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TOM TAT

Trong béi canh xa héi héa va hién dai héa, rdc thai néi chung va chdt thai dién tr néi riéng
dang tré thanh moi de doa nghiém trong. Viét Nam ciing khéng ngoai 18, khi liwong rdc thai dién tir
khéng ngirng gia tang do nhu cau sir dung thiét bi cong nghé trong ky nguyén 5.0. Nham gidi quyét
van dé nay, cac nha nghién civu di vmg dung mé hinh tich hop AHP va TOPSIS trong quyét dinh
da tiéu chi (MCDM) dé danh gza va liwa chon céng nghé tdi ché chdt thai dién tir toi wu. Qua viée
danh gia cac cong nghé tai ché nhw co hoc, nhiét, héa hoc va sinh hoc dwoc dwa trén cdc tiéu chi
hiéu qua kinh té, cong nghe maoi tru'ong, xd hoz két quad cong nghe tdi ché héa hoc dwoc danh gid va
xdc dinh la hiéu qud nht, du“ng dau bang xep hang véi chi sé phwong an tich cwe Cb 0,736. Nghlen
cieu nady khéong chi cung cap phirong phdp tiép cdn khoa hoc va hé thong trong viéc ra quyét dinh,
ma con ndng cao hiéu qua tdi ché, giam tac dong méi trieong va dam bdo an toan lao dong. Pong
thoi, né mé ra tiém nang vmg dung AHP va TOPSIS trong nhiéu linh vuee khdc, gép phan vao muc
tiéu phat trién bén virng ciia Viét Nam.

T khoa: AHP; Chat thdi dién tir; E-waste; MCDM; Méi trieong; TOPSIS.

ABSTRACT

In the context of socialization and modernization, waste in general, and electronic waste
(e-waste) in particular, have become serious threats. Vietnam is no exception, as the volume of
e-waste continues to rise due to the increasing demand for technological devices in the era of
Industry 5.0. To address this issue, researchers have applied an integrated AHP and TOPSIS
model within the Multi-Criteria Decision-Making (MCDM) framework to evaluate and select the
optimal technology for e-waste recycling. By assessing various recycling technologies, including
mechanical, thermal, chemical, and biological methods, based on criteria such as economic
efficiency, technological feasibility, environmental impact, and social factors, chemical recycling
has been identified as the most effective. It ranked first with a positive ideal solution index (Cb) of
0.736. This study not only provides a scientific and systematic approach to decision-making but
also improves recycling efficiency, reduces environmental impact, and ensures occupational safety.
Furthermore, it opens up opportunities to apply AHP and TOPSIS in many other fields, contributing
to Vietnam's sustainable development goals.
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1. GIOI THIEU

Su gia tang dan s trong thoi ky cong
nghiép héa di kéo theo luwong chét thai ran, tir
sinh hoat dén cong nghiép, ting vot dang ké.
Dic biét, chat thai dién tir ngay cang chiém
ty trong 10n, gdy ra nhiéu thach thic nghiém
trong. Thyc trang nay doi héi cac giai phéap
quan 1y bén viing va phuong phap xtr 1y hiéu
qua hon bao gio hét dé bao vé moéi truong va
strc khde con nguoi.

Theo Ngan hang Thé giéi, mdi nim thé
gidi tao ra khoang 2,01 ty tan rac thai do thi,
trong d6 33% khong dugc xur ly an toan [1].
Nam 2019, thé gi6i di san sinh 53,6 triéu tan
rac thai dién tir, voi lugng rac thai du kién s& dat
74,7 triéu tn vao nam 2030 [2]. Tai Viét Nam,
tinh hinh chat thai dang lo ngai v6i 24,5 triéu tan
chat thai sinh hoat va 8,1 triéu tan chat thai cong
nghiép mdi nam. Ty 1¢ thu gom tai d6 thi chi dat
70-85%, va ¢ nong thon la 40-55%. Theo Vién
Khoa hoc va Cong ngh¢ Mai truong, Viét Nam
tao ra khoang 100.000 tin rac thai dién tir hang
nam, dy béo s& dat 250.000 tdn vao nam 2025
[3]. Nhitng con sb ndy cho thiy su nghiém trong
clia rac thai dién tir khong chi gdy 6 nhiém moi
trudng ma con anh huéng nghiém trong dén stc
khoe, dac bi¢t 1a voi nguoi lao dong trong nganh
tai ché & cac nude dang phat trién, dan dén nguy
co mac bénh mén tinh va ung thu. Nghién ctru
nay tap trung vao viéc chon luya cong nghé tai
ché phii hgp nham giam thiéu tic dong tiéu cuc
cua rac thai dién t. Theo P. Tanskanen, thiét
bi dién va dién tir thai bé (WEEE) 1a mdt trong
nhiing loai chat thai phét trién nhanh nhat toan
cau [4]. Viéc tai ché hiéu qua khong chi bao vé
mdi trudng ma con thu hdi vat lidu kinh té 6 gia
tri nhu H.-Y. Kang va J. M. Schoenung da phan
tich cac xu hudng tai ché rac thai dién tir va cac
cong nghé tai ché hién c6 d6i v6i kinh, nhya, va
kim loai [5].

Tai Viét Nam, phuong phap xu ly rac
thai phd bién 13 chon 14p, phan loai, va dbt tha
cong. Tuy nhién, chi khoang 120 trén hon 660
bai chon lap dugc coi 1a hop vé sinh, gy ra
nhiéu van dé vé 6 nhim méi trudong va anh
hudng kinh té - xa hoi [6]. Béo cao tir Enviliance
ASIA [7] d3 cung cép s6 liéu vé tinh trang nay
(Hinh 1). Nhiing thach thirc va nguy co tir viéc
xir 1y rac thai dién tir khong chi 1a van dé riéng
ctia Viét Nam ma con 1a mdi quan tdm 16n trén
toan cau, doi hoi nhitng hanh dong manh mé va
kip thoi tir ca cong ddng qubc té va trong nudc.

Dua vao cac van dé di trinh bay, trong
nghién ctru mé hinh duoc dé xuat 13 mé hinh
quyét dinh da tiéu chi MCDM két hop sir dung
v6i phuong phap AHP va ki thuat TOPSIS dé
xac dinh danh gia va lya chon cong ngh¢ tai ché
chat thai dién tur t6i wu nhat. Két qua nghién
ctru nay khong chi ¢ ¥ nghia doi voi Viét Nam
ma con dong gdp cho cong dong qudc té trong
viéc quan ly va xtr Iy chat thai dién tir.

2. LUQC KHAO TAI LIEU

Chét thai dién tir (E-waste) 1a mot loai
chat thai bao gdm nhiéu loai c6 thé phan huy
hodc khong phan hiy, hodc ¢ thé tai str dung
tan dung ngudn tai nguyén c6 san. Van dé xu
Iy chét thai dién tr nay ciing dugc nhiéu nha
nghién ctru str dung phuong phap MCDM hoac
két hop nhiéu phuong phap ky thuat khic dé
nghién ctru lya chon cong nghé tai ché chat thai
ran t6i wu nhat. Mot nghién ctru cia Vaverkova,
M.D. [8] d& tim ra dugc két qua cua vi¢c xu
1y chét thai ran bang bai chon 1ap ngay ca khi
dat duge mirc do tranh chat thai, tai st dung va
tai ché cao, mot sb vat liéu thai van ludn can
dugc chuyén tiép dé xur 1y tranh anh huong dén
moi truong. N. Van Thanh [9] st dung Fuzzy
MCDM, FAHP va ki thuat Cocoso cho chét thai

ran dé tai tao thanh nang luong tai Viét Nam. G. &
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van de Kaa va cong su [10] da 4p dung MCDM
dé lua chon coéng nghé quang dién tdi uu.
Kharat va cong su [11] sit dung phuong phap
FAHP két hop v6i TOPSIS dé gitip nha quan
trj xac dinh dugc dia diém chén 14p hiéu qua
trong qua trinh ra quyét dinh lva chon dia diém
chon lap tai thanh phé Mumbai. M. Aghajani
Mir va cong su [12] thyc hién k§ thuat TOPSIS
két hop véi ky thuat VIKOR trong phan tich
quyét dinh da tiéu chi MCDM d¢é phat trién mo
hinh quan 1y xtr 1y chat thai rin do thi duoc
t6i vu hoa. M. Govind Kharat va cong sy [13]
da ap dung Fuzzy-MCDM cung voi ky thuat
TOPSIS dé Iya chon cong nghé xur 1y va tiéu
hay chat thai rin dam bao vé tiéu chi co y thic
mdi truong. H. Asefi and S. Lim [14] tién hanh
thuc hién phuong phép GIS, Delphi, TOPSIS
and e-rang budc dé tim ra giai phap quan ly
chat thai ran do thi tong hop. A. Coban va cong
su [15] da sir dung phuong phap MCDM két
hop véi ky thuat TOPSIS, PROMETHEE I,
PROMETHEE II théng qua 7 tiéu chi dé danh
gia quan 1y chat thai ran do thi. Két qua thong
qua 3 phuong phap xac dinh dugc cong nghé tai
ché va chon lap 1a n6i bat nhat ¢ cac nudc dang
phat trién. A. Soltani va cong su[16] u:ng dung
MCDA va ky thuat AHP dé giai quyét cac van
dé vé quan ly chat thai rin do thi. B. Vu¢ijak va
cong su [17] ra quyét dinh da tiéu chi vé nghién
ctru Iya chon phuong an quan 1y chat thai rin
t6t nhat & thanh phd Bosnia, Herzegovina. B.
Milutinovi¢ va cong su [18] da ung dung AHP
trong phan tich da tiéu chi dé quan 1y chét thai
va thu hoi nang luong v6i két qua dat duogc tir ¢
phan hitu co va tai ché chat thai hitu co.

3. PHUONG PHAP NGHIEN CUU

3.1. Phuwong phap phan tich thi bac -
Analytic Hierarchy Process Method (AHP)

AHP 12 mét phuong phap ra quyét dinh

da tiéu chi dwoc phat trién vao cudi thap nién
1970. Phuong phap ndy giup cic nha ra quyét
dinh phan tich va lga chon phuong an tdi uu
khi c6 nhiéu tiéu chi khac nhau duoc tim ra boi
Thomas L. Saaty.

* Bude 1: Hinh thanh ma tran so sanh

cap
Pt pt .. BT
P 12 1n
—_— ‘-‘T‘ L wea ""‘[-‘
PP — Py 22 on | (1)
ni n2 Tnn

« Budc 2: Tinh toan trong sb va gia tri
riéng 16n nhat

W — Apax-Ul =0 )
Trong do:

-, Giatririéng 16n nhét ciia ma tran;
- W: Ma tran so sanh cap gitra cac tiéu chi;
- U: Ma tran cung cap voi ma tran W.
Budc 4: Tinh vecto nhat quan A

Tim1 Pij*wj
wi

n

Amax = ®
Trong do:

-P, 1a phan tu ctiia ma tran so sanh cép;
- w la trong so cua ti€u chi j;

- W la trong sd cua tiéu chi i;

-n la s6 luong tiéu chi.

Budc 5: Kiém tra lai ma tran, tinh chi so
nhat quan

Cl = "‘m—l‘a @)
-
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CI
RI

CR = (5)
Trong do:

-, lagiatririéng 16n nhét cua ma tran;
- ala sb tiéu chi;

- CR 1a ty 1& nhit quan;

- CI 14 chi s6 nhét quan;

- RI 14 chi s6 ngdu nhién.

Két qua cua CR < 0.1 thi dat yéu cau,
nguoc lai néu CR > 0.1 thi ta phai tién hanh
danh gia tu dau.

3.2. Phuong phip xép hang theo thir tw vu
tién dua trén sy twong dong véi giai phap
ly twong TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution)

TOPSIS la phuong phap dua trén do
tuong déng voi phuong an 1y tuong tich cuc
va khoang cach xa véi phuong an 1y tudng tiéu
cuc, dugc gioi thiéu béi Hwang, Yoon (1981).
Phuong phap nay giup don gidn hdéa qua trinh
so sanh gifra nhiéu tiéu chi phuc tap, dac biét
khi can can nhic giita nhicu yéu t6 ddi lap,
dong thoi dam bao tinh khach quan. TOPSIS
con dé dang ap dung va co thé st dung trong
nhiéu linh vyc khac nhau, tir kinh doanh dén ky
thuat.

Pé thyc hién phuong phap TOPSIS,
bao gdm 4 budc nhu sau:

* Budc 1: Hinh thanh ma tran danh gia
voi a lya chon va b ti€u chi, ma tran [R_ ] .

« Budc 2: Chuan héa ma tran R, dé
taoramatran Y =(a_ ).

— Rm.‘l
Dmn = m

|i ]
.\:Em::Rmn

I
=
o
B
=

I
=
b
[=n
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~

Budc 3: Nhan ma tran voi trong $6
€Cap = b froa = 1.2,..,m; b =12,..,n(7)

Trong do: f, = [0,1] va Zi= f, =1

* Budc 4: Xac dinh phuong an tich cuc
va giai phap 1y tudng ti€u cuc

TIS™ = (c7,c7, 60 VOi

c; ={{max(cla = 1,2,..,mlb € B),

(min(cgla = 1,2,...,m|b € B"}} (®)
VIS™ = (c].c5, - €y ) VOI

¢y = {{min(egyla = 1,2,..,m|b € B"),

(max(cpla = 12, mb BT} ()

Trong do: B’ 1a tiéu chi lgi ich va B” la
tiéu chi chi phi.

* Budc 5: Tinh toan khoang cach cua
mdi lua chon so véi TIS va VIS

e - f-a
¢ = fEEZl(cab—c;j‘,a =12,..,m;:b=12..,m(10)

€, =4 2hey (6 — ;)58 = 12,.,mb=12,..,m (11)

« Budc 6: Xép hang cubi cung.

RANKING, = ﬁiﬁ

a=12..n (12)
4. NGHIEN CUU DIEN HINH

4.1. Trién khai Mé hinh phén tich thir bac
(AHP)

So d6 phan cap thir bac duoc trinh bay
nhu Hinh 4.1.
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DANH GIA LUA CHON CONG NGHE
TAI CHE CHAT THAI BIEN TU

MGéi truong Xa héi
XT) <N MT) (XH)

Thin | Tiew An Sie
thign thy toan || khde
méi ndng lao cong
truong || lvong || déng ddng

(TTMT)

Hinh 4.1. So d6 phan tich thir bic AHP

Dé tinh toan két qua wu tién cua cac
tiéu chi, trong nghién ctru ndy str dung phuong
phéap so sanh cdp cac tiéu chi gdm c6 4 tidu chi
chinh va 11 tiéu chi phu dé dam béo viéc lya
chon cong nghé xir Iy hiéu qua, tdi vu chat thai
dién tir nhat va cong thirc m hinh phan tich thir
AHP tir (1) — (6), ta duoc két qua trong Bang
4.1.

Bdng 4.1. Ket qua trong so wu tién cua cdc tiéu chi

bang AHP
Tiéu chi Tl:l‘i‘fé;ﬁ Tt'l‘r“’
Chi phi van hanh (CPVH) 0.23183 | 1
Chi phi dau tu (CPDT) 0.04544 | 7
Chi phi bao tri (CPBT) 0.03739 | 8
Kha ning xir Iy (KNXL) 0.09159 | 5
Hiéu suit hé thong (HSHT) | 0.14168 | 3
Kha nang mo rong (KNMR) | 0.01960 11
Tinh bén viing (TBV) 0.12021 | 4
(TTI‘]?HM%‘-"H Mol truong 0.19749 | 2
Tiéu thu nang lugng (TTNL) | 0.06261 6
An toan lao dong (ATLD) 0.02196 10
St khoe cong dong (SKCP) | 0.03021 | 9

Tu két qua ¢ Bang 4.1, dya trén céc
trong sd uu tién sau khi a4p dung phuong phap
AHP cho cac ti€u chi danh gia cong nghé xu ly
tai ché chat thai dién tu, tiéu chi ¢6 trong sd cao
nhét 14 chi phi van hanh véi trong s6 0.23183.
Piéu ndy nhan manh tdm quan trong cua viéc
lwa chon cong nghé c6 kinh té - chi phi hop
Iy @& dam bao tinh kha thi va hiéu qua kinh té
lau dai. Ti€u chi than thién moéi truong dugc
xép thir hai ciing 14 mot yéu té quan trong véi
trong s6 0.19749, phan anh tinh hinh thuyc té
moi truong can duoc bao vé bai 18 day la mot
van dé nan giai khi xir Iy cac chat thai dién tir.

4.2. Phwong phap xép hang theo thi tw wu
tién dua trén su twong dong véi giai phap ly
twong (TOPSIS)

Bing cach sir dung trong s wu tién va
danh gia tir cdc chuyén gia, ta 4p dung cong
thie tir (7) — (13) dugc két qua xép hang cac
cong nghé tai ché hién nay nhu Bang 4.2:

Bdng 4.2. Két qua xép hang cdc cong nghé tdi ché

Congngh¢ | pr ' cb- | b | XCP
tai che hang

Congnghe | 1507 | 00635 | 0332 | 4

xtr ly co hoc

Congngh | 1561 0.1014 | 0.643 | 2

xtt Iy nhiét ' ' '

Cong ngh¢

xtt 1y hoa 0.0478 | 0.1333 | 0.736 | 1

hoc

Cong ngh¢

xtlysinh | 0.0702 | 0.1130 | 0.617 | 3

hoc

Dua trén két qua lya chon cong nghé xu
Iy tai ché chat thai dién tir bang cach sir dung
mo hinh TOPSIS va ta thiy dugc rang, cong
nghé xir Iy hoa hoc dimg dau bang xép hang véi
chi s6 Cb 13 0.736, cho thdy ddy 1a cong nghé
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t6i uu nhat theo d4nh gia ciia mo hinh trong bai
nghién ctru nay. Pidu ndy c6 nghia 1a xtr Iy hoa
hoc ¢6 su twong dong cao nhat voi giai phap
1y tudng, dap Gmg tot nhat cac tiéu chi da duoc
xéc dinh. Tiép theo, cong nghé xur Iy nhiét xép
& vi tri thtr hai véi chi sb Cb 14 0.643, day ciing
duoc xem 12 mét lya chon rat tot va hiéu qua.
Cong nghé xtr 1y sinh hoc ding ¢ vi tri thir ba
v6i chi s6 Cb 1a 0.617, tuy khong t6i wu nhu
hai cong nghé trén nhung van 1a mot phuong
an kha thi. Cong nghé xir 1y co hoc xép & vi tri
thir tu véi chi s6 Cb 1a 0.332, diéu nay cho thiy
hi€u qua cua cong nghé kém hon so voi cac
cong nghé khac.

5. THAO LUAN VA KIEN NGHI

Nghién ctu da ap dung mod hinh tich
hop MCDM két hop AHP va TOPSIS dé dénh
gia va lva chon cong nghé tai ché chat thai dién
tir. Két qua cho thiy cong nghé xtr 1y héa hoc
1a lwa chon tbi wu, pht hop véi didu kién thi
truong Viét Nam hién nay. Cac cong ngh¢ sinh
hoc, nhiét va co hoc tuy dugc xem xét nhung
kém phut hop hon. M6 hinh cho thay hiéu qua
trong viéc phan tich va xép hang cac cong nghé
dwa trén céc tiéu chi kinh té, moi truong va xa
hoi. Dé tai dong gop thiét thuc cho qua trinh ra
quyét dinh trong quan 1y rac thai dién tir va mo
ra tiém ning Gmg dung mo hinh AHP-TOPSIS
trong céc linh vuc khac.

Mic du dé tai da dat dugc nhiing két
qua dang ghi nhan trong viéc danh gia va lya
chon cong nghé tai ché chéat thai dién ti, nhung
van con mot sé han ché can luu y. Pham vi
nghién ctru con hep, chi yéu tip trung vao cong
nghé ma chua bao quat diy du cac khia canh
khac ctia quan 1y chat thai dién tir nhu thu gom,
van chuyén, xu ly sau tai ché, su chép nhan cua
cong dong va yéu td xa hoi. Dit liéu sir dung chu
yéu tir chuyén gia, thiéu dit liéu thuc tién tir cac

nha may hodc du an thir nghiém. Bén canh do,
chi phi chuyén ddi cong nghé va bdi canh trién
khai cu thé tai Viét Nam chua duoc phan tich
sau. Cac yéu t6 phap 1y, chinh sach hd trg cling
chua duoc dé cap rd. Ngoai ra, do cong nghé tai
ché phat trién nhanh, cac két luan cua nghién
ctru c6 thé nhanh chong lac hau néu khong cap
nhat thuong xuyén. Nhitng diém nay nén duoc
b sung trong cac nghién ciru tiép theo dé nang
cao tinh thuc tién va hiéu qua cta giai phap dé
XUudt.
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