nang lugng; Phan 2 xay dung mo
hinh mang ludi ning lugng; phuong trinh can bang ning lugng va cau trdc hé théng va thiét lap
bai toan t6i wvu dugc gisi thiéu ¢ phan 3; phan 4 dua ra vi du tinh todn; Cudi cung, két luan va
huéng nghién ciru tiép theo dugc trinh bay trong phan 5.

2. Energy EH va Energy Network
2.1. M6 hinh EH

Py —> —> L
P > Energy Hub > L

.
s
.

Py —> —> L,

Hinh 1. Cau tric Energy EH Hinh 2. Cdu tric Energy network [8]

http://jst.tnu.edu.vn 86 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 226(11): 85-93

Khéi nigm va cdu triic cia EH da duoc gidi thigu ¢ nghién cau [16]; mot cach tong quat, EH
dugc xem nhu mét ndt trong mang ludi nang lugng vaéi nhiéu dau vao va dau ra, Céc trung tam
nang lugng dugc Mo ta nhu Hinh 1. Trong do: P, L ky hiéu nang lugng dau vao, ra cua cac dang
nang lugng tuong ang.

2.2. M6 hinh EN

EN la mot khai niém Mo rong cua mang ludi dién két hop khi tu nhién va cac dang ning
lugng khac (Hinh 2). Uu diém: (1) Thuc day cac ng dung nang lugng mdi va tai tao; (2) Lam
giam chi phi s dung néng luong, giam khi thai va cat giam dinh phu tai, dong thoi dap ung mot
cach linh hoat tinh da dang cta phu tai; (3) Thac day su phét trién da dang va bén virng cua céng
nghé ndng lugng. ) ) o .

V6i nhimg wu diém noi bat noi trén, bai bao tien hanh phan tich va d¢ xuat md hinh gom
nhiéu EH nham lién két mang luéi dién, khi tu nhién va nhiét sudi véi cau trac nhu Hinh 2.
2.2.1. Mang luoi dién

Phan b cong suat ciia mang ludi dién cd thé thong qua phuong trinh can bang cdng suat nit
co ban:

Qg =Q2 +V, iv (G icos6; + B ;sing, )
o @
P = P2 +V, Zvj (G cosd; +Bg;sing )
=

Trong d6, Pg; (t), Qs ; cdng suat tac dung va phan khang cua méy phat dién chay vao nit th i;
P2 (), Q¢; 1a cong suét tac dung va phan khang ciia phy tai dién tai note thir i. V,,V, 1a gid tri
dién &p tai node thir i va node thir j. Gg ;j, B ;; vaé lan luot 1a dién dan, dién dan trung tinh cua
day dan va goc léch pha tir node thi i dén j. n. 1a s6 lwong diém nit cia mang lu6i dién.
2.2.2. Mang khi ty nhién

Mang lu6i khi tu nhién dugc cung cap tir cac nha may khi dbt hoic cac cong ty cung cap khi
tw nhién thong qua hé thdng éng dan, may nén khi va hé théng van. Dong khi trong dudng truyén
khi c6 thé duoc tinh theo tai liéu [17], [18] :

f,- =kisign(p;, p;)ysian(p;, p; )( p? - p?)

)

Trong do: f;, ki 1an lugt 1a luu lugng khi ty nhién va hé s6 cac éng dan khi tir diém i dén j.

ij
P; » P; lan Tuot 1 &p luc khi tai diém i va j.

Trong bicu thiic toan hoc (2) néi trén thi sign(p;, p;) biéu thi huong dong chay trong dwong
dng dan khi, gié tri cu thé duoc xac dinh theo cong thirc (3) nhu sau:

+1, if p,.> p;

SIN(PL P =1 1 e 3)

~ Luu luong khi tw nhién c6 thé dugc tinh toan dya trén luu luong khi trong duong éng dan va
tong gia tri nhiét (GHV) cua khi theo biéu thuc:

PL, =GHV x f}
(4)
RS, =GHV x ¢
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Trong do, PG i F’GCIJ lan luot 1a cdng suat khi ty nhién va bom ap luc tir diém i dén diém j; ki(j:

la hing sé may nén khi; f, 1 luu luong khi tw nhién tir diém i dén j; f. 12 ton that qua bom 4p

lyc tir diém i dén diém j. Khi d6 phuong trinh can bang khi duoc viét nhu cong thirc toan hoc (5)
nhu sau:

PGS,i = PGD.i +Z;PGC‘“' +J_Z:PGL,U ®)

Trong do, P5;1a cong suat khi tu nhién chay vao diém i. P.; 1a cong suat khi tu nhién tiéu hao
tai diém i. ng 1a s6 lugng diém nut caa mang ludi khi tu nhién.
2.2.3. Mang luéi nhiét

Hé thong sudi trung tam bao gém mot bo san xuat nhiét cung cap nhiét ning va cac duong
bng truyén nhiét dén ho tiéu thu. Trong do, dudng 6ng truyén tai duoc chia thanh dudng éng cap
nude va duong 6ng dan nudc hdi luu [19].

Tong nhiét do trung tam nhiét tao ra duwa trén chénh léch nhiét d6 giita dudong 6ng cap nudc
dugc két ndi va duong 6ng hoi Iuu theo cong thirc sau:

PI—? =C r;](Tin _Tre) (6)

Trong do, PHS la tong cong suat do nha may nhiét tao ra, c 1a nhiét dung riéng cua nuéc; m la
luu lugng nudc chay qua nat thie i; T, va T, 1an luot 14 nhigt do ciia duong dng nude va duong
dng hoi luu ndi voi nha may nhiét dién.

Tuong tu, PH?i 14 muc tiéu thu nhiét cua nat thi i ¢ thé duge tinh theo chénh léch nhiét do
gitta duong 6ng cap nudc va dudng dng hdi nude két ndi vai nd, cu thé:

I:)HD,i =Cmi (Tin,i _Tre,i) (7)

Nhiét do nudc trong duong ong hoi luu thap hon nhiét do trong duong dng cap nudc va ton
that nhiét ciing it hon. Nghién ctru ndy gia thiét qua tén that nhiét trong duong 6ng hdi luu. Khi
d6, phuong trinh cn bang cong suat cuia mang nhiét xét véi s node tai n, ¢ thé duoc biéu dién

trong cbng thirc (8):
= z PHD,i + Z PHL,ij (8)
i=1

i1
3. T6i wu h6a h¢ thong ning lweng
3.1. Cdu tric mé hinh EN dé xudt

Nghién ciru nay dé xuat mot mé hinh EN nhu hinh 3. EN dugc hinh thanh trén co s& 6 trung
tam nang lugng (EH) két ndi véi nhau théng qua mang ludi dién, khi ty nhién va hé thong suéi
trung tam.

Trong Hinh 3, EH1 gan ngudn than, nd co cac mdy phat dién chay bang than va 16 hoi dbt
than gan lién véi vai tro 1a nha may dién tong va nguon nhiét tong, dugc goi la trung tam cung
cap nang luong. Ngoai ra, con c6 mot nha may dién gi6 ¢ EH6, duoc bd sung thém thiét bi 10 hoi
dién de cung cap bé sung nhiét tir phong dién. Tai EH4, mot tram nhiét mat troi duoc sir dung dé
cung cap mot phan tai nhiét. M@ hinh nay sir dung cac thiét bi luu trit nhiét dé nang luong van c6
thé sir dung trong mot khoang thoi gian sau khi mat troi lan.

Hé thong dién phan phéi gdm 6 node tai va 7 xuét tuyén; hé théng sudi nhiét trung tam c6 5
node tai. Ngudn cip nhiét tai vi tri h1B. M6 hinh nay c6 9 duong éng dan nudc vao, 4 trong s6 do
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dan nhiét tryc tiép dén tai. Cac dudng ong hoi luu duoc két ndi véi EH1 tai dau ra cua nd. Mang
khi tu nhién bao gom tram nguon khi ty nhién (EHS) va c6 3 node, trong do gitra node 1 va 3 st
dung may nén khi tang ap va 2 h¢ thong ong dan tryc tiep cho tai.

Bitn gio

: . Thig bi chuyén Thiét bi tich Thigt bi tich
Bin |¢’) Lo nhidt dbi nhidt o b o it

= Kniddt

i Nhigt dgn st L E ) .
= = = = Nhit sudi hop Noi hoi Tram bién dp Ny hei mrde

Hinh 3. Cdu tric hé thong nang lhrong

Tir EH2 dén EH6 1 cac trung tam tiéu thu nang luong (truc tiép boi hé théng truyén dan
tuong ng hoic thdng qua céc thiét bi chuyén ddi). EH2 khdng c6 thiét bi chuyén d6i ma sir dung
ning luong truc tiép; EH3 sir dung turbin khi va ndi hoi két hop khi tu nhién lay tir node 2; EH4
khai thac thdng qua cac tram CPS; céc turbin khi va thiét bi luwu trit khi dugc trang bi tai EHS.

Cau trdc va nguyén ly hoat dong cua cac EH 1a twong tw nhau, trong gioi han trinh bay cia bai bo,
EH 5 dugc md ta toan hoc thdng qua hiéu suét cua céc thiét bj chuyén doi khi - dién, khi thanh nhiét,
may bién ap, thiét bi ddng phét va b¢ trao doi nhiét lan luot 13 7,, 7, 7, 7, nhu sau:

_Uge Pe
L Te 0 1y ||
{ e :| — nee ge 9 g (9)
Lh 0 ngh /] ge Ph
779 E g

3.2. Ham muc tiéu

Bai toan van hanh t6i vu EN véi ham muc tiéu duoc dé xuat 1a tong chi phi ning lwong (chi
phi mua dién va khi tu nhién tir hé thong va tong chi phi phat thai trong thoi gian 1 ngay (24 gio)
14 nho nhat:

N
Min EPC=)" > (a,P,(t)+b,P(t))+C, +C, (10)
t=1 a=c,g,b

Trong d6: Cqe, Cy lan luot 1a chi phi phat thai va chi phi cit giam nang lugng gi6 (tiic 1a phan
nang luwong gi6 ma trang trai gio co6 kha nang tao ra nhung phai bi logi bé do han che ky thuat,
rang bugc ve ludi dién va cac ly do khac), ching dugc xac dinh qua cac biéu thirc sau day:
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Cge = (oli z Ca Pa (t) (ll)

t=1 a=c,g,b

C.= %ZZ:(FW(I) -F, (t)] (12)

t=t
3, b, Cilacachesd; @, P 1acac hé sb phat gay 6 nhidm.
3.3. Cac rang bugc
3.3.1. Giéi han cong sudt truyén dan
Céc han ché caa hé théng bao gom cac gioi han vé cong suat tac dung, cong suit phan khéng

va dién ap nut trong ludi dién; &p suit va ty sé nén trong mang khi ty nhién, nhiét d6 gigi han cua
mang ludi nhiét nhu sau:

Pe" < Pu < PR

p, V™ < pV, < p,V,™

P,QZ™ <P,QE, <P,Q2™

TMn < T, < T (13)

n, |n|— n,

3.3.2. Gidi hgn ky thugt cua cac EH

Rang bugc cua can bang ning lwong d6i véi EH duoc gioi thigu trong phan 2 boi cong thirc
toan hoc (9). Cac rang bugc khac bao gom:

L, =R ;(O)+ Z PI;,(:n ® (14)
LHi(t): R '(t_t )+zpﬁn(t) (15)
Pc?n'"n < Ponn < Pann (16)

Trong do, L, (t) va L, (t)la nhu ciu dién va nhu cau nhiét cia trung tim ning luong thi i tai
thoi diém t. Ky hiéu con 1a nang luong duoc tao ra boi thiét bi chuyén doi twong tng trong trung
tam nang luong; net 1a ky hiéu nang lugng dau vao cta mang ludi twong ung. Ngoai ra, biéu thuc
toan (16) de cap dén thoi gian trén cua qua trinh truyén nhiét t_; nghia 1a nhiét nang dua vao
trung tAm ning lugng cia mang nhiét tai thoi diem (t—t ).

4. Két qua tinh toan
4.1. Diz ligu tinh

mEH2 mEH3 mEH4 mEH5 mEH6

0.6
0.5
04
0.3
0.2
0.1
0
0 4 8 12 16 20 24

Thoi gian (gio)

BEH2 mEH3 mEH4 mEHS mEH6

Nhu céu dién ning (p.u)
Nhu ciu nhiét nang (p.u)
o
»

0 4 8 12 16 20 24

Thoi gian (gio)

Hinh 4. Nhu cdu tiéu thu ning lwong mét ngay dién hinh
Céc thong s6 cho EN theo ciu tric cia Hinh 3 dwgc biéu thi dudi dang don vi tuong doi (gia
tri don vi tiéu chuan (per unit - pu) nhu sau: Cong suét biéu kién trén mdi don vi tiéu chuan cua
hé théng dién phan ph01 1a 100 MVA; bién ap cho phép la [0,9-1,1]; Hé thong khi dét tu nhién
c6 gia tri co ban trén mdi don vi 12 100 MW, &p suat moi node nam trong gidi han [0,9-1,1]. Gia
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tri co ban ctia cong suit nhiét 1a 100MW, nhiét d6 co ban la 100°C va db tré cua hé thong duong
dng suoi 4am duoc thiét 1ap 1a 1 gio. Thoi gian nghién ciu cua hé thong 1a 24 gio, do han ché vé
khong gian trinh by nén cac biéu do phu tai duoc biéu thi & cac mbc 4 gio/ngay.
Hiéu suat chuyén doi cua cac thiét bi trong hé théng duoc trinh bay trong Bang 1, cac thong
s6 cuia mang ludi dién, khi ty nhién va nhiét duoc giai thiéu trong Bang 2 24}.
Bang 1. Thong so cua EH

Tge (EHD) ngn (EH1) ngh (EH3) Tge (EH3.5) ngh (EH3,5)) ngh (EH4))
0,3 0,7 0,85 0,35 0,02 0,8
ch dis h di
n (EH4) n (EH4) ngn (EH 4) n; (EH4) ng's (EH4) Mo
0,9 0,9 0,9 0,9 0,9 1
Béng 2. Thong sé cua hé thong dién, gas va nhiét
Mang luéi dién Mang khi tw nhién Mang lwéi nhiét
Line Re Xe Be Line K GVH Line e m
1-2 0,01 0,03 0,03 1-2 7 1-2 50
1-4 0,03 0,06 0,03 1-3 9 2-3 16
2-3 0,03 0,04 0,06 2-5 19
2-5 0,02 0,05 0,07 3-6 4
3-6 0,05 0,04 0,04 5-6
4-5 0,04 0,06 0,05
5-6 0,01 0,02 0,01

Hinh 5 cho thay cong suét du doan clia nha may dién gi6 & EH6. Thang qua viéc chuyén doi
sang dién nang va nhiét nang, nang lugng gid cat duoc s dung dé tao ra nhiét dé ho tro tai nhiét
nham sir dung hiéu qua nang luong trong nha may dién gi6. Hé sb ¢ =02, ¢,=0,3.

Céng suat ctia nha may dién gié( p.u)

0.7

0.6

il

-~ A_4 A 2 _A_ R _h R A LA A A S . - . W8

0 4 8 16 20 24

o

o
-

o

o
()

o

Thoi gian (g}g)
Hinh 5. Cong sudt nha may dién gié
Bang 3. Cac tham s¢ ciza ham muc tiéu

Loai hinh ning luwgng a b c
Than 25 0,25 4
Khi ty nhién 20 0,2 2,3
Ning lugng sinh khi 12 0,15 18

4.2. Két qud tinh toan

Ngon ngir lap trinh GAMS (MINOS) [19] duoc sir dung dé tinh toan téi uu hoa EN véi ham
muc tiéu kinh t& (3) va cé4c rang budc vé mat ki thuat tir (1) dén (16). Két qua tinh ton van hanh
t8i wu voi 02 kich ban khac nhau cu thé nhu sau:

A. Kich ban van hanh 1 (Case 1): Ché do van hanh truyén thong st dung hé théng nhiét va
ning luong dién. Két qua tinh toan tong ning lwong tiéu thu cua than, khi tu nhién va ning luong
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sinh khéi thé hién & Bang 4. Két qua str dung cong suit tir nha may dién gi6 thé hién ¢ Hinh 6a
c6 thé thiy rang, dién gi6 chii yéu duoc cit giam ¢ khoang thoi gian gio thir 1-4 va 20-24, khi ma
san luong dién gi6 16n va nhu cau tai dién thap.

Bang 4. Két qua ndng liong tidu thy cia céc kich ban van hanh 1,2

Loai hinh ning lwgng 1-4 5-8 9-12 13-16 17-20 21-24

Casel 6.230 5.453 6.883 6.705 8.119 7.245

Than Case 2 5.752 5.136 5.652 6.897 7.758 5.864
Khi tu nhién Casel 2.776 1.694 1.365 2.640 3.230 1.860
; Case 2 2.990 1.428 1.312 1.853 1.917 1.782
Niing lugng sinh Kkhéi Casel 0.744 0.360 0.253 0.219 0.353 0.435
j Case 2 0.270 0.285 0.196 0.235 0.347 0.440
Céng suat ctia nha may dién gioé( p.u) Céng suat ctia nha may dién gié( p.u)

06 06
05

‘- R

Tl\m gian (gm) lhm gian (_w)

a. Case 1 b. Case 2
Hinh 6. Cong sudt nha mdy dién gié cua hai kich ban van hanh
B. Kich ban van hanh 2 (case 2): Van hanh hé théng ning lwong két hop. Két qua tinh toan
cho thay, khi hé théng EN duoc van hanh véi thong sé toi wu hon, céng suit cia nha may dién
gié duoc sir dung hiéu qua hon (Hinh 6b); n6 cho thay viéc van hanh hé thong EN véi su két hop
cuia cac dang nang lugng khac nhau dat dwoc hiéu qua tdi wu vé tiéu thy nang luong, giam phat
thai nha kinh va nang cao hiéu suat khai thac ning luong tai tao.

5. Két luan
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=
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o o

o
o

.~ R R R R R R R R R R R R R R

(1)Trén co s& mo hinh trung tdm ning lugng, bai bao nay di dé& xuat tich hop cac hé thong
ning lwong khac nhau (hé thong dién va mang khi ty nhién véi viéc tich hop ning lwong gié va
hé thong luu trit nang lwong) va tién hanh van hanh téi wu mo hinh dé xuat voi ham muc tiéu cuc
tiéu chi phi sir dung ning luong ¢ xét dén yéu té phat thai va chi phi cit giam nang luong gid.

(2) Bai bao d phan tich muc tiéu thu nang lwong cua toan hé théng va luong phat thai thong
qua 02 kich ban van hanh dé danh gi4 tic dong cua cac ngudn ning lugng phan tan, thiét bi ning
lwong luu trit dén hiéu suat caa EN. So vé6i van hanh md hinh ning luong truyén théng, mé hinh
dé xuét c6 lgi ich tong thé cao hon va cung cap co so ly thuyét dé tdi wu hoa hoat dong cia hé
thdng tich hop nhiéu dang nang luong khac nhau.

(3) Két qua tinh toan cho thay, ciu tric EH trong mang luéi nang luong c6 dnh hudéng dang ké
dén hiéu qua véan hanh. Do do, can tiép tuc nghién ctru su hon vé chién lugc van hanh t6i wu cho
tirng EH va ti wu hoa ciu tric EH trong toan bo mang ludi nang luong.

TAI LIEU THAM KHAO/ REFERENCES

[1] M. Geidl, G. Koeppel, and P. Favre-Perrod, “Energy EHSs for the future. Power Energy Magaz,” IEEE,
vol. 5, no. 1, pp. 24-30, 2007.

[2] T. Krause, G. Andersson, and K. Fro Hlich, “Multiple- Energy Carriers: Modeling of Production,
Delivery, and Consumption,” Proc IEEE, vol. 99, no. 1, pp. 15-27, 2011.

[3] X. Xu, H. Jia, and D. Wang, “Hierarchical energy management system for multi-source multi-product
microgrids,” Renew Energy, vol. 78, pp. 621-630, 2015.

http://jst.tnu.edu.vn 92 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 226(11): 85-93

[4] Y. B. Zha, T. Zhang, and Z. Huang, “Analysis of energy internet key technologies,” Sci. China, vol. 44,
no. 6, pp. 702, 2014.

[5] A.Ehsan, Q.Yang, “Robust distribution system planning considering the uncertainties of renewable
distributed generation and electricity demand”, in 2017 IEEE Conference on Energy Internet and
Energy System Integration (EI2), 26-28 Nov. 2017, China, pp. 1-6. doi: 10.1109/E12.2017.8245622.

[6] Y. Ma, X. Wang, and X. Zhou, “An overview of energy internet,” Proceeding of IEEE 2016 Chinese
Control and Decision Conference (CCDC), Yinchuan, China, 28-30 May 2016, pp. 6212-6215.

[7] T. Ha, Y. Zhang, and V. V. Thang, “Energy EH modeling to minimize residential energy costs
considering solar energy and BESS,” J. Mod Power Syst Clean Energy, vol. 5, no. 3, pp. 389-399,
2017.

[8] T. T. Ha, Y. J. Zhang, and J. B. Hao, “Optimal Operation of Energy EH with Different Structures for
Minimal Energy Usage Cost,” Proceedings of the 2017 IEEE International Conference on Power and
Renewable Energy, Chengdu, China, 2017, pp. 31-36.

[9] M. Geidl and G. Andersson, “A modeling and optimization approach for multiple energy carrier power
flow,” Power Tech IEEE, St. Petersburg, Russia, 27-30 June 2005, pp. 1-7.

[10] M. Geidl, Integrated Modeling and Optimization of Multi-Carrier Energy Systems, Zurich,
Switzerland, 2007.

[11] M. Arnold, R. Negenborn, and G. Andersson, “Distributed Predictive Control for Energy EH
Coordination in Coupled Electricity and Gas Networks,” Int Syst Cont Auto Sci Engin, vol. 42, pp.
235-273, 2010.

[12] B. Lu and M. Shahidehpour, “Short-term Scheduling of battery in a grid-connected PV/Battery
system,” IEEE Trans Power Syst., vol. 20, no. 2, pp. 1053-1061, 2005.

[13] M. Rastegar, M. Fotuhi-Firuzabad, and M. Lehtonen, “Home load management in a residential energy
EH,” Elect Power syst res, vol. 119, pp. 322-328, 2015.

[14] X. W. Shen, Y. D. Han, and S. Z. Zhu, “Comprehensive power-supply planning for active distribution
system considering cooling, heating and power load balance,” J. Mod Power Syst Clean Energy, vol. 3,
no. 4, pp. 485-493, 2015.

[15] M. X. Liu, Y. G. Shi, and F. Fang, “Combined cooling, heating and power systems,” Renew and
Sustain Energy Rev., vol. 35, pp. 1-22, 2014.

[16] M. Mohammadi, Y. Noorollahi, B. Mohammadiivatloo, “Energy EH: From a model to a concept — A
review,” Renewable & Sustainable Energy Reviews, vol. 80, pp. 1512-1527, 2017.

[17] S. Pazouki, M. R. Haghifam, and A. Moser, “Uncertainty modeling in optimal operation of energy EH
in presence of wind, storage and demand response,” Int J Electr Power Energy Syst., vol. 61, pp. 335-
345, 2014.

[18] C.R. Martinez-Mares, Fuerte-Esquivel, “A unified gas and power flow analysis in natural gas and
electricity coupled networks”, IEEE Trans. Power Syst., vol. 27(4), pp. 2156—-2166, 2012.

[19] L. Saarinen, “Modelling and control of a district heating system,” M.Sc. thesis, Department of
Information Technology, Uppsala University, Mar. 2008.

[20] A. Brooke, D. Kendrick, and A. Meeraus, GAMS. A User’s Guide. AMS Development Corp:
Washington, US, 2003.

http://jst.tnu.edu.vn 93 Email: jst@tnu.edu.vn



