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Tém tit - Truédce thue trang vé ngudn ndng lugng, moi trudng
séng, nhu ciu phat trlen clia cac nude trén thé gidi, cong véi tidm
nang to 16n vé cic ngudn ning lugng tai tao tai Viét Nam, ndng
lwong mit troi duoc mong doi sé trd thanh ngudn ning luong tai
tao chinh trong tuong lai. Bai bdo nay trinh bay viéc phén tich k§
thuat cho di 4n dién mat troi ndi co cong sudt 47,5 MW d4u nbi
vao hé théng dién Qudc gia 110 kV tai hd thiy dién Da Mi thude
tinh Binh Thuén (& vi tri dia ly 10°33°42” dén 11933°18” vi d6
Béc va tir 107°23°41” dén 108°52°42” d6 kinh Péng). Péy 1a nha
may dién mat troi ndi trén long hé thily dién ddu tién 0 Viét Nam.
Hé sb PR, tim pin, cong suét 1nverter va cac gia tri vé cong suét
dinh mirc DC, s6 lwgng tm pin, s luwgng inverter, san lugng dién
déu duoc xac dinh tir tinh toan va tir thuc nghiém mo phoéng su
dung phan mém PVsyst 6.61.

Tir khéa - Hé thong PV; phan tich k§ thuat; dién mat troi ndi.

1. Pit van dé

Su phat trién ciia nganh niang lugng dién luén song
hanh ctng qua trinh phét trién va ung dung khoa hoc va
cong nghé. Sy khai thac cac nguon nang lugng héa thach
can dugc tich hop v6i cac ngudn nang lugng tai tao nhu
nang luong gid, ndng lugng mat troi aé néng cao hiéu qua
ctia hé thong ning luong [1]. Hon nita nguon nang luong
hoa thach ngay cang cang kiét. Sy chuyén dich cac ngudn
nang lugng truyen thong nhu dién than, dién dau dét, dién
khi dét, dién hat nhén, sang nang lugng tai tao s€ gilp cac
qudc gia dam bao dugc an ninh ning lugng.

Bm canh thé gidi, bién d6i khi hau va bao vé moi truong
1a vin d& duoc quan tam trén toan ciu tir cac t6 chirc xa
hoi, dinh ché tai chinh dén chinh phu cac qudc gia. Khoang

58% lugng khi thai toan cau hién nay dén tir cac nude dang
phat trién [2]. Nhién liéu hoa thach la nguon nang luong
chinh dugc sir dung truyén thong boi tat ca cac quoc gia
theo Co quan Nang luong Qudc té (IEA) da bao céo vao
nim 2015, luu y rang nhién liéu hoa thach dap tng 80%
nhu ciu nang lugng trén toan thé gidi va chiu trach nhiém
cho 90% khi thai lién quan duéi dang CO; [3].

Trén co sé nhitng cam két dong gop cua qudc gia
(National Determined Contributions - NDC) tai Hoi nghi
Lién hgp qudc nam 2015 vé Bién d6i khi hau tai Paris (Hiép
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Abstract - With the reality of energy sources, living environment,
development needs of countries around the world as well as the
great potential of renewable energy sources in Vietnam, solar
energy is expected to become the main renewable energy source
in the future. This paper presents the technical analysis for a
47.5 MW grid-connected photovoltaic (PV) plant mounted on a
water-base at Da Mi reservoir, in Binh Thuan province (at
10°33°42” to 11°33°18” North latitude and from 107°23’41” to
108°52°42” East longitude). This is the first floating solar power
plant on the surface of a hydroelectric reservoir in Vietnam. The
PR coefficient, PV module, inverter capacity, the values of DC
rated power, number of panels, number of inverters and power
output are determined from the calculations and simulation
experiments by using PVsyst 6.61 software.
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dinh Paris - COP21), cac nu6c déu c6 16 trinh tung budc
han ché, loai bo céc nguon dién su dung nhién li¢u hoa
thach, dac biét la nhiét dién than cling nhu dét cac muyc tiéu
phat trién nang luong tai tao dé thay thé. Céac nha may dién
mat troi noi ludi tr¢ thanh xu huéng toan cau [4]. Céc
nghién ctru vé phan tmg va hiéu qua ciia nha may PV theo
thong sb dia hinh va diéu kién thoi tiét tai khu du an [5, 6]
dé biét duoc cac anh hudng cta nhiét do, van tde gio,
cuong do birc xa mat troi dén hidu sudt tAm pin. Héu hét
cac nghién ctru tap trung vao san luong dién cubi cung,
hiéu suét, hé sé PR (performance ratio), hé s6 cong sudt, sy
suy giam cua hé thong, va cac ton that tong [7, 8].

Trong nhitng ndm gan day, cac nghién ctru cho ca h¢
thong dién mit troi ndi ludi ngay cang nhiéu. Cac nghién
ctru md phong mang tinh dinh huéng rong 16n vé chon cac
thiét bi phit hop nhat, tiét kiém nhat; Giam tdi thiéu cac ton
thit cho hé thong trong qua trinh van hanh phat dién theo
diéu kién thoi tiét cua khu vuc lp dat. Vi du: Yendoubé
Lare va cong sy chi ra cach chon lya inverter va cac bd
phan khac trong hé thong dé c6 san luong dién cao va giam
thiéu cac t6n that bang phuong phap mé phong théng qua
phin mém Matlab/Simulink [9, 10]. Estifanos Abeje
Sharew va cong su nghién ctu chét luong nguon dién phat
vé mit bién dang song hai dé xac dinh mirc d6 bién dang
song hai cua dién ap va dong dién st dung phan mém
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ETAP [11]. Hassane Dahbi va cdng sy xac dinh hi¢u suét
ctia nha mdy dién mat troi 06 MW tir co so dir liéu co sang
vé nguon AC, birc xa mit troi, nhiét do moi trudng, van tde
gid, ... trong diéu kién khi hau sa mac [12].

Mohammed Amine Deriche va cong su danh gia 4 loai pin
mit troi két ndi ludi dua trén cong nghé pin quang dién trong
diéu kién méi truong & Saharan tai thanh ph6 Ghardaia thudc
Algeria. Hai cong ngh¢ silicon: Silicon don tinh thé (m-Si),
silicon da tinh thé (mc-Si) va hai loai cong nghé mang moéng:
cadmium telluride (CdTe) va amorphous (a-Si) [13].

Hién nay, trén thé gidi co hai loai cong nghé¢ dién mat
troi chinh 1a nhiét mat troi tap trung (CSP) va pin quang
dién (PV). Pham vi dy an nha may dién mat troi ndi tai hd
thuy dién Da Mi, tinh Binh Thuan phat dién truc tiép Ién
ludi qudc gia, quy mo cong Sut I6n, chi st dung cong ngh¢
pin quang dién va ndi ludi tryc tiép khong luu trit.

Nha may dién mit troi ndi ding pin quang dién c6 wu
diém 16n & chd nho hoi nude tir khdi nude bén dudi lam mat
c4c tAm pin nén tang (15 + 20)% san luong dién (trich tur tai
liéu cua cac nha cung cip); do do s& giam s0 luong cac tam
pin. Tuy nhién, Hoi nuéc qua nhiéu nén van d& cach am cho
hé thong dién doi hoi thiét bi chuyén dung va khi troi dong,
gi6 to song 16n rat dé bi hong v nén phai tinh toan kha ning
chiu lyc cho hé thong phao, cau phao, neo.

2. Phan tich ky thuat cong nghé nha may dién mat troi
2.1. D ligu birc xa mat troi tai khu vwe dw dn

Dir lidu btrc xa mit trdi ¢6 thé 1dy tir nhidu ngudn khac
nhau vi du Chao Wang va cong su [14] liy tir National
Aeronautics and Space Administration (NASA). Sau khi
co sd dir liéu dia ly da duogc chon va dit liéu dugce nhap cho
du an nha may dién mat troi ndi tai hd thuy dién Ba Mi, vi
d9, kinh d9, d6 cao va mui gido va mot bang téng hop cac
gi4 tri trung binh hang thang dugc hién thi. Néu chi c6 dir
liéu khi tuong hang thang cho vi tri da chon, PVsyst thuc
hién tao dir liéu dia 1y tong hop hang gio bang thuit toan
Meteonorm 7.2. Sé liéu nay dugc tong hop va ndi suy tur
c4c tram do birc xa trén thé gidi két hop véi s lidu birc xa
do cua vé tinh, tong xa theo phuong ngang GHI tai khu vuc
hd thiy dién Pa Mi khoang 1.777kWh/m?%nim, tuong
duong 4,87kWh/m?/ngay.

Theo s6 liéu thu thap tir ngudn dit liéu cong khai mién
phi ciia SolarGIS (tai trang web: http://solargis.com/), tong
xa theo phuong ngang tai khu vyc du an 1la 1.846
kWh/m?/nim, twong dwong 5,06 kWh/m?/ngay.

Theo tai liéu “Maps of Solar Radiation and Potential in
Vietnam” do B¢ Cong Thuong ban hanh thi: Vung co tiém
nang nang lugng mat troi la ving co birc xa tong cong thuc
té >4,2 kWh/m?/ngay va tong sb gid ning trong ndm
>2.300 gi¢ thi khu vyc tinh Binh Thuan du diéu kién dé
xem xét, nghién ctru, dau tu xay dung NMD Mt troi.

Qua nghién ctru danh gi4, bai bdo dé xuit st dung
ngudn dir liéu mua tir SolarGIS. Pay 1a co so dir liéu
thuong mai duoc do dac tir cac v€ tinh trong chudi thoi gian
dai, tir d6 tong hop va tinh toan dé ra gia tri khi tuong dién
hinh cia mot nam déc trung cho dy an. Nguon dir liéu
SolarGIS da dugc nhiéu t6 chirc nghién ciru doc lap danh
gi4 1a ngudn dir lidu mt troi tin cay nhat.

Dit liéu duwoc mua tir nguén SolarGIS bao gém cac loai
gia tri sau:

e TS: Gia tri khi tugng theo gio trung binh, chudi thoi
gian do tir 1/7/2006 — 28/2/2017.

e TMY P50: Gia tri khi trgng dién hinh ndm xéac suét
P50, tinh toan tir chudi thoi gian 1/1/2007 — 31/12/2016.

e TMY P90: Gia tri khi trgng dién hinh ndm xéac suét
P90, tinh toan tir chudi thoi gian 1/1/2007 — 31/12/2016.

Trong d6, chudi dit li¢u bao gdm céac thong sé nhu sau:

e GHI :Tbng xa theo phuong ngang (Wh/m?);
e DHI :Tan xa theo phuong ngang (Wh/m?);
e GTI : Tdng xa theo phuong nghiéng (Wh/m?) —

voi goe nghiéng 12°, gbéc phuong vi chinh Nam;

e SE : Goc cao do ctia mat troi (d0);

e SA  :Goéc phuong vi ciia mat troi (d9);

e TEMP : Nhiét d6 khong khi & d6 cao 2 m (°C);
e WS :Tbcdo gio & do cao 10 m (m/s);

e WD :Hudng gid (d9).

Bang 1 tong hop két qua chinh tir ngudn dir liéu
SolarGIS.
Bdng 1. Tong hop nguon dir liéu SolarGIS

Théng sb TS |TMY P50[TMY P90
GHI (KWh/m?) 1.856 1.777 1.690
DHI (kWh/m?) 865 894 918
GTI (kWh/m?) — géc nghiéng 1.895 i i
12°, hudng chinh Nam
Nhiét do khong khitai2m (°C) | 24,5 24,6 24,4

Gia tri GHI trung binh thang cua cic ngudn dit lidu
nhu Bang 2.
Bdng 2. GHI trung binh théng ciia cdc nguon dir liéu (KWh/m?)

, SolarGIS

Théng Ts TMY P50 | TMY P90 Meteonorm| NASA
1 153 146 141 154 170
2 168 159 158 155 168
3 186 178 172 174 193
4 180 172 168 150 180
5 174 162 161 157 164
6 148 144 136 150 144
7 144 138 133 156 144
8 151 147 135 153 133
9 133 136 118 129 135
10 143 140 121 136 144
11 137 129 123 126 145
12 139 125 124 137 153

Nam | 1.856 1.777 1.690 1.777 1.874

Véi ké’t qua tu ngug‘)n dir liéu SolarGIS mua dugc, bai
bég de xuat st dung so liéu khi twong dién hinh ndm xéc
suat P50 (TMY P50) d¢ tinh toan m6 phong nha may.
Trong két qua tinh toan cua phan mém PVsyst cling s& cho
két qua san luong dién tng véi xac suat P90 dé so sanh.
2.2. Nha mdy quang dién noi luéi triee tiép
2.2.1. Tinh chon pin quang dién

Viéc lya chon tém‘pin ¢6 cong sudt phu hop cn phai
duoc danh gid véi nhiéu dicu kién khac nhau. Bang 3 cho
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thdy hiéu suat trung binh ciia cac loai cong nghé tim pin
quang di¢n hién nay.

Bdng 3. Ddc tinh hié¢u suat ciia cdc logi pin quang dién

) Silic | ... silic vo

€O ga tinh | S 2 | 7| g | caTe (G5
NERE | me MM TRE hinh
Hicusudt | 1347 | 16-21 | 1820 | 6-9 | 8-16 |8-14
(%)

Heé $6 suy
giamnhi¢t | -045 | 0,45 | -0,29 | -0,21 | -0.25 [-0,35
(%/°C)

Cong suat/ hiéu suat pin: Hiéu suit cao dong nghia véi
viéc ting cong suat mdi tam pin, viéc nay dan dén giam chi
phi xay dung lién quan va giam dién tich lap dat. Ddi véi
tam pin Silic da tinh thé, hiéu suét tim pin c¢6 thé dao dong
tir 15 — 17%. Céc tam pin loai da tinh thé dwoc xac dinh
dic tinh tir sy suy giam hiéu suat hang nim. O nghién ctru
nay, toc d6 suy giam dan 1a 0,5% [15, 16].

Céc nghién cuu mang tinh tng dung, tinh so sanh va
tinh dy doan cho nha may dién mat troi ndi luéi duge
nhidu tac gia sir dung phan mém Pvsyst dé phan tich vé
ky thuat cong nghé, tinh chon cac tim pin, inverter va
cic bd phan khac trong hé thdng, thiét ké hé thong pin
quang dién [14, 17, 18, 19, 20]. Két qua mo phong chinh
1a san lugng dién trong nam, cong suat phat, thoi gian phat
dién dung dé thiét ké hé théng dién va danh gia hiéu qua
cua du an.

Bdng 4. Thong s6 kj thudt chinh ciia tdm pin quang dién

thi vat lidu san xudt pin mit troi tu silic, hoan toan cé thé
tai ché don gian va khong gay hai cho thién nhién.
2.2.2. Khop cdac mang PV va bg nghich luu

Téng cong suit lip dit inverter

Céc tAm pin duoc lya chon c6 cong suét dinh murc 1a
330 Wp, 1a cong suat do duoc tgi diéu kién tiéu ch}lén STC:
birc xa 1000 W/m?, nhiét do tam pin 25 °C, ti s0 AM 1,5
[21]. Tuy nhién, trong diéu kién van hanh, Gmg vdi buc xa
khoang 1000 W/m?, nhiét do lam viéc clia tam pin thuong
cao hon nhiéu (nhiét d6 lam viéc cua tam pin thuong cao
hon nhiét do khong khi khoang 20-30 °C). Nhiét d6 hoat
dong cta tam pin dugc tinh theo cong thirc:

NOCT — 20°
Teen = Tamp + <T)S

- Teen: Nhiét d6 hoat dong cua tAm pin;

- Tamb: Nhiét d§ moi truong;

- NOCT: Nhiét do lam viéc dinh mirc cua tAm pin, co
trong catalogue cua tung hang, thong thuong 1a 45+2°C;

- S: Btrc xa mdt troi (W/m?).

D6 suy hao cong sut ctia tim pin do nhiét do dwoc tinh
theo cong thirc (birc xa mit troi 1a 1000W/m?):

Ppanel = Pmpp(1 - (Tcell —25)xy)

- Ppanet: Cong suat lam viéc cua tAm pin;

- Prpp: Cong suit dinh mirc ctia tim pin;

- Teen: Nhiét do lam viéc cta tim pin;

- 7. Do suy hao tAm pin theo nhiét o, voi tm pin Silic

Théng sb ky thuat Gia tri da tinh thé thi thuong 1a 0,4+0,5%/°C.
DPic tinh dién Str dung s liéu khi twong dién hinh nim TMY P50 dé
Loai Silic don hodc da tinh thé tinh toan, véi nha may lap dit 47,5 MW, cong suat dau ra
Céng suat dinh mtc Pmpp >330 Wp toi da cia cac mang pin nhu tai Bang 5.
Pién ap dinh mirc Umgp 378V Bdng 5. Céng sudt dau ra ti da ciia cdc mdng pin theo gic (MW)
Dong dién dinh muc Tmgp 874 A Thang| Oh | 1h | 2h | 3h | 4h [5h |[6h | 7h | 8h 9 10 | 11
o 1 oo o] o] o] o [152[1239]2293[31,12]36,51]39,19
Dién ap ho mach Uoc 469V 2 |o|o|o|o|o0 |0 |288]1296]2373]32203801|40,68
Dong dién ngan mach Isc 9,14 A 3 0| 0| 0| 0| 0|0 (329]14,11|24,56|3276|38,07|40,51
Hicu suat chuven dai 7% 4 | o] o] o o o |0305301526]2466|3232|3697(39,35
il Y 5 | ofo|o| o] o |0615631502(24,08(30,74(3539|36,76
Dai nhiét d0 van hanh -40°C +85°C 6 0| 0] 0| 0] 0 [044]4,70[13,59[22,60|29,86(34,32|36,35
Dién 4p toi da ciia hé théne (tidu 7 | o] o|o| o] o |047/408[1325(2235|2951(34,24|3644
chudn ?EC) ; g( 1500 vV DC 8 | oo | o] o] oo |437]1441|2463|3241|36,12|37,71
—7 _ _ 9 [ oo | o | o] o |0235581590[2460[31,84(37,15(39,04
Dong dién dinh mirc toi da cua 15 A 10 | 0o | 0| 0| o] o |034]668|1744|27,05/3399|3802|39,64
cau chi chuoi 11 | 0 |0 | 0| 0| 0| 0 |556|1718|26,67|33,54|37,47(38,94
Sai s cong sut 0-3% 122 | o] o] o] o] o] o |361]1456|2354|3236/37,31]39,08
—— —— nam | 0 [ 0 [ o | o | o [o61]6,68[17,44] 27,5 [33,99]38,07]40,68
Dac tinh nhiét d
Thang| 12 | 13 [ 14 [ 15 [ 16 |17 18| 19 [ 20 [ 21 [ 22 | 23
NOCT 4542 °C 9
8 1 [39,16/36,37|30,08|20,48| 8,83 1,01/ 0 | 0 [ o [ 0o [ 0 | 0
H¢ 6 nhiét d6 cua Pmax -0,40 %/°C 2 |40,65/37,77|31,50|22,75(13,08[270 0 | 0 | 0 [ 0 | 0 | 0
Hé s nhiét d6 ciia Voc -0,30 %/°C 3 [40,24(37,27|31,55(23,12(12,79|293| 0 | 0 | 0 | 0 | 0 | O
Hé s6 nhiét d6 cua lsc 0.06 %/°C 4 |39,19(36,03|29,48/20,86(11,32(1,93| 0 | 0 | 0 | 0 | 0 | O
: — : ‘ ’ : : 5 |36,44/32,75|25,54|17,69] 9,49 [1,84| 0 | 0 | 0 | 0 [ 0 | 0
Vi vdy, d€ nang cao hiéu qui ciia nha mdy, giam di¢n 6 |3575(32,02(25,09|16,18/ 9,45 2,15 0 | 0 | 0 | 0 | 0 | O
tich va chi phi lap dat, bai b4o kién nghi str dung cong nghé 7 |36,33|33,44(25,88|18,72/ 9,66 258/ 0 | O | O | O | O | O
cho nha may dién mat troi Pa Mi la tam pin quang dién 8 |37,50|34,44)28,26/20,45/10,6112,34| 0 | O | 0 | O | O | O
Silic loai 72 cell, cong suat tam pin khong nhé hon 9 |37,98]3528)28,11119,57/10,131201) 0 | 0 | O | 0 | 0 | 0
330 Wp, hiéu sut tim pin khong nhé hon 17%, c6 cac | 10 |3343|33:901269617.67) 67210511 0 10} 04 04 0 1 0
tho &' chinh nhu Bane 4. Dai ¢ 44 va hicy suit na 11 |37,42|33,40(26,65(16,98| 7,31 (0,38| 0 | 0 | 0 | 0 | 0 | ©
h_(gng soc¢ 1}?‘ nhwr bang e a1 cong Sié*vifwu suat nay 12 [37,80]31,67|23,61/13.92| 527031/ 0 | 0 | 0 | 0 | 0 | 0
ién dang phd bién trén thé gidi, c6 nhiéu hing san xuat nam 140,65|3777|31.59|2312|13.031293] 0 | 0 | 0 | 0 | o | o

dap ung. Theo quy dinh v& bao vé moi trudng tai Viét Nam
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Theo d6, cong suat dau ra téi da cua cic mang pin la
khoang 41 MW, dat dugc trong khoang 11h-12h cua thang
2 va thang 3. S liéu nay duoc sir dung 1am co so dé lwa
chon téng cong sut inverter toan nha may.

Viéc tang ti 1& cong suat mang pin/ inverter (ddng nghia
v6i viée giam cong suét lap dat inverter) co thé dan dén cét
giam luong cong suat du, ting cong suét dién ty dung dé
lam mat - thdng gi6 inverter ciing nhu mdi truong xung
quanh, nhung bu lai c6 thé giam tong mirc dau tu cia dy
an. Tong cong suat inverter dugc lya chonla 42,5MW. Véi
cong suat nay, nha may dam bao truyén tai toan bo cong
sudt dau ra ciia mang pin 1én ludi dién.

Cong suit dinh mirc va hé sb cong suit

Cong suat dinh mirc cia inverter trung tim dao dong tir
vai trim kW dén vai MW. Viéc lya chon cdng suat inverter
phu thudc cdng suit tac dung do nha may dién mit troi phat
va y8u cau cong suat phan khang tir hé thbng ma nha may
dau ndi. Trén thé gidi co nhidu hing san xuét inverter, trong
d6 3 hiang 16n can phai ké dén 1a Huawei Technologies Co.,
Ltd., Sungrow Power Supply Co., Ltd. va SMA Solar
Technology AG [22].

Bdng 6. Thong sé kjj thudt chinh ciia inverter

Théng sb k§y thuat Gia tri
DPiu vao (DC)
Dai dién ap, MPPT (25 °C) 850-1425 V
Dién ap hé thong t6i da (Voc) 1.500 V
Dong dién vao ti da (25 °C) 3.000 A
Dong dién ngén mach ti da 4.300 A
S6 lugng ngd vao 24
Péu ra (AC)
Cong suét dinh mirc (25 °C/50 °C) | 2.500 kVA/ 2250 kVA
Dién ap d4u ra dinh mirc 440 — 660 V
Tén sb dinh muc 50 Hz
Dong dién ra ti da 2.624 A
Dai didu chinh hé sb cong sut 0,8 (tr& pha téi s6m pha)
Hiéu suat chuyén do6i toi da
(AC/DC) du kiéli] 98,6%

Theo céc tai liéu ky thuat cua da phan cac nha ché tao
inverter trén thé gidi, cac inverter c6 kha ning diéu chinh
hé s6 cong Suat trong dai 0,9 (som pha dén tré pha),
dam bao yéu cau dau ndi hé thong nhu trong thong tu
39/TT-BCT. Cong suat b inverter duoc ghép tir nhidu bo
nhé hon véi cong suat 500 kW hozc 600 kW, dé dam bao
diéu kién dién lap dat trén mat ho cung vai cac thiét bi may
bién 4p 0,6/22 kV va ti dién 22 kV, d& an kién nghi cong
suit cua mdi bo inverter 1a 2500 kW, dau ndi véi 01 may
bién ap va hé théng ti phan phdi 22 kV c6 may cit bao vé
chéng ngan mach.

3. Thiét ké nha may dién mit troi
3.1. Thiét ké lip ddt tam pin mdt troi
3.1.1. Géc nghiéng tam pin
Thong thuong goc nghiéng t6i wu dugce xac dinh [23]:
Bopt = 3,7 + 0,69|9|

Du 4n nha may dién mat trdi ndi tai hd thuy dién Da Mi

nam & vi d6 11,3° Bic. Qua tinh toan tir phan mém PVsyst,
goc nghiéng toi wu dé don luong buc xa cuc dai 1a tir 12-
16°, goc phuong vi huéng chinh Nam (0°), gia tri tong xa
theo phuong nghiéng trong dai géc nghiéng nay déu la
1.818 kWh/m?/nam (Hinh 1).

Field type [Fied Tited Plane -
Field Parameters Tig 1z Azimuth 0°
e
Plane Tit 120 {11
5 e
dcimuth 00 {1
West East
South
Yearly metea yield
Optimisation by respect to , Transpasiion Factor FT 1.02
& Yearly iradiation yield Loss By Respect To Dptimum 0.0%
€ Summer [bprSep) Global on callector plane 1818 Kwh/m®
€ Whinter (OctMai)
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Hinh 1. Géc nghiéng ti wu tinh tir phan mém PVsyst

Vi cung moét gia tri birc xa tdi wu nhan dugc, ta chon
gia tri goc nghiéng nho dé giam ton that bong che ndi bd
giita cac tim pin. Ngoai ra, chon goc nghiéng nho ciing s&
giam tac dong cua gi6 bio téi két cau hé théng, nhit 1a véi
hé théng lap dat ndi trén mat nude. Vi vdy, goc nghiéng
clia tAm pin dugc lya chon 1a 12°, hudng chinh Nam.
3.1.2. Lap dat cdc tam pin

Khoang cach gitra cac hang quyét dinh bai goc nghiéng
tam pin, goc gioi han bong che (shading limit angle) va tbi
vu dién tich st dung. Nguyén tic tién quyét dé lya chon
khoang cach giira cac hang 1a s€ khong c6 bong che ndi bo
tai lic thién dinh (giira trwa) cta ngay mit troi thip nhat
trong nam (ngay Pong chi 21/12), va hé théng c¢6 ton that
bong che noi bo thap hon 1% 1a hop 1y. Tir d6 tinh chon
khoang cach giita cac hang pin tdi thiéu 1a 0,5 m. Ngoai ra,
dbi voi hé thong 1ap ndi trén nude, dé han ché anh huong
cla gi6 toi két cAu can phai giam d¢ cao cua gian khung
d5, vi vay kién nghi chi 1ap dat mot day pin trén mot hang
khung d&, va mot chudi tim pin ndi tiép duoc 1ap trén cung
mot hang pin. V&i nhiing tinh toén va phan tich nay c6 thé
chon khoang céch giita cac hang pin tdi thiéu 1a 0,5 m con
tan dung dugc dién tich mat nude nhiéu hon.

Field type ‘Unhmited sheds j

Shading limit angle: 21.7°
Ground area occupation ratio: A(coll)/ A(ground) = 0.67
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Sheds Parameters
PFitch {150 m
Call. band width [1.00
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__ Shading Graph
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Hinh 2. Khodng cdach lia chon gitta cdc hang pin
Qua tinh toan, két qua lya chon khoang cach giita cac
hang pin toi thiéu 1a 0,5 m. Céac thong so chinh nhu sau
(Hinh 2):

- Do rong 1 hang gia d&: 1m (bang do rong ctia 1 tAm pin);
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. - Khoang céch pitch (gira 2 mép dudi cua 2 hang pin
ké nhau): 1,5 m;

- Goc nghiéng: 12°;

- Goc gidi han bong che: 21,79

- Ti 1& chiém dit - GCR: 67%.

Véi khoang cach lya chon, h¢ thong thoa diéu kién
khong c6 bong che vao trua ngay 21/12 (Hinh 3) va ton that
do bong che ndi bo 1a 1% (Hinh 4). Ngoai ra, khoang cach
lwa chon cling phu hop d€ van hanh bao dudng.

Shed Mutual Shading at Da Mi Reservoir, (Lat. 11.3°N, long. 107.8°E, alt. 326 m) - Solar Time

90

=__Shading 20 %4
fiading 40 %

B
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4: 20 mar - 23 sep

52T Ten - 23 5er-n,
~ & 19jan-22nov

Azimuth [[])

Hinh 3. Kiém tra diéu kién bong che vio ngay 21/12

Shed tilt optimisation At Da Mi Reservoir, Array orientation = 0°

1oseal 5 sheds, Coll. width = 1.0 m, Inactive band =0.0 m, Constant limit angle = 21.7*
5= T T T
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Hinh 4. Kiém tra diéu kién ton thdt do bong che

3.2. Thiét ké phén dién DC
3.2.1. Noi dién mang pin

S6 tam pin ndi tiép tdi thiéu bi gidi han boi dién 4p lam
viéc toi thiéu cua inverter (850 V). Dién ap lam viéc toi
thi€u cua tam pin dugc xac dinh tai di€m c6 nhiét do lam
viéc cao nhat cia tam pin [24]. Theo két qua s0 liéu mua tur
Solargis, nhiét d¢ khong khi cao nhat tai khu vuc du an 1a
36,2°C. Thong thuong, nhiét d§ lam viéc cua tam pin s&
cao hon nhiét 3¢ méi trudng khoang 20-30°C. Bai béo su
dung gia tri nhiét 46 60°C 1a nhiét d6 lam viéc cao nhat cua
cac tam pin dé thiét ke.
cla tdm pin tai 60°C:

bién ap lam viéc

Vmpp,module?max _60°C = 339V

S4 tAm pin ndi tiép i thiu trong mot chudi tinh theo
cong thuc:
850

VM PP,inverter_min

Nmin =

25

VMPP,module_max _temp 33'9

S6 tAm pin ndi tiép tdi da bi gioi han boi dién ap tdi da
cho phép cua hé thng. Dién ap ho mach tbi da ctia tim pin
dugc xéac dinh tai diém c6 nhiét d6 moéi truong thap nhat
khi tAm pin 1am viéc [24]. Tai khu vuc du 4n, theo két qua
sO ligu khi tugng dién hinh naim TMY P50 mua tir Solargis
tai khu vuc du 4n, nhiét do khong khi tdi thiéu trong nim
1a 12,8 °C va nhiét do khong khi tdi thiéu khi co biic xa la
khoang 13,3 °C. Bai b4o sir dung gia tri 13 °C la nhiét d6
lam viéc thap nhit cia cac tam pin.

bign ap ho mach cua tAm pin tai 13°C:
Vocmodute_130¢ = 48,6 V

S6 tAm pin ndi tiép toi da trong mot chudi:

1500
<

Vmax_inverter

nmax -

< = 30,8
VOC,mudule_min_temp 48'6

3.2.2. Tinh todn céng sudt mang pin/ inverter

O hau hét cac inverter hién dai, khi cong suét dau vao
DC 16n hon gidi han cong suét clia inverter, inverter s& tu
dong doi diém hoat dong cua dic tinh I/V ctia mang pin
(1én dién 4p 16n hon) dé giir bang cong sudt dinh murc.
Vi véy, viéc thiét ké cong sudt dau vao cia mang pin 16n
hon mot phan cong suat dinh murc ciia inverter s& khong
lam anh hudng dén hoat dong va tudi tho cua inverter.
Tat nhién, lic nay mang pin s& khong hoat dong ¢ hiéu
suat t6t nhat vi tai khong nhan hét luong dién phat ra tir
mang pin s& lam cho mang pin néng 1én mdt it. Phan cong
suat nay duoc goi la ton hao qua tai (overload loss).
Viéc tdn hao mot phan cong suat phat 1én ludi s& duge bu
lai bang giam sb luong inverter dau tu lip dat. Hién nay
trén thé gidi, ti s6 PV/inverter trung binh dao dong tir
1,1-1,41[24].

Qua tinh toan bang phan mém PVsyst, tong cong suat
inverter lya chon 1a 42,5 MW, nhu vay ti s6 PV/inverter
duoc lya chon nhu sau (Hinh 5):

- Cong suat mang pin dinh mtc (STC) : 47,5 MWp;
146,476 MW;
: 42,5 Mwac;

- Cong sudt mang pin t6i da (50 °C)
- Cong suét inverter dinh mirc (AC)
- Ti s6 PV/inverter :1,12;

- Ti 18 t6n hao do qua tai (so tong san lwong): 0,0%.

Array Voltage Sizing
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Hinh 5. Lua chon ti 1é PV/inverter
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4. Két qua va ban luin
4.1. Két qud tinh todn
Thong s6 tong hop thiét ké mang pin mat troi nhu
Béng 7.
Bdng 7. Tong hop thong s6 thiét ké mdang pin mdt troi

Théng sb Lehuoi | 4 orer | 702N N
pin may
Cong suét dinh mirc DC | 9,9kWp | 2.794 KWp |47.500 kW
Cong suét dinh mirc AC - 2.500 kVA
S6 lugng inverter - 1 17
S6 tAm pin nbi tiép trong
A X 30

mot chuoi
S6 chudi pin song song - 282,2 4.798
S6 tAm pin sir dung 30 8467,05 | 143.940
Dong dién dinh mirc Impp | 8,74 A 2.466 A -
Dong dién ngin mach Isc 9,14 A 2.580 A -

Theo Béng 7, h¢ thong gom 17 inverter va 4.978 chudi
pin, trung binh méi’ inyerter s€ ¢6 282,2 chuoi. Nhu vay
chon phuong an thiét ké nhu sau:

e Inverter 1 — 6: Mdi inverter gdm 272 chudi pin.

e Inverter 7 — 17: Mdi inverter gdm 288 chudi pin.
4.2. Két qui mé phéong

Su dung pl}én mém PVsyst 6.61 dé mo phong nha may,
day la phan mém chuyén dung dugc sir dung pho bién trén
the gidi dé thiét ké nha may dién mat troi. Két clué mo
phéng chinh 1 san lugng giién trong ndm, cong suat phat,
thoi gian phat dién dung dé thict ké hé thong dién va danh
gia hiéu qua cta du an.

Du 4n dugc khai béo cac thong sb dau vao bao gom:

- Vitri dia ly du éan;

- Dit liéu khi twong dién hinh (ldy tir ngudn SolarGIS);

- Céc diéu kién vé moi truong thiét ké: Suat phan chjéu,
nhiét d¢ mai trudong thap nhat, nhiét d6 lam viéc cao nhat...;

- Céu hinh lap dat tAm pin: GOc nghiéng, goc phuong
vi, khoang cach;

- Tl}iét ké hé tl}éng: Lua ch9n taim pin, inverter dé tinh
toan, so luong thiét bi, cong suat, nodi day...;

- Khai~bé0 cac gia tri t(l)nqthét: Tén thét qhiét do, tf)n
that day dan AC Vé} DC, bui ban, énh sang, chat lugng tam
pin, sai khac hé thong, ty dung, h¢ so suy giam...;

- Khai bao bong che xa dya trén ban dd dia hinh.

Sau khi tién hanh m6 phong, két qua chinh ciia nha may
dién mat tro1 Pa Mi nhu Bang 8.

Bing 8. Két qua mé phong nha may

Théng sb Két qua
S lwong tAm pin 72 cell — 330Wp 143.940
S6 lugng inverter 2500kW 17
Cong suit lap dat 47.500 kWp
Dién tich tAm pin 279.294 m?
San lugng dién nam déu tién 69.990 MWh
Hé s6 PR (Performance ratio) 81,43%
San lugng dién dic trung nha may 1.473 kWh/hWp/nam

4.3. Két qud vin hanh
i Séq luong dién sau 2 nam van hanh dugc do luong va
tong két lai nhu sau:

- San luong dién ndm déu (tr ngdy 01/6/2019 dén ngay
31/5/2020) dat 74,18 triéu kWh cao hon so voi thiét ké
(69,99 tricu kWh) khoang 4,19 trié¢u kWh tuong Ung
105,95%.

- Tir thang 11/2020 dén thang 31/05/2021, nha may
dién mit troi Pa Mi phai cit giam cong sudt do hé thong
dién thira nguén voi san lugng dién 1a 2,94 triéu kWh. Tuy
nhién, san lugng dién nam thir 02 tir ngay 01/6/2020 dén
ngay 31/5/2021 dat 71,293 triéu kWh, cao hon so véi thiét
ké khoang 1,794 triéu kWh tuong g 102,58%.

- Trong qua trinh van hanh dén ngay 31/8/2021,
chua xuat hién cac hu hong anh hudng nghiém trong dén
thiét bi.

5. Két luan

Theo dit liéu blrc xa mit troi TMY P50 tir ngudn
SglagGIS’ tai khu vuc du &n va cac quy dinh cta Viét Nam
vé dau noi. Bai bao tinh chon:

- T4m pin mit troi Mono hogc polycrystalline, kich
thudce ti€u chuan 72 cell, cong suat dinh mirc khong nhé
330 Wp.

- Téqg cong §u€it inverter duoc Iya chon }é 42,5 MW.
Cong suat cua moi bd inverter la 2500 kW, dau ndi vai 01
may bién ap.

- Tong cong suét cac may bién ap: 42,5 MVA, dau nbi
01 inverter noi 01 may bién ap, cong suat may bién ap
2.500 kVA.

Céc két qua tinh toan va mo phong hé thng bang phan
mém PVsyst 6.61 trung khép nhau ve:

- Cong suét dinh mtrc DC bang 47.500 kW;

- S6 luong tAm pin 72 cell — 330 Wp 13 143.940 tAm;

- S6 luong inverter 2500 kW 1a 17 bo.

T }(ét qua md phong, bai bao du doén sdn luong dién
ndm dau tién la 69.990 MWh. Két qua hoat dong cua
nhd may sau nam thir nhat va nam thir hai van hanh da
khang dinh 1a dat ky vong va vuot muc ti€u cﬁq chu dau tu
vo6i san lugng dién thyuc nhan theo ting tu dat dén 105,59%
va 102,58%.
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