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ABSTRACT

Nowadays, global warming, lack of electricity, and the increase of
production costs which many companies are facing. Taking advantage of
available energy sources for factories and companies is an ideal choice to
help them save costs and increase efficient business. In this study, the
researchers have calculated, analyzed, and simulated the power of rooftop
solar systems to choose optimal capacity and setup based on the power
consumption of the company. From simulation and calculation results as a
basis to apply to actual installation at Quang Viet factory — Long An. With
the factory’s area, the number of sunshine hours, the average of
radioactivation in this area, the investment costs, the loading devices used,
etc., the researchers have simulated and calculated the responsiveness of the
solar power system at Quang Viet factory in 53.05%, payback period is 6.2
years. From this database, it is possible to research and apply in the design

and installation of rooftop solar power systems at this company.
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Dién mat troi ap mai;

HomerPro;
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Hi¢u qua nang luong;

Thiét ké hé théng dya trén tai tiéu thu.

TOM TAT

Hién nay v6i sy nong 1én cua trai dat, cung v6i sy thiéu hut dién va gia ting
chi phi san xuét 12 bai toan ma nhiéu doanh nghiép dang gap phai. Tan dung
ngudn ning luong tai tao dé str dung cho nha may, cong ty tir d6 giup giam
dién ning mua tir ludi dién 12 mot phwong an gitp cho cac doanh nghiép tiét
kiém chi phi, tdng ndng lyc canh tranh cta doanh nghiép. Trong bai b4o nay,
nhém tac gia phan tich, tinh toan, va sir dung phan mém chuyén dung hd trg
trong viéc xac dinh dugc cong sut dién mat troi tdi wu dura vao tai tiéu thu
ctia nha may. Sau d6 hé thdng dién mit trdi 4p mai duoc md phong va thiét
két sao cho t6i vu hoa luong dién déu ra cua hé théng. Tu dién tich nha may,
s6 gid néing, buc xa trung binh tai khu vye, chi phi dau tu, cac thiét bi tai st
dung, ... nhom tac gia d& mo phong, tinh toan dugc kha nang dap tmg cia
hé thong dién mat troi tai ddi v6i nhu cdu tai tiéu thy nha may Quang Viét
la 53.05 %, thoi gian hoan Von 1a 6.2 nam. Tu co sé dit ligu nay, co thé
nghién ctru ap dung vao thuc té thiét ké lap dat hé thong dién mat tro1 mai
nha tai nhd may Quang Viét sao cho dat loi ich kinh t& cao nhit cho nha
may.
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1. Giéi thiéu

Xu thé chuyén dich nang luong tir cac ngudn ning luong hod thach sang cac ngudn ning luong tai
tao dang dién ra manh mé trén thé gioi. Vi vdy ma cac nguon nang luong tai tao dang ngay cang duoc
chu trong khai thac. Va theo sy phat trién cuia cong nghé cac hé thong khai thac nang lugng tai tao cang
dugc chii y dén viéc tang hiéu suat, tang hiéu qua sur dung ctia nang lugng tai tao. Trong cac ngudn ning
luong tai tao dugc khai thac nhiéu nhat hién nay, ning lugng mit troi van dang la nguon nang lugng
dugc khai thac nhiéu nht vi n6 c6 cac uu diém nhu: sach, san lugng la vo tan, co mat khip noi trén bé
mat trai dat, va d& dang lap dat thi cong. Vi vdy viéc phat trién cac du an dién mit troi di duoc chi trong
trong thoi gian qua.

- Tinh hinh thé gidi:

Nang lugng mat troi da duoc Hoa Ky quan tdm déu tu va phat trién tir kha sém. Nam 1982, tai bang
California da xay dung nha mdy quang dién cong suat 1 MW déu tién trén thé gid1, nho viée tn dung
diéu kién ly tuong vé tu nhién khi tai day c6 khoang 102,7 nghin km? 14 sa mac ning néng - diéu kién
1y twong dé phat trién dién mat troi. Giai doan 2011-2014, cung tai California da xay dyng 2 nha may
dién mat troi 16n. D6 1a Trang trai quang dién Topaz cong sut 550 MW véi tong mirc dau tu khoang
2,5 ty USD va Nha may dién mit troi Ivanpah cong sut 392 MW véi tong von du tu khoang 2.2 ty
USD. Théang 5/2020, B6 Noi vu My di thong qua 1an cudi du 4n nang lwong mat troi 16n nhat & My, tri
gia Ién t6i 1 ty USD 6 tai tiéu bang Nevada. Du 4n ndy c6 thé cung cip dién cho khoang 260 nghin ho
gia dinh, du dé dap ing nhu cdu ctia dan cu tai Las Vegas. Theo tinh toan, dy 4n s& dem lai nhiéu loi ich
cho nen kinh té cling nhu moi truong, tao ra hang nghin viéc lam trong linh vyc xay dung va san Xudt
ra ngudn ning luong sach co thé bu dap lugng khi thai gay hiéu ing nha kinh ciia khoang 83 nghin chiéc
xe hoi [1].

Ngay tir nam 2006, Trung Qudc di ban hanh Luét Ning luong tai tao, dat nén méng cho cugc cach
mang phat trién ning luong sach. Trung Qudc hién dugc xem 1a qudc gia co kha nang san xuét dién
nang lugng mit troi 16n nhét trén thé gisi voi kha ning san xuét 1én dén 1330 GWh mdi nam. Riéng
nam 2018, Trung Qudc lap dit mot nira trong tong cong sut nang luong mat troi moi trén toan thé gidi.
Pay ciing 1a nudc sd hitu du an dién mat troi 1on nhét thé gidi vdi cong suét 1én dén 1547 MW & sa mac
Tengger. Trung Qudc ciing 1a dat nudc dau tién lip dat hon 100 GW ning lwgng mat troi, twong duong
v6i lugng dién duoc san xudt tir 75 nha may ning lugng hat nhan cong suat trung binh. Tinh dén dau
nam 2019, Trung Quéc s6 hitu 6 trong 10 cong ty san xuit module ning lugng mat troi 16n nhat thé
gioi. Mure san Xuat  pin mét troi tai quoc gia nay hién da dat va vuot muc tiéu dé ra cia chinh phu vé kha
nang san xuat va lap dat nang luong mat troi [2].

Ngoai Hoa Ky va Trung Qudc thi cac qudc gia khac ciing chu trong dén ning lugng tai tao nhu Nhat
Bén, Pirc,... Chinh phi Nhat Ban ¢6 chinh sach mua dién san xuét tir nang lwgng mit trdi véi gia cao
hon gi4 thi truong va giam gia ban cac tim pin nang lvong mat troi. Dé tiép tuc thuc ddy phat trién dién
mit troi, thang 8/2011, Nhat Ban da ban hanh Luét Tro gia (FiT) mua ning luong tai tao, khuyén khich
nguoi dan ty san xuat dién mit troi tai nha va tir 6 xay dung céc trung tdm dién mat troi lon va tap
trung. Luat FiT cho phép hd trg gia dién san xuét tir ning lugng mat troi khi cac doanh nghiép tu nhan
mudn dau tu. Giai doan tir ndm 2011 dén ndm 2014, cong suit lap dat dién mit troi tai Nhat Ban ting
manh tir 5.000 MW 1én 25.000 MW. Bén cubi nam 2020, di c6 khoang 2.4 triéu khach hang (bao gém
ho gia dinh, doanh nghiép...) lép dat dién mat troi ap mai 6 Nhat Ban [3].
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Hinh 1. Tong céng sudt ldp dat dién mdt troi trén thé gioi tir 2008 - 2018
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Hinh 1 cho thiy xu hudng phat trién cua dién mit troi trén thé gioi. Vi su phat trién manh mé cua
dién mat troi ma cac nganh nghe lién quan dén linh vuc nay ciing phat trién manh mé. C6 cac xu hudng
khac nhau trong viéc phat trién tuy theo linh vue. Thudc linh vye vat liéu cac xu huong trong viéc phat
trién vat liéu tap trung vao ning cao hiéu suat chuyen d6i ning luong [4]-[6], tap trung vao céc vat li¢u
c6 gia thanh ré hon [7], [8], tap trung vao viéc thiét ké cac hé thong c6 thé hoat dong co hiéu suét cao
hon nhu cac hé Concentrator Photovoltaic (CPV), hoic 1a cac thiét ké t6i wu hoa cong suit [9], [10]...
Bén canh cac phuong phap nghién ciru dé phat trién nganh nang luong mat troi thi cac phuong an thlet
ké hiéu qua trong thuc té cing 1a mét linh vyc quan trong rat dang dé quan tam. Cac phuong phap thiét
ké t6i uu sir dung céc phan mém ho trg nhu HomerPro, PVsyst hay cac chuong trinh 1ap trinh dé tinh
toan cac diéu kién thiét ké lap dat t01 vu hé thdng ciing dugc quan tam trén thé gidi tuy theo cac dicu
kién vé kinh té x3 hoi va cac yéu ciu k¥ thuat cia cac hé thong dién mat tro1 & cac nudc khac nhau trén
thé gisi [11], [12].

- Viét Nam:

Viét Nam nam trong viing ndi chi tuyén Béc nén c6 tiém ning 16n vé birc xa mit troi, trung binh s6
gid ning tir 1600 — 2700 gid/ndm, luong birc xa khoang 4 — 5 KWh/m? mét ngay (2021). Vi viy, tiém
nang vé khai thac nang luong mat troi tai Viét Nam 1én dén khoang 13 GW véi mat do nang lugng mat
troi tap trung cao tai khu viuc Mién Trung va Mién Nam: Duyén Hai Nam Trung Bo, TAy Nguyén, Nam
B [13] nhu duoc thé hién trong Hinh 2.

SOLAR RESOURCE MAP
GLOBAL HORIZONTAL IRRADIATION
VIETNAM ESMAP  IED

@ WORLD BANK GROUP

Long term average of GHI, period 2007-2018
Daily totals: 32 36 40 44 48 52 56

KWh/m'*

Yearly totals: 1168 1314 %61 1607 1753 1899 2045

Hinh 2. Luong buc Xa nang lwong mat troi theo ngay ¢ Viét Nam

Su phat trién clia ning luong mit troi tai Viét Nam thay doi phu thugc theo cong ngh¢ va chinh sach
khuyén khich cta nha nudce. Trong giai doan dau khi Viét Nam méi tiép can véi nang luong mat troi thi
cac du an dau tu chu yéu 1a duéi dang trang trai dién mat troi c6 quy m6 1on va két nbi truc tiép vao hé
thong luéi dién qudc gia. Su phat trién qua nong cua dién mat troi & mot sO ving c6 mat do nang lugng
mit troi cao 1am ap lyc truyén tai, phan phéi dién gia tang 1én h¢ thong dién ludi quoc gia. Va cac chinh
sach va cac quy hoach dién di dwoc dua ra va diéu chinh dé dién mit troi phat trién bén viing hon phu
hop vé6i sy phat trién dong bo ctia ha ting ludi dién. Va khoang 10 nam tré lai day thi dién mat troi phat
trién manh nho sy phat trién cua dién mit troi ap mai nho vao chinh sach mua lai dién ap mai tr EVN.
Tuy nhién, viéc gia thanh cc tim panel quang dién giam gia qua nhanh vi su phat trién cua thi truong
thé gidi lam cho viéc dau tu dién mat troi 4p mai hoa ludi tré thanh mot linh vuc dau tu duge quan tam.
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Vi vy chi trong vong 3 nam tir 2018-2020, vao cudi nim 2020 sb hé théng dat dugc 1a 105,212 hé théng
vGi tong cong suat lip dat 1én téi 9730.87 MWp [14]. Viéc phat trién nong cta dién mit troi ap mai giai
doan nay khong di kém véi cac cong nghé luu trit, hé théng va co so ha tang cua ludi dién qudc gia da
1am cho su phét trién tré nén khong bén viing va anh huong dén an toan cta hé théng co sé ha tang ludi
dién. Vi vay chinh sach khuyén khich mua ban dién ap mai da két thic vao 31/12/2020.

105,212

I SO hé thong Cong suat lap dat

Hinh 3. Téng sé hé thong va cong sudt lap dat (MWp) dién mat troi dp mdi dén cudi thang 12-2020

Viéc két thuc chinh sach khuyén khich mua ban dién mat troi 4p mai dan dén mot bude thay ddi rat
16n trong viéc lép dat va str dung cac hé théng dién mat troi ap mai. Qua trinh thiét ké va 1ép dat dién
mat troi ap mai trude thoi diém 31/12/2020 1a twong d6i don gian, chu yéu phu thude theo 1 trong 3 yéu
td: theo dién tich mai lap dat, theo cong sudt mong mudn cta chii dau tu, hodc theo tai chinh cua chu
dau tu. Chi yéu cac hé thong dién mat trdi ap mai la cac hé thong on-grid. Viéc lap dat hé thong on-grid
don gian vi khong phai quan tdm dén luong dién thiéu hodc thira ctia hé thong dién mat troi dp mai.
Thiéu hodc thira cua dién mit troi 4p mai s& duoc bu dap hodc ban 1én ludi dién qudc gia vai gia rat hip
dan 1a 1,920 ddng/kWh [15], [16]. Tuy nhién viéc lap dit dién mat troi 4p mai nhu vay 1a khong hiéu
qua k& tir nam 2021. Viéc ldp dat dién mit troi 4p mai phai dugc lap dit theo cong suét tdi wu dé luong
dién san sinh ra phai dugc str dung nhiéu nhét c6 thé boi nha may tai khu vuc ldp dat hé thong. Vi pho
tai tiéu thu ciia nha may khéng phai luc nao ciing phit hop voi phd dién tao ra boi hé théng dién ap mai.
Vi vay luong dién du thira khong dugce s dung boi tai ciia nha may s€ bi hao phi. Diéu nay co nghia 1a
néu lap dat h¢ thong dién mat troi ap mai c6 cong suét du thira s& tr6 nén lang phi, con ngugc lai néu
ching ta lap dat hé thong co cong suat qua nho thi lai khong t6i wu vé mit kinh té cho nha méy. Vi 1&
d6 viéc thiét ké hé thdng dién mat troi 4p mai hién nay trd nén phirc tap hon doi hoi cac ky su thiét ké
phai tinh toan Iya chon duoc cong sut toi uvu cua hé théng dién mat troi 4p mai cho moi mot nha may
voi tai tiéu thy déc trung cua nha mdy do. Cac thuét toan dé tinh todn, lya chon dugc cong sudt dién mat
troi 4p mai can thiét thuong khéa phuc tap véi rat nhleu cac thong sb dau vao anh hudng dén két qua. Vi
véy thong thuong céc ky su s€ lya chon cac phan mem chuyén nganh hd tro cho viéc tinh todn nay. Cé
nhiéu phan mém hd trg cho viéc xdc dinh cong suat toi wu tuy nhién hién nay phan mem HomerPro
dugc xem 1a phan mém chuyén nganh hd tro tot nhat cho muc tiéu tinh toan tim cong suit téi wu cta hé
thdng dién mat troi ap mai.

Trong nghién ctru nay, phan mém HomerPro duoc str dung dé hd tro cho viéc tinh toan xac dinh
cong sut t6i wu ctia nha may nho vao dit liéu tai tiéu thu cua nha may. Bén canh do viée tinh toan thiét
ké hé théng dién mit troi ap mai cho nha may Quang Viét con duoc hd tro boi phan mém khac. Phan
mém PVsyst dé mé phong san luong dién dau ra ctia hé thong trong khi AutoCad va Sketchup duoc sir
dung dé hd tro cho viée thiét ké va dung hinh anh hé théng. Ngoai ra mot chuong trinh duoc xay dung
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riéng bang Excel dua trén kinh nghiém ctia cong dong cac chuyén gia duoc sir dung dé so sanh va danh
gié lai két qua thu dugc tir HomerPro.
2. Phan tich, xir ly s6 liéu tai nha may

Nha méay Quang Viét dét tai Long An ¢6 dién tich 30,000 m?. Vi tri nha may thudc vung DPong Bing
Song Cuu Long, la khu vuce ¢6 lugng birc xa t6t tir 4.8 — 5.2 KWh/m?/ngay va c6 sb gio ning tir 1,800 —
2,000 gi¢ trong nam. Cho thiy nha may nam trong khu vuc c6 mat d§ buc xa mét troi cao phu hop cho
viéc lip dat hé thong dién mat troi ap mai. Viée lap dat dién mit troi ap mai thi cac thong s0 v€ mai cla
nha may 1 thong tin can thiét va duoc thé hién qua Bang 1. Thong so dién tich mai gitip cho viée xéac
dinh cong suit ti da cia hé thong va huéng mai cho phép viée thiét ké trd nén hidu qua va phu hop hon
dé dam bao hiéu suét ciia hé thong.

CIEN TRUC TONG THE 1y 16: 1/1200

Hinh 4. Toan cdnh nha mdy Qudng Viét tai Long An nhin tir Google Map

Bing 1. Cac théng s6 mdi ciia nha may

Toa nha Théng sb
Dién tich mai Toa nha 1 6965 m?
Dién tich mai Toa nha 2 3299 m?
Dién tich mai Toa nha 3 1910 m?
Tdng dién tich mai 12174 m?
Tdng tiém nang lap dat 2.03 MWp
Toa do 10%56°09°N 106°27°02”’E
Goéc Azimuth Léch 30.8° so v6i huéng Nam vé phia Tay
Gbc nghiéng mai nha 4.6°

M Radiation -1

Clearness 0.9 Value: 28.66
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Hinh 5. Théng s6 birc xa va nhiét dé trung binh cdc thang
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Hinh 5 cho thiy sy phan b mat do cong suét birc xa trung binh cac thang trong nim ciia khu vuc
nha may. Bic xa trung binh 16n nht vao khoang thang 3, trong khi gia tri trung binh thap nhit 1a vao
khoang thang 10. Céc gia tri c6 thay doi nhung tat ca déu trén 4.5 kWh/m?/ngay. Bén canh d6, nhiét do
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trung binh giita cac thang trong ndm cao nhat vao thang 4 khoang 30.5 °C, thap nhat vao thang 12 khoang
26.5 °C. Nhiing di¢u ndy cho thay cac diéu kién tién dé co ban phu hop trong viéce lap dat dién mat troi
ap mai cho nha may.
500 Power consumption in 01 day (kW)
450
400
S 350
£ 300
g 250
3 200
150
100
50
0

mor me e EBR W0 WO mo mo u

Time

w0 Dé;ﬂﬂw-

Hinh 6. Pé th; tdi tiéu thy trong mgt ngay

Viéc thiét ké dién mat troi ap mai v6i cong suat toi wu thi thong tin vé dit lidu tai tiéu thu ciia nha
may 1a rit quan trong. Dir liéu tai tiéu thy 14 thong sé dau vao quan trong duge dua vao HomerPro dé
tinh toan cong suat t6i wu. Theo dit liéu thu tip tai nha may cho thdy cong suét tai tiéu thu cuia nha may
trong mot ngay Hinh 6 va tai tiéu thu trong hai tuan theo Hinh 7. Nha may c6 tai tiéu thu bat dau tir 7:00
sang va két thiic vao khoang 18:00 t6i, trong d6 khoang tai tiéu thu cao tir 8:00 sang dén 16:30 chibu.
Va tai tiéu thu ctia nha may c6 giam khoang 30% vao khoang thoi gian nghi trua. Véi pho tai tiéu thy
trong Hinh 6 cho thay tai tiéu thu cia nha may tuong ddi phii hgp véi phd tai san lwong dau ra ctia cac
hé thdng dién mat troi ap mai.

500 Power consumption in 02 weeks (kW)

Power (kW)

Hinh 7. Bé th; tai tiéu thy trong 2 tuan

Dé c6 thé ap dung duoc phan mém HomerPro thi dir ligu téi thiéu vé tai tiéu thu phai cung cap la

mot nam. Trong Bang 2 cho thiy lwong dién tiéu thu ciia nha méay trong nim khao sat 2020. Qua dit liéu
tir Bang 2 c6 thé thiy thoi gian thip diém ctia nha may s& roi vao khoang thang 2 thudng tring voi
khoang thoi gian nghi Tét ¢6 truyén. Viéc thiét lap va tinh toan cac két qua sir dung HomerPro c6 thé
duogc khai quat gdbm cac budce sau:
Buoc 1: Cai dat vi tri dia ly. Vi tri nha may lép dat dién mat troi ap mai dugc dua vao trong ph?m mém.
Sau d6 loai dir liéu thoi tiét duoc lua chon. C6 3 loai dit liéu thoi tiét thuong dugc sir dung trong tinh
toan dién mat troi gdm Nasa, National Renewable Energy Lab (NREL) va Norm. Ca 3 loai thoi tiét nay
déu dugce str dung rong rai va sy chénh Iéch gitra cac dir li€u nay la khong dang ké va co s6 dit liéu bire
xa mat troi cua Nasa dugc st dung trong dy an nay va viéc lya chon chu yéu dya vao giao dién va sy
hd tro ctia cac phdn mém chuyén nganh nhu dugc trinh bay trong Hinh 8.
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Bang 2. Luong di¢n tiéu thu cia nha may theo tung thang trong nam 2020

Théang| 1 2 3 4 5 6 7 8 9 10 11 12
- 716 | 48.6 | 122.1 | 130.5 | 95.6 | 115.7 | 1239 | 103.2 | 90.7 | 102.0 | 116.7 79.3
Thﬁip 2.3 1.2 3.0 3.3 2.6 2.9 3.0 25 2.3 25 2.9 1.9
diém
Binh | 50.7 | 345 | 87.0 | 929 | 67.8 | 824 | 88.3 73.6 64.7 72.5 83.3 56.5
thuong

Cao | 186 | 126 | 32.1 342 | 252 | 304 | 327 27.1 23.8 26.9 30.6 20.9
diem

Resources n

Solar

MNASA Prediction of Worldwide Energy Resour:
Jl|  Monthly averages for global horizontal radiation over
22-year period (Jul 1983 - Jun 2005)

Mational Renewable Energy Laboratory
National Solar Radiation Database

Wind
MNASA Prediction of Worldwide Energy Resoun
Monthly average wind speed at 50m above the surface
of earth over a 30-year period (Jan 1984 — Dec 2013)

Temperature

NASA, Prediction of Worldwide Energy Resour
|| Monthly average air temperature over 30-year period
{Jan 1984 — Dec 2013)

Choose Windnavigator for improved wind modeling.

Download Cancel

Hinh 8. Lita chon nguon dit liéu

ELECTRIC LOAD O Name: | Electric Load #1
=
January Profile Daily Profile Seasonal Profile
Hour Load (kW) 300 1000
0 11.87
200
1 12.17 z Z s00- - T
2 1217 100
3 11.43 | H
--.-.-l R ! o o ! !
‘ 1 o ST LTI PSS &
5 10.96 " & TEY ST ku,oe.q
6 16.65 Yearly Profile
7 65.43
8 261.52 = T lr; \llll\ "
oo AR LR LR
) (SR B ‘ x [ 31 '] 1]
10 25513 -
1 250.78
12 184.09 1 50 180 270 365
Day of Year
Show All Months... Metric Baseline Scaled Efficiency (Advanced)
Average (kWh/day) 3,2865 3,286.5 Efficiency multiplier:
Time Step Size: 60 minutes
Average(kW) 13694 136.94 Capital cost (d):
Random Variability Peak (kW) 607 607
Lifetime (yr):
Day-to-day (%): 43.025 Load factor 23 23 v
Timestep (%): 256.897
Peak Month: April Load Type: (® AC bc
Scaled Annual Average (kWh/day): 3,286.57 @

Hinh 9. Phan tich thang tin rdi tiéu thu dwec tai vao trong phan mém HomerPro
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Budc 2: Nhap dir li€u tai vao phﬁn mém. Cac dit liéu tai tiéu thu cta nha may phai dugc luu dudi dang
mot file text voi dinh dang phai tuan thu theo hudng dan ctia phan mém HomerPro. C6 nhiéu dinh dang
khéac nhau c6 thé dugc st dung, tuy nhién trong nghién ctru nay, dinh dang hai c6t dugc st dung trong
d6 mot cot 1a moe thoi gian va mét c¢ot con lai la cong suét cua tai tiéu thu. Bude nhdy cua cac dir liéu
nay co thé dao dong trong tir 1 tiéng cho dén vai phut. Nhu trong Hinh 9 cho thiy cac thong sd lién quan
dén tai tiéu thy nha may va gia thanh dién ludi tai cac khoang thoi gian khac nhau.

Buwdéc 3: Xuat dir liéu tiéu thu dién ciia nha may nhu Hinh 10 va Hinh 11. Viéc xuat dif liéu nay 1a khong
bét bude, viée xuat dit lidu tiéu thu dién ciia nha may 1a dé kiém tra xem dit liéu thu thap c6 chinh xéac
hay chua va co gi bat trong trong bo di liéu thu thap tir nha may hay khong.

Scaled data Daily Profile

Jan Feb Mar Apr
600.00 600.00 600.00 600.00
500.00 500.00 500.00 500.00
400.00 400.00 400.00 400.00
300.00 - 300.00 - 300.00 - 300.00 4
200.00 200.00 - 200.00 200.00 +
100.00 - m 100.00 IT\__ 100.00 - 100.00 -
0.00 T 0.00 T T 0.00 0.00 T T T
0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
May Jun Jul Aug
600.00 600.00 4 600.00 - 600.00 4
s 500.00 - 500.00 500.00 500.00
=< 400.00 400.00 400.00 400.00 +
g 300.00 300.00 - 300.00 300.00
€ 20000 200.00 200.00 200.00
& 10000 100.00 100.00 100.00 4
0.00 T 0.00 -+ T T T 0.00 0.00 T T T
0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
Sep Oct Nov Dec
600.00 600.00 600.00 600.00
500.00 500.00 4 500.00 - 500.00 4
400.00 - 400.00 - 400.00 - 400.00 -
300.00 300.00 4 300.00 - 300.00
200.00 200.00 200.00 200.00
100.00 100.00 100.00 100.00
0.00 T 0.00 T T T 0.00 0.00 T T T
0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18
Hour

Hinh 10. D¢ thj cong sudt tiéu thy theo gio trong ngay ddic trung ciia méi thang

Scaled data Monthly Averages
700 4

600

500+

200

100

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Hinh 11. Do thi cong sudt tiéu thy timg thang trong nam 2020
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Bude 4: Nhap biéu dd gia dién. Vi viéc tinh toan lya chon céng suét ti uu cua hé théng dién mat troi
4p mai dua vao viéc tinh toan ra duoc gia thanh trén moi kWh dién duoc tao ra trong toan bd vong doi
ctia du 4n nén viéc nhap gia dién chinh xéac theo cac khung gio khac nhau 1a rt can thiét. Khung gia
dién duoc tai vao trong HomerPro dugc tham khao tai thoi diém tinh toan véi gia dién gio cao diém la
2871 VND va gio thap diém 1 1555 VND vi nha may Quang Viét c6 dién ap nam trong khung gia cho
cac nha may c6 dién ap tir 22 kV dén 110 kV [17]. Va bang phan bd gia dién theo gia (mau sic) va theo
thoi gian trong ngay va trong nim duoc thé hién trong Hinh 12.

Power Price
36008

3,000
2,400
1,800 ¢

1,200d

af_ 500 ¢

1 90 180 270 365
Dayofvesr

Hinh 12. Biéu do gid dién khi import vao Homer Pro

Budée 5: Nhap chi phi lap dat. Chi phi ldp dit dugce nhap vao HomerPro theo xu hudng ciia thi truong,
trong d6 khi cong sut lap dat cang tang thi chi phi gia dau tu trén mdi kWp ciia hé thong s& giam di. Vi
vay két qua tinh chi phi gia thanh ning luong trén mdi mot kWh duoc tao ra trong toan bd vong doi du
an sé c6 do chinh x4c cao hon va c6 thé xac dinh dugc cong suét can lép dat cho du an.

PV Cost Curve

Capacity Capital | Replacement

d10,000,000,000
49,

),000

2} 17000000 O 700000

X d8,000,000,000
100 11650000 0 20000000 % & 566066660
200 32000000C 0 32000000 X i §6,000,000,000
300 465000000 0 48000000 ¥ 3 d5,000,000,000 -
400 62000000C 0 64000000 X §4.000,000,000

- d3,000,000,000
500 75000000 O 60000000 X

z @d2,000,000,000
600 87000000C 0 72000000 ¥ - §1,000,000,000 -
Multiplier: 4o+ T I
= @ @ @ 0 100200300400500600700
Lifetime
kw
time (years): 2000 ®)

=== Capital === Replacement
Hinh 13. Nhdp chi phi ldp dat

Bude 6: Nhap céc chi phi thay thé. Trong toan bo vong doi cua du an théng thuong dugc tinh khoang
20 nam. Tudi tho cta cac tim panel quang dién thong thuong 1a 25 dén 30 nam trong khi cac bd phan
khac s& c6 tudi tho thap hon. Vi vdy trong toan bo vong doi du 4n sé& c6 cac thanh phan can dugc thay
thé trong d6 co Inverter, cac cap ndi, ac quy luu trit (néu c6),... Trong d6 cac Inverter 1a thanh phan
dang ké nhat trong cac thanh phan can thay thé va thuong c6 tudi tho khoang 10 ndm. Vi vay céc chi
phi thay thé nay can phai dugc tinh vao chi phi tong ciia toan bd vong doi du an.

Inverter | Orientation | Temperature

| Explicitly model Inverter Sizing Use Efficiency Table?
Inverter load capacity
Lifetime (years): 1000 ©@ = Copaciy (W) Efficiency (%): 985
Costs Dc/Ac Rati
oW Cap o ; S 12 Input Percentage (%) Efficiency (%
3 = i = Click here to add new item
$0.00 §563,812.50 $0.00 X

Click here to add new item
Size (kW)
100
200
300
400
500
600

Hinh 14. Nhdp cdc chi phi thay thé
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Budée 7: Nhép cac thong sb kinh té. C6 rat nhiéu thong sé dau vao ctia hé thong c6 anh hudong dén viée
tinh toan LCOE (Levelized cost of energy — gia thanh mdi don vi ning lugng). LCOE chinh 1a thong s6
quan trong dé so sanh dé chon ra cong suat toi wu. Vi lién quan téi gia thanh nén cac yéu t6 kinh té dau
vao can duoc quan tam va lya chon chuén xac. Trong dé tai nay ti 1€ tang gia dién ludi 1a 1.5 % duoc
lya chon dua trén tdc do tang gia dién trong 10 ndm trd lai day cta thi truong. Bén canh d6 tdc do suy
giam hi¢u suit cua cac tim panel quang dién 1a 0.9 %/nam dugc lua chon tir kinh nghiém tir cac du an
thiét ké trudc d6 trong thyc té, trong khi tir thong tin ciia loai panel tir nha san xuét thi thong s6 nay
thuong 1a 0.5 %. Ngoai ra cac thong s6 khac quan trong khac nhu tdc d6 lam phat dugc chon 1a 3.5 %
va hé sb chiét khau danh dinh 1a 14.96 %. Tt ca cac thong ) nay dugc lya chon dya vao cac ti 1€ trong
10 nam gan nhat cua cac yéu t6 kinh té thi truong.

¥l Enable

Project lifetime (years): 20

Grid: GridPrice System Fixed O&M Cost PV: Degradation

(%/year): 1.5 Years || (%/year): 0 Years || (%/year): 0.9 Years

Electric Load #1: Scaled Ave

(%/year): 0 Years

ECONOMICS @ ©

Nominal discount rate (%): 14.96 @
Real discount rate (%): 11.07
Expected inflation rate (%): 3.50 @
Project lifetime (years): 20.00
System fixed capital cost (d): 0.00 @
System fixed O&M cost (d/yr) 0.00 @
Capacity shortage penalty (d/kwh): | 0.00 @

Currency: | Vietnamese Dong (d) %

Hinh 15. Nhdp cdc thong sé kinh té

Buéc 8: MO phong hé théng trong HomerPro dé nhan dugc két qua can xac dinh. Cac két qua nhan
dugc can duoc phén tich dé xem xét tinh hop 1y cta n6 khi 4p dung vao thyc té dy an.

D6 1a toan bd cac budce can thiét can duoc tién hanh trong HomerPro dé co thé danh gia, lua chon
duoc cong suét tdi wu cho hé théng duya trén tai tiéu thu va cac kich ban kinh t& nhu 1a cac gia tri dau
vao cho chuong trinh. Két qua dau ra sé 1a cac gia tri LCOE tuong tng voi cac kich ban khac nhau dé
so sanh lya chon truong hop co gia tri LCOE nho nhat nhung ciing phai dam bao tinh thyc té cua dy an
trong viéc thi cong lap dat.

3. Két qua va thao luan

Hinh 16 thé hién cac gié tri cia LCOE phu thudc theo cong suat lip dat. Trong truong hop cong suat
lz'ip dat cho nha may nho thi cac chi phi dau tu tinh trén mot don vi kWh dién san sinh ra lai cao. Vi vay
gia thanh ctia mdi kWh dién giam xudng va dat gia tri cuc tiéu tai cong suat 580 kWp. Cong suit nay
chinh 14 cong suit t6i wu dua theo tai tidu thu va phan bd phd tiéu thu cia nha may Quang Viét. Vi
cong suat lap dat 1a 580 kWp thi gia thanh mbi don vi kWh dién san sinh ra trong toan b vong doi du
an s& la khoang 1824.6 VNB/kWh. Gia tri d6 s& ting 1én néu ting cong suat lip dat voi nhitng cong suat
lap dat 16n hon. Didu nay kha phu hop véi thuc té 14 trong trudong hop cong suét lap dit 16n, lugng dién
san sinh ra boi hé théng ning luong mat troi ¢6 thé bi du thira do nhu cau cta nha may nhé hon. Khi d6
lwong dién du s tré thanh hao phi. Vi vy ma gia thanh LCOE s& tang 1én. Tir cuc tri trong d thi cua
Hinh 16 cho thiy rang (mg v6i mdi nha may véi mdi tai tiéu thu khac nhau thi cong suét ti wu 13 mot
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gi tri duy nhat. Tuy nhién trong thyc té nha dau tu hoan toan c6 thé chon cac gia tri c6 thé thay doi mot
khoéng gi tri nao d6 so véi gi tri tdi wu dé dam bao cac yéu cau thuc té ciia nha may.
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Capacity PV (kW)
Hinh 16. Biéu do giita chi phi ndng lwong va céng sudt PV
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Hinh 17. Biéu do IRR twong img véi cdc gid tri cong sudt khdc nhau

Hinh 17 thé hién mot thong sé khac quan trong cia mot dy an d6 1a ti suat hoan von ndi bo (IRR).
Vi cac du an c6 chi sb IRR cang 1on thi ti suét lgi nhuan cua dy 4n sé cang cao va thoi gian hoan vbn
cang ngin. V&i cong suét 1ap 1a 580 kWp cho tht 1a chi s6 IRR 14 cao nhét gitip thoi gian hoan vén chi
khoang 6.3 nam nhu dugc thé hién trong Hinh 18.

Hinh 18 thé hién dong tién cua du 4n trong 20 nam. Trong nim dau tién cin bo ra chi phi dé dau tu
hé théng dién mat troi nén hé théng c6 gia tri dong tién am. Cac nam sau do vi hé théng s€ tao ra dién
dé cung cap cho tai nha may gitp tiét kiém duoc mot phan luong dién can thiét cho tai nha may. Va dén
nam tht 7 thi luong tién tiét kiém dugc ciia du an da 16n hon s6 tién dau tu ban dau vi vay luc nay cac
cot thé hién dong tién dy 4n mang gia tri dwong va dén nim 20 s tién tiét kiém cua du an da dat t6i
khoang 28 ty VND (trudc thué).

Simple Pay-Back Period (pre-tax - Firm)

VND

Years

Hinh 18. Biéu do thoi gian hoan vén sau thué cia hé thong
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Sau khi chon dugc cong suét t6i uru cho hé thong cac phuong an thi cong lip dat duoc xay dung voi
muc tiéu giam t6i thiéu ton that va toi vu hoa san luong dién dau ra tir 46 mang la gia tri kinh t& nhat
cho du an.

Phuong an 1: Phuong an thtr nhit 1a lap cac panel trén mai sé 1 va sb 2, mai duoc lap pin theo hudng
Tay Nam nhu trong Hinh 19 a).

Phwong 4n 2: Trong phuong 4n nay thi cic tim panel dugc lap trén 2 mai theo huéng Pong Bic ¢ phia
nguoc lai so v6i phuong an 1 nhu duoc thé hién nhu trong Hinh 19 b).

Phwong an 3: Trong phuong an nay céc tam panel dugc lap dit trén cing mot mai ¢ toa s6 1, panel
solar duoc lip theo ca hai huéng Tay Nam va Pong Bic nhu trong Hinh 20 a).

Phwong 4an 4: Phuong an thir 4 s& 1ap twong tu nhu trudng hop thir 3, tuy nhién viée bé tri panel solar
lac nay s& duoc chia déu cho ca 2 phia nhu trong Hinh 20 b).

e Near shadings parameter MNear shadings parameter
Perspective of the PV-field and surrounding shading scene Perspective of the PV-field and surrounding shading scene

(a) (b)
Hinh 19. M6 hinh 3D trong PV Syst cia a) phwong dn thit nhdt va b) phwong dn thir hai

Near shadings parameter _ Near shadings parameter
Perspective of the PV-field and surraunding shading scene Perspective of the PV-field and surrounding shading scene

(a) (b)
Hinh 20. M6 hinh 3D trong PV Syst cia a) phwong dn thir ba va b) phwong an thir tw

Két qua md phong va tinh toan dau ra cta san luong dién mat troi ciia ca 4 phuong an dugc tinh toan
trong PVsyst dé so két qua cua cac phuong an tir do co thé Iya chon phwong 4n tot nhat cho viéc thi
cong thuc té. Cac két qua so sanh dugc thé hién trong Bang 3 trong d6 san luong dién do hé thdng dién
mat trdi tao ra dd co tinh toan toi cac tén that trong Pvsyst.

Bdng 3. Bang so sanh két qua giita cdc phwong dn

i , San luwgng , H¢ s6 hi¢u suit (%)
Cac phuong an lap dait IRR (%) (trwéc thue)
(MWh/nam)
Phuong 4n thir nhét 831.0 17.3 80.43 %
Phuong an thi hai 820.0 16.8 80.52 %
Phuong an tht ba 828.6 17.2 80.48 %
Phuong an tht tu 825.7 17.2 80.45 %

JTE, Volume 19, Issue 1, 2024 61


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham K thuat Thanh phd H6 Chi Minh

HCMUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

Két qua ctia Bang 3 cho thay san lugng dién dau ravah¢ s6 hiéu suét ctia hé thong trong cac phuong
an lap dat kha 1a tuong ddng. Néu xem xét dén céc yéu t6 anh hudng dén qua trinh thi cong, khi xét dén
su thuén tién va tiét kiém chi phi vat liéu trong viéc thi cong lap dat thi phuong an thir ba va phuong an
thir tur s€ 1a su lwa chon phu hop. O hai phuong an nay, cac tdm PV sé& duoc lép dat trén cung mot mai
xudng, thi cong ldp ddt s& mat it chi phi hon vé cau ap, day dan, 6ng dién,... Néu lip dat nhu phuong
an tht ba s¢ lam tang tai trong anh hudng 1én mai huéng Tay Nam, trong khi d6 mai huéng Dong Bic
lai chiu tai trong thap hon. Do Vay, Iiwa chon phuong an thir tu dé can bang tai trong hé thong, panel lap
trén hai mai ciia toa nha nham giam bat tai trong ctia mai huéng Tay Nam ddng thoi ting tinh tham mi
cho dy an. Mat khac, & phuong an tha tu cho ta san lugng la 825.7 MWh/nam chi thap hon 2.9
MWh/nam c6 nghia la chénh 1éch chua téi 0.004 % so véi phuong an thir ba. Bén canh d6 phuong an
4 cho thiy gia tri IRR trudc thué 1a 17.2% la gia tri khd cao cho thiy tiém ning kinh té cao ciia dy an
néu duge lép dat trong thuc té.

4. Két luan

Tir két qua phén tich c6 duoc, véi mirc cong suat toi wu 581 KW, mirc nay co gia tri IRR 16n nhat
véi 17.2% va thoi gian hoan vbn ngén nhét 6.2 nam. Pay 1a mot du an hoan toan kha thi, dem lai duoc
hiéu qua kinh té 16n, dam bao dwoc vé mit ki thuat dong thoi giup giam thiéu lwong khi nha kinh thai
ra ngodi mdi truong. Bén canh d6 trong nghién ciru nay, cac dir lidu dau vao cua HomerPro da duoc
trinh bay chi tiét. Cach sir dung phin mém HomerPro dé tinh toan x4c dinh cong suit ti uu cia hé théng
dién mdt tro1 4p mai da dugc trinh bay. Khi cong suét toi uu duoc xac dinh, cac phuong an thi cong lap
dat da dugc trinh bay chi tlet Céc két qua cta cac phuong an thi cong da dugc so sanh de tim ra phuong
an kha di nhét trong thuc te Ngoai vi€c phan tich tinh ki thuét cta dy an, thi cac yéu to khac cua dy 4n
ciing duoc phan tich chi tiét. Thoi gian hoan vén, chi phi dau tu du an, chi tiét vé dong tién dy 4n trong
20 nam vong doi du an duoc phén tich mot cach chi tiét dé thdy dugc tiém nang kinh té cua du an. Tuy
nhién, trong qué trinh md phong ddi chiéu giira tai tiéu thu va kha nang dap ng ctia hé théng dién mat
troi ap mai cho thay kha ning dép tmg < 50 % tai tiéu thy. Diéu d6 cho thdy ling phi ning luong cia
hé théng con 16n do nhiéu ning lugng du thira khong duge sir dung. Vi vay dy 4n nay nén duge
mé rong thém bang cach tinh toan xac dinh hé théng luwu trit ning lugng cho hé théng. Bén canh dé gia
dién thay ddi theo cac khung gid khac nhau cho thay viéc nghién ctru cic phuong thirc nap x4 cua cac
hé thong luu trit cling 12 mot van dé can quan tim dé c6 thé xac dinh dugc cac yéu t6 kinh té tot nhat
cho du an.

Loi cam on

Nghién ctru nay 1a két qua nd lyc cia tt ca thanh vién trong nhom va 1a mot phan trong d6 an tot
nghiép cua nhom sinh vién gdm Dinh Xuan Luong va Ngd BPtic Anh Quan, 14 sinh vién nganh Ning
Luong Tai Tao — Truong BPH Su Pham K§ Thuat TP. HCM duéi sy hudng dan cua TS. Pham Thanh
Tuan va ThS. Tran Tién Diing. ThS. Vin Anh Duong dé nd luc trong viéc tong hop két qua dé co thé
trinh bay két qua nghién ctru dudi dang mot bai viét khoa hoc. Tét ca cac thanh vién trong nhom nghién
ctru déu c6 dong gop tich cuc trong qua trinh thuc hién nghién ctru.

Xung dot lgi ich
Céc tac gia tuyén b khong c6 xung dot 1oi ich trong bai bao nay.
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