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TOM TAT

Nhu cau sir dung dién ngay cang ting ¢ cac khu vuc dén cu cua nhimg vung xa hodc
hai dao noi cong tac quy hoach va phat trlen lugi dién quéc gia gap nhiéu kho khan hay
khong thé dua dén. Dé giai quyét cac van dé do, viéc sir dung hé théng cac ngudn ning
lwong tai tao két hop vai voi bo Tuu trir va may phat dién diesel dé thay thé cho mang dién
qudc gia va dap ung nhu cau sir dung dién cua cac phu tai 1a mét trong nhiing giai phap thiét
thuc nhat. Bai bao nay trinh bay viéc thiét ké téi wu mot mang dién nho doc 1ap bao gom pin
quang dién, ac quy tich trir nang luong dién va mot may phat du phong diesel. Mang dién doc
lap nay co the dap ung nhu cau cho phu tai sinh hoat cua gia dinh ti€u thy 12,5 kWh/ngay. St
dung phan mém tbi uu hoa cho hé thdng cac ngudn nang luong tai tao PVsyst dé thu duoc
cac két qua kha thi nhat vé mat ky thuat va mat kinh té.

Tir khoa: Ng'uén nang luong tai tao, pin quang dién, by nghich luu, dc quy tich trir ning
luong, ton that hé thong.

1. PAT VAN DE

Trong nhitng nim gan ddy, cac nha nghién ctru da cho thiy tac dong tiéu cuc ciia nhién
liéu hoa thach ddi voi mdi trudng va su thiéu hut nhién lidu ndy ngay cang tang [1]. Vi vay,
mot s6 nghién ciru da dwoc thyc hién dé tim ra ngudn ning luong thay thé cho nhién liéu hoa
thach. Trong s cac ngudn néng luong thay thé, ning lugng tai tao thu hut sy cht ¥ nhét doi
Vi cac nha nghién ctru trén thé gidi [2], nang lugng tai tao c6 uu diém 1a khong can ki¢t,
khong gy 6 nhidm méi trudng. Hé thong cac nguoén nang lugng tai tao bao gom pin mat troi
(photovoltaics - PV), tua bin gi6, thiry dién, sinh khdi, thiy triéu, song va dia nhiét... Nghién
clru nay da chon ning luong mat troi 13 mot trong nhimg thanh phén nang luong cua hé thong
ning lugng duge dé xuat phu hop véi viéc cung cip dién cho khu dan cu ngoai ludi [3, 4]
mang dién doc lap nay s& cung cap dién hiéu qua cho cac khu virc xa x6i va dan cu thua thot.
Trong mang dién nay, néu dién ning duoc phat ra boi hé théng mat troi khong du dé cung
cap cho phu tai thi san luong dién thiéu hut s& duoc cung cap bai may phat dién diesel.
Nguoc lai, néu lugng dién niang duoc tao ra bai hé thong m4t troi 16n hon gia tri yéu cau cua
phu tai thi lwong dién ning thira s& duoc tich lily vao bo dc quy tich trir dé sir dung khi can
thiét [5].

Hién nay da c6 nhiéu nghién ctru dugc thuc hién dé xem xét hiéu qua cua viéc thiét ké
hé thong cac nguon ning luong tai tao. Hau hét cac nghién cuu tap trung vao viec thiét ké he
thong cac ngudn ning lugng tai tao micro-grid [6, 7]. M6t sé nha nghién ciru da thiét ké hé
thdng quan 1y nang lugng cho cac khu du lich sinh thai, cac khu nghi mat quy mé nhé dén
trung binh. Tuy nhién, viéc thiét ké hé thdng cac ngudn ning lugng tai tao kha phuc tap, cac
thong sb gitra tinh toan thiét ké va trong thuc té co hé sé sai s6 16n 1am anh huéng dén chat
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luong va tudi tho ciia hé théng, hiéu suat chuyén doi, chi phi dau tu, van hanh, bao tri, thay
thé va stra chita. Nguyén nhan chinh 1a do cudng d buc xa mat troi thay doi theo khong gian
va thoi gian, do nghiéng cua tam pin quang dién dugc lip dat. Do do6, viéc tinh toan thiét ké
hé thong cac nguon niang lugng tai tao bang cac cong cu binh thuong sé gap kho khin va
mét nhiéu thoi gian.

Vi vay, sir dung phan mém dé tinh toan thiét ké nham giai quyét cac van dé kho khan.
Hién nay, trén thé gigi co nhiéu phan mém dugc su dung dé tinh toan, thiét ké hé thong cac
nguon ning lugng tai tao, trong do co phan mém PVsyst va Pvsol duoc sir dung pho bién ¢
khu vue Chau Au va mét s6 nudc khac trén thé gisi [8].

Trong bai viét nay, tac gia s dung phan mém PVsyst phién ban 7.0 dé thiét ké va mo
phong hé thong dién nang lwong mat troi ap mai tai khu vgc Cu Chi.

2. THIET KE HE THONG NANG LUQNG MAT TROI PQC LAP
2.1. CAu tric hé théng niing lweng mit troi doc 1ap dwoc dé xuat
Céu truc ctia hé théng nang luong mit troi doc lap duge dé xuat nhu thé hién & Hinh 1.

Bus DC

My phat
(diesel
generator)

DC/AC

AC/DC Ji
Inverter
' — Tai AC
- L}C‘.-"L}C‘w J -

= DC/DC } i TaiDC

Pin ning
lrgng mat

tron (PV)
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(Batteries)

Hinh 1. Cau trac cua hé thong nang luong mit troi doc lap dé xuat
Hé thdng nang lwong mit troi doc 1ap bao gom cac ngudn phat dién nhé (microsource)
1a: nang lugng mt troi, may phat dién diesel du phong, hé thong tich trlt nang luong va bo
nghich luu. Cau tric nay véi cac microsource ket noi nhau trén bus DC cua b nghich luu, ac
quy tich trir giup on dinh dién ap ¢ ngd vao cua bo nghich luu.
2.2. Thong s6 phu tai

Cong suat phu tai tiéu thu dugc thu thap va dung phan mém Pvsyst 7.0 dé thé hién lai
bang do thi phu tai trong mot ngay dém thé hién ¢ Hinh 2.
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Hinh 2. D) thi phu tai theo thoi gian
2.3. Thong s birc xa mit troi

Dir liéu mit troi trong mot nam duoc thé hién ¢ Hinh 3. Di liéu tai nguyén mit troi cho
khu vuc Cu Chi dugc Iy tir phin mém PVsyst, quan sat dd thi Hinh 3 ta thay cudng do buc
Xa mat troi nam trong khoang tir 5 kWh/m2/ngay.

meteo for TCN CU Chi - Synthetically generated data from monthly values.

10 T

T T
- Global horizontal irradiation, sum =1796.9 [kVWh/m™]
Global horizontal irradiationclear sky

mudition Wiy

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec
Hinh 3. D6 thi bic xa mat troi
San lugng dién cua hé thong pin mat troi (photovoltaics - PV) ¢ thé dugc wdc tinh boi
phuong trinh sau [9]:
E=AxrxGxp (D)

Trong d6: E 1a nang lugng dién (kWh), A 1a tong dién tich tdm pin mt troi (m?), r 1a
san lugng pin mat ’tréfi (%), G 1a buc xa mat troi trung binh hang nam trén tam nghiéng
(W/m?) va p 1a hé so ton that (%).

Cong suat toi da tir mot tim pin mat troi ¢6 thé dugce tinh bang cach sir dung phuong
trinh sau [10]:

Pop =1pv XGﬂXA )

~ Trong do: A la dién tich bé mat ciia md dun PV (m?), Pmp 12 ning luong téi da tir mot
tam pin mat troi (W), nev 1a hiéu suat cua silicon, Gg 1a birc xa mat troi (W/m?).

2.4. Thong sé may phat dién diesel

7 Hiéu Syét clia may phat dién chay bang nhién liéu hoa thach hoic chay bang diesel co
thé duoc biéu dién boi phuong trinh sau day [10]:
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nT =nB+nG 3)

Trong d6: nr 12 tong hiéu suat, ng 1a hiéu suat nhiét (%) va ne 1a hiéu suat phat dién (%).
2.5. Thong sb caa ac quy tich trir dién (batteries)

Trang thai nap va xa ciia dc quy tich trir dién c6 thé duoc viét theo cac phuong trinh sau [11]:
Trong sudt trang thai sac:

Sc(t+1) =S O [1-o®]+[is (DA 7: (1) / Cg ] 4)
Trong sudt trang thai xa:
Sc (t+1) =S (M[1-o®)]+[ia DAW7, (1) / C, ] (5)

Trong d6: Sc 1a trang thai dién tich, o(t) 1a téc do xa dinh ky hang gio, is la dong di¢n
cua pin, Cg la dung lugng dinh muc cua pin (Ahr), nc 1a hiéu suat sac va np 1a hiéu suat xa.

3. KET QUA VA THAO LUAN
3.1. Lya chon céc théng sb cia hé théng

3.1.1. Théng s6 phu tdi tiéu thu cia mét hé gia dinh
+ Tong dién nang phu tai tiéu thy trong 1 ngay: 12,5 kWh/ngay
+ Tong dién nang phu tai tiéu thu trong 1 thang: 375 kWh/thang

Definition of daily household consumptions for the year.

Consumption | Hourly distribution

Daily consumptions

Number Appliance Power Daily use Hourly distrib. Daily energy
10 Lamps (LED or fluo) 10 Wflamp 5.0 h/day OK 500 Wh
2 TV / PC / Mobile 100 W /fapp 5.0 | h/day OK 1000 wh
1 Domestic appliances 500 W/app 4.0 | h/day OK 2000 Wh
2 Fridge / Deep-freeze 0.80 kwh/day 24.0 oK 1598 wh
1 Dish- & Cloth-washers 1000.0 | W aver. 2.0 | hfday oK 2000 Wh
1 Ventilation 100 W/app 24.0 | h/day oK 2400 wh
1 Air conditioning 1000 | W/app 3.0 | hiday oK 3000 wh
Stand-by consumers 6 W tot 24 h/day 6 Wh
d e Total daily energy 12504 Wh/day
Monthly energy 375.1 kWh/mth

Consumption definition by Week-end or Weekly use
® vears ) Use only during
Seasons days in a week
Months

Hinh 4. Khai bao thong s6 phu tai
3.1.2. Binh huong ldp dat toi wu hé thong pin quang dién
Hé thong pin quang dién PV duoc lap ap trén mai nha véi goc nghiéng 1a 10 do, phan

mém PVsyst cho thay véi géc nghiéng ndy thi tAm pin hip thy duoc buc xa tot nhat va cho
ton hao thap nhat nhu thé hién ¢ Hinh 5.
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Field type |F|‘xed Tilted Plane

—Yearly meteo yied—————————

[~ Field parameters Tilt 10° Azimuth 0°
Plane tit |10 ) J
Azimuth o0 |7 °
West East
South
~—Quick
—Optimization with respect to o
O Summer (Apr-Sep) 12 . . 12—
O Winter (Oct-Mar) Yeor L

-4 0.5 - e
Transposition Factor FT 1.02
Loss With Respect To Optimum 0.0% 0 1 1 1 1 1
30 60 90 90 60 -30 0 30 90
Global on collector plane 1830 kWh/m= Plane titt Plane crientation

Hinh 5. Cai dat dinh hudng lap dat tim pin quang dién

3.1.3. Lyra chon tdm pin quang dién

Chon loai tam pin quang dién: JKM 250P-60, 250 Wp ciia hang san xuét Jinkosolar,

Vmpp= 25,7 Vva Vo= 42,3 V.

Storage PV Array Back-Up Simplified sketch
—Sub-array name and Orientation

Pre-sizing Help

Sizing voltages : Vmpp (60°C) 25.7 V
voc (-10°C) 423V

—Select the control mode and the controller

- it crsamesr O] o
Tit 10°
Orient.  Fixed Tilted Plane Asruth  ©° Resize -« or avaisble area O o m?
—Select the PV moduk
Sort modules @ Power O Technology
[3inkasolar | [2sowp2sv_ sipoly M 250p-50 Until 2015 Manufacturer 201 | |Q, Open |

MPPT power converter
0 Universal controller

Generic

—Operating Max. Charging - Discharging current
Direct coupling “-I:F'T 1000 W 52V 74A 42 A Universal controller with MPPT conve | | Open
@® MPPT converter The operating parameters of the universal controller will automatically be
() DC-DC converter adjusted according to the properties of the system.
—PV Array d
HNumber of modules and strings Operating conditions:
should be: Vmpp (60°C) 51V
Mod. in series No constraint Vmpp (20°C) 62V
Nb. strings " M between 6and 8 Voc (-10%C) Be v
Plane irradiance 1000 W/m?
0 Impp (STC) 58.3 A Max. operating power 3.5kW
Isc (STC) 63.4 A (at 1000 W/m? and 50°C)
Nb. modules 14 Area B0 e (atsTO) 62.4 A Array nom. Power (STC) 3.5kwWp

Hinh 6. Lya chon tim pin quang dién

San lugng dinh mic cua toan bo hé thong pin 1a 3,5 kWp/ngay, trong d6 c¢6 7 diy, mdi

day c¢6 2 m6 dun.
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3.1.4. Chon may phat du phong (diesel)
Chon méy phat du phong loai StdGeneratorl 5.GEN, cong suat 1,5 KW.

Storage PV Array Back-Up | Simplified sketch

—Back-up generator
Uses back-up genset StdGenerator1_5.GEN : Back-up generator, 1.5 kW / " Open
Full load capability Nominal power LSkW  Battery voltage 52V  Charging Current  29.0 A
Effective operating Power kw  Battery voltage 52V Charging Current 193 A

Hinh 7. Lya chon may phat du phong

3.1.5. Chon lodi pin tich trir (batteries)
Chon loai pin tich trir Li NMC 5,9 kWh, dién ap 51,8 V

Storage PV Array Back-Up Simplified sketch

Procedure
The Pre-sizing suggestions are based on the Monthly meteo and the user's needs definition
1. - Pre-sizing Define the desired Pre-sizing conditions (PLOL, Autonomy, Battery voltage)
2. - Storage Define the battery pack (default checkboxes will approach the pre-sizing)
3. - PV Array design Design the PV array (PV module) and the control mode. You are advised to begin with a universal controller.
4, - Back-Up Define an eventual Genset
Specify the Battery set
Sort batteries by @® voltage O capadty O manufacturer
| Al manufacturers -| |51.8v__129ah Li NMC RESU6.5 5.9kWh LG Chem /] | C, Open
|L|ﬂ'|||.mHm . | The selected battery is a module Battery pack voltage 52 v
, modules in series Global capadity 1159 4Ah
5 e ol Number of modules ° Stored energy (80% DOD) 54.0 kWh
= modules in parallel )
Total weight 468
Number of elements 252 on ko
Nb. cydes at 80% DOD 6250

% Initial State of Wear (nb. of cycles)
. 9% Initial State of Wear (static)

—Operating battery temperature —————————

Temper. mode | Fixed (air-conditioned, -~

Fixed temperature @ °C

Total stored energy during the battery life 307 MWh

The battery temperature is important for the aging
of the battery.

Hinh 8. Lya chon pin tich trir dién
3.2. Két qua thiét ké hé théng bing phan mém PVsyst

3.2.1. Phdn bé ning heong birc Xa va dién nang hé thong tao ra trong mét nam

Tong ning lugng bic xa toi bé mat tam pin quang dién dién tich trung binh 1 mz, nam
trong day gid tri tr 0,5 KWh/m?/ngay dén 7,4 KWh/m?/ngay. Tuy nhién, diém phan bo day
nhat nam ¢ khoang tir 3 KWh/m?/ngay dén 7,4 KWh/m?/ngay. DBién niang tao ra cta hé thong

trong mot ngay phan bd tir 2 kWh/ngay dén 22 kWh/ngay nhu thé hién & Hinh 9.
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Project :
Simulation variant :

Stand alone system: Special graphs

Main system parameters
PV Field Crientation

P modules

PV Armay

Battery

Battery pack

User's needs

doc lap1
doc lap

System type

il

Model

Nb. of modules

Model

Mb. of units

Daily household consumers

Stand alone with back-up generator

10° azimuth 0°

JKM 250P-60 Pnom 250 Wp

14 Prnom total 3500 Wp

RESU 6.5 59 kWh Technology Lithium-ion, NMC
9 oltage ! Capacity 52 V [ 1159 Ah
Constant over the year Global 4584 kWhiyear

Effective energy at @ output of the amay fwh/day]

Daily Input/Output diagram

25 — T T

®

alues from 01/01 to 31712

o
a

20

w
s
n
@
-
)

Global incident in coll. plane [KWhim?/day]

Hinh 9. Biéu db phan bd niang luong buc xa trong 1 ngay

3.2.2. Két qud dién ndng tao ra cua hé thong

Normalized productions (per installed kWp):

Notmalized Energy  [KWh/kWp/ day]

Hinh 10 cho thdy san lugng dién tao ra cua toan hé thdng, tuy nhu cau st dung dién
khong thay déi nhung san luong dién cung cip qua timg thang lai khac nhau do lwong birc
Xa mat troi hang thang khac nhau nén san lugng dién cung Cép khac nhau qua timg thang.
Tén that dién nang cua day pin 14 0,9 kWh/kWp/ngay, t6n that dién ning cua hé théng va ic
quy 1a 0,26 kWh/kWp/ngay, dién ning cung cap dén tai tiéu thu 1a 3,59 kWh/kWp/ngay. Vay
1 KWp s& sinh ra 3,59 kWh/ngay. San lugng dinh mic ctia toan bo hé théng pin 1a 3,5 kWp/ ngay
s& sinh ra 12,56 kWh/ngay dé cung cap cho tai tiéu thu trong 1 ngay, va trong 1 nim thi h¢

Nominal power 3500 Wp

| | I | I | I I I I I
- Lu: Unused energy (battery full) 0.3 KWh/kWpiday
Lec: Collection Loss (PV-array losses) 0.9 kWh/kWp/day
Ls: System losses and battery charging 0.26 kWh/kWp/day
I (= supplied to the user 3.59 kWh/kWp/iday

Feb Mar Jun Jul

Jan

Apr  May Aug Sep Oct Nov  Dec

Hinh 10. San lugng dién ning tao ra cua hé théng

thdng nay s& sinh ra 4586 kWh/nam.
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Performance Ratio PR and Solar Fraction SF

12 T T T T T T T T T T
11 PR: Performance Ratio (Yf/Yr) : 0.711
’ SF: Solar Fraction (ESol / ELoad) : 0.993

10

09

08

Performance Ratio PR

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
Hinh 11. Hiéu suat cua hé théng
Hinh 11 cho thiy ty s6 hiéu suat cta hé thong: PR = 71,1% va ti s6 st dung nang lugng
mat troi 1a 99,3%.

Bang 1. Bién ning tao ra caa hé théng cung cap cho phu tai va luéi

GlobHor GlobEff E_Avail EUnused E_User E_Load SolFrac
kWh/m?2 KWh/m?2 kWh kWh kWh kWh ratio
January 150.2 159.2 454.6 42.03 391.9 391.9 1.000
February 144.2 149.1 422.3 68.37 354.0 354.0 1.000
March 164.5 163.6 460.0 45.95 391.9 391.9 1.000
April 149.1 142.8 403.1 29.98 379.3 379.3 1.000
May 164.3 152.4 430.9 21.23 391.9 391.9 1.000
June 165.1 151.4 432.5 41.63 379.3 379.3 1.000
July 164.2 151.6 433.3 29.51 392.0 391.9 1.000
August 162.9 154.3 439.6 38.33 392.0 391.9 1.000
September 135.7 132.5 377.6 27.70 379.4 379.3 0.964
October 140.8 142.1 405.0 0,00 392.0 391.9 0.953
November 136.1 141.3 405.7 35.02 3794 379.3 1.000
December 139.4 147.8 423.4 6.41 391.9 391.9 1.000
Year 1816.4 1788.1 5088.1 386.15 4615.0 4614.5 0.993
Legends:  GlobHor Global horizontal irradiation E_User Energy supplied to the user
GlobEff Effective Global, corr. for IAM and shadings E_Load Energy need of the user (Load)
E_Avail Available Solar Energy SolFrac Solar fraction (EUsed / ELoad)
EUnused Unused energy (battery full)

Bang 1 cho thiy dién ning tao ra ciia hé thong thay doi theo thang, dién nang cung
c4p cho tai tiéu thy trong 1 nam 1a 4614,5 kWh/nam, vay 1 ngay s& cung cap cho tai tiéu
thu 12,6 kWh/ngay.

Luu dd Hinh 12 cho thy toan bd hé thdng s& tao ra 6282 kWh/nam, phan hiéu suit bi
giam do: nhiét d6 tim pin, cuong d¢ buc xa, chat lwong md dun, kha niang hip thu anh sang,
mo dun khong dong déu va ton thét trén day dan 1a 1369 kWh/nam; tiép theo 1a phan ton that
do qua trinh hoat dong cuia bd nghich Iuu 14 211 kWh/niam; cudi ciing 1a phan ton that do nap
Xa ac quy tich trit ning luong 1a 88 kWh/nam. Vi vdy, ning luong dién cua hé thong dwa dén
tai tiéu thu con 4614 kWh/nam.
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Main system parameters
PV Field Orientation

PV modules

PV Amray

Battery

Battery pack

User's needs

Diaily household consumers

System type
tilt

Model

Nb. of modules
Model

M. of units

10° azimuth
JEM 250P-60 Pnom
14 Pnom total
RESUG.5 5.9 kWh Technology
9 ‘Voltage [ Capacity
Constant over the year Global

Stand alone with back-up generator

o
250 Wp

3500 Wp
Lithium-ion, MMC
52V /1159 Ah
4564 k\Whiyear

——— 1816 kWi’

Loss diagram owver the whole year

Global horizontal irradiation

-2.88%
1788 kWhim™ * 23 m* coll.

efficiency at STC = 15.33%

G282 kKWh

4813 k\Wh

Back-up

generator
0.71% Wy

32.8 kWh

4702 kWh

Stored
45.3%

Direct use
54.7%

0.43%
-12.02%
+1.75%

-2.10%

[\4-2 8%

)7.29%

-4 28%
[4-0.04%
[F0.00%
[F0.00%

I+0.12%

B2 14%
1.78%
3 -0.17%

Global incident in coll. plane

1AM factor on ghobal
Effective irradiation on collectors

PV conwersion

Array nominal energy (at STC effic.)
PV loss due to imadiance level

PV loss due to temperature
Module quality loss

Mismatch loss, modules and strings

Ohmic wiring loss
Unused energy (battery full)
Effective energy at the output of the array

Converter Loss during operation (efficiency)
Converter Loss due to power threshold
Converter Loss over nominal conv. voltage
Converter Loss due to voltage threshold
Converter losses (effic, overload)
Battery Storage

Battery Stored Enengy balance

Battery efficiency loss

Charge/Disch. Cumrent Efficiency Loss
Battery Self-discharge Current
Energy supplied to the user

Energy need of the user (Load)

Hinh 12. Luu d6 tén that caa hé théng cho ca nam

3.2.3. Phdn tich kinh té

Vong doi cta dy an dugc duoc xem xét trong 25 nam, ham muc ti€u 1a ham chi phi
hang nam cua hé théng, cha yéu 1a sir dung pin ning lugng PV. Két qua tinh toan cua phan
mém PVsyst s& cho cac chi phi lp dat, chi phi van hanh, bao tri va chi phi thay thé thiét bj
trong thoi gian van hanh. Chi phi cua pin mat troi, pin luu trir, may phat du phong va b
chuyén ddi duoc lay trén trang web cta nha san xuit, tudi tho cua céc thiét bi trong hé thong

dugc xem 1a nhur nhau, ngoai trir bo dc quy tich trir nang luong.
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Stand alone system: Cost of the system

Project : doc lap1
Simulation variant : doc lap
Main system parameters System type Stand alone with back-up generator
PV Field Orientation tit 10° azimuth 0°
PV modules Model JKM 250P-60 Pnom 250 Wp
PV Array Nb. of modules 14 Pnom total 3500 Wp
Battery Model RESU6.5 59 kWh Technology Lithium-ion, NMC
Battery pack Nb. of units 9 Voltage / Capacity 52V /1159 Ah
User's needs Daily household consumers Constant over the year Global 4564 kWh/year
Installation costs
PV modules
JKM 250P-60 14 units 94.71 USD/unit 1'325.94 USD
Batteries 9 units 4'082.70 USD/unit 36'744.30 USD
Controllers 25.00 USD
Back-up generator 238.44 USD
Taxes
VAT 1'714.29 USD
Total 40'047.97 USD
Depreciable asset 38'333.68 USD
Operating costs
Fuel for Back-Up generator 23.47 USDlyear
Total (OPEX) 23.47 USDlyear
System summary
Total installation cost 40'047.97 USD
Operating costs 23.47 USDlyear
Used solar energy 4615 kWh/year
Excess energy (battery full) 386 kWhlyear
Used energy cost 0.265 USD/kWh
Hinh 13. Chi phi cac thanh phan ctia hé thong
Stand alone system: Financial analysis
Project : doc lap1
Simulation variant:  doc lap

Main system parameters System type Stand alone with back-up generator
PV Field Orientation tilt 10° azimuth 0°
PV modules Model JKM 250P-60 Pnom 250 Wp
PV Array Nb. of modules 14 Pnom total 3500 Wp
Battery Model RESUG6.5 59kWh Technology Lithium-ion, NMC
Battery pack Nb. of units 9 Voltage / Capacity 52V /1159 Ah
User's needs Daily household consumers  Constant over the year Global 4564 kWhlyear
Financial parameters

Simulation period

Project lifetime 25 years Start year 2021

Income variation over time

Inflation 0.00 %lyear

Production variation 0.00 %lyear

Discount rate 8.50 %lyear

Financing

Own funds 30'058.70 USD

Subsidies 10'000.00 USD
Electricity sale

Feed-in tariff 0.08 USD/kWh
Return on investment

Payback period Unprofitable

Net present value (NPV) -20'953.89 USD

Return on investment (ROI) -52.3 %
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Stand alone system: Financial analysis
Project : doc lap1
Simulation variant : doc lap
Main system parameters System type Stand alone with back-up generator
PV Field Orientation 10° azimuth 0°
PV modules Moﬂsl JKM 250P-60 Pnom 250 Wp
PV Amay Nb. of modules 14 Pnom total 3500 Wp
Battery Model RESUB.5 5.9kWh Technology Lithium-on, NMC
Battery pack Nb.of units 9 Voltage / Capacity 52V /1159 Ah
User's needs Daily household consumers  Constant over the year Global 4564 kWh/year
Detailed economic results (USD)
Gross Run. Deprec. Taxable Taxes After-tax Cumul. %
costs allow. income pro pro

2021 388 23 0 364 0

2022 388 23 0 364 0

2023 388 23 0 364 0

2024 388 23 0 364 0

2025 388 23 0 364 0

2026 388 23 0 364 0

2027 388 23 0 364 0

2028 388 23 0 364 0

2029 388 23 0 364 0

2030 388 23 0 364 0

2031 388 23 0 364 0

2032 388 23 0 364 0

2033 388 23 0 364 0

2034 388 23 0 364 0

2035 388 23 0 364 0

2036 388 23 0 364 0

2037 388 23 0 364 0

2038 388 23 0 364 0

2039 388 23 0 364 0

2040 388 23 0 364 0

2041 388 23 0 364 0

2042 388 23 0 364 0

2043 388 23 0 364 0

2044 388 23 0 364 0

2045 388 23 0 364 0

Total 9692 587 1] 9'105 o

Hinh 14. Phan tich kinh té

4. KET LUAN

Bai bao nay da ung dung phan mém PVsyst trong viéc thiét ké hé théng dién ning
luong mat troi doc 1ap dé cung Cap cho ho ti€u thu & khu vac Cu Chi. T cac két qua mo
phong néu trén c6 thé thay phan mém da giai quyét cac van dé nhu: dinh huéng lap dat toi
uu cho hé théng pin quang dién, tinh toan cac thong s6 tn that, dinh kich ¢ t6i wu cho cac
thiét bi trong hé thdng va phan tich danh gia cac thong sé cua hé théng, cac chi phi lip dit,
chi phi van hanh, bao tri va chi phi thay thé thiét bi. Myc tiéu 16n nhat 1a véi lugng bic xa
mit troi ¢ khu vic Ca Chi twong d6i cao nén dién ning do pin mat troi tao ra s& cung cap du
cho h¢ tiéu thu ma khong can dén may phat diesel tir d6 giam thiéu viéc st dung nhién li¢u
diesel va s& giam thai khi CO, ra méi truong. Tuy nhién, do chi phi dau tu cic thanh phan
trong hé thong twong ddi 16n, ciing nhu gia ban dién ning luong mat troi ap mai clia nude ta
con thdp dan dén viéc ap dung hé thdng ning luong mit troi ap mai két hop voi b tich trix
ning lugng va ngudn dy phong trén thyc té & khu vuc Cit Chi khong higu qua vé mat kinh té.
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ABSTRACT

CALCULATION AND DESIGN OF AN ISLAND-MODE ELECTRICAL POWER

SYSTEM SUPPLY TO THE RESIDENTIAL AREA

Le Thanh Tri, Pham Thi Xuan Hoa*
Ho Chi Minh City University of Food Industry
*Email: hoaptx@hufi.edu.vn

The demand for electricity of residential areas is increasing in remote areas or islands

where the planning and development of the national grid is difficult or impossible. To solve

these
diese

problems, the use of a system of renewable energy sources combined with storage and
| generators to replace the national grid, and meets the electricity needs of the load is

one of the most practical solutions. This paper presents the optimal design of a small
independent electrical network consisting of photovoltaic cells, electric energy storage
accumulators and a diesel backup generator. This independent power network can meet the
needs for the household's daily load that consumes 12.5 kWh per day. Use optimization
software for the PVsyst renewable energy sources system to get the most technically and
economically feasible results.

Keywords: Renewable energy sources, photovoltaic batteries, inverters, electrical energy
storage batteries, system losses.
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