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MO HINH ENERGY HUB - UNG DUNG KHAI THAC TOI UU NANG LUQNG
TAI KHANH HOA VA CAC TINH DUYEN HAI NAM TRUNG BOQ

Ha Thanh Tung, Pham Thi Hong Anh?
YTruong Dai hoc Ky thugt Cong nghiép — BH Thdi Nguyén,
2Truong Pai hoc Cong nghé thdng tin & Truyén thong — BH Thai Nguyén

TOM TAT

Bai bao nay dé xuat va tinh toan van hanh téi uu mé hinh trung tim nang luong Energy hub (EH)
&p dung cho nhém phu tai khu vuc Khanh Hoa va cac tinh viing duyén hai Nam Trung bé nham
khai thac téi uu loi thé vé ngudn ning luong tai tao, tiét kiém chi phi va nang cao chét lugng dich
vu cia nganh du lich dia phuong, phuc vu phét trién kinh té bién. Bai toan toi wu hoa chi phi sir
dung nang luong thiét lap dua trén co s¢ nhu cau phuy tai theo ngay va biéu gia niang lugng dién
linh hoat. M6 hinh dé xuat c6 xét dén su tham gia cia ngudn dién gio, nang lwong mat troi, khi ty
nhién va hé thong thiét bi tich trir nang luong dién BESS. Ngon ngir 1ap trinh bac cao GAMS dugc
sir dung dé giai bai todn cyc tiéu chi ph| su dung nang lugng trong ngay thong qua cac kich ban
van hanh khac nhau ciia moé hinh EH dé xuat. So sanh vai hinh thiic cung cap niang luong dién
truyén thong, két qua tinh toan cho thidy mé hinh EH ting hiéu qua khai thac va sir dung t6i uu
ning luong hon so véi chi sir dung duy nhat mot dang nang luong dién.

Tw khéa: di¢n gié; mat troi; nang lwong; BESS, GAMS.
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ABSTRACT

This paper proposes and calculates the optimal operation of the energy hub (EH) model for the
sub-load group in Khanh Hoa area and the provinces in the South Central Coast region, in order to
maximize the advantages on renewable energy sources, save costs and improve the service quality
of the local tourism industry, and serve the development of the marine economy. The problem of
optimizing the cost of energy use is based on daily load demand and flexible electricity tariff. The
proposed model considers the involvement of wind power, solar energy, natural gas and BESS
energy storage system. High-level programming language GAMS is used to solve the
minimization problem of energy cost in a day through different operating scenarios of the
proposed EH model. Compared with the traditional form of electric power supply, the calculation
results show that the EH model increases the efficiency of exploitation and optimal utilization of
energy compared to using only one form of electrical energy.

Keywords: wind energy; solar; energy; BESS; GAMS

Received: 28/10/2020; Revised: 28/11/2020; Published: 30/11/2020

* Corresponding author. Email: tunganh@tnut.edu.vn

80 http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/

Ha Thanh Tung va btg

Tap chi KHOA HOC & CONG NGHE PHTN

225(14): 80 - 87

1. Giéi thigu

Str dung téi wu nang luong la mét trong
nhitng giai phap duoc quan tdm hang dau hién
nay trudc sy bat on vé can bang niang lugng
va c4c van dé nghiém trong vé tai nguyén moi
truong sinh thai. Gan day, mo hinh mang ludi
ning luong (Energy internet) sir dung dong
thoi nhiéu dang nang luong khac nhau da cho
thay mot budc tién mai trong cong nghé khai
thac va str dung hiéu qua nang luong [1].
Trong s cac nghién ctu vé hé théng mang
lu6i nang luong [2]-[5], dang chd y nhat phai
ké dén khai niém vé mo hinh trung tim ning
luong (Energy hub -EH) cua Vién Céng nghé
lién bang Thuy Si Andersson vdi md hinh
nhiéu dang ning luong khac nhau duoc tién
hanh két néi thdng qua khau chuyén hoa, diéu
tiét, luu trir [6]. Hién nay, EH duoc coi nhu
mot nén tang co ban maéi dé xay dung nén hé
thong nang luong. M6 hinh ndy di c6 nhiéu
nghién ctu d& cap dén nhu: [6] tién hanh
phan tich md hinh hé théng niang luong dwa
trén khai niém EH; [7] thiét lap phuong trinh
trang thai cua khi ty nhién va hé thong dién
hon hop; [8] xem xét dwa trén mo hinh EH
cua thiét bi tich trir dién ning dua ra phuong
phap téi wu phan doan theo dong thoi gian va
xac dinh dwoc cau tric téi wu cua EH.

Ngay nay, truéc toc do phét trién khong
nging cua xa hoi, nhu cdu s dung ning
lugng theo d6 ciing khdng nging gia ting va
ngay tré nén da dang. Nhitng md hinh cung
cip nang luong truyén thdng trudc day da
khong con phd hop. Mé hinh hé théng ning
luong do mét dang nang luong duy nhat 1a
dién nidng mac du ¢ nhitng wu diém noi troi
trong viéc truyeén tai, tich tri... nhung ciing c6
nhitng mat han ché khdng nho nhu cac thiét bi
nhiét dwoc chuyén héa tir dién niang phéan phdi
nhé 1é khong tap trung dan dén van dé quan ly
nhu cau phu tai tr& nén phic tap. Thém vao
d6, phu tai da phan dwoc thiét ké theo cau tric
hé thong; dién hinh nhu td hop hé théng dién,
khi tu nhién va diéu hoa khong khi cua cac
trung tdm thuong mai, tda nha cao tang gidp

thuan lgi hon cho qua trinh quan ly, phéan
phdi ning lwong. Nhiéu mé hinh da duoc gidi
thiéu nham phi hop hon véi didu kién sir
dung méi. Nhitng mé hinh d3 dwoc dé& xuit
trude diy co su hd trg qua lai giita dién ning
va nhiét ning dan dén ting kha ning linh hoat
va do tin cay caa md hinh [9], [10].

Tai Viét Nam, Energy hub va Energy internet
van la nhiing khai niém con kha méi mé, chua
c6 mot du an thuc té nao duoc trién khai ma
méi chi ding lai & cac nghién ciu vé mit hoc
thuat [11]-[13]. Khu vuc Khénh Hoa va céac
tinh vaing duyén hai Nam Trung bd ¢ ngudn
tai nguyén 16n nhat 1a du lich va kinh té bién,
vi tri dia ly thuan loi, co s ha tang dap ung
nhu ciu cia cac nha dau tu; chinh vi thé, nhu
cau sir dung nang lugng theo thoi gian ciing
¢6 nhimg budc ting dot bién va da dang. Hon
nira, véi vi tri dia ly dac thu caa minh, khu
vuc nay ciing ¢ tiém ning 16n dé khai thac
cac dang nang lugng mai va tai tao nhu nang
lugng mat troi va gié (Hinh 1).
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Hinh 1. Ban do dia ly tinh Khanh Hoa
Vi vay, bai bdo nay s& tién hanh phan tich,
dua ra mo hinh EH ap dung vao thyc tién, dap
mg dong thoi nhu cau sir dung dién, nhiét va
lanh; dong thoi giai quyét bai toan van hanh
t6i wu dya trén co s& 4p dung biéu gia ning
lwong hién nay d6i vé6i khu vuc phu tai sinh
hoat phuc vu cho du lich. M6 hinh toan dugc
xay dung v6i ham muc tiéu téng chi phi ning
luvong 13 nho nhét; cac rang budc bao gom:
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gioi han cong suat thiét bi, cn bang ning
luong, biéu gia nang luong. Két qua tinh toan
la co so dir liéu dang tin cay trong viéc van
hanh t6i uu hé théng nang luong; tir 4o, tiét
kiém chi phi cho ngudi st dung, déng thoi
gop phan nang cao d6 tin cay va hiéu suat
quan ly nhu cau st dung nho cit giam dinh
cua d6 thi phu tai dién.

2. M6 hinh Energy hub

2.1. M6 td

Khéi niém va cau tric cia EH da duoc tong
hop & nghién ctu [14]; theo d6, EH sir dung
bo dinh tuyén nang luong lam trung tim diéu
khién, chuyén d6i tdi uru ning lugng voi nang
luong dau ra la dién, nhiét, lanh vv. Muc tiéu
cta md hinh nhiam chuyén di 1an nhau gitra
cac ngudn ning luong khac nhau dé c6 thé tan
dung t6i da ning luong hiéu qua, hop ly va
than thién véi moi truong, dap tng nhu cau
da dang cua nguoi sir dung. Do d6, mét cach
tong quat, EH dugc xem nhu mét nit trong
mang ludi nang luong véi nhiéu dau vao va
dau ra.

Hinh 2. M6 hinh trung tdm nang luong (Energy hub)
Céac trung tdm nang lwong dugc mo ta nhu
Hinh 2. Trong do, «, B, ...« dai dién cho mot
dang nang lugng. P, L ky hiéu nang luong dau
Vao, ra cua cac dang nang lugng tuong ung.
M6 hinh EH duwoc st dung véi n thiét bi

chuyén déi twong wng voi hiéu suit m, rp...
dén .

2.2. M6 hinh EH dé xudt

Nhu di gioi thieu ¢ phan m¢ dau, dé thuan
tién hon cho viéc quan ly nang lugng, thanh

phan phu tai hién nay dugc phan tach kha ro.
M6 hinh sir dung ning luong truyén théng
truée day chu yéu thdng qua hé thong ludi
dién phan phdi; trong d6, nhiét ning duoc
cung cap bai cac thiét bi chuyén hoa tir ning
lugng dién mot cach nho 1€ khong tap trung
dan dén van @& quan Iy nhu cau phu tai tro
nén phac tap. Pugc nang cap & mac do cao
hon, phu tai nhiét khu vuc dan cu dugc cung
cap riéng tir mang ludi khi ty nhién nhu &
Hinh 3.

— Tai dién
Dién ning

Air-Conditioner > Tai lanh

Input Output LC
Khi ty nhién Tee
it N——-
P L

9

Hinh 3. Mgt md hinh cung cap ndng hrong
truyen thong
Qua trinh chuyén hoéa niang luong tir dién
nang P, (t) va khi ty nhién B, (t) tai thoi

diém t d4p ung nhu cau sir dung dién ning,
nhiét nang, va nhiét lanh cua phuy tai lan luot
la: L, (t), L, (t), vaL,(t)théng qua méy bién
ap (Transformer), méy lanh trung tdm AC
(Air-Conditioner) va noi hoi GB (Gas boiler)
dugc m6 ta nhu sau:

PO=LOm+L 17,

P (t) =L, (t)/ 7gg @

Trong do, 7.c , 77, + 71 lan luot 12 hiéu suat
lam viéc cua cac thiét bi AC, GB, va may
bién &p. M6 hinh dugc giéi thiéu néu trén
mac dU phan tach riéng biét hé théng cung
cip dién, nhiét, va lanh cho phu tai tuy nhién
lai chua c6 su lién két, trao d6i giira dién ning
va khi tu nhién, din dén d6 tin cay va kha
nang linh hoat twong d6i thip. Do do6, dé khic
phuc nhuoce diém nay, dong thoi c6 thé khai
thac triét dé cac tng dung ning lugng tai tao
va hé thdng tich trir niang lugng dién, nhom
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nghién ciru dé xuat sir dung mé hinh EH c6
céu trac duoc gioi thiéu nhu Hinh 4.

Hinh 4. M6 hinh EH dé xudt
Mo hinh d& xuat dam bao muc tiéu dap wng
nhu cau (dién, nhiét, lanh) da dang cua phu tai
khu du lich véi nang luong dau vao bao gom
dién ning E. va khi tu nhién E;. M6t phan
nang luong dién duoc cung cap bd sung thong
qua PV va WP. BESS dong vai tro luu trir va
phat dién tly theo ché d6 van hanh cua md
hinh. Ning luong dau ra cia mé hinh EH bao
gom dién, nhiét va lanh. Trong d6: ning
luong dién Le dugc cung cip chu yéu théng
qua mang ludi dién, turbin khi MT (Micro
turbine) va PV. Luogng nhiét lanh L. duoc
cung cap boi mot phan may lanh trung tam
AC va thiét bi nhiét lanh ACh; nhiét ning Ly
dugc cung cip tr MT, GB va mét phan tur
SHE. Nhu vy, c6 thé thiy théng qua mé hinh
nay, nhu cau st dung ning lugng dién nhiét,
lanh ¢ su chuyén d6i qua cac thiét bi kha
linh hoat, dong thoi ¢ thé khai thac triét dé
cac ung dung tir ngudn nang lugng mit troi.
3. M6 hinh toan
3.1. Ham muc tiéu
Van hanh t6i wu héa hé théng niang lugng la
hinh thirc phan phdi téi wu cac dang ning
lwong nham dap tng cac muc tiéu van hanh

MT
Vit Tgn

L. (1) = E, ()vac (77 {Eg (t){

b. Rang bugc can bang ndng lwong ciia BESS

L. () = E,©) (1= Vac () 75 + E, (O (O
Ly (©) =] Ey @ (var i +(L-Vaur) 6 ) +5™ (1) ] (- Vacn ) @)

+(1-vyr ) 776

nhu: chi phi van hf'élnh nhé nhét, luong phat
thai Carbon nhé nhat hoic la toi da hf’)a loi ich
cua cdc dang nang 1uqng maoi. bong thoi,
thoa mén cac rang buéq veé mat ky thuat gﬁa
hé thong nhu: cong suat gic’yi qhan, can bang
nang lugng, gidi han chuyén doi...vv
M6 hinh i wu co ban dugc the hién dudi
biéu thac (2):

min f (P)

st.L=CP )

P<P<P
Trong d6, md hinh bao gébm cé4c dang ning
lugng khac nhau s& c6 su phan phdi khéc
nhau. L = CP 1a diéu kién van hanh cta ban
than EH (can bang niang lugng vao ra), phan
anh mdi quan hé tong hop gitra cac dang ning
lugng trong qué trinh chuyén ddi, biéu dién
cac didu kién rang budc vé hé thong va thiét
bi van hanh... Muc tiéu cta bai toan van hanh
t6i wu chinh 1a giam thiéu téi da chi phi thanh
toan sir dung niang lugng cua hé théng. Do
vy, néu goi C,(t), c,(t) lan luot la gia 1

kWh ning luong dién va gas tai thoi diém t
[USD/kWh], ta s& c6 ham muc tiéu chi phi
nhu sau:

Min EPC= i[Ee (e () +E,0c,®] @)

3.2. Cac rang bugc

3.2.1. Can bang nang hrong

a. Rang bugc can bang ndng lwong ciia md
hinh EH:

T+ EgiEsss ®- EéhEss (1) +Ep, (1) + Eyp (1)

J +L§1HE (t):| Vach 77r¢Ch
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H, Hy .
ZUBESS Eg&ss ®= Z Eg:zsss ®)
t=1 t=1

H +H,=24

®)

3.2.2. Thoi gian phéng, nap cua BESS
Ot WEM (t) >0 55 (t) =1
Sgess () Eagss (1) > 0 & 855 (1) =1
Sgess () + Sagss (1) =1
Saess ()% gass (t) =0
3.2.3. Gigi hgn cong sudt

O<E.(), E. () <E™ (7

0 < Egees (1), Eges () < Egegs (Max)  (8)
3.2.4. Gidi han chuyén doi

0<vac (), vr (0, vaen () <1 9

3.2.5. Biéu gid nang hrong

(6)

Biéu gia dién cho khu vuc dan cu duoc Xac
dinh theo biéu gia TOU [15]. TOU gi4 la hinh
thiec don gian nhat cua gia nang dong. Muc
tiéu chinh ciia chuong trinh dinh gia la dé
khuyén khich viéc giam tiéu thu nang luong
trong gio cao diém.

Mirc gia dién khéc nhau theo 3 cap d6 nhu sau:

max

C. (On-peak)
c (t) normal (Mid-peak) (10)
c;“'“ (Off-peak)

Biéu gia ning lugng déng vai trd quan trong
trong ham muc tiéu (3). Van dé t6i vu hoa
dugc xem xét trén gia khi tu nhién (Nartural
gas) va gia dién. Trong do6, gia khi dét tu
nhién ddi v6i khu vuc dan cu 1a khong d6i va
dugc xac dinh theo [16]:

c, (t) = const [$/kWh] (11)
Vay, yéu cau cua hé thdng la giai bai toan tdi
uu dé tim tap nghiém
X={Eq(1),
Ee(), Vacn(t)

vac(t),vmr(t), Eg:zsss ®

ES.. (t) } thoa man ham muc tidu (3) véi cac
rang buéc (4-10).

4. Tinh toan ap dung

Dé lam rd tinh wu viét cua mo hinh, bai bao
tién hanh tinh toan nhu cau ning luong dau
vao mua tir hé théng va chi phi ning
lugng/ngay gitra hai mé hinh duoc gidi thiéu
& Hinh 4 va Hinh 3 véi cung dir ligu tinh toén
nhu sau:

4.1. D ligu tinh toan

Dir ligu tinh toan gém nhu cau sir dung ning
lwong (Hinh 5); biéu gia nang lugng (Hinh 6);
cong suat phat ciia PV, SHE va WP (Hinh 7).

mBién W Nhigt

B
=
120
¢}
;“1.5
1.0
|I 1

9 1 13 15 17 19 1 23

Théi gian (gid)
Hinh 5. Nhu cau tiéu thu nang heong dién, nhiét,
lanh trong ngay cua phu tdi

9 1 13 15 17 19 21 23

16
Dign  mKhi d&t

Hinh 6. Biéu gid nang lwong dién va khi ti nhién

06

o
S

ang luong 10S
e
2 8

o N B o ®

Thoi gian (giv)

——SHE ——PV PW
05 ~—

z
= 04 Vs \
5 03 e
F / TN \
£ o2 / \
z | // \\ \
- !/ ™
01 / 7
ol / N

Hinh 7. Cong sudt phét ciia PV, SHE va WP
- mét ngay dién hinh
Thong s6 thiét bi va gigi han cong suat hé
thdng dugc trinh bay lan lugt trén Bang 1 va
Bang 2.
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Bang 1. Hidu sudt thiét bj

775AC ﬂg’\:T Mee n' ﬂgh:]” U?Ch
0.85 0.4 0.88 0.95 0.5 0.9
Bang 2. COng suat gidi han cua hé thang
= (Mw) 5 (Mw)
5 3

4.2. Két qud tinh toan
Mo hinh dé xuat duoc lap chuong trinh tinh

toan bang ngén ngit 1ap trinh GAMS, sir dung
solver MINOS. GAMS la ngbn ngtr lap trinh
cho phép lap céc bai toan téi wu voi nhitng
mo hinh 16n va phuac tap [17]. M6 hinh dugc
trinh bay ngan gon va don gian, cho phép sir
dung nhiing lién hé dai s6 doc lap véi giai

thuat tinh toan.
:: |I |I || || || || |I ’||||I |‘| ‘I ‘I ||||‘I L ‘| ‘l ‘| Hl |I

mDign W Khi ddt
s

EX

o- MW

25

20

Nang lrong diu v

o

40
709 11 13 15 17 18 1 23

Thai gian (gid)
Hinh 8. Nhu cdu ndng lwong tir h¢ thong
theo m6 hinh truyen thong

mDign = khiddt
o I il

13 s 7 % 1 13 15 17 13 21 23

0- MW

g lwong diu v

N
e

This gian (gid)

Hinh 9. Nhu Céu nang luwong dién va |§hi tyr nhién
ter hé thong theo mé hinh EH dé xuat

0.4 :+Case3
0.3 —+—Case4

Charging/discharging ( MW)

0 5 10 15 20 25
Time (hour)

Hinh 10. Thoi gian phéng nap cua BESS
Nang lugng dau vao duge xac dinh theo cong
thire (3) cho két qua nhu Hinh 8. Két qua tinh
toan ning luong dau vao cua mé hinh EH dé

xuat duoc thé hién ¢ Hinh 9. Bic tinh phong
nap cua hé thong BESS nhu Hinh 10.
Tir két qua tinh toén, ta c6 nhan xét nhu sau:
Hiéu qua chuyén d6i ning lugng: Vao gio
thap diém, hé théng van cha yéu sir dung
nang luong dién; cac gio binh thuong va cao
diém, luong nhiét ning c6 xu hudng duogc sir
dung nhiéu hon. Cu thé, gid cao diém tir 9h
dén 20h, nhu cau dién ning giam dang ke.
Nhu cau dién ning 16n nhét tir 3.5 MW giam
xuéng con 2.4 MW.
Hiéu qua kinh té: Chi phi nang luong (3) theo
ngay do d6 ciing giam thiéu dang ké tir 6,363
USD theo md hinh cung cdp ning lwong
truyén thong giam xudng con 5,137 USD.
MJi ngay hé thong tiét kiém duoc sb tién la:
A= 6,363 - 5,137 =1,226 (USD)
Két qua tinh toan cho thay moé hinh EH dé
Xuit hoan toan dang tin cdy va phd hop Vi
phu tai khu vuc dan cu, cac khu du lich c6
nhu cau sir dung tai da dang (bao gom dién
nang, nhiét ndng va lam mat).
5. Két luan
Nghién ctu, tinh toan théng qua md hinh EH
cho thdy mé hinh mang luéi nang luong Voi
nhiéu dang nang luong khac nhau c6 nhiéu uu
diém hon so v&i cach thuc cung cip ning
luong truyén thong. Bai bao da thiét lap cdu
trdc mai cho mé hinh EH dap tng phu hop
véi nhu cau dic diém cua phu tai khu vic dan
cu. M6 hinh EH dé xuét khai théac tri¢t dé hai
dang ung dung cua nang luong mat troi thong
qua PV va SHE, ning lugng dién gié, dong
thoi xét dén su tham gia cua hé thong tich trit
dién niang BESS la dbi tuong di dwoc ung
dung rat hiéu qua trong ludi dién phan phdi.
Két qua tinh toan t6i uu cho thiy: vao gio
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thap diém, phu tai chu yéu dwoc cung cip
dién tir ludi dién; vao gio binh thuong va gio
cao diém, nang lugng dién dugc cung Cép mot
phan théng qua thiét bi chuyén hoa tir ning
luong nhiét; do do, gitp cat giam dinh cua
phu tai hé théng va giam chi phi thanh toéan
cho khach hang. Ngoai ra, 9 tin cay cung cp
dién ciing duoc cai thién do ¢ su hd tro qua
lai gitta cadc dang nang lugng. Vi vay, md
hinh nay hoan toan c6 kha nang ap dung phu
hop voi diéu kién thyc té tai Khanh Hoa va
cac tinh thudc khu vuc duyén hai Nam Trung
b6 - noi c6 diéu kién phat trién kinh té du lich
bién va tiém ning khai thac nang luong mit
troi va dién gio lon.

Két qua nghién ciu ciing cho thiy ciu tric
cia md hinh EH c6 anh huong rat lon dén
hidu qua van hanh. Vdy nén, can tiép tuc
nghién ciu xay dung bai toan van hanh tbi vu
md hinh EH véi nhiéu cdu tric khac nhau
nham dua ra nhitng danh gia cu thé vé vai tro
va anh huong cua ting thiét bi trong mé hinh
dén ché a6 van hanh cua hé thong. Ngoai ra
mo hinh EH trong nghién ciru ndy mac du da
khao sat dac tinh phéat ctia PV va gié tri trung
binh cua tai theo gio trong ngay; tuy nhién,
phu tai dién 1a yéu té co gia tri thay ddi lién
tuc theo thoi gian va nhu céu su dung; dac
tinh phatCua cac dang nguon phan tan phu
thugc rat 1on vao ning lugng so cap (toc do
gio, cudng dd phan tan buc xa, yeu t6 mua,
thoi tiét, khi hau, dia 1y...vv) din dén két qua
tinh toan téi vu chua hoan toan chinh xéc. Vi
vay, M6 hinh EH t6i wu hoa chi phi sir dung
nang luong c6 xét dén tinh ngau nhién cua
DG va phu tai can tiép tuc duoc quan tam
nghién ctu.

Loi cam on

Nghién ctu nay thudc noi dung dé tai mang
ma s6 T2020-B16 thuc hién tai Truong Dai
hoc Ky thuat Cong nghiép — Pai hoc Thai
Nguyén, ndm 2020.
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