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Tém tat:

Nghién cliu nay tap trung vao viéc xac dinh cng sudt 1ap dat t6i uu cho hé thdng dién mat trsi mai
nha nham dap (ng hiéu qua nhu ciu tiéu thu dién cla hd gia dinh tai Ha Noi. Dua trén dif liéu bic xa
mat trdi thuc t&, mirc tiéu thu dién trung binh cla hd gia dinh, va biéu gid dién béc thang hién hanh,
nghién clru nay tim cach xac dinh céng suat toi uu cla hé théng dién mat trgi mai nha dua trén moé
phong va t6i uu hda bdng phan mém HOMER. Két qua cho thdy tly thudc mic tiéu thu dién trung
binh clia hd gia dinh, cd thé xac dinh gid tri cdng sudt 18p dat t6i uu cla hé thdng dién mat trdi mai
nha ma tai dé chi phi dau tu va hiéu qua kinh t€ dat mirc can bang hap ly cho hd tiéu dung dién dién
hinh tai Ha Noi.

T khéa:
Hé thong dién mat tr&i mai nha, HOMER.
Abstract:

This study focuses on determining the optimal installed capacity of rooftop solar power systems to
efficiently meet the electricity demand of households in Hanoi. Based on actual solar radiation data,
average household electricity consumption, and the current tiered electricity pricing scheme, the study
aims to identify the optimal system capacity through simulation and optimization using HOMER
software. The results indicate that, depending on the average electricity consumption of a household,
it is possible to determine an optimal installed capacity at which the investment cost and economic
efficiency are reasonably balanced for a typical electricity consumer in Hanoi.
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1. GIO'I THIEU CHUNG

Trong bdi canh nhu cau tiéu thu dién tai
khu vuc do thi ngay cang tang cao, dac bi¢t
la vao mua heé, dién mat trdi mai nha
(BMTMN) c6 thé dugc xem 1a mot trong
nhiing giai phap thiét thyc nham giam ap
luc cho ludi dién qudc gia, giam chi phi

dién nang cho nguoi tiéu dung, dong thoi
g6p phan thyc hién cac cam két cua Viét
Nam nhim dwa mirc phat thai rong vé 0
vao nam 2050. Tai Ha N1, voi mat d§ dan
cu cao va muc ti€u thy dién binh quan hd
gia dinh thudc nhém dan dau ca nudc, viée
trién khai c6 hiéu qua cac hé thdng
DMTMN la yéu ciu cap thiét.
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Mot trong nhiing thach thue trong danh gia
tinh kha thi ctia hé théng PMTMN 1a xac
dinh cong suét ldp dat phu hop dé vira dap
{mg nhu cau tiéu thy dién vira dam bao hiéu
qua kinh té k¥ thuat [1]. Viéc danh gia xac
dinh can xét dén cac yéu té nhu su thay doi
vé blrc xa mait troi, co ciu biéu gia dién
hién hanh va sy da dang vé nhu ciu tiéu thu
dién cua cac ho gia dinh.

Nghién ciu ndy st dung phin mém
HOMER nham: 1) Xac dinh quy md cong
suat PV t6i wu phi hop véi diéu kién buc
xa mat tro1 va muec ti€u thu dién ctia ho dan
tai Ha Noi dong thoi 2) Xac dinh chi phi
dau tu va thoi gian hoan vén tmg v6i hé
thdng DPMTMN t6i wu cho ho gia dinh.

2. PHUONG PHAP NGHIEN CUU VA
MO HINH HE THONG

2.1. Phwong phap nghién ciru

Nghién ctru nay thuc hién tinh toan kinh té
k¥ thuat nham xéac dinh cong suat lip dat
tdi wu cua hé théng dién mat troi dua trén
phan mém HOMER. Phin mém nay duoc
phat trién boi Phong Thi nghiém ning
luong tai tao qudc gia Hoa Ky (National
Renewable Energy Laboratory - NREL) —
1a cong cu md phong va tdi wu hoa cac hé
thong ning luong phan tan duge (mg dung
rong rdi trén toan thé giéi. HOMER cho
phép ngudi dung thiét ké ciu hinh hé thong
phil hop bang cach phan tich cac to hop
thiét bi khac nhau (PV, 4c quy luu trit, ludi
dién...) dudi cac diéu kién k¥ thuat, tai
chinh cy thé va dua ra phuong 4n cu hinh
t6i wru v6i chi phi hién tai thuan (NPC) nho
nhét [2].
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Tai Viét Nam, HOMER da dugc st dung
trong mot s6 nghién ctru danh gia tiém
ning hé thong PV tai cac khu cong nghiép,
vung ndng thon, hoac khu vuc hai ddo [3],
[4]. Tuy nhién, cac nghién ctru tip trung tbi
uu hé théng DMTMN cho h¢ gia dinh tai
khu vuc d6 thi nhu Ha N§i voi cac rang
budc vé nhu ciu phu tai ho gia dinh, va co
cAu biéu gia dién van con han ché.

2.2 M6 hinh hé théng

Hé thong dién mat troi dé xuat duoc mod
hinh héa va mé phong bang phan mém
HOMER théng qua md phéng chudi thoi
gian hang gid trong sudt vong doi 25 nam.
HOMER phan tich hoat dong hé théng
theo tirng gi0, so sanh nang lugng mat troi
kha dung véi nhu cAu tai, xac dinh phén
nang lugng tai tao du thira, va tinh toan céac
chi tiéu kinh té. Céc chi sé dau ra chinh
gdm chi phi hién tai thuan (NPC), chi phi
dién quy dan (LCOE) va lugng dién mua
tur ludi hang nam.

Céu hinh h¢ thdng ning lugng khi xét dén
hé théng PMTMN duoc thé hién nhu Hinh
1. Hé thong ning luong gdm hé thong
PMTMN (gdm cac mang PV va bo bién
déi), ludi dién va tai tiéu thu dién ho gia
dinh.

AC
Grid Tai dién nha dan
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11.27 kWh/d
2.39 kW peak

Dién mat trai

Hinh 1. M6 hinh hé théng
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3. TRWONG HOP NGHIEN CU’U VA KET
QUA MO PHONG

3.1. Do thj phu tai

D) thi phy tai duoc str dung trong nghién
ctru 14 phu tai ho gia dinh dién hinh tai Ha
Noi (Hinh 2). B thi gdm 3 dinh: budi sang
khoang tir 6h-7h, budi trwa khoang tir 1 1h-
12h va budi t6i khoang tir 18h-20h. Pic
tinh tai dién hinh ctia ho gia dinh theo thoi
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diém trong ngay va bién dong tai hang
thang duoc thé hién twong tng trong Hinh
2 va Hinh 3.
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Hinh 3. Bién dong tai theo thang

Nghién ctru s& 4p dung cho nhiéu mirc tiéu
thu dién nang khac nhau ctia hg gia dinh tur
mirc 400 kWh/thang dén 2000 kWh/thang
v6i muc dich tinh todn cong suat lap dat he
théng dién mat tréi mai nha toi wu tuong
ung véi muec ti€u thu cua hd gia dinh.

3.2. Di¥ liéu birc xa mét troi va chi so
dé trong bau khi quyén

Birc xa tai Ha Noi dugc 14y tir co s dit lidu
cia NASA dugc thu thap trong khoang
thoi gian 22 nam tuo 1983-2005. Gia tri
trung binh cua birc xa mat troi tai toa do
nghién ctu (2101.7°N, 105050.0’E) 1la
3,84 kWh/m?/ngay va chi s6 do trong cta
bau khi quyén 1a 0,409 (Bang 1, Hinh 4).

Bang 1. Blrc xa mit trei va chi s6 do trong bau
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khi quyén
i Chi sb db Birc xa hang ngay
Thang
trong (kWh/m?/ngay)
1 0,340 2,490
2 0,343 2,860
3 0,383 3,660
4 0,387 4,070
5 0,419 4,590
6 0,423 4,670
7 0,420 4,600
8 0,430 4,560
9 0,446 4,390
10 0,437 3,790
11 0,450 3,390
12 0,432 3,020
Trung binh 0,409 3,84
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Hinh 4. Blrc xa mat tr&i va chi sé dd trong cuia bau khi quyén

3.3. Di¥ liéu nhiét do

Nhiét 6 anh huéng dén hiéu suat cia hé
thdng dién mat troi. Nhiét do tai Ha Noi
duogc thu tap tir co sé dir liéu NASA trong
khoang thoi gian 30 nam tir 1984-2013. D
lidu nhiét do tai dja diém nghién ctru duoc
thé hién nhu trong Bang 2 va Hinh 5.

Bang 2. Di¥ liéu nhiét d6 trung binh

Thang | Nhiétdd (°C) | Thang | Nhiét dd (°C)
1 15,530 7 28,430
2 18,290 8 28,110
3 21,730 9 26,690
4 25,790 10 23,750
5 27,660 11 20,120
6 28,520 12 16,470

Hinh 5. Nhiét dé trung binh cac thang trong nam

3.4. Hé thong dién mat trovi

Hé thong dién mat troi trong nghién ctu
nay gom cac tAm pin mit troi va inverter
hoa ludi bam tai khong luu trir, khong phat
1én ludi. Tudi tho cua hé théng 25 nam. Hé
sO suy hao cuia hé thong 14 con lai 80% sau
25 nam.

Theo nghién ctru [5], duoc cong bd vao
nim 2020, chi phi dau tu cho 1 kWp
DMTMN tai Viét Nam nam trong khoang
tor  850-1200 USD/kWp (22-31 triéu
VND). Tuy nhién dén thoi diém gan day,
chi phi nay da giam dang ké vé mirc 360-
440 USD/kWp (9-11 triéu VND) [6]. Do
d6 trong nghién ciru nay, gia thiét chi phi
dau tu cua hé thbng PMTMN hoan chinh
13 10.000.000 VNB/kWp, chi phi thay thé
0 VND/kWp va chi phi van hanh bao tri 0
VND/nam. Cac tham s dau vao duoc thé
hién trong Hinh 6.
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Cost

Capacity Capital Replacement
(kW) ) (@
1 10,000,000.00 0.00
Lifetime

time (years): 25.00 @

Site Specific Input

Derating Factor (%): 80.00

Sizing — S
0&M ®) HOMER Optimizer™
(d/year) Search Space
0.00 Advanced

More...

N

Electrical Bus S—

Hinh 6. Tham sé dau vao hé thong dién mat troi

3.5. Dir liéu gia dién

Gia dién cho hd gia dinh dugc tinh theo
biéu gia dién sinh hoat 6 bac theo Quyét
dinh s& 1279/QD-BCT ngay 09/05/2025
cua Bo Cong Thuong [7] (Bang 3). Dit liéu
vé gia dién 1a co s¢ dé tinh thoi gian hoan
v6n cua hé thong.

Bang 3. Biéu gia dién sinh hoat ap dung cho ho

gia dinh
Bac | Mic tiéu thu (kWh) Gia ban dién
(VND/kWh)
1 0-50 1984
2 51-100 2050

3 101 —200 2380
4 201 -300 2998
5 301 —400 3350
6 Tir 401 kWh tr¢ 1én 3460

Pé nhap dir liéu gid dién vao HOMER,
trong nghién clru nay, gia dién dugc md
hinh hoa don gidn trén co s¢ tinh gid dién
trung binh Gng v6i cac mic ti€u thy dién
cua h¢ gia dinh. Theo d6, nghién ctru nay
xét muc tiéu thu dién dién hinh cua ho gia
dinh trong thang tir 400-2500 kWh. Gia
dién trung binh tmg v6i1 cac muc ti€u thu
dién duogc thé hién trong Bang 4.

Bang 4. Gia dién trung binh trng vé&i cac mirc tiéu thu khac nhau

Pién ning tiéu | Bac1 | Bac2 | Bac3 | Bac4 | Bac5 | Bac6 | Tong tién dién | Gia dién trung
thu (KWh) (VND) binh (VND)
400 50 50 100 100 100 0 1.149.600 2.874
700 50 50 100 100 100 300 2.270.700 3.244
1000 50 50 100 100 100 600 3.391.740 3.392
1300 50 50 100 100 100 900 | 4.512.780 3.471
1600 50 50 100 100 100 1200 | 5.633.820 3.521
1900 50 50 100 100 100 1500 | 6.754.860 3.555
2200 50 50 100 100 100 1800 | 7.875.900 3.580
2500 50 50 100 100 100 2100 | 8.996.940 3.599
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3.6. Cong suat lap dat toi wu

HOMER tinh toan cong suét lap dit hé
thong PMTMN t6i uu tuong Gmg voi timg
muc tiéu thu cua ho gia dinh. Bang 5 thé

(ISSN: 1859 - 4557)

hién san cong sudt tdi wu cua hé théng
DMTMN, san lugng di€n mat troi, lugng
dién nang khong dugc phat Ién ludi, chi phi
dau tu va thoi gian hoan vén.

Bang 5. Cong suat lap dit hé thong dién mat trevi toi wu

Pién ning| Cong suit | Sin lwong San lwgng | San lugng A o Thaoi gian
‘. . N Tiét kiém | Chi phi dau tw .z
(kWh/ PV t6i vu PV thira thuc dung g hoan von
. - . (VND/niam) (VND) .
thang) (kW) (kWh/nam) | (kWh/nam) (kWh) (nam)
400 2,41 2556 857 1699 4.883.181 24.100.000 4,94
700 4,50 4780 1731 3049 9.890.520 45.000.000 4,55
1000 6,38 6771 2429 4342 14.726.935 63.800.000 4,33
1300 8,71 9250 3506 5744 19.939.545 87.100.000 4,37
1600 10,70 11352 4289 7063 24.869.794 107.000.000 4,30
1900 12,80 13631 5213 8418 29.927.585 128.000.000 4,28
2200 15,00 15966 6180 9786 35.033.435 150.000.000 4,28
2500 17,10 18124 7007 11117 40.007.593 171.000.000 4,27

Hinh 7 thé hién cong sut ldp dat hé thong
PMTMN t6i wu va thoi gian hoan vén tiy
theo murc ti€u thu dién nang trung binh cua
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Hinh 7. Cong suét lap dat PV t6i wu va thoi gian
hoan vén theo lwong dién ning tiéu thu

Nhan thiy khi luong st dung dién cang 16n
thi nén lp dat cong suét ctia hé thong dién
mit troi 16n hon. Thoi gian hoan vén cho

hé théng dién mat troi lép dat cho ho gia
dinh tai Ha Noi la trong khoang tur 4-5
nam. Két qua nay ciing kha déng nhat véi
thoi gian hoan von ctia hé théng PMTMN
khong ¢ luu trir trong nghién ctru [8] [9].

4. KET LUAN

Viéc lap dat hé thong dién mat troi 4p mai
cho hd gia dinh 1a mot giai phép hi¢u qua
dé giam chi phi dién nang va tang tinh chi
dong vé ngudn nang luong. Véi diéu kién
blrc xa mat troi trung binh tai Ha Noi va
nhu cau tiéu thy dién ngdy cang ting, hé
théng PMTMN c¢6 kha ning cung cdp mot
phan dang ké nhu cau dién sinh hoat.
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Két qua md phong cho thay, khi dau tu hé gidy phép xdy dung, thu tuc phong
théng PMTMN c6 cong suit phi hop voi chay chira chay.
muc ti€u thu dién, h gia dinh c6 thé: - Ngodi ra, hé th 5 ng con gop phﬁn giam
- Tiét kiém chi phi dién nang hang thang, phat thai CO; phu hop véi muc tiéu
dic biét voi cac ho sir dung nhiéu dién kinh té k¥ thuat va méi truong.

vao ban ngay.

LOI CAM ON

- Rat ngan thoi gian hoan von xudng con

khoang 4-5 nam, trong khi hé thdng c6
tudi thg 20-25 nam.

- Tan dung dugc cac chinh sich khuyén

Nhom tac gia chan thanh gui loi cam on su
hé tro ciia Cong ty TNHH Gidi phdp Luéi
dién Thong minh SES trong qua trinh thuc
hién nghién ciru.

khich cua nha nudéc nhu khong can
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