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Tom tit - Lu6i dién siéu nho (microgrid) dang la xu huéng phat
trién trén thé gi6i cling nhu ¢ Viét Nam trong thoi gian gan day.
Microgrid c6 wu diém 13 c6 kha ning tich hop cic nguon nang
lugng tai tao, than thién véi mdi truong, va dac biét phu hop 6
nhitng khu vuc déo xa, noi ma phuong an cip dién tir dét lién 13
khéng kha thi. Tuy nhién viéc 1ap ké hoach va van hanh ludi dién
microgrid nhim t&i uru héa vé chi phi san xuét déng thoi giam thiéu
phét thai ra moi truong dang la nhiém vu day thach thie. Trong bai
bao nay, phuong phap 1ap lich dwa trén quy hoach toan phuong
nguyén thuc hén hop (MIQP) dugc dé xuat dé khéc phuc cac van
dé lién quan dén tinh bat dinh cua cc ngudn phan tan. Két qua cho
thdy mo hinh t5i uru dé xuét c6 thé giam chi phi van hanh cua luéi
dién xudng con 20% so véi phuong an cép dién hién hanh.

T khéa - Microgrid; Hz; chi phi; nang lugng tai tao; MIQP

1. Pit van dé

MG di c6 mat tir nhidu ndm, dong hanh véi su phat
trién ctia hé thong dién qudc gia. Pac diém chung MG la
céu trdc ludi dién pho bién cho céc khu vuc cd lap, khong
6 két ndi véi ludi dién truyén tai, nhu ludi dién trén cac
dao. Trudc day, phuong &n cip dién chinh cho MG Ia st
dung GENSs. Trong nhiing thap ky gan déy, cac nha may
dién sir dung RES nhu dién gi6, dién mat troi da tao ra
phuong thtc cép dién méi cho MG [1-3]. Khai niém MG
duoc Navigan Research dinh nghia la mot hé thong nang
lwong tich hop bao gdm cé4c ngudn ning luong phan tan,
mot sé phy tai va hé théng do dém. C6 hai ché d6 van hanh
cho MG, d6 la van hanh doc 1ap hodc ndi ludi [4-5]. Trong
d6, ché do van hanh doc 1ap dat ra nhiéu thach thire, do tinh
bat dinh ctia cAc ngudn phan tan. Do tinh chat dic biét nay,
san lugng dién ¢ thoi gian thye khdng khdp so véi du béo.
T d6, viéc van hanh luéi dién tré nén khé khan va cac don
vi diéu do, van hanh hé thong phai sir dung ngudn du phong
dé cung cap dién lién tuc. Ngudn ning luong du phong nay
thuong duge huy dong tir cac té méay phat hodc mua thém
dién tir ludi chinh. Viéc 1am nay gian tiép lam tang chi phi
van hanh ciling nhu gia tang phat thai CO2 ra mdi truong
[6]. Boi vay, viée 1ap ké hoach van hanh MG nhim t6i vu
hoa vé chi phi san xuat dong thoi giam thiéu phat thai tir
c4c nguodn dién tmyen thong da va dang tro thanh mot chu
dé dugc quan tam va nghién ciru [7].

Abstract - Microgrids are a growing trend worldwide as well as
in Vietnam. Microgrids have the advantage of being able to
integrate renewable energy sources, being environmentally
friendly, and especially suitable for remote island areas where
the option of grid connection from the mainland is not feasible.
However, planning and operating a microgrid to optimize
production costs while minimizing emissions is a challenging
task. In this paper, a scheduling method based on Mixed Integer
Quadratic Programming (MIQP) is proposed to overcome
issues related to the uncertainty of distributed energy sources.
The results show that the proposed model can reduce the
operation cost of the microgrid down to 20% of the current
scenario.
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Bai toan 14p lich van hanh dugc phén thanh hai loai la
bai toan phan bd ti wu cdng suat co dién va bai toan lua
chon t6 may véan hanh. Béi su phtrc tap ca vé ham muc tiéu
cling nhu c&c rang budc di kém cia hai bai toan ké trén khi
Xét trén MG, da c6 rat nhiéu nghién ctru dé xuét cac giai phap
khéc nhau trong nhitng nim gan day. Hau hét céc k§ thuat
giai cho bai toén ndy da duoc diéu chinh va phat trién thém
dé phu hop hon khi xay dung mé hinh t6i uu cho MG. Tiéu
biéu nhu phuong phép néi long Lagrange [8], MILP hay cac
giai thuat heuristic nhu BPSO, GA, v.v. Trong [9], Amini da
str dung néi 16ng Lagrage (Lagrane Relaxation) va ngi long
Lagarange tang cuong (Augmented Lagrange Relaxation)
dé giai bai toan ED c6 xét rang budc an toan. Trong [10],
Jingrui va cac cong su da trinh bay mot mé hinh t6i wu lap
lich ngay t6i cho MG dua trén giai thuat tim kiém séng hai
(Harmony Search Algorith - HSA). Trong nghién ctru nay,
nhom tac gia da xet dén céc gioi han vé trao luu cong suat
trong qua trinh t6i wu. Trong [11], Luhao d& xudt mét lich
trinh t6i vu dya trén phuong phap t6i wu héa da muc tiéu
manh mé& (Robust Multi-Objective Optimization) nham
giam thiéu chi phi van hanh ciing nhu lugng khi thai tir cac
nguon dién truyén thong. Trong [12], Rigo-Mariani dé xuat
lap lich ngay t6i véi muc tiéu toi thiéu chi phi dién nang dya
trén du béo vé niang lugng tiéu thu cling nhu san xut.
Phuong phap vung tin cay (Trust-Region) va gidi thuat di
truyén (GA) duoc Rigo lua chon 1am cong cu dé giai bai toan
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t6i wu v6i ham muc tiéu ¢ dang phi tuyén. Trong [13], mot
thuat toan di truyén da muc tidu duoc cai tién dua trén GA
(multi-objective genetic algorithm) dugc Soares va cac cong
su dé xut dé t6i uu hoa viée phan bd phu tai trong khoang
thoi gian 1ap ké hoach trude 36 gio. Trong [14], Bei dé xuét
mot phuong phap quan 1y nang luong dya trén GA dé xac
dinh dung luong tdi wu ciia cac phan tir trong MG va MILP
dé lya chon véan hanh céc t6 may. Trong [15], Wu di phéat
trién mot quy trinh c6 do chinh xéc cao dy trén MILP. Tuong
tu nhu [15], trong [16], Olivares da xay dung hé thong quan
Iy ning lugng (EMS) dua trén MILP dé t6i uu héa cho MG
khi van hanh doc 1ap. Nhin chung, 16i giai cta bai toan UC
phu thudc rat nhidu vao d6 chinh xac vao mé hinh toan duoc
xay dung dé md ta MG. Hau hét céc cong trinh néu trén déu
don gian hoa m6 hinh toan bang cach tuyen tinh va lugc bo
céc rang budc vé thoi gian ctia cac ngudn dién truyén thong
nhu c4c may phéat diesel. Cac MG duoc lua chon lam d6i
tuong nghién ctru thiéu sy da dang do khéng tich hop nhiéu
ngudn ning luong phan tan. Cac phuong phép t6i wu hda dua
ra déu khong dam bao nghiém tdi wu toan cuc. Do vay ma
can tro viée khai théc tbi da loi ich ctia cac MG.

Trong bai bao nay, nhém nghién ciu dé xuat mot mo
hinh t6i wu hda cho MG véi quy md 16n bao gdm cac ngudn
dién gid, mit troi, GEN, BAT va pin nhién liéu hydro. Md
hinh nay c6 dang MIQP, dugc x&y dung cho khoang thoi
gian 1ap ké hoach trudc 24 gio. Muc tiéu chinh cia mé hinh
nay la t6i thiéu chi phi san xuit dién ning cho MG bing
céch 1ap lich van hanh cua tit ca cac ngudn ning luong cé
thé kiém soat. Dir liéu va thdng sb thuc té dugc thu thap tir
MG dang hoat dong & dao Bach Long V§, Hai Phong, Viét
Nam. Hiéu qua ma phuong phap dugc nhom tac gid dua ra
dugc déanh gia dya trén cac thong s6 vé chi phi van hanh
thuc té hién nay cua dao. Pong gop cua bai bao la dua ra
phuong &n cap dién mai cho Bach Long V¥ khi tich hop
thém pin nhién liéu hydro vao luéi hién hanh va cach sur
dung md hinh bai toan MIQP dé xét dén céc rang budc vé
thoi gian 1am viéc/nghi t6i thiéu, chi phi khoi dong/dimg
clia cAc t6 may diesel va cong nghé pin nhién liéu hydro.

2. Hé théng microgrid va ning hrgng hydro
2.1. H¢ thong Microgrid
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MG la mot hé thong dién dugc thiét ké dé cap dién ChO
mdt khu vue nho, bao gdm céc phu tai dién va cac ngudn
dién phan tan (Hinh 1). Hé thong nay co thé hoat dong doc
1ap hodc dwoc két ndi véi lusi dién 16n hon. Mot trong
nhitng dic trung cia MG 1a kha ning tu san xuét ning
luong tur cac nguén tai tao nhu nang lugng mat troi, gio,

thity dién va sinh khdi. MG ciing c6 thé két hop véi ngudn
dién tir Iudi chung dé cip dién cho khach hang véi chét
luong on dinh va lién tuc.
2.2. Nang luwgng hydro

Vén dé bién d6i nang luong ciing nhu can kiét ning
luong do con ngudi gay ra va mbi lién hé chat ché cta nd
v6i nhu cau nang lwong hién tai va twong lai ctia toan cu
dugc cho la thach thirc 16n. Hydro hién nay dugc xem la
mot giai phap ndng luong tiém ning cho thé ky XXI véi
tinh bén vitng gop phan hd tro giai quyét cac van dé vé khi
thai moi truong.

San xudt - Luu tror Van chuyén

Cung cép - Ung dyng

Hinh 2. Téng quan vé cac [g trinh sdn xud"t va su dung hydro ¢
co s¢ san xuat hydro [6n nhat thé gi¢i FH2R
(Nguon anh: Toshiba, Viét hda: PECC2)

Khoéng giéng nhu than d4, khi dot hoac dau mo, hydro
khong phai 12 ngudn ning luong chinh. Thay vao dé, vai
tro ctia nd phan &nh chat ch& hon vai tro cia dién véi tu
cach la chat mang nang lugng thir cap. N6 c6 thé duoc luu
trir dudi dang nhién liéu va dugc sir dung trong van chuyén
va c4c hé thong phét nhiét va dién phan tan s dung pin
nhién liéu, dong co dbt trong hodc tua-bin, véi san phdm
phu duy nhét tai diém sir dung 1a nudce (Hinh 2).

3. Céc phwong &n cép dién cho dao Bach Long V§

Hinh 3 Ludi dién Microgrid Bach Long 7y hién hanh

Mot ludi dién siéu nhoé vira dugc trién khai hdi thang 4
nam 2022 tai Bach Long V¥ (Hinh 3). Trong ludi siéu nho
nay bao gdm cac phan tr chinh sau: mot hé théng PV
500kW, mot hé théng BAT 500kW/2MWh, mot WT 1
MW va hai GEN 1IMW. Bén canh hé théng BAT thi pin
nhién li¢u hydro la cong nghé¢ tich trit ndng lugng dang phat
trién manh trong thoi gian gan day [17 20] Viéc tan dung
Cong suat du thira tir nguon dién glo va mat troi VaO luc
thip diém dé san Xuét hydro gop phan khai thac t6t RES,
nang cao hiéu suat ctia h¢ thong ciing nhu giam lugng phét
thai tir c4c ngudn ning lugng hda thach. Trén co so do,
nghién ciru di dé xuit phuong an cap dién mai cho Bach
Long V¥ nhu trén Hinh 4 va Hinh 5. Trong phuong én 2,
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hé théng pin luu trit nang lugng BAT dugc thay thé bing
pin nhién liéu hydro véi ciing cong suét. Trong phuong an
3, pin nhién li¢u hydro dugc tich hop thém vao hé thong
hién hanh, hé thong BAT vén giit nguyén nhu cii [21].
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Hinh 5 Phuwong an tich hop ca BAT va hydro

4. M6 hinh quy hoach toan phwong nguyén thuc hén
hop (MIQP)
4.1. Chi phi sdn xudt di¢n ning ciia c4c nguon phan tan
Trong quy mé MG dugc dé xpét, chi phi san xuét dién
tir gié va mat troi nho hon rat nhiéu so véi chi phi san xuat
tir cac may phat diesel. Vi vdy, ta coi chi phi san xuat di¢n
cia MG chi bao gom tong chi phi cua to may phat diesel.
Chi phi san xuat dién ctia may phat diesel tha i ¢ thoi diém
t duoc tinh todn dya trén (1):
Ci =Ci +C¢" +v,SUCE +2,SDCy D
Trong thuc té, tong chi phi ¢6 dinh CF, va chi phi bién
doi CY, clia cac to may phat ndy khong phai 1a mot ham tuyén
tinh. N6 dugc str dung rong réi nhét véi dang bac hai nhu sau:
2
Co +Ci' =F (PI[G):aI(PI[G) +bPE+uC  (2)
Luc nay, chi phi san xuit dién ning cia MG thir i tai
thoi diém t duoc viét lai thanh:
Ci=F (pne)"‘ ¥ SUCg; +7,SDCg; 3
a. Ham muc tiéu
Ca 3 phuong &n néu trén dugc xét chung mot ham muc
tiéu nhu sau:

D> C¢ — min (4)

teT ieNg

b. Céac rang bugc
Can bang cong suét
RPV4RY + 3 R?
ieNg (5)
_ PtD " PtBATch _ PtBATdis i PtEL _ RFC
4.1.2. Rang budc ciia C&c nguon phan tan
a. Bién nhi phan

Yie = Zi =Uig —Uj (6)
Yi +Z; <1 (7)
Uis Yier Zi € {0;1} (8)
b. Giéi han cong suit phat
0< PP <u,P™ 9)
O S PtPV + PtPVCUr S PPVmax (10)
0 < PWT 4 pWTer < pWim (11)
RPV 2 ktPV PPVmaX (13)
PtPV; thr, RPVCur; PtWTCur 20 (14)
c. Gi6i han ting/giam cong suat phat
Re™u, <PS <P, <R <R°™y, (15)
PnG - Pi,(f—l < RiUui,t—l + RiSU Yit (16)
P _Pi_tG <RPU,; +RP, (17)
RS <P™ (U, —7,,,)+R®z, (18)
d. Thoi gian 1am viéc/nghi t6i thiéu
Li
> 1-u, =0; L =min{T,(MUT, -U? )y, ,} ~ (19)
t=1
k+MUT, -1
uit 2 yik MUTl (20)
t=ke[Lj +1,... T ~MUT, +1]
T
uit - yit >0 (21)
t=ke[T-MUT; +2,...,T]
R
> U, =0; F =min{T,(MDT, -8’ )[1-u,, |} (22)
t=1
k+MDT; -1
1-u, > MDT,z, — (23)
t=ke[F+1,...T~MDT, +1]
T
1_uit —Z 20 (24)

t=ke[T -MDT; +2,...T]

4.1.3. Rang budc ciia hé thong heu trit ndng leong (BAT)

(1_ DOD) EBATmax < E:3AT < EBATmax (25)
O < PtBATCh < utBAT PBATChI’TBX (26)
0< RBATDis < (l— UIBAT) p BATDismax (27)
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E‘BA — %?T +77RBATCh _RBATCh /77 (28)
EZ =E2% (29)

4.1.4. Rang budc cua cdng nghé hydro

Cong ngh¢ hydro c6 day du té',t ca dic tinh ciia ngudn
dién truyen thong (GEN) va hé thong BAT. Nén ta co cac
rang budc dya trén céc phan 4.1.2, 4.1.3.

SocH™ < sOC! < SoCH™ (30)
SOCtZO = S()(:initj,ur\r1mer (31)
SOCtZO = SOc;init_winter (32)
PFC
SOClH = SOCle1 +I]EL REL - ch (33)
soc, =soc’,, (34)
UtEL PELmin S REL S UtEL PELmax (35)
utFC PFCmin S RFC S uth PFCmax (36)
yit -zt >ut —ut (37)
ytEL " ZtEL <1 (38)
thC - ZtFC 2 uth - uthl (39)
thC - ZtFC <1 (40)
Ut +uc <1 (41)
utEL; ytEL; Z[EL; ulFC; thc; ZtFC c {0;1} ( 42)
t
2 sy (43)
h=t—MUTE- 44, h>1
t
Zyy <1-U7 (44)
hh=t-MDT - +1, hh>1
t
2 sy’ (45)
h=t—MUT F€ +1, h>1
t
Yz SL-uf (46)

hh=t—MDT € +1, hh>1

5. Dir liéu dau vao

Trong phan nay, cac thong sé cia GEN, PV, WT
va BAT duge nhom tac gia thu thap duva trén luéi dién
hién hanh trén dao Bach Long V. Dit liéu cua binh chta
hydro, binh dién phan va pin nhién liéu dugc tham khéo
tur [22].
5.1. Binh chira hydro (Hydro tank)

5.2. May phat Diesel

SOC,; (KWh) | 500 | SOCiy;_sumer (KWh) | 1650
SOC,.. (kwWh) | 3300 |SOC,; winer (KWh)| 800
PV
Po (MW) | 05 | Pz (MW) | o5
P (MW) 0 P (KW) 0

a ($/kW?) 0,00987 MUT (h) 2
b ($/kW) 0,2 MDT (h) 1
c (%) 1 SD (kW/h) 240
Costst ($) 100 SU (kw/h) 240
Costsd ($) 100 P (KW) 300
RU (kW/h) 120 P (KW) 1000
0,267
/Wh '
RD (kW/h) 120 Cloop (/Wh) 0.7221
5.3. Binh di¢n phén (Electrolyzer)
Pax (KW) 250 MUT (h) 2
Pun (KW) 1 MDT (h) 1
n (%) 80 SU time (min) <8
Ramp Rate <15% per RU time
(% of full scale) sec (min to full load) < 15 sec
5.4. Pin nhién li¢u (Fuel Cell
Poax (KW) 250 MUT (h) 2
Pun (KW) 0 MDT (h) 1
17 (%) 90 SU time (min) <05
Ramp Rate RU time
(% of full scale) | >7° P& €| (min to full load) | < 1° €€
5.5. Binh dc-quy (Battery)
P (kW) 500 1(%) 98,7
P (kW) 500 DOD (%) 80
Capacity (kWh) 2000
5.6. Turbine gi6 (Wind Turbin)
P (KW) 1000 Pra (KW) 1000
Prin (KW) 0 Prn (KW) 0

6. Két qua

Trong nghién cir nay, bai toan ti wu hda véi md hinh
dang MIQP dugc nhém thyc hién bing GAMS [23], trén
Laptop Acer Nitro 5 Gaming véi bo xtr Iy Ryzen 5560H,
tbc d 3,3 GHz va bo nhé RAM 8 GB. Dua trén dic tinh
theo muia cua phu tai, nhém nghién ctru d xuét chon ra 02
ngay dién hinh gitra mua dong va mua hé dé so sanh. Mo
hinh toén t&i uu dugc chay cho ca 03 phuong an.

6.1. Ngay dién hinh moa he

Hinh 6 minh hoa d thi phu tai, c6ng suét gié va mat
troi trong mot ngay dién hinh vao mua he. Véi cac duong
nét dit mau xanh 14 biéu thi cho phy tai, nét dit mau xanh
dwong biéu thi cho cong suét gi6 va dudong mau do biéu thi
cho cong suit ciia mat troi.

Hinh 7, Hinh 8 va Hinh 9 1an luot 13 cAc db thi can bang
cong suit ciia phwong &n 1, 2 va 3. Ca ba lich van hanh déu
dap wng du nhu ciu cép dién cho cac phu tai. Tong quan vé
phuong &n dang hién hanh trén dao (PAL), chi phi van hanh
& 7974.61 USD (xap xi 187tr VNB). Ty 1¢ gi6 va mit troi
(tich hop vao ludi dién khé cao, chiém 82.87%) tham gia
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vao phét dién so vai cong sudt kha phat 1a twong ddi 16n.
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Hinh 6 D6 thi phu tdi, gi6 va mdt troi trong
mét ngay dién hinh vao mua hé
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Hinh 7. D6 thi can bang cong sudt ciia phwong &n 1
trong ngay dien hinh mua he
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Hinh 9. D6 thi ¢an béang cng sudt ciia phwong &n 3 trong
ngay dién hinh mua he

Bén chat cuia pin nhién liéu hydro chinh 12 mot hé thong
Iuwu trit va chuyén ddi ning lwong. Bang 1 cho thiy viéc
thay thé BAT bang hé thong nay gidp cho chi phi van hanh
giam xudng chi bang khoang 73% so v&i phuong én dang
hién hanh. Qua d6 tiét kiém dugc gan 3200 USD (c& 75tr
VNBD). Tuy nhién, téng cong suat huy dong tir GEN trong

phuong &n nay lai cao hon so v6i PAL. Boi vay day la
phuong &n c6 lugng phét thai khi nha kinh cao nht,
khoang 0,6 tin CO, [24].

Tir c&c danh gié trén, y tuong két hop gitra BAT va pin
nhién liéu hydro ra doi. Véi sy gop mit ciia hé thng nay, so
vGi phuong an hién hanh thi cac ty 1& xam nhép cia RES
tang tr 82,87% Ién dén 96,12%. Viéc ty 1& x&m nhdp cta
RES duoc nang I1én nhu vay di gidp giam dang ké su phu
thuoc vao GEN. Theo sé liéu tir Bang 1, chi phi van hanh
ciia phuong &n 3 (PA3) chi con 1605,17 USD (xdp xi
37,6tr VND), tiét kiém dugc c& 150tr VND khi so véi PAL
va 75tr VND khi so véi phuong an 2 (PA2). Ngoai ra, day
ciing la phuong an c6 lugng khi phat thai thap nhét khi chi
s6 nay chi bang 50% khi di chiéu véi PA2 va 60% voi PAL.

Bing 1. Két qua t6i wu ciia 3 phuong an

Két qua/Phwong an PAl PA2 PA3
PV (kWh) 1609,91 | 1973,78 | 2215,54
WT (kW) 7941,47 | 7622,24 | 8863,25
GEN (kwh) 1931,60 | 2301,96 | 603,01
BAT_Charge (kwh) 2295,22 _ 2054,23
BAT_Discharge (kwWh) 2235,93 _ 2001,17
Fuel Cell (kwh) _ 1501,93 | 649,29
Electrolyzer (kwWh) _ 1976,22 | 854,33
CO2 (kg) 528,44 | 602,96 | 311,73
OPEX (%) 7974,61 | 4782,76 | 1605,17
Renewable Penetration (%) 82,87 | 83,26 | 96,12
6.2. Ngay dién hinh mua dong
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Hinh 10. B6 thi phu tdi, glo Va mat troi trong
mét ngay dién hinh vao mia déng
Bing 2. Két qua t6i wu ciia 3 phirong an
Két qui/Phuong an PA1L | PA2 | PA3
PV (kWh) 743,44 | 718,71 | 485,63
WT (kWh) 7451,05 | 7413,02 | 8300,21
GEN (kwh) 1734,62 | 2116,17 | 1418,49
BAT_Charge (kWh) 1574,74 _ 698,04
BAT_Discharge (kWh) 1534,1 _ 698,01
Fuel Cell (kWh) _ 1138,30 | 943,25
Electrolyzer (kwWh) _ 1497,78 | 1241,11
CO: (kg) 463,15 | 565,02 | 378,74
OPEX ($) 4409,02 | 4164,23 | 3034,13
Renewable Penetration (%) 68,80 | 68,27 73,7

Tir d6 thi Hinh 10 c6 thé thdy lugong birc xa mit troi
xudng thap va sd gid nang trong ngay cling it hon so véi
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cac mua khéc. So véi mua he, phu tai trong ngay nay da
giam sut. Theo két qua tir Bang 2, c&c chi sb vé chi phi van
hanh, khi thai CO; va ty 1& xam nhép cta RES trong PA3
van toi wu trong ca 3 phuong an (1an luot 1a 3034.13$; 0,38
tan CO va 73.7%). Véi wu diém luu trit trong thoi gian dai,
chién lugc van hanh ludi dién trong mia dong s& uu tién
phan 16n ning luong du thira (c& 1241 kW) dé nap vao
hydro. Phan con lai (khoang 698 kW) s& duoc dwa vao
BAT nham dap ung tic thi nhimg truong hop phu tai ting
cao dot ngdt, vurgt qua ngudng gidi han phét cong suét ciia
Fuel Cell (12 250 kW). Qua d6 ma giam dugc phan 16n ty
1¢ cit giam ctia cac RES. Diéu ndy cd thé nhin thay rd rét
nhét trong khoang thoi gian tir 10 dén 12 gio trua.
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Hinh 11. D6 thi can bdng cong sudt ciia phuong &n 1 trong
ngay dién hinh mua dong
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Hinh 12. D6 thi can béng cong sudt ciia phuong &n 2 trong
ngay dién hinh mua dong

1400

1200

1000

800

600

P (kw)

400

0 21 22 23 24
-200

-400

Time (h)
[PV EEEEWT W BAT CHA EEEENBAT DIS WSS FC BEENEL =0==[OAD ==——GEN

Hinh 13. D6 thi can bdng cong sudt ciia phuong én 3 trong
ngay dién hinh mua dong
7. Két luan

Trong nghién ctru nay, md hinh bai toan MIQP ap dung
cho MG bao gom RES, BAT, GEN va pin nhién liéu hydro

da duoc xay dung. Cac phuong &n dé xuét thay thé ciing
nhu tich hop hydro vao lugi da dugc xem xét va danh gia.
Viéc dénh gia cac phuong an cap dién dé ra da cho thay hé
thdng trong phuong an 3 1a mot cach tiép can day hira hen
trong tuong lai. Nhat Ia trong bdi canh Viét Nam da ki cam

két dua mirc phat thai rong vé “0” vao nim 2050 tai Hoi
nghi COP26.

Két qua cho thdy md hinh toan MIQP va phuong an dé
xuét tich hop pin nhién liéu hydro vao ludi dién da gitp giam
dang ké chi phi van hanh, dem lai hi¢u qua cao vé kinh té
cho dao Bach Long V. Ngoai ra, day cling la phuong &n cd
luong phét thai khi nha kinh va ty 1¢ cat giam cac ngudn nang
luong tai tao thap nhét. Trong nhimng nghién ctru tiép theo,
nhom téc gia s€ tap trung cai thién md hinh tinh toén nhu xét
dén sai s6 trong du b&o cia RES va phu tai nham muc dich
nang cao tinh thuc tién ctia md hinh. Ngoai ra, mé hinh suy
giam cua cac ngudn dién phan tan ciing s& duoc nhom xay
dung va trién khai trong tuong lai.

DANH MUC TU VIET TAT
MG Microgrid

RES Ngudn nang luong tai tao

MILP Quy hoach tuyén tinh nguyén thuc hdn hop

MIQP Quy hoach toan phuong nguyén thyc hdn hop

BPSO Ti wu bay dan

GA Thuét toan di truyén

HSA Giai thuét tim kiém séng hai

PV Hé théng dién nang luong mit troi

BAT Hé thdng luu trit ning luong

WT May phat dién tuabin gié

GEN May phat dién Diesel

FC Pin nhién liéu

EL Binh dién phéan

suce Chi phi khoi dong cua td may i trong khoang thoi
giant

sDC? Chi phi dimg ciia té6 may i trong khoang thoi gian t

STCH Chi phi khéi dong cta binh dién phan

STCS® Chi phi khéi dong cua pin nhién lidu

MUT; Thoi gian 1am viée t6i thiéu ciia t6 may i

MDTi Thoi gian nghi ti thiu cta tb may i

DOD Do xa sau cia BAT

Egatit Dung lugng cua BAT & khoang thoi t

soc Dung luong tbi thiéu ciia binh chira Ho

Soc, ™ Dung luong tbi da cua binh chira Hz

soc/ Dung luong ciia binh chira H> tai thoi diém t

Ne Tap hop may phét

PP Cong sut cua PV tai thoi diém t

R Cobng suat cia WTG tai thoi diém t

RS C6ng suat cia GEN tai thoi diém t

RP Tong phu tai & thoi diém t

pBATCh Cong suét nap cia BAT tai thoi diém t

pBATE Cong suét xa ciia BAT tai thoi diém t

R Cong suat cua Electrolyzer tai thoi diém t

R Cong suat cua Fuel Cell tai thoi diém t
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pome C6ng sudt phat t6i da cta t& may i

pomn Cong suat phat tdi thiéu cua tdé may i

pryma Cong sut phat t5i da cia PV

p\Tmax Cong suit phat tdi da cia WT

pover Cong sudt cit giam ciia PV

R Cong suét cit giam caa WT

pG. p& Cong suét kha phat ¢ gi6i han dudi va gidi han trén

L ctia tb may i trong khoang thoi gian t

R’ Gi6i han tang cong suit phat cia té may i

RP Gi6i han giam cong sudt phat cua tb may i

g g p y

RV Gi6i han tang cong suat phat khi khoi dong ctia to
may i

RSP Gi6i han giam cong sudt phét khi khoi dong cua to
may i

ue Khodng thoi gian to méy i hoat dong trude khi bat
dau 1ap ké hoach

80 Khoang thoi gian t6 may i nghi truéc khi bét dau
1ap k& hoach

PBATEN™ CHng suét nap tdi da ciia BAT

PEATRRM CHng suét xa ti da cua BAT

EXAT Dung luong ciia BAT tai thoi diém t

CsF Chi phi ¢é dinh cua t5 may i trong khoang thoi gian t

csY Chi phi bién dbi ciia tb may i trong khoang thoi gian

ai, bi, Ci Céc hé s dic trung cho viée tidu hao nhién liéu

Uit Trang théi bat/tt ctia tb may i trong khoang thoi gian t

Vit Trang thai khoi dong/khong khéi dong ciia to méay
i & dau khoang thoi gian t

Zit Trang thai dimg/khéng dimg cia t6 méy i & déu
khoang thoi gian t

yet Trang thai khoi dong/ khong khoi déng cua
Electrolyzer tai thoi diém t

uft Trang théi bat/tit cia Electrolyzer tai thoi didm t

2t Trang thai dimg/khong dung cia Electrolyzer tai
thoi diém t

yre Trang thai khéi dong/khong khoi dong cua Fuel
Cell tai thoi diém t

T Trang théi bat/tat ciia Fuel Cell tai thoi diém t

2t Trang thai dimg/ khdng dimg cua Fuel Cell tai thoi
diém t

kPV; kT Ty 18 thAm nhap ciia cac ngudn nang luong tai tao
(kwr, kev €[0,1])

Ta Bién nhj phan thé hién trang thai bat/tit cia BAT
trong khoang thoi gian t

n Hiéu suit ciia BAT
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