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NGHIEN CUU

PIN NANG LUGNG MAT TROI THAL: 7
THANH PHAN NGUY HAI VA DINH HUGNG XU LY

HA VINH HUNG, HUYNH TRUNG HAI”, TRAN PHUONG HA,
VU MINH TRANG, PAO DUY NAM, NGUYEN PUC QUANG
Dai hoc Bdch khoa Ha Noi

Tom tat:

Bai bdo trinh bay két qua ddnh gid miic Ao nguy hai ciia tdm pin nding lugng mdt troi (PV) thdi dya trén
quy chudn ky thudt quéc gia vé ngudng chdt thdi nguy hai (CTNH) (QCVN 07:2009/BTNMT). Sau khi
thdo da theo tiing vt liéu, PV thdi bao gom thity tinh, hgp kim nhém, hép noi, day dan dién, EVA, nhua
nén va té bao quang dién. Ham lugng cdc thong s6 CTNH trong tdm PV dugc phdn tich va quy doi theo

QCVN 07:2009/BTNMT nhé hon ngudng cho phép rit nhiéu lidn. Cong nghé tdi ché dugc dé xudt theo
huiéng thu hoi vat liéu co gid tri va thay thé vit liéu xdy dung.

T khoa: Pin nang lugng mdt troi thdi, chdt thdi nguy hai, cong nghé tdi ché, dién madt troi.

Ngay nhdn bai: 2/6/2023. Ngay siia chiia: 14/6/2023. Ngay duyét ding: 19/6/2023.

Solar panel waste: Hazardous components and proposed

treatment technology
Abstract:

This paper presents the evaluation results of the hazardous nature of discarded solar panels (PV) based

on the National Technical Regulation on Hazardous Waste Thresholds (QCVN 07:2009/BTNMT). After
dismantling each material, the PV waste consists of glass, aluminum alloys, junction boxes, electrical wires,
ethylene-vinyl acetate (EVA), backsheet plastics, and photovoltaic cells. The concentrations of hazardous
substances in the PV modules are analyzed and converted according to QCVN 07:2009/BTNMT, which is
significantly lower than the permissible limits. Recycling technology is proposed to recover valuable materials

and substitute construction materials.

Keywords: Solar panel waste, hazardous waste, recycling technology, solar power.

JEL Classifications: Q59, Q51, Q53, Q55.

1. DPAT VAN BE

Nguoén néng lugng tai tao dang dugc uu tién nghién
ctiu va phiét trién & hau hét cac qudc gia trén thé gidi. Viét
Nam 1a mét quéc gia s6 hitu tiém nang 16n dé€ khai thac
nang lugng mat troi do ¢6 vi tri dia ly & gan xich dao va
ton tai nhiing ving khé ning nhiéu. Hién nay, dién mit
troi (PMT) tai Viét Nam bao gom: PMT mit dat, PMT
mat nuéc, PMT mai nha véi tdng cong sudt khodng 16.500
MW, chiém 25% t6ng cong sudt dién qudc gia [1]. Trong do,
nguén PMT mai nha la nguén phéan tan va chiém khoang
45% tong cong suat DMT. Diéu do cho thdy, Viét Nam c6
tiém nang khai thac st dung nguon nang lugng tai tao hiéu
qua. Quy hoach bién VIII diéu chinh dua ra trién vong
va dat k& hoach khai thac dén ndm 2030, cong suidt DMT
khodng 18,89GW va nam 2045 dy kién khoang 53GW [2].
Dé dat dugc muc khai thic trén, du bdo nganh cong nghiép
san xudt tdm pin ning lugng mdt tréi (photovoltaic - PV)
cling sé dat mtc ting trudng tuong ting, udc tinh san lugng
ti 48 triéu tAm PV vao ndm 2030 dén 217 triéu tAm PV vao
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ndm 2045. Tdm PV hoat dong trong diéu kién binh thuong
c6 tudi tho tii 20 - 30 ndm, con trong nhiing trudng hop rui
ro nhu gi6 bao... thi tudi tho cang ngan hon. Do d6, PMT
dugc phat trién theo Quy hoach dién VIII thi lugng PV
thai tit cic nha may DMT la rét 16n. Bai bao nay nghién
ctu thanh phan nguy hai cta tdm PV thai, ddnh gid muc
do6 nguy hai, ciing nhu dinh huéng xti ly loai chat thai nay.

2. PHUONG PHAP NGHIEN CUU

Tam PV thai dugc 14y mau theo ching loai, hang san
xudt, phén tach vat ly nham xdc dinh ty 1¢ khdi lugng cic
bé phan (khung, thty tinh, d€, hop ddu ndi, té bao quang
dién...). C6 6 mau PV thai dugc chon nghién ctiu. Sau khi
thdo bo khung va hop diu day, tim PV dugc xu ly, phin
tach thay tinh, d€ nhya va tim quang dién bang cach nung
& 500°C. Thanh phéin quang dién dugc hoa tan vao dung
dich bang phuong phap héa hoc, stt dung hén hgp axit HF
va HNO, nham hoa tan cdc nguyén t6 c6 trong t€ bao quang
dién. Dung dich mau thu dugc ti qua trinh xt ly phan hay



mau dugc dem phan tich bang ky thuit cdm tng cao
tan plasma ghép noi khdi phd (ICP-MS, Perkin Elmer
Elan DRC-e, Canada), nhim xac dinh thanh phin
cac nguyén t6 co trong té€ bao quang dién. T s6 liéu
phén tich, tong hgp danh gia muc d6 nguy hai cta loai
chét théi nay dya trén quy chudn ky thuat quoc gia vé
ngusng CTNH (QCVN 07:2009/BTNMT).

3. KET QUA VA THAO LUAN

3.1. Thanh phédn nguy hai trong tdm PV thdi

Sau khi thao d& khung, hop néi dién, phan tach
thuay tinh, t€ bao quang dién, tdm dé, thanh phéin cac
loai vat liéu dugc can va tinh % khéi lugng, két qua
trinh bay 6 Bang 1.

Bang 1. Thanh phan cic vét liéu trong tim PV thai

Thanh phin % khdi lugng ctia cic bd phan PV
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Bang 2. Ham lugng tuyét ddi cta cac thong sé nguy hai
trong tim PV thai

Ham lugng CTNH trong 1 kg tim PV thai (ug/kg) / Ham lugng tuyét ddi (ppm) QCYN
. 07:2009/
Théng Ml M2 M3 M4 M5 Mé BINMI

s (ppm)
31

ug/kg | ppm | ug/kg | ppm | ug/kg | ppm | pg/kg | ppm | ug/kg | ppm | ug/kg | ppm

1 |Atimon| 56 | 0,056 | 42 | 0,042 | 244 | 0,244 | 886 | 0,886 | 929 | 0,929 | 915 | 0,915 20

2 Asen | 22 |0,022| 12 |0012| 16 |0016| 16 |0016| 14 |0014| 16 |0,016 40

3 Bari 33 10,033 |3.362 | 3,362 | 2.541 | 2,541 | 35 |0,035| 297 | 0297 | 275 | 0,275 | 2.000

4 Bac 99 10,099 | 260 | 0260 | 63 |0,063| 23 |0,023| 227 | 0227 | 295 | 0,295 100

5 Beri |KPHD |KPHD | KPHD|KPHD [KPHD |KPHD|KPHD |KPHD KPHD|KPHD [KPHD |KPHD 2

6 |Cadimi|KPHD |KPHD |KPHD [KPHD |KPHD |KPHD |KPHD |KPHD |[KPHD |KPHD |KPHD [KPHD 10

Ky Khéi .
i " € ba 4 ) 7 Chi |14.745|14,745|16.853 | 16,853 | 4.373 | 4,373 | 18.893 18,893 | 5.145 | 5,145 | 4.358 | 4,358 300
TT | higu | KIRthU6e |y ing | Khung| Thiyy | Nhya | Tam | ¢ pa0 | Khéc (hop
g (mm) N . .| quang | ndi, day
mau (kg) | nhém | tinh | EVA | nén dién dién)
8 |Coban| 31 0,031 | 102 | 0,102 | 28 |0,028 | 38 |0038| 23 |0023| 21 0,021 1.600
1 | M1 | 1980x1007x35 | 27,3 | 12,40 | 63,23 | 6,89 | 3,86 3,69 12,67
9 Kém | 486 | 0,486 | 1.723 | 1,723 | 593 | 0,593 | 589 | 0,589 | 1.220 | 1,220 | 1.138 | 1,138 | 5.000
2 | M2 | 2100x1040x40 | 25,5 | 12,95 | 62,76 | 8,25 | 3,45 3,85 11,18
10 Mo 5 0,005 1 0,001 4 0,004 2 0,002 2 0,002 2 0,002 | 7.000
3 | M3 |2203x1130x35| 28,2 | 12,19 | 63,44 | 7,71 | 3,01 3,44 10,19
11 |Niken| 60 0,06 17 {0,017 | 30 |0,030| 26 |0,026 | 28 |0,028 | 26 |0,026 | 1400
4 | M4 |2102x1020x40 | 23,8 | 12,25 | 62,20 | 6,76 | 3,42 3,25 10,66
5 | Ms | 2150x1050x35 | 245 | 1151 | 6176 | 7.68 | 296 | 358 12.07 12 | Selen |KPHD |KPHD |KPHD [KPHP |KPHD [KPHD |KPHD |KPHD [KPHP [KPHD [KPHD |[KPHP| 20
6 | M6 | 1980x1000x40 | 26,3 124 1 63421 599 | 386 3,96 11,76 13 Tali |KPHD|KPHD [KPHD [KPHD |KPHP [KPHD [KPHD |KPHD |KPHD [KPHD |KPHD |KPHD 140
Ghi chii:

M1I: Méau PV thdi model: VSUN 340-72M - nhan hiéu VSUN

M2: Méau PV thdi model: M3/72DH390 - nhan hiéu SOLAR
MODULE

M3: Méau PV thdi model: NUAF345H - nhan hiéu SHARP
M4: Mau PV thdi Poly-crystall

M5: Méau PV thdi Jinko solar

M6: Mdu PV thdi JA solar

S6 liéu tit Bang 1 cho thdy, thanh phan chu yéu
cta tdm PV la thay tinh cuong lyc, chiém tii 61 - 63%
khdi lugng ctia PV, ti€p dén la khung hgp kim nhom
chiém tui 11 - 13%, hop ndi dién, diy dan dién ti 10 -
13%, 16p keo EVA (Ethylene vinyl axetate) tii 6 - 8%,
tdm nhua nén (nhya PVE TPE...) khodng 3% va té
bao quang dién khoang 3 - 4%. Nhu vay, c6 thé thay
rdng, cac thanh phan nguy hai (néu c6) chi c6 thé tén
tai & t€ bao quang dién. Do d9, t€ bao quang dién dugc
hoa tan hoan toan trong dung dich hén hgp axit (HF
va HNO,) nham phan tich, xac dinh cac yéu t6 nguy
hai theo QCVN 07:2009/BTNMT. Tu két qua phan
tich bang ICP-MS, céc thong s6 nguy hai dugc quy d6i
theo QCVN 07:2009/BTNMT, két qua dugc trinh bay
6 Bang 2.

Xét trén t6ng thé ca tim PV, ham lugng tuyét doi
ctia 16 thong s6 nguy hai trong tdm PV thai déu rat
thdp, ndm dudi ngudng quy chudn cho phép tu 15
(chi) dén hang nghin 1an. Qua d6, c6 thé két luan réing,
tdm PV thai khéng phai CTNH, nén chi can quén ly
tdm PV thai nhu chét thai rdn thong thuong.

Thay

ngin 1 0,001 [KPHD |KPHD |KPHP [KPHD| 1 0,001 (KPHDP |KPHD |KPHD [KPHD 4

15 |Crom | 27 [0,027 | 29 |0,029 | 25 |0,025 18 |0,018 | 12 |0012| 19 |0,019 100

16 |Vanadi| 49 | 0,049 7 0,007 | 1.520 | 1,520 | 174 | 0,174 | 95 |0,095| 90 |0,090 500

3.2. Dinh hudng cong nghé xit ly tdm PV thdi

Cho dén nay, cac tdm PV cit hodc bi hong dugc luu kho
tai cdc kho chua ctia cac co s6 DPMT ma chua c6 bién phap
xt ly hay tai ché. Nhu phan tich thanh phan & trén, 16p chia
nhiéu vit liéu cé thé tdi ché thu hoi 1a 16p t€ bao quang dién.
Tuy nhién, 16p nay c6 tinh gion, lai két dinh véi cac 16p khac
bdi16p keo EVA. Phuong phap hiéu qua dé tai chéla hoalong
hoac héa khi 16p polyme EVA. EVA la chét v6 dinh hinh cé
d6 nhét giam theo nhiét d¢, khi dugc gia nhiét, dé nhét cta
EVA giam, khi d6 c6 thé tich PV cell mét cach dé dang.

Tu nhiing phan tich & trén két hgp nghién ctu thuc
nghiém, dinh hudng cong nghé tai ché tim PV thai dugc dé
xudt va udc tinh phan trdm cdc dong vat chat trong cong nghé
nhu Hinh 1. Cdc san phdm téi st dung va tdi ché thu dugc
bao gom: Tdm thuy tinh cudng luc cé thé st dung trong cong
nghé nha kinh trong néng nghiép; at silic dung trong vat liéu
xay dung; Tai ché€ thu héi nhya, nhom bac, dong. Cong nghé
nay gém cac cong doan: Thao dd khung, hop dién; Gia nhiét
& nhiét do 400 - 500°C va phan tach cac 16p vat liéu; hoa tach
PV cell bing axit va nghién céc vat liéu tai ché (thay tinh, PV
cell, tdim d€ nhya). Cac cdng doan nay khong doi hoi trinh do
ky thuat cao, dé ap dung quy md 16n, mang lai gia tri kinh té
ti vat liéu tai ché.

(Xem tiép trang 12)

S66/2023 ‘ 7



NGHIEN CUU

¢

hgp chat goc clo vé6i hiéu qua xti ly dat 56% - 87%; khi két
hgp HC véi Fenton thi hiéu qua xt ly tang ro rét va dat hiéu
sudt xt ly ti 72% - 99%.

Nhu vay, cong nghé xam thuc thuy dong luc cé kha
ning dong vai tro xu ly cac chat hitu co doc hai, khé phan
hay sinh hoc, hé trg (tién xti Iy) cho cic qua trinh sinh hoc
trong xt ly nudc thaim
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Hinh 1. So do dé xudt cong nghé tdi ché pin mdt troi

4.KET LUAN

Thanh phan chinh ctia tim PV thai bao gom thuy tinh
(61 - 63%); hgp kim nhéom (11 -13%); hop néi, day dan
dién (10 - 13%); EVA (6 - 8%), nhua nén (x4p xi 3%) va té
bao quang dién (3 - 4%). Thanh phén cic thong s6 nguy
hai theo QCVN 07:2009/BTNMT nho hon cic nguéng
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cho phép nhiéu lan. PV thai dugc coi la chat thai ran thong
thudng c6 kha nang tai ché thu hoi vét liéu co gia tri. ba dé
xudt cong nghé tai ché tdm PV thai c6 tinh kha thi va kha
néang thu hoi dugc vat liéu c6 thé tdi ché, tai st dung theo
md hinh kinh t€ tuin hoan, dép tng yéu cu xt ly lugng
tdm PV thai phat sinh ngay cang gia tingm

LOI CAM ON

Nhém tdc gid xin chan thanh cdm on B TN&MT da hé
trg tai chinh cho nghién ciiu trong khuén kho dé tai: “Nghién
ctiu dé xudt gidi phdp quan ly, xit Iy pin ndng lugng mdt trdi
thdi” ma s6: TNMT.2021.05.01.
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