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SAN XUAT VA TAC DONG DEN MOI TRUGNG
CUA PIN NANG LUONG MAT TRG1

DE XUAT CAC GIAI PHAP QUAN LY

| UNG THI THOY HA, CHU THI HONG NHUNG*, PHAM TUAN HUNG
! Trudng Pai hoc X8y dung Ha Noi

CURRENT STATUS OF PRODUCTION AND ENVIRONMENTAL IMPACT OF SOLAR BATTERY - PROPOSE

MANAGEMENT SOLUTIONS

With the trend of gradually shifting to renewable energy sources, solar energy (Solar) is a popular
energy source in Vietnam as well as in the world through the production of hot water and the use
of solar batteries to produce electricity. Solar battery systems have been exploited and installed
more than other renewable energy systems in recent years. As a result, the production and
installation of solar batteries worldwide has increased rapidly over the past decade. However,
along with the benefits of reducing greenhouse gas emissions, the production of solar batteries
also poses many environmental challenges. During the production process, toxic chemicals such
as HF, HCI, HNO, acids; NOx, Cl,, NH,, VOCs, ... and toxic metal dust (Si, Cd, Ni, Sn, ...) can
be released if not well controlled. Groups of solutions have been proposed for comprehensive
management of solar batteries, including improving the legal system and technical standards;
managing imports and production;, managing the collection and treatment of solar batteries;
strengthening inspection and supervision; incentive and support policies; and raising public
awareness. These solutions aim to ensure the sustainable and environmentally friendly
development of the solar energy industry.

Keywords: Solar batteries, environmental pollution, renewable energy, sustainable development.

V6i xu thé chuyén dich dan sang cdc nguén ndng luong téi tao, ndng luong mét troi (NLMT) la
nguén néng luong dang dugc st dung phé bién hién nay & Viét Nam ciing nhu trén thé gidi théng
qua viéc san xuét nudc néng va sir dung pin NLMT dé san xuét dién. Céc hé théng pin NLMT
da dugc khai thac va Iap dap nhiéu hon so vdi cac hé théng nédng Iugng tai tao khdc trong nhiing
ndm qua. Két qua la sén lugng pin NLMT trén toan thé gidi dugc san xuét va Iap dat da tang 1én
nhanh chéng trong hon mét thdp ky qua. Tuy nhién, song hanh vdi Igi ich gidm phat thai khi nha
kinh, qua trinh sn xuét pin NLMT ciing dat ra nhiéu thach thic vé méi trudng. Trong qué trinh
$4n xuét, céc chat héa hoc ddc hai nhu axit HF, HCI, HNO,; khi NOx, Cl,, NH,, VOCs... va bui kim
loai déc hai (Si, Cd, Ni, Sn...) c6 thé phét tan néu khéng dudc kiém sodt tét. Cdc nhém gidi phap
da dugc dé xudt nham quan ly téng thé déi vdi pin NLMT, bao gém hoan thién hé thong phap luat
va tiéu chudn ky thuat; quan Iy nhap khdu va san xudt; quan ly viéc thu héi va xu ly pin NLMT:;
tdng cudng thanh tra va giam sat; chinh séch khuyén khich va hé tro; cing nhu ndng cao nhén
thic cong déng. Nhiing gidi phap nay nhdm dam béo nganh ndng luong mét troi phat trién bén
viing, thén thign véi méi truong.

Tu khéa: Pin nang lugng mat trdi (NLMT), 6 nhiém méi trudng, nén
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Gidi thiéu vé pin NLMT

Pin nang lugng mat trgi (NLMT) la mét
thiét bi nhd nhung manh mé, chuyén
déi anh sang tryc tiép thanh dién
théng qua moét qua trinh goi 1a hiéu
ting quang dién. Khi anh sang mat
trGi hoac tham chi la &nh séng nhén
tao tGi pin mat trdi, né sé kich hoat cac
electron trong vat liéu ban dan cda pin
dé sinh ra dong dién.

Trén thj trudng hién nay chi yéu c6 3
loai pin NLMT: Pin mat trdi silicon don
tinh thé, pin mat trdi silicon da tinh thé,
pin mat tréi mang mdng, dugdc so sanh
trong Béng 1.

Ngoai ra, con c6 mét s loai pin NLMT
dang dugc nghién clu phat trién nhu
Pin mat trgi Perovskite, Pin mat trGi hiiu
co, Pin mat troi chdm lugng td... 1a cong
nghé méi hira hen mang lai nhiing d6t
pha vé chi phi san xuét, tinh linh hoat
trong thiét k& va hiéu sudt lam viéc.

Ma&c du pin NLMT ¢ hiéu suét con han
ché, phu thudc vao cudng do blc xa
mat trGi va gap kho khan trong viéc luu
trii dién nang, nhung day van 1a mot
cdng nghé nang lugng sach cé nhiéu
trién vong. Pin NLMT khai thac nguén
nang lugng tai tao doi dao, gép phan
gidm phat thai khi nha kinh, han ché
6 nhiém moi trudng va nang cao tinh
tu chd vé nang lugng. Nh& nhiing Igi
thé nay, pin NLMT dudc du bao sé
dong vai trd quan trong trong qua trinh
chuyén dich ning lugng va phat trién
bén viing trong tuong lai.

Hién trang qua trinh san xuat,
sir dung pin NLMT

a. Thé gidi

San lugng san xuat pin NLMT hang ndm
da tang nhanh trong hon mét thap ky
qua (Hinh 2). Vao nam 2023, khoang
95% mo-dun NLMT va céc thanh phén
cla ching dén tif Chau A, chi yéu tu
Trung Quéc vai thi phan san xuat mo-
dun khoang 80% va kiém soat hon 95%
thi trudng doi véi moét s6 thanh phan nhat
dinh nhu thdi silic va wafer.

Giai doan 2006-2009 danh déu sy tang
trudng vugt bac clia Chau Au trong san
xuét pin NLMT nhung do su phat trién
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Hinh 1: Nguyén ly clia t& bao quang dién ban dan,,

Bang 1: So sanh ba loai pin NLMT phd bién hién nay,,
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Hinh 2: San lugng sdn xuat module pin NLMT theo khu wuc,,,
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manh mé clia Trung Quéc trong linh viic
nay, cung véi chi phi san xuét ¢ Chau
Au va Bac My cao, nén chubi cung ling
pin NLMT dich chuyén dan sang Chau
A, dic biét 1a Trung Qudc. Hinh 3 dudi
day thé hién ty 1& (%) tdng cong suat
san xudt (MWp) theo khu vuc giai doan
1990-2023.

Cong suét 1ap dat Iy ké hé théng quang
dién la mot chi s6 trong nganh NLMT,
dung dé do t8ng cong suéat cac hé thng
dién mét trgi da dudc 13p dat va két ndi
trén thé gidi, dugc thé hién trong Hinh 4.

Lién quan dén cac loai cong nghé pin
NLMT, pin mang mong c6 cong suét san
Xuét 16n nhat vao nam 1988, rdi gidm
dan cho dén ngay nay bdi céng nghé
pin Silic don tinh thé dang vuot troi vé
hiéu suét, chi phi cting nhu tuéi tho. Ty
I& cong sudt san xuét theo cong nghé
pin NLMT giai doan 1980-2023 dugc thé
hién trong Hinh 5.

b. Viét Nam

Theo Quy hoach Dién VIII[G, nang lugng
tai tao s& c6 budc phat trién manh mé. Cu
thé, dén nam 2050 ngudn dién tli gi6, mat
trdi s& chiém tli 59,5 dén 63,8% téng co
cdu ngudn dién toan hé théng. Viét Nam
dat muc tiéu dat khoang 12.836 MW dién
mit tr&i vao nam 2030. Diéu nay cho thay
Viét Nam dang tich cuc phat trién NLMT,
g6p phan chuyén ddi sang ngudn nang
lugng sach va bén viing.

Tinh dén cudi ndm 2023, tdng cong suét
|p dat dién mat trdi tai Viet Nam dat
khoang 16.600 MW, trong dé hon 9.000
MW [ ti dién mét tr6i mai nha, chiém
khoang 20,5% téng cong sudt dién qudc
gia. Trong nam 2024, Viét Nam tiép
tyc phat trién nang Iugng mét trdi. Theo
béo céo clia Tap doan bién luc Viét Nam
(EVN), trong 10 thang dau nam 2024,
san lugng dién mat trgi dat 22,44 ty kWh,
chiém 12,7% t8ng san Iugng dién tli nang
lugng téi tao,,.

Hién tai, hon 95% nha may dién mat
troi 6 nudc ta sl dung tdm quang dién
silicon tinh thé (trong d6 70% la loai don
tinh thé, khodng 25% la loai da tinh thé),
gan 5% st dung tdm quang dién loai
mang mong,,
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Hinh 5: Ty lé cong suat san xudt theo cong nghé pin NLMT,,
Béng 2: Cac nha may dién mdt trdi quy mo 16n & Viet Nam,
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Tac dong méi truong tu qua
trinh san xuat pin NLMT

a. Qud trinh san xuét pin NLMT

M6i loai pin NLMT c6 quy trinh san xuét
riéng biét, st dung cac nguyén liéu va hoa
chat déc trung. Su khac biét nay con thé
hién rd trong céc cong doan ché tao, tif x{i
ly vat liéu ban d&n dén 18p rap mé-dun. Quy
trinh téng thé clia tiing loai pin NLMT dugc
minh hoa chi tiét trong Hinh 6.

Quy trinh san xuét pin NLMT silicon tinh
thé bt dau tli nguyén lidu silicon tinh khiét
(99,9999%), dudc ndu chay dé tao thdi, sau
d6 cat mong va mai thanh cac tdm wafer va
dugc 1am sach bang dung dich HF, HNO,,
réi x{ Iy b& mat bang axit hoac kiém dé tao
céu tric hép thu anh sang. Tiép theo, tap
chét dugc khuéch tan (thudng la phospho
tir POCI,) dé hinh thanh tiép giap p-n. Céc
budc tiép theo gém: Khac axit, tdy Iop
phosphosilicate glass (PSG), ph I6p mang
chdng phan xa (SiN,) va in Iudi dién cuc
bang nhii tuong bac, nhdm. Sau khi nung
két dién cuc & nhiét do cao, cac cell dudc
kiém tra, phan loai va han lién két thanh
chubi. Cac chubi cell dugc ép vdi I6p EVA,
tdm nén TPT va kinh dé tao thanh module.
Cudi cling, san pham dugc déng khung, 13p
hop dién, kiém tra lan cudi va déng goi.

Quy trinh s&n xuét pin NLMT mang mdng
bat dau tU I6p nén (thudng la thdy tinh
ho#c kim loai), dugc lam sach kj dé dam
bao chat lugng I6p ph tiép theo. Sau do,
cac I6p chlic nang dugc lang dong lan
lugt: 16p ti€p xuc sau (back contact), I6p
hap thy (absorber layer)-noi dién ra qua
trinh tao dién, I16p dém (buffer layer) va
I6p dan dién trong su6t (TCO). Tiép theo,
cac cell dugc phan tach va két néi, phd I6p
bao vé bén ngoai. Cudi cling, san pham
dugc gan tiép diém, day dan, kiém tra chat
lugng va déng goi, trd thanh san pham pin
NLMT mang méng.

b. Tac déng méi trudng tir qua trinh sén
xuat pin NLMT

Qua trinh san xuat pin NLMT silicon tinh
thé va mang méng déu gay 6 nhidm moi
trudng. Cac ngudn thai nay néu khong
dugc kiém soat theo quy dinh thi s& gay
6 nhiém moi trudng va stic khoé ngudi lao
dong. Céc chat gay 6 nhiém chinh, ngudn
phat sinh va tac déng clia chiing dugc trinh
bay trong Bang 3.
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Hinh 6: Quy trinh san xuét pin NLMT loai silicon tinh thé va mang mdng

Bang 3: Tac dong moi

truiong tif qua trinh sdn xudt pin NLMT
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Tae dgng mai trodmg

Cidy o nhidm bui min chita Silic, Cd, Ni, lam
siam tim nhin, piam kha ndng quang hop cia
ciy, liam chai eimg dit, néu tr6n theo mede mir
ey o nhidm ngudn nude.

Cidy hidn trgmg e axit, Bm axit hoa dat, &
nhiém mrde mdt, nude nedm, cie hé sinh thai. .
S 0), phan mg guang hod v VOOsS oo O,
thanh phin chinh cia khdi mioquang hioa,

Lam giam pdl dat, ourde, anb buegmg hé sinh
that, kich img mit, ton tharomg mo mém, gay in
mon val higu xay dung

Iang ham legng nite trong node 2dv hign
tromy pha dirdmg, oxy hod thanb MO va piai
phong ion T lam giam phl dat,

Sills ur bac chiav rong khong khi & nong dé
thap tae ra by 5102 < 1a by PM2.5 160t lau
tromg khong khi

NS bay hot vao kKhi quyen tham gia ciac phan
iy quang hod, tao ra Oy tang don o, gay o
nheem me e khong kKhi

L0 trong ting doéi lew s@ pian ticp lm tdng o
th cia khi nhia kinh Cl, thie day qua rinh
hinh thianh O, & ting dor o ban phan dmg
fuuang hod von MO doren anhosing mit irin
Lam guam pH treng dit, niede mirn, nuec ngam,
wiv 6 nhidm o dai va khd sar 19, anh hiemg
dén cic hé sinh thai

Crdy hign trgmy kigm hda nguon mroe, din gy
anb lneomge den cac loai thay sinb v lame mat
kha nang hap thy dinh dordmy, siam cae lodan vi
sinbevar oo lgn chao ciy,
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Pe xuat cac giai phap quan Iy pin NLMT

a. Xay dung va hoan thién khung phap ly

m Xay dung Luat N&ng lugng tai tao dé dua pin NLMT vao
khudn khd phap lIy. Quy dinh rd cac tiéu chudn ky thuat,
quyén va nghia vy cla cac chl thé tham gia dau tu, van
hanh, bao tri va x{ ly chat thai pin.

m Ra soat va slia déi Luat Dién luc 2024, Luat Bao vé moi
trudng 2020, Luat Dau tu 2020 dé déng bd vai phat trién
NLMT, dam bdo viéc két néi lugi dién va xd ly moéi trudng
(d3c biét 12 xU ly pin NLMT thai).

m Ban hanh cac nghi dinh, théng tu huéng dan cu thé nham
huéng dan trién khai du &n, cap phép, dau néi dién, uu dai
thué, gia mua dién.

m Xay dung tiéu chudn, quy chuén ky thuat: Pua ra cac tiéu
chudn vé chét lugng, an toan va hiéu suat cda pin NLMT.
Han ché s{ dung vét liéu doc hai.

b. Quan ly nhdp khau va san xudt

m Kiém soat chat lugng: Yéu cau cac san pham pin NLMT
nhap khdu hodc san xuét trong nudc phai dap Ung tiéu
chudn k§ thuat, cé chiing nhan hop quy vé ngudn gdc xuét
XU, chét lugng, an toan nhu CO, CQ, RoHS, CE... Vi pin da
qua s dung hodc tan trang, nén cadm nhap khau hoac phai
yéu cau gidy phép dic biét véi loai nay.

m T4ng cudng hoat dong kiém tra, danh gia chat lugng trudc
khi thong quan. Kiém tra, x{ phat cac san phdm kém chat
lugng, hang gid, hang nhai. Cac san pham nhap khau cén
c6 ma QR dé truy xuat ngudn géc.

m Céc cd sd san xudt co trach nhiém ap dung céng nghé
san xudt sach hon, tiét kiém nang lugng, tai ché va x{ ly
chat thai, bao dam han ché t6i da tac dong tiéu cuc dén moi
trugng va céng dong dan cu xung quanh.

c. Quan ly vige thu héi va xa ly pin NLMT

m Bat budc cac nha san xuét, nhap khdu cé trach nhiém thu
héi va x{ ly pin 16i, pin thai (Trach nhiém md réng cla nha
san xuét - (EPR) - Extended Producer Responsibility).

m Quan ly chat ché vé viéc tai ché va x( ly pin thai loai nhdm
bao vé méi trudng, tan dung tai nguyén tai ché va giam thiéu
rdi ro stic khde cong dong do cac chat doc hai trong qua
trinh tai ché, xd ly gay ra.

m Xay dung co sé dii liéu qudc gia vé pin NLMT dé theo dai:
S6 lugng pin dang luu hanh; ching loai, cong sudt, vi tri 1ap
dat; trang thai van hanh va x{ ly cui vong dai.

d. Chinh sdch khuyén khich va hé trg

Xay dung, trién khai cac chinh sach khuyén khich va hé trg
cac du an s dung pin NLMT ciing nhu thu gom, tai ché, x{
ly pin NLMT théi, bao gém:
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m Uu dai thué: Gidm thué nhap khau, thué gia tri gia tang, uu
dai thué déat cho cac du an st dung pin NLMT va du an thu
gom, tai ch& va x{ ly pin NLMT thai. Mién gidm thué véi hoat
dong tai ché pin thai theo cong nghé than thién.

m Hb trg tai chinh: Cung cép vén vay uu dai, trg gia cho cac
dy &n nang lugng tai tao sl dung pin NLMT va duy an thu
gom, tai ché va x( ly pin NLMT thai. Khuyén khich thanh
lap t6 chuc trung gian thuc hién EPR cho nhiéu doanh
nghiép nho.

m Xay dung c¢d ch& mua ban dién mét tr&i hgp Iy nhadm
khuyén khich cac nha dau tu. Ap dung gia mua dién dn dinh,
dai han cho dién du phat I&n |ugi. Dan gian héa thi tuc dau
ndi cho dién mat trdi mai nha.

m HG trg nghién clu - chuyén giao cong nghé: Dau tu vao
cdng nghé pin than thién méi trudng nhu uu tién vat liéu it
doc hai nhu pin perovskite (hiéu suét cao, it nguyén to dat
hiém) ho#c pin hiiu co (organic solar cells), nang cao tudi
tho cla pin, thiét ké module pin dé thao rdi dé dé tai ché.
P&y manh hgp tac qudc t&, chuyén giao cong nghé san xuét
va tai ché tién tién.

e. Tang cudng thanh tra va giam sat

m Thanh tra, gidm sat: Dam bao céac cd s san xuét, luu trd,
thu gom, van chuyén, tai ché pin NLMT hoat déng dung
quy dinh phap luat. Téang cudng kiém tra dot xuat thay vi chi
thanh tra dinh ky.

m XU phat vi pham: Ap dung ché tai manh véi cac hanh vi vi
pham nhu xa thai blia bai; chén I&p khong kiém soat, kinh
doanh pin khéng dat chuén; khéng thuc hién trach nhiém
thu hoi va x( ly pin thai. Cong khai danh sach cac doanh
nghiép vi pham.

g. Nang cao nhén thic céng déng

m D4y manh nang cao nhan thic cong ddng vé bao vé
moi trudng, hiéu ng nha kinh va bién déi khi hau, Igi ich
cla nang lugng tai tao va NLMT, (ing dung thuc t€ cla pin
NLMT, hoat dong thu hoi va x( ly pin NLMT...

m Tuyén truyén, gido duc thong qua cac kénh: gidao duc
trong trudng hoc, chuyén dé, truyén thong dai ching qua
bao, dai, mang xa hdi, t6 chiic cac su kién cong déng. Phat
hanh sach méng, td rai, pano &p phich tai cac diém cong
cdng, trudng hoc, tru s hanh chinh..

Két luan

Viéc phat trién va st dung pin NLMT da va dang gép phan
quan trong trong qué trinh chuyén dich sang nguén nang
lugng tai tao, gidm phat thai khi nha kinh. Tuy nhién, bén
canh nhing lgi ich, quéa trinh san xuét pin NLMT ciing tiém
an nhiéu rdi ro moi trudng. Hé théng quan Iy vong ddi pin
NLMT & nhiéu qudc gia con nhiéu bat cap. Su thi€u déng b
trong chinh sach, cd s6 ha tang xU ly con han ché, nhan thiic
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coéng dong chua day dd, la nhiing nguyén nhan khién van dé méi trudng do pin
NLMT sé& ngay cang nghiém trong hon. Cac giai phap quan ly déi véi pin NLMT
da dugc dua ra nhu xay dung va hoan thién khung phap Iy, quan Iy nhap khdu va
san xudt, quan Iy viéc thu hoi va x( ly pin NLMT, chinh sach khuyén khich va ho
trg, tang cudng thanh tra va giam sat, nang cao nhan thic cong déng. Trong béi
canh Viét Nam ddy manh phat trién nang lugng tai tao, viéc kiém soat 6 nhiém
tl thiét bi NLMT can dugc xem la mot phan khong thé thidu cla chién lugc phat
trién bén viing nganh nang lugng. Hanh déng sém va déng bo sé gidp giam thiéu
ri ro moi trudng, dong thdi tan dung dudc gia tri vat liéu ti pin da qua sd dung.
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