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TOM TAT

Ludi dién microgrid dang la xu hedng phat trién trén thé gidi ciing nhw & Viét Nam trong
thoi gian gan ddy. Ludi dién microgrid c6 wu diém la c6 khd ndng tich hop cdc nguon ning
luong tdi tao, than thién voi moi truong, va dac biét phu hop ¢ nhitng khu vuc dao xa, noi ma
phirong dn cdp dién tir dat lién la khong kha thi. Tuy nhién, viéc Idp ké hoach va vdn hanh luéi
dién microgrid nham t6i wu hoa vé chi phi san xudt dang \& nhiém vu day thach thire. Trong bai
bao nay, ludi dién microgrid huyén ddao Bach Long Vy dwoc sir dung lam mé hinh nghién ciru.
Ba kich ban ccfp dién cho luoi dién huyén dao Bach Long Vy duoc so sanh va danh gia. Phan
mém Homer dwoc sir dung dé danh gid cdc chi tiéu kinh té ciia cdc phwong dan. Két qua danh gié
cho thdy phirong dén tich hop thém nguon nang heong hydrogen vao hé thong dang hién hanh
trén dao la phwong dn t0i wu vé gid thanh san xudt. Bén canh dé, phwong dn nay con gidm thiéu
dwoc luong khi phat thai tir cac may phat dién diesel.

Tur khoa : Microgrid; Nang lugng tai tao; Pin luu trir; Hydrogen; HOMER.
1. PAT VAN PE

Céc luéi dién nhé (microgrid) da co mit tir nhidu ndm, dong hanh véi sy phét trién ciia cac hé
thdng dién qudc gia. Pac diém chung cua ludi dién microgrid 1a cap dién cho cac khu vuc 6 lap,
khong cé két nbi véi ludi dién truyén tai, nhu ludi dién trén cac khu vuc dao xa. Trude day,
phuong an cap dién chinh cho céc lugi dién microgrid 1a sir dung cac mdy phat diesel. Trong
nhiing thap ky gan day, sy phat trién manh mé cta cac ngudn dién phén tan dya trén cac ngudn
nang lugng mdi va tai tao nhu dién gid, di€n mat troi da tao ra phuong thirc cap dién mai cho cac
ludi dién microgrid [1-3]. Khai niém ludi dién microgrid duoc hiép hoi IEEE dinh nghia cdu thanh
tir cac ngudn dién phan tan. Ludi dién microgrid ¢6 thé van hanh ¢ ché do doc 1ap hodc nbi ludi.
Trong d6, ché d van hanh doc lap dat ra nhiéu thach thirc, do tinh bat dinh ciia cac ngudn phén
tan. Viéc sir dung hé théng pin luu trit ning lwong (BESS) da gop phan giai quyét duoc van dé bat
dinh ciia cac nguon dién gio, mit troi [4-6]. Bén canh hé thong BESS thi pin nhién liéu hydrogen la
cong ngh tich trir nang luong dang phat trién manh trong thoi gian gan day [7-11]. Vi€c tan dung
cong suét du thira tir ngudn dién 816 va mat trdi vao luc thdp diém dé san xut hydrogen dem lai
tiém nang 16n trong viéc phat trién thém cac nguon nang lugng tai tao, nang cao hiéu suit cia hé
thong ciing nhu giam luong phat thai tir cac ngudn nang luong hoa thach. Véi chi phi san xuat, 1ap
dat cta pin hydrogen ngay cang giam thi viéc sir dung tich hop loai hinh luu trir ndng luong nay
trong cac ludi dién microgrid mang lai hiéu qua vé kinh té. Trong bai bao nay, lu6i dién micrgrid
trén huyén dao Bach Long V¥, Hai Phong dugc lya chon 1am mo hinh nghién ctru. Ba kich ban cép
dién duoc dua ra so sanh: Kich ban 1 - Ludi dién c6 tich hop cac nguén dién gi6, mat troi, hé théng
pin luu trir (ludi dién hién hanh); Kich ban 2 - Luéi hién hanh nhung thay thé hé thong BESS bing
Hydrogen; Kich ban 3 - Ludi dién hién hanh c6 tich hgp thém hé théng pin nhién li¢u hydro. Cac
kich ban s& dugc so sanh dua trén cac tiéu chi vé von dau tu, 1ap dat, chi phi bao dudng, van hanh,
chi phi san xuét dién nang, va luong phat thai méi truong ctia cac loai khi doc hai.
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2. MO HINH LUOI PIEN MICROGRID
2.1. Gi6i thiéu phin mém HOMER
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Hinh 1. So do tién trinh phan tich dir liéu cia HOMER.

HOMER 13 mét phan mém dugc xay dung va phét trién boi Phong thi nghiém Ning luong téi
tao Qudc gia ciia B Ning lugng Hoa Ky (National Renewable Energy Laboratory — NREL) vVao
nam 1992. Sau d6 dugc cai tién, _phéan phdi boi Homer Energy va tr¢ thanh mot phan mém tbi uu
hoa ludi dién microgrid. Phan mém nay giup nguoi dung t6i wu hoa hé thong cung cap nang lugng
(dién) hon hop (hybrid) sir dung nhleu cong ngh¢ khac nhau nhu tuabin gid, pin mdt troi, may phat
diesel, thity dién, pin nhién liéu, dc quy,... Ngoai viéc t6i wu vé& mat kinh té, dam bao cac yéu cau
ky thuat, HOMER con tinh dén ti 1¢ toi da cua ning luong tai tao. Ti 1¢ thdm nhap cao hon cua cac
ngudn nang lugng tai tao trong ludi dién microgrid 1a tat yéu vi gia cong nghé nang luong tai tao
giam xubng trong khi thi trudng, méi trudng va chi phi cho nhién liéu héa thach tiép tuc ting. Dit
lidu dau vao cia HOMER bao gdm cac dit liéu cta phu tai, dir liéu vé thoi tiét, gia thanh va thong
s0 k¥ thuat ciia cac thiét bi. Sau khi nhép cac thong s0 dir liéu vao, HOMER s¢ tién hanh mé phong
va danh gia ty dong tat ca cac phuong an co thé xay ra, loai bo dan cac phuong an khéng phu hop.
Cubi cing, n6 s& cho phép ngudi str dung lwa chon hé thdng ning lugng c6 hidu qua kinh té nhét
bang cach so sanh chinh xac hang loat cac truomg hop khac nhau.

28 N.Q.Minh,...,N. T. H. Loan, “Pdnh gid tiém néng ... vao lwéi dign Microgrid Bach Long Vy.”
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2.2. Dir liéu diu vao
Dir li¢u vé nhigt dp, toc dé gié va birc xa mdt troi

Bach Long V¥ 14 huyén ddo thudc thénh phé Hai Phong, xa bo nhét trong vinh Bic B, ¢o toa
do dia ly 20°07°35” va 20°09°36” vy d6 Bac; 107°42°15” va 107°44°15” kinh d6 Dong, cach hon
Dau (Hai Phong) 110 km, cach dao Ha Mai (Van Bon, Quang Ninh) 70 km va cach mai Dai
Giac (Ta Chiao) - ddo Hdi Nam (Trung Quoc) 130 km. Ddo rong khodng 3,1 km?, trong d6 ¢6
1,‘8 km? dat tu nhién, con lai la thém da ngdp tricu. Hinh 2, hinh 3 \{é hinh 4 1an luot thé hién biéu
d6 blrc xa mat troi, toc do gio, nhiét d6 cua Bach Long V§, dugc lay tir Co quan Hang khong Vii
tru My (NASA).
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Choose Data Source: ® Enter monthly averages O Import from a time series data file or the library

Download From Intemnet... Library:
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Hinh 2. Biic xa mat troi trung binh thdng cua ddo Bach Long V7.
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Hinh 3. Toc do gié trung binh thang ciia ddo Bach Long V.
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TEMPERATURE RESOURCE ﬂ

Choose Data Source: ® Enter monthly averages O

Download From Intemnet... Library:

Monthly Average Temperature Data
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Hinh 4. Nhi¢t dé trung binh thang ciia ddo Bach Long Vy.
Dit liéu phu tdi
Hién tai, trén dao c6 khoang gé”m 1.000 ngudi thudng xuyén sinh séng va lam viée, trong do,
68 ho gia dinh voi 496 nhan khau dang ky thuong tra. Dao c6 mot du cang duoc dua vao hoat
dong tur ndm 2000, binh quan mo6i ndm thu hut khoang 11.000 luot tau ca vao tranh gi6 mua.
Hinh 5 thé hién do thi phy tai ctia huyén dao nam 2020. C6 thé quan sat thay rang, phu tai cyuc
800
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Hinh 5. D6 thi phu tai huyén ddo Bach Long Vi (Nam 2020).
Dit li¢u vé chi phi
Trong nghién clru nay, dé danh gia vé mat kinh té ciing nhu tac dong t6i méi trudng, nhom sur
dung dir liéu vé chi phi lap dit, thay thé, bao dudng, van hanh, chi phi nhién liéu, va thong sd
phat thai cla cac ngudn diesel, pin luu trit Lithium-Ion, pin mét trdi, tuabin gl‘o, pin nhién 11¢u’ va
binh chira hydrogen tir by nang lugng Hoa Ky [12]. Chi phi cua cac loai nguén dién va hé thong
luu trir dugc thé hién ¢ bang 1.

30 N.Q.Minh,...,N.T. H. Loan, “Pdnh gid tiém ning ... vio ludi di¢gn Microgrid Bach Long Vy.”
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Bing 1. Chi phi cdc logi nguén dién va hé thong lieu trir.

Rated Capacity: 1MW

| Initial Capital Cost: 189

USD/kW
Replacement: 189 USD/kW

O&M Cost: 0.05 USD/op.hour

Fuel price: 0.59 USD/L

Carbon Monoxide (g/l): 6.5
Unburned Hydrocarbons
(g/): 0.72

Particulate Matter (g/l): 0.49
Nitrogen Oxides (g/1): 58
Lifetime: 55000 hours

Type: Lithium — lon
Nominal capacity:
500kW/2MWh

Initial Capital Cost: 220
USD/kWh

Replacement: 200 USD/kWh
O&M Cost: 5 USD/kW/year

Nominal Voltage: 400 V
Volts/string

Minimum SOC: 10%
Lifetime: 15 years

Rated Capacity: 500kW

Initial Capital Cost: 883
USD/kW

B Replacement: 706.4 USD/kW

O&M Cost: 17.8
USD/kW/year

Efficiency at STC: 20.14%

Temp. Coefficient: -
0.36%/°C

Operating Temp: 45°C
Lifetime: 25 years

Manufacturer: EWT
Rated Capacity: IMW

Initial Capital Cost: 1325
USD/KW

Replacement: 1060 USD/kW
O&M Cost: 22 USD/kW/year

Cut-in Speed: 3 m/s

Cut-out Speed: 25 m/s
Rated Wind Speed: 14.5 m/s
Hub Height: 46 m

Lifetime: 35 years

Type: PEM Electrolyzer

Initial Capital Cost: 1000
USD/kW

Replacement: 1000 USD/kW
O&M Cost: 12 USD/kW/year
Lifetime: 25 years

Type: PEM  Fuel Cell

(PEMFC)

Initial Capital Cost: 2800
USD/KW

Replacement: 2500
USD/kW

O&M Cost:
USD/op.hour

Lifetime: 40000 hours

0.04

Hydrogen Tank

Type: PEM Electrolyser

Initial Capital Cost: 1050
USD/kg

Replacement: 1000 USD/kg

O&M Cost: 18 USD/kg
Lifetime: 25 years

Tap chi Nghién ciru KH&CN qudn su, 86 (2023), 27-37
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Dy an dugc danh gia trong vong doi 25 nam. Cac thiét bi co tudi tho thap hon gié tri nay co
thé s& dugc thay thé trong thoi gian danh gid. Ngoai ra, phan mém HOMER cling s€ can nhic gia
tri con lai cia céac thiét bi & cudi thoi gian danh gia. Néu thiét bi d6 con chua hét tudi tho thi s&
dugc khau hao va dinh gia theo ti 1 khau hao hang nam.

3. KET QUA
Cic phwong dn cdp dién
Vao lic 16h00 ngay 15/04/2022, lwéi dién microgrid huyén ddo Bach Long Vy, TP. Hai

Phong duwoc dong dién. Trong nghién cir ndy, nhom s& phan tich 03 phuong 4n cép dién khac
nhau. Cac phuong an dugc mo ta nhu dudi day.

e Phuong 4n 1 (S1): Pay 1a phuong an cdp dién dang hién hanh trén dao. Quy mé dau tu,
xdy dung cua dy 4n ndy bao gdm: Xay dung méi 1 tua bin gié véi cong suat 1 MW; xay
dung méi trang trai dién mat troi véi cong suat lap dat 504 kWp; lap dit méi 2 may phat
dién 1 MW; hé thong ac quy luu trit 500 KW/2 MWh.

Electrlc Load
Converter
WT ;
| Battery
Hinh 6. So @6 mé phong hedi dién cho phwong dn 1.
e Phuong 4n 2 (S2): Lui dién hién hanh nhu phuong 4n 1 nhung thay thé hé théng BESS

bang Hydrogen.
=)

u-l—-—ou

_e-e AC Electri:: Load DC I
I- g - —) *
Gen — - 1N
— -’J Fuel Cell
, \Z)

WT o4 l Converter — @ PV

Gen =| Electrolyzer

Hinh 7. So' do mé phong ludi dién cho phwong dn 2.

e Phuong 4n 3 (S3): Ludi dién hién hanh nhu phuong an 1, ¢é tich hop thém hé thdng pin
nhién li¢u hydrogen.

32  N.Q.Minh, ..., N. T. H. Loan, “Pdnh gid tiém ndng ... vao ludi dién Microgrid Bach Long Vy.”
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Hinh 8. So' do mé phong lwdi dién cho phwong dn 3.

Bang 2 1a két qua t6i uu cho ba phuong 4n cép dién. Toéng quan vé phuong an 1 (S1), gia
thanh san xuét dién tir hé théng nay khoang 0.1257 USD/kW (xép xi 3079 VNB/kWh). Két qua
cho thay chi phi déau tu cho phuong an dang hién hanh nay thap nhét trong ca ba phuong an,
khoang 2807513.75 USD. Tuy nhlen phan dién niang du thira trong phuong 4n nay rat cao, c&
2264814 kWh (chiém 36.4%) mdi nam.

Gidng nhu hé théng BESS, ban chat caa pin nhién liéu hydro chinh 12 mot hé théng luu trir va
Chuyén d6i nang lugng. Viéc thay thé BESS béng hé thong litu trir nay giup cho lwong dién ning
bi that thoat trong phuong an 2 (S2) giam xubng chi con 1943207 kWh/nam (khoang 28. .9%).
Tuy nhién, két qua mo phong cho thay viéc thay thé nay khong phai la gidi phap hi¢u qua vé mat
chi phi. Céc chi tiéu vé kinh t& nhu chi phi dau tu, thay thé, van hanh, nhién liéu, chi phi hién tai
rong (NPC) va gia thanh san xuat kinh doanh dién (LCOE) ctia phuong an nay la cao nhat khi so
sanh v6i hai phuong én con lai. Hon nita, ddy con 1a phuong én c6 luong phat thdi khi nha kinh
rat cao (11115603 kg CO) mdi nam, gy 6 nhiém mdi trudng nhat. Diéu ndy mau thuin véi
chinh vu diém cua hé théng Hydrogen 1a khong phat thai va khong tén chi phi nhién liéu trong
qua trinh van hanh. Ly giai cho van dé trén, chinh la sy téc d6 huy dong cong suét cua hé théng
Hydrogen thip hon nhiéu so vai hé théng BESS boi qua trinh nguoc ciia cdng nghé Hydrogen
con phai trai qua giai doan trung gian tai pin nhién liéu (Fuel Cell). Do vay, vao nhitng gio cao
diém dém hay nhiing thoi diém ngudn nang lugng tai tao xam nhap thip, cac may phat diesel
trong S2 van Ia nguén huy dong chinh dé dap ung yéu cau cua phu tai. So séanh cac két qua &
bang 3 cho thay ty I¢ tham gia vao cap dién cua diesel la cao nhat, khoang 13,6%.

T nhitng danh gia trén, ¥ tuong vé viéc tich hop hé thdng liu trir lai gitra Battery va
Hydrogen ra doi. Do ¢6 sy hd tro ciia hé thong hybrid nay, lwong dién ning bi that thoat trong
phuong an 3 (S3) giam xuéng chi con 1668131 kWh/nam (khoang 27.1%). Cung véi do, su phu
thudc vao cac may phat diesel trong S3 ciing giam di kha nhiéu (chi con ¢& 7,54%). Diéu nay
ddng nghia vai viée lwong 1on khi phat thai s& dugc cit giam néu nhu ludi dién tai kich ban 3
dugc dua vao van hanh. Theo thong ké tir bang 2, cac chi sé phét thai tir S3 chi bang khoang
50% khi so véi S2 va 64% khi so véi S1. So véi gia thanh san xuat dién cia S1 1a 0.1257
USD/kWh (khoang 2982 VNB/sé dién) thi S3 chi con 0.1118 USD/kWh, twong duong 2652
VND/s6 dién. Ngoai ra, day con 1a phuong an ¢ chi phi hién tai rong thip nhat, chi khoang
9262712 USD. Mot chi tiéu kinh té quan trong khac la s6 tién hoan vbn khi du an két thuc. Dua
trén co so danh gia nay thi s6 tién hoan vdn cta S3 14 765173.90 USD, cling vuot troi hon hén so
v6i S1 (517252.60 USD), nhu vay, c6 thé thay rang, S3 cho ti 1¢ hoan vdn cao gép rudi S2.
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Bdng 2. Ket qua danh gia cac chi tiéu kinh té va moi truong cua cac phwong dn cap dién.

Results/Scenarios S1 S2 S3
PV Panel Capacity (kW) 500 500 500
DG1 Capacity (kW) 1000 1000 1000
DG2 Capacity (kW) 1000 1000 1000
Li-ion Battery Capacity (kW) 500 _ 500
Component - o1 Cell Capacity (kW) B 400 250
Electrolyser Capacity (kW) _ 300 250
Hydrogen Tank Capacity (kg) _ 200 150
Wind Turbine Capacity (kW) 1000 1000 1000
Net Present Cost (NPC) ($) 10413990 14967040 9262712
Levelized COE ($/kWh) 0.1257 0.1807 0.1118
Cost Capital_ Costs ($) 2807513.75  3969038.06  3950060.75
Summary Operating Costs ($) 3246884.55 512484.40  2741218.79
Salvage ($) 517252.60 1063300.61  765173.90
Replacement ($) 49994251 1932770.27  526503.15
Fuel ($) 4376897.79  5364880.69 2810103.45
Renewable Fraction (%) 81.7 76.2 88
Electrical  Excess Electricity (%) 36.4 28.9 27.1
Excess Elec (kWh/yr) 2264814 1943207 1668131
Carbon Dioxide (kg/yr) 910304 1115603 584343
Carbon Monoxide (kg/yr) 2247 2869 1506
Emissions Unburned Hydrocarbons (kg/yr) 249 318 167
Particulate Matter (kg/yr) 169 216 114
Sulfur Dioxide (kg/yr) 2216 2716 1423
Nitrogen Oxides (kg/yr) 20050 25603 13440
Bing 3. Ty 1é xdm nhdp cua cdc nguon dién.
8000,00
7000,00
6000,00
— 5000,00
% 4000,00
< 3000,00
2000,00
1000,00
000 I I I
51 52 53
Generation [MWh/yr)
WT 4898,07 4898,07 4898,07
Fuel Cell 0,00 295,13 163,12
Diesel 706,26 918,23 463,44
mPV 621,05 621,05 621,05

34 N.Q.Minh, ...,N. T. H. Loan, “Pdnh gid tiém ndng ... vao ludi dién Microgrid Bach Long Vy.”
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Kha nang dap vrng tdi khi tich hop Hydrogen
Hinh 9 thé hién db thi dién hinh cua phuong an 3 trong thang 6. Day 1a mot ngay dién hinh
voi ti 1€ xdm nhép cia cac nguon ning luong tai tao rat cao. Mo phong hang gio cho thy trong
khoang tr 11 gio dén 17 gio chiéu, ca gi6 va mat troi déu phat lugng cong suit rat cao, c6 lic dat
dinh. Mot phﬁn nang luong tir cac nguén nang luong tai tao nay dugc cép cho cac phu tai, ph?m
l6n lugng con lai dugc st dung dé cép cho thiét bi dién phan nudc nham muc dich san xuét
hydro va luu trir trong hé¢ théng BESS. Vo budi sang (tir 2 gid dén 8 gio), khi ma bic xa mat
troi chua xuét hién va cong suét phat cua turbine g?m nhu cham day, hé théng luvu trit, pin nhién
liéu cung véi diesel dugc khoi dong dé dap ung nhu cau tiéu thu dién tang cao cua cac hg dan

trén ddo.
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Hlnh 10 Cong sudt ciia cdc thanh phan lwdi dién (S1) trong mét ngay dién hinh (thang 1).

Ngodi cac uu diém di duge dé cap ¢ trén thi hé théng Hydrogen con co loi thé vé mit thoi
gian luu trit. D€ minh hoa 16 cho uu diém nay, do thi mo ta cdng suat cac phan tir cia phuong an
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cap dién 2 va 3 dugc xét trong cling ngay dién hinh trong thang 1. Hinh 10 cho thay, khi ti 1&
xam nhdp cua cac cua gio va mat troi thap, khong du dé dap ng phu tai thi phan 16n lugng cong
sudt can huy dong dé bu vao phan ning lugng bi thiéu hut s& dén tir cic may phat diesel.

Trai nguoc voi trudong hop trong phuong an cap dién 1, phan 16n dién nang thiéu hut s& duoc hé
thong Iuu trir bu dép. Giam déng ké thoi gian van hanh ciia cac may phét diesel. Qua d6 tiét kiém
duoc chi phi nhién li¢u, dong thoi ciing giam ca ti 18 phat sinh khi thai gy 6 nhiém méi truong.

1500 140

W 4C Primary Load Served

so0| [PV 22 Power Output

.Wmd Turbine 2 Power Output
[CJFuel Cell Power Output
[CJGEN Power Output
DSmraue Input Power

1000 Wllstored Hydrogen

Hlnh 11 Cong sudt ciia cdc thanh phan i dzen (S3) trong mot ngay a“‘zen hmh (thang 1)
4. KET LUAN

Trong nghién ctru nay, cac sd liéu vé van hanh hé thong dién doc 1ap cua huyén dao Bach
Long V¥ duogc thu thap va tinh toan, mé phong tinh kha thi cua viéc tich hgp pin nhién li€u
hydro. Viéc danh gia cic phuong an cip dién dé ra da cho thdy hé thong trong phuong 4n 3 1a
mot cach tiép can day hira hen trong tuong lai. Két qua cho thay rang, mic du chi phi dau tu ban
dau cho du an 13 3950060.75 USD (~ 98 ti VND), cao hon phuong an 1 ¢& khoang 1,1 trUSD.
Song néu xét dén hét thoi gian nghién ctru cta du an (25 nam) thi day lai 1a phuong 4n cé chi phi
véan hanh (2741218.79 USD/na@m), chi phi hién tai rong (926712 USD/nam) va chi phi san Xuét
dién nang (0.1118 USD/kWh) thap nhat. Ngoai ra, ddy 1a phwong 4n rat than thién v6i moi
truong, lugng khi thai sau khi lip dit Hydrogen giam t6i 36%. Viéc tich hop thém hé thng
Hydrogen, ngoai céc chi tiéu danh gia duoc dé cap dén trong bai bao, ciing cin phai xét dén tinh
on dinh cho toan hé thdng khi van hanh. Bén canh d6, chién lugc kiém soat hé thong nay ciing
can duoc danh gia dé c6 thé ti uu luong dién nang bi that thoat. Cac vén dé nay can duoc 1am rd
trong nhiing nghién ctru tiép theo.
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ABSTRACT
Evaluating the potential of integrating hydrogen fuel cells into the Bach Long Vy Microgrid
Microgrid develops rapidly in the world as well as in Vietham recently. Microgrid has

the advantage of being able to integrate renewable energy sources, environmentally
friendly, and especially suitable in remote island areas where the option of supplying

e

lectricity from the mainland is not feasible. However, the planning and operation of the

microgrid to optimize production costs is a challenging task. In this paper, the microgrid
of Bach Long Vy island district is used as the research model. Three power supply
scenarios for Bach Long Vy island district's power grid are compared and evaluated.
Homer software is used to evaluate the economic factors of proposed scenarios. The
evaluation results show that the option of integrating hydrogen storage into the current
system on the island is the optimal option in terms of production costs. In addition, this
option also reduces emissions from diesel generators.

Keywords: Microgrid; Renewable energy; Energy storage; Homer; Hydrogen.
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