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Toém tit

Hién nay, su ph(f bién ciia xe dién va sy phat trién
ciia lui dién théng minh ngay cang manh trén thé
gioi trong do co Viét Nam. Nghién cuu tich hop nang
luong tdi tao, xe dién vao ludi dién truyén théng
dang mang lai mot 56 thudn loi. Tuy nhién, 56 luong
xe dién nhiéu sé gdy anh huong dén ludi dién dan
dén mat én dinh hé théng dién. Bai bdo nay de cdp
xdy dung mot hé thong lwi dién nhoé (Microgrid)
trén ddo c6 sir dung nguon ning heong tdi tao dioc
thiét ké trén phan mém HOMER va MATLAB. Ngodi
ra, xem xét cac kich ban anh hwong cua xe dién khi
noi hedi dién trong cac khung gio trong ngay. Tinh
todn cdc chi phi khi thiét ké ludi dién Microgrid trén
ddo trong ché dg van hanh hiéu qud nhat.

Tw khéa: Luoi dién voi xe dién, xe dién, luoi dién
thong ’minh, moé hinh giao thong EV, phan tich
kinh té ky thudt.

Abstract

With the popularity of Electric Vehicles (EVs) and
the development of smart grids, it is increasingly
strong in the world, including Vietnam. Research
into integrating renewable energy and electric
vehicles is bringing many advantages. However, the
large number of electric vehicles will affect the grid,
leading to the instability of the power system. This
paper refers to a small grid system (Microgrid) on
the island using renewable energy sources designed
on HOMER and MATLAB software. In addition,
consider the impact scenarios of electric vehicles
when connecting to the grid during the time frames
of the day. Calculate costs when designing
Microgrids in the most efficient mode of operation.
Keywords: Vehicle-to-Grid, FElectric vehicles,
Smart grids, EV traffic pattern, Techno-economic
analysis.

1 Mé dau
Ngay nay, dé dap umg nhu cu ning lugng chi sir
dung c4c ngudn théng thudong 13 mot nhiém vu kho
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khan. Diéu nay 1a do gi4 nhién liéu hoa thach truyén
thong nhu than, khi d6t ting nhanh, ciing nhu chiing
dang can kiét timg ngay va dan dén cic mbi de doa
néng 1én toan cau. Do d6, nhu ciu cip bach 1a phai
tim cac ngudn ning luong co hiéu suat cao va ning
luong sach. Cac ngudn ning lugng tai tao thay thé
chinh bao gém nang lugng mat troi, gid, dia nhiét,
thiy triéu va sinh khdi chat thai. Tuy nhién, nhiing
thach thic ton tai trong viéc phat trién cac hé thong
ning luong méi nay. Vi du, viéc cung cip ngudn
dién lién tuc va dn dinh sir dung nang luong gid hodc
mat troi rat phirc tap vi cac ngudn nay 1a ngiu nhién
va khong lién tyc. Su mét 6n dinh cua céac nguén
ning luong nay lam suy giam dang ké vai tro cua
nha may dién phan tan va do tin cdy cua hé thong
dién [1, 2]. Mot sb nghién ciru gan ddy cho thay toc
d6 tang truong nhanh nhét cua nang luong tai tao va
giam CO; trong thap ky qua. Theo IEA, vao nam
2021, lugng phat thai ciia nganh dién toan cau di
giam hon 2 (Gt) twong dwong 5,8% [3]. Thiét ké cua
cac hé théng trén ludi va ngoai ludi dugce thuc hién
cho muc dich phan tich chi phi. Vi cac hé théng PV
la may phat thu dong tir quan diém véan hanh ludi,
nén khé ¢6 thé cung cép tron tru va gidi han ning
lwong chinh x4c cho trung tim diéu d6 ludi dé duy
tri lu6i 6n dinh trong qua trinh phat dién du thira tir
ning luong tai tao ngudn do nhom tac gia Prema V
va cong sy [4]. Nhom tac gia Quynh T. Tran dua ra
phuong phap xay dung ludi dién Microgrids st dung
phin mém HOMER khéng ndi luéi & Con Pao voi
muc dich giam thiéu chi phi [5]. Bo céo st dung
phin mém HOMER dé t6i wu hoa nhu cau cua to
may phat dién trong cac nha may dién nho & Shri
Lanka thé hién bang mo hinh tién tién dugc trinh bay
trong bai bao cua tac gia S.Kirmani [6].

Xe dién c6 tiém niang phuc vu ludi dién duéi
dang luu trit ning lugng phan tin. Hau hét cac
phuong tién déu dd trung binh 90% thoi gian va van
két ndi voi ludi dién & ché do sac hodc khong tai. Do
do6, pin va bd sac cia ching c6 thé duoc su dung dé
truyén cong suét tic dung va phan khang tir 6 t6 boi
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cac tu dién bén trong trd lai duong day dién va ludi
dién [7]. Vi vay, bai bao s€ tap trung nghién ctru ludi
dién gdbm cac ngudn ning luong tai tao c6 két ndi
luéi trén ddo Cat Ba qua do danh gid tinh kha thi cta
ludi dién.

Bai bao duoc sip xép theo thir ty sau: Muc 2 trinh
bay cac budc thiét ké hé thdng Microgrid trén dao.
Muc 3 xdy dung mé hinh Iuéi dién va lién két dir liéu.
Muc 4 thyc hién qua tinh thu nghiém moé hinh gita
cac phin mém va phan cubi cing 1a két luan.

2. X4y dung hé thong Microgrids trén dao
2.1. Téng quan lwéi dién trén dio Cit Ba

Cat Ba 1a hon dao 16n nhét trong quan dao cing
tén gdm khoang 370 hon dao nho ndi tiéng véi
nhing bai bién va dia hinh nai d4 voi. Déan sb trén
dao khoang hon 3000 h$ véi hon 11.149 ngudi dang
sinh séng. Nam 2022, téng lugng khach dén Cat Ba
dat 2.360.000. Trong khi lu6i dién trén dao duoc cap
boi 110 1a 35kV va 2 19 110kV mach 1, mach 2. Tuy
nhién, do khoang cach truyén tai 16n, di theo cap
ngam, qua cac khu rimg sinh quyén nén do tin cay
trong didu kién thoi thiét khic nghiét 1a khong dam
bao. Do d6, can phai xdy dung ngudn ning lugng
phan tan c6 ndi ludi nhu Hinh 2 do nhém tac gia dé
xuat.

2.2. Xdy dung mé hinh nguén ning lwong tdi
tao (RESs)

Energy storage system

Wind tuabin Diesel Generator

_ﬁmm

l

Solar Farm

EH Vhl

Hinh 2. Céu triic ludi dign Cdt Ba dé xudt

Electric Vehicle

Luéi dién Microgrid bao gdm mot sé ngudn cip
nhu may phat nho (microturbines), pin nhién li¢u
(fuel cells), nguén mat troi (solar power), nguén
tuabin gi6 (wind power) va hé¢ thong pin luu trix
(storage batteries). Trong phin nay, nhom dé xut
gdbm ngudn mit troi, dién gi6 va hé thong luu trix
dién duoc két ndi voi ludi dién qudc gia. Dé xay
dung dir liéu cho phan mém HOMER can tinh toan
Iwa chon cac ngudn cong sudt cho phu hop.

a. Nha may dién gio (Wind power plant)

D6i véi tuabin gio, cong suat phat cia tuabin gid
(P(v)) va téc @6 gio (v) 1a khong tuyén tinh duoc
thé hién bai cac thong sé nhu: Tde do gidi han vao
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Hinh 1. Pudng cong céng sudt ciia tuabin gié IMW
(cut-in speed), toc dd gidi han ra (cut-out speed) va
tdc d6 gio dinh muc (rated wind speed) nhu Hinh 1.

San lugng dién gié duoc thé hién nhu ham cong
sudt cua trang trai gi6 duoc trinh bay nhu sau [1]:

0 0<v<y,
a+bv’| v, <v<u,
P(v) =Cap,, x M
1 v, SVLU,
0 L0,

Trong do6: Cap,, la cong sudt trang trai gio, a va
b 1a hé sb gi6 dugc tinh nhu sau:

a= b= )

3 37 3 3

v: Toc do gio; u,: Tbc do gi6i han vao khi
tuabin bat dau phat cong suét; v, : Toc do gidi han
ra khi tuabin khong thé phat cong suét.

b. Nha may dién mat troi (PV power plant)

Nha may dién mat troi st dung quang nang thanh
dién nang, cong suat phat cua nha may ty 1é thuan
véi bire xa cac tim pin nhan dugc. Do d6, cong suét
nha may duogc tinh toan tai ngay i va thoi gian ¢ nhu
cong thie (3):

E,, (i,t)

stc

P,(,t)=P,, A+a,, (7, 0,t)—74))
3
Trong do: va,r 1a cong suat tdm pin; My 1a hidu
sudt tam pin; E,, 1a bic xa mit trdi (W/m?); Eg,
la buc xa binh thu(‘mg o diéu kién thur nghiém tiéu
chuan; a, 1a hé s0 nhiét do PV; To1 Tqe 12 nhiét
do tAm p1n va nhiét d6 tim pin & ché d6 binh thuong.
Tir d6 tinh dugc ning luong cung cip béi nha may
E,, (i,t) trong khoang thoi gian t nhu sau:

E,,(i,t) = P,,(i,t).At @)
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2.3. Thudt todn téi wu trong thiét ké Ilwéi
Microgrids

Phin mém tinh todn Iuéi dién siéu nhé cua
HOMER Energy la tiéu chuan toan cau dé ti wu hoa
thiét ké ludi dién siéu nho trong tat ca cac linh vuc.
HOMER c6 hai thuét toan t6i wu hoa trong d6 thuat
toan tim kiém Iu6i ban ddu mé phong tat ca cac cau
hinh hé théng kha thi. Tiép theo, trinh t6i wu hoa
HOMER str dung thuat toan dé tim kiém hé théng it ton
kém nht. Khi d6, phan mém s& hién thi mot danh sach
cac cau hinh dugc sap xép theo chi phi vong doi tir thip
dén cao d Iya chon hé théng phii hop. Nhom téc gia sir
dung thudt toan t6i wu hoa co thé mot muc tiéu hodc
nhiéu hon v6i mé hinh duge tinh toan nhu sau:

Minf,(X),i1=12,3,4,...
G(X)=0
5
stdH(X)<0 %)
X e
Trong d6: X 1a bién; f,(X) 1a ham muc tiéu;
G(X) va H(X) 1a cac ham rang budc; Q dai dién
cho khong gian cua céac giai phap c6 thé.
Trong HOMER, cac md hinh thiét ké microgrids

dugc chon theo gia tri ctia ham tdi wu hoa chi phi
kinh té (Cypc ) trong phuong trinh sau:

C _ Cannual ,Total (6)
NPC — -
CRF (I' Rproject)
Voi: Cpar o 12 chi phi hang nam; R .. dai

dién cho vong doi du an va 1ai hang nam 1a 1.
Hé sb thu hdi vén (CRF) va chi phi ning lugng
(COE) dugc tinh theo nhu sau:

i@+
@+n"-1
(7)
COE — Annual , Total
Eprimary + Edef + Egrid
E primary ndNg lugng cung cp cho tai; E ning

lwong cung cap cho tai cham; Egrid nang luong dugc

ban cho luéi dién. Tir d6, phan mém HOMER s& chay

cac thuat toan dé tim cac ciu hinh kha thi va loai bo

nhiing cau hinh khong théa min cac rang budc.

2.4. Tinh todn, lwa chon ludi di¢n trong phin mém
Nhom nghién ciru da xay dung hé thong ludi dién

trén ddo Cat Ba véi cac thiét bj nhu Bang 1.
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Bing 1. Ciu hinh lwa chon thiét bi
TT Thiét bi
H¢ pin mat troi PV

S6 lwong

Hg¢ tuabin gio

H¢ luu trir BESS

B6 chuyén déi ngudn
May phat Diesel

LS O T N
—_ W = = =

Day la hé thong ndi ludi nén co thé sir dung song
song giita cac ngudn khac nhau. Sau d6, xdy dung
ludi dién trén phan mém HOMER nhu Hinh 3.

AC DC )

Diesel |Residental Load| FB20-4.
-

(. > > )
iy ? [-EB
127 kWh/d
233 kW peak

Grid Comercial Load
A ]

H U

A1 Y
2426.45 kWh/d

40571 kKW peak
Converter

ow77

a i s
2

LR6-60PB

-
Hinh 3. So dé téng quan hé théng

Hinh 3 bao gdm cic ngudn ning luong tai tao
nhu gi6, mit troi va ngudn du phong Diesel két hop
voi luu trlt nang lugng du trong ludi. Dya trén thong
s6 ki thuat thiét bi cta cac hang khac nhau, nhéom tac
gia da cai dat thong sé ki thudt cho thiét bi.

Pl T, =
4

........ ——,

Sl e

ELECTR)

Hinh 4. Phuy tii dién

M6 hinh hé thong PV: San lugng dién ciia hé
thong nang luong mit troi duoc ude tinh dya trén
kich thuéc clia h¢ théng PV, bén canh dir lidu vé
nhiét d0 va nang lugng mat troi tai vi tri duge xem
xét. Chi sb blic xa mat troi, nhigt do va diéu kién
may che tai Cat Ba dugc nhap tir dir liéu dy doan cta
NASA vé nguf‘)n nang lugng trén toan thé gidi
(NPWER) trong Hinh 5.

H¢ théng phat dién ning lugng mat troi duge
thiét ké dé tim cong sut dién t6i uu bang trinh ti wu
héa HOMER. Hé théng nay c6 tubi tho 25 nam,
thong sé dugc cai dit trong phan mém.
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Hinh 5. Birc xa mdt troi
3. Thiét ké mé hinh hréi dién trén Matlab
3.1. Truyén dir liéu giiva HOMER va Matlab

Trong phan nay, nhom tac gia trinh bay phuong
phap truyén dir liéu gitra hai phan mém véi nhau.
Thuét toan diéu phéi (dispatch strategy algorithm) cuia
HOMER quyét dinh thanh phan nao (ning lugng mat
troi, pin, may phat dién) s& hoat dong dé dap tmg tai
trong mot khoang thoi gian cu thé. M6 hinh truyén
thong dit liu dugc trinh bay trong Hinh 6 [8, 9].

DataBase

L

Microgrid HOMER MATLAB

power grid construction with
Electric Vehicle

=

Technical Sorfware

Data Transfer

Hinh 6. Ciu tricc truyén div liéu

Hinh 6 thé hién mé hinh truyén dir liéu tinh toan
giita hai phan mém. Trong Matlab can tao ba chuong
trinh con thyc hién doc va nhdap di liéu
MatlabDispatch.m, MatlabStartSimulation.m  va
MatlabEndSimulation.m. Sau d6 chay mé hinh tu
phan mém HOMER, goi cic chuong trinh con trong
MATLAB. Pdng thoi luu cac thong s va Workspace
dé phuc vu tinh toan cho mé hinh [10].

//algorithm MatlabDispatch

function[simulation_state,
matlab_simulation_variables]=
MatlabDispatch(simulation parameters,
simulation_state, matlab_simulation_variables)

% Step 1: Use all PV to serve the load

if simulation_parameters.has pv==true

% Step 2: Check for unmet load

%unmet_load =

% Step 3: Use Generator if there is unmet load

% Step 4: Serve the load

% Step 5 set the excess electricity, unmet load,
capacity served, and
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3.2. Thiét ké mé hinh ludi dién trong matlab

Dya vao thong sd tinh toan trong phan mém
HOMER nhém da xay dung cau hinh lugi dién thé
hién trén Hinh 7. M6 hinh m6 phdng luéi dién 1a mot
vi du ¢6 trong thu vién MATLAB va né bao gdm cic
nha may phat dién khac nhau, cac loai tai cling dugc
md phong nhu khu dén cu, céc tram sac xe dién va
mot s6 thanh phan khac [8].

51w

Hinh 7. Ciu tritc lwéi di¢n trén MATLAB

Trong md hinh nay, nhém gia dinh sé luong xe
0 t6 dién (EVs) tham gia giao thong trén dao la 35
chiéc véi dai dién 1a VF e34 va VF9 1an luot ¢o cong
sudt 1a 42kW va 100kW. Phan b sé luong xe vao
cac kich ban khac nhau dé theo ddi sy thay doi ddi
voi ludi dién. Cac loai xe dugc sac tai nha hodc cac
tram sac voi cép dién ap 230V va 380V voi cac dia
diém sac khac nhau thé hién dudi Bang 2.

Bdng 2. Kich bdn sac xe

STT Mo ta

Nhitng nguoi 1am viée tai van phong tir 8 gio
Pl dn 17 gio va sit dung phwong tién 3 gio, sac
tai khu vuc van phong, nha & chiém 32%
Nhitng nguoi 1am viée tai van phong tir 8 gio
P2 dn 17 gio va sit dung phwong tién 4 gio, sac
tai khu vuc van phong, nha & chiém 20%
Nhiing nguoi lam viée tai van phong tir 8 gio
P3  dén 17 gio va sit dung phuong tién 3 gio,
khéng sac tai vin phong, nha & chiém 14%
Nhitng nguoi tham chi khong 1ai xe ca ngay va
P4 5 t6 cla ho luén dugc két ndi véi ludi dién
chiém 20% tdng s6 EV.
Moi ngudi lam viée tai van phong tir 20 gior ti
Ps dén 4 gio sang va lai xe trong 2 gio trong
khoang thoi gian ndy ma khong co tram sac

nao gin vin phong chiém 14% tong sé xe dién
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4. Két qua thir nghiém va thio luin
Sau khi xdy dung dugc moé hinh ludi trén
MATLAB va HOMER nhém tac gia tién hanh thi
nghiém cac kich ban khac nhau tir d6 danh gia tinh
hiéu qua.
4.1. Két qud tinh todn trén phan mém HOMER
Mat kinh té, phﬁn mém HOMER hd trg tbt mot
sO chtc nang nhu tinh tong chi phi hién tai rong

(NPC) ma h¢ thdng phai chiu trong vong doi ctia no.
He¢ s6 thu hdi v6n (CRF) 1a mot ty 1¢ duoc sir dung
dé tinh gia tri hién tai ciia chudi dong tién hang nam.

Mot sb kich ban nhu thong s6 ki thuét cua cac
thiét bi trong phdn mém HOMER dugc thé hién du6i
Béng 3 bao gdm cac gia tri khac nhau cia PV dé tim
ra giai phap t6i wu. Tir d6 khach hang c6 thé tham
khao dé dua ra quyét dinh mua ban dién véi co quan
dién luc.

Bing 3. Théong sé thiét bi

Tén thiét bi Théng s6 Thoi gian M5 ta thong tin
Hé théng Pin mat troi  85,90,95,100kW 25 nam Heé s suy giam (DF): 80%;
Bo Converter 60kW 10 nim Hiéu suit ciia b chuyén dbi: 98%;
L Mua dién: 2708 (d/kWh);
Luéi dién 900kW R
Ban dién: 2086 (d/kWh);
Hé théng tuabin gi6 850, 900 950 1000kW 25 nam Hiéu suét gi6: 90%;
Battery 10 10 nam Dién ap 24V,
Loai 16n 30kW Cbng suit d4u ra sac tbi da 30kW.
Sac EV . X
Loai nhé 11kW
Bing 4. Tinh todn chi phi diu tw
3 Heé
Thong so Gia A
thong
Bo
Lugi  Turbin  chuyén 0&M Vén ban déu Ty 18 tai
PV (kW) Batterry N . . NPC($) COE (%)
ién gio doi ($/year) ©)] tao
(kW)
100 10 1 1000 60 $1,420,541 $2000 $1,120,541 $0.0521 69,8%
95 10 1 950 60 $1,580,245 $3425 $1,040,721 $0.0624 65,3%
90 10 1 900 60 $1,630,245 $4674 $96,420 $0.0726 62,4%
85 10 1 850 60 $1,730,624 $5263 $91,542 $0.0796 60,7%
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Dua trén cac két qua Bang 4 nhan thiy vai hé sd
COE véi $0,0521 1a chi phi thap nhat c6 thé san xuét
cho mot kWh nén c6 thé dau tu vao hé thdng ning
luong tai tao. V6i cac chinh sach, gia mua va ban
hodc céng nghé, quy md vi tri cong trinh s& c6 dicu
chinh khac nhau. Mit khac, xdy dung hé thong ning
lugng tai tao cung cp cho xe dién giup giam thiéu
luong CO; duogc tao ra do su dung dién ludi.

4.2. Thir nghiém kich bdn trong MATLAB

Nhém thtr nghiém kha ndng dap tGng cua hé
thong dién v6i ngudn ti tao xét trong khoang 24 gio.
Hinh 11 cho thdy ning lugng dugc tao ra boi tat ca
c4c phan tir san xuét nang luong trong ludi dién. San
luong cua trang trai PV rd rang giam xudng gan mot
ntra khi mot nira trang trai PV bi che bong, d6 1a khi
hé sb che ning bang 0,6.

005
solar{Red)
Wind (Blue) |

0.04 ‘

0.03 - ‘y f “ \

= 002 I

[ \/ / a0 o
001 NV LN S

Time 10

Hinh 9. Céng suit do nha mdy PV va Wind

Tiép theo, cac kich ban cua xe dién duogc sac va
xa trong cac khoang thoi gian khac nhau, do do,
trang thai sac cua cic phwong tién phai 1a tht can
giam sat & ddy hién thi cho cic cau hinh khac nhau
trong nhom xe dién. Hinh 10 cho thdy trang thai sac
clia cic cdu hinh khac nhau ctia nhom EV trong bo
tong hop EV.

SOCcars1 SOCcarss.

SOCH%)

_ SOCcars2

S0C2(%)

__SOCcars3

__ SOCcars4

S0C4(K)

Time

Hinh 10. SOC ciia cdc logi xe dién
Tir két qua trén thdy duoc véi s6 luong phuong
tién EV khac nhau, cac truong hgp anh huong cua
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bong ram, blirc xa mét troi va tbe do gio 1én nguén
nang luong tai tao. Voi cac kich ban sac khac nhau
trong Hinh 10 thi kha ning ctia mdi loai xe c6 thé bu
cho ludi dién s& dap ung dugc mot phan on dinh cia
hé thong.

5. Két ludn

Bai bao nay da xay dung duoc moé hinh ludi dién
Microgrid két hop véi ngudn lugi chinh dé cung cap
du nang lugng cho ddo Cat Ba khi ¢6 nhiéu phuong
tién xe dién tham gia. Tha hai, phan tich kinh té k¥
thuat ciia cac tram sac EV chay bang nang lugng tai
tao trong Microgrid cho cac diéu kién buc xa mat
troi khac nhau ¢ Viét Nam duoc thao luan toan dién
va cau hinh hé thdng téi wu dugc xac dinh bang cach
sir dung ludi HOMER. Tir cac két qua thu duge cho
thdy rang birc xa mat troi cang 16n thi chi phi NPC,
COE cang thip, din dén hiéu qua dau tu cho PV.
Ngoai ra, xdy dung hé thong ludi Microgrid ndi ludi
da dap umg khoang 90% vé&i nhu cau phu tai trong
tuong lai, tiét kiém chi phi va dap tmg duogc yéu cau
ki thuat.
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