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TOM TAT

Khoéng sén la ngudn tai _nguyén khong tai tao, gilr vai tro thiét yéu doi véi phat trién kinh té va béo
dam an ninh nguyén liéu quoc gia. Tuy nhién, hoat dong khai thac va ché bién khoang san tai Viét Nam
hién nay vén chd yéu vén hanh theo mé hinh tuyén tinh “khai thac — str dung — théi bd”, d&n dén hiéu qua
st dung tai nguyén thap, phat sinh khéi lwong Ion chét thdi mé va gia tang ap luc moi truong. Trong béi
cénh yéu céu phat trién bén viing va chuyén déi mé hinh téng trudng, viéc 4p dung kinh té tudn hoan
(KTTH) trong nganh khai khoang tré thanh xu thé tat yéu.

Bai bao phéan tich co sé ly luén cta KTTH trong khai khoéng, déng thoi lam ré hanh lang phép ly lién
quan tai Viét Nam, dac biét la Ludt Bao vé méi trirong ndm 2020, Luat Dja chat va Khoang san nam 2024
va Nghi quyét s6 10-NQ/TW cia Bé Chinh tri. Trén co s¢ téng hop, phan tich tai liéu va danh gia thuc
tién, nghién ctru chi ra cac han ché chu yeu cua nganh khoang san Vigt Nam, bao goém cbéng nghé khai
thac — ché bién con lac hau, hiéu suét thu héi tai nguyén thép, ty 1é ché bién sdu con han ché va cong tac
quan ly, tan dung chét thdi mé chua hiéu qua.

Diém m&i cla nghién ctru la xay dung va dé xuét mé hinh KTTH cu thé thong qua nghién ctru dién
hinh tai mé da kim NGi Phao (Thai Nguyén). Két quéa cho thdy mot sé hop phén ctua KTTH da duorc trién
khai thuc té, bao gom thu héi da sén pham ttr thédn quéng da kim, tudn hoan nuéc quy mé Iém (dat khoang
76-78% téng nhu c&u nuéc), va phuc hbi méi truong sau khai thac. Trén co s6 do, bai bao dé xuét mo
hinh KTTH cho mé da kim theo hwo’ng tich hop da vong tuédn hoan, bao gém: téi uu héa thu hoéi tai nguyén,
tuédn hoan nudc, tan dung va tai xi ly chat thdi mé, phuc héi sinh théi va lién két véi tai ché ha nguén.

Két qua nghién ctru cho thdy KTTH trong nganh khai khoang tai Viét Nam co tinh kha thi cao néu
duoc trién khai theo céch tiép can hé théng, gan voi déi méi céng nghé, hoan thién chinh sach va tang
cuong lién két chudi gia tri. Nghién ctru ciing dé xuét cac dinh huéng wu tién, bao gébm quan ly tai nguyén
theo vong doi, thic day ché bién séu, phat trién thi truong vat liéu thir cap va tich hop KTTH vao chién
luroc phét trién nganh, gép phan nang cao hiéu qua str dung tai nguyén va huéng téi phét trién bén ving.

Ttr khéa: kinh té tuén hoan, khai thac va ché bién khoang sén, mé da kim, chat thai mé, Nui Phdo

@ Hoi Khoa hoc va Cong nghé Md Viét Nam

1. DAT VAN BE hwéng tuyén tinh: “khai thac - st dung - thai b,

Khodang san 1a ngudn lwc hitu han, khong thé tai
tao, déng vai trd thiét yéu trong cong nghiép, xay
dung va chuyén déi nang lvong. Tai Viét Nam, nhu
cau sr dung khoang san tiép tuc tdng nhanh, trung
binh 6,5%/nam trong thap ky t&i dé dap (ng téc do
phat trién kinh té. Tuy nhién, md hinh quan ly
khoang san hién nay van chi yéu van hanh theo
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gay lang phi I&n dan dén nguy co dé lai hau qua
néng né vé moi truong, xa hoi. Trong khi d6, mo
hinh kinh té tuan hoan (KTTH) hwéng t¢i téi wu hoa
str dung tai nguyén thong qua viéc tai str dung, tai
ché va kéo dai vong doi vat chét, qua dé chuyén
ddi tr md hinh tuyén tinh sang mé hinh vong kin
(Hinh 1).
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Nén kinh té tuidn hoan dam bao cac vat liéu van dwoc str dung, han ché dé thai va tai tao tai nguyén thién
nhién théng qua qua trinh tai str dung, tai ché, sira chira va tai san xuat.

Trong nén kinh té tuyén tinh, chung ta khai thac, sir dyng va loai bé - bién
tai nguyén thanh chat thai. Nén kinh té tuan hoan pha v& chu ky nay bang

cach tang thoi gian str dung vat liéu va gidm thiéu chét thai.

Khai thiac
San xud
Tiéu thy

Logi bd

Kinh té tuyén tinh Kinh té tudn hoan

Giam thiéu tac
déng méi trwong

Tang cuwong Kinh WS REERAL

Thuc day viéc
té dja phuvong té tudn hoan

1am va déi méi

%,
% Thac diy sy doc

lap dbi voi tai
nguyén

Hinh 1. M hinh kinh té tuan hoan [1]

Thuc té cho thay, phan 16n hoat dong khai thac
khoang san hién nay st* dung cong nghé co hoc
lac hau, hiéu suat thu hoi thap, tiéu hao ndng lwong
cao, dan dén tdn that tai nguyén nghiém trong. Cac
chét thai md nhuw dat da thai, bun quang sau tuyén
thuwdng chwa dwoc tan dung triét dé, con tiém an
gay 6 nhiém moi tredng va mat an toan. Cac ving
sau khai thac & mot sé noi nhw Thai Nguyén, Nghé
An, Ha Tinh van tdn tai tinh trang cai tao phuc héi
méi trwéng khong hiéu qua, anh hwéng dén canh
quan va sinh ké cta ngudi dan.

Trong khi d8, Viét Nam lai 1a qudc gia co tiém
ndng vé khoang san chién luvoc, vi nhw bd xit
(chiém 12%), wolfram (ding thr 2 thé gidi vé san
lwong) dat hiém (chiém khoang 3,8% trir lwong
toan cau, ding ther 6 thé gidi vé trir lwong), va
nhiéu khoang san kim loai hiém khac. Pay la
nhitng nguyén liéu diu vao quan trong cho cac
nganh cong nghiép cdng nghé cao, nang luvong
sach, 6 t6 dién - nhitng linh vwc dang bung nd trén
toan cau. Viéc tiép tuc duy tri cach lam cii - xuét
khau khoang san tho, thiéu ché bién sau sé khién
Viét Nam danh mét co hoi budc vao chubdi gia tri
toan cau.

Cung v&ido, Luat Bao vé moi treong nam 2020,
tai Diéu 142 da xac dinh KTTH la md hinh kinh té
trong d6 cac hoat ddng thiét ké, san xuét, tiéu dung
va dich vu nham gidm khai thac nguyén liéu, vat
liéu, kéo dai vong ddi sdn phdm, han ché chét thai
phat sinh va gidm thiéu tac déng xau dén moi
truong [2]. M6 hinh nay dwoc thé hién théng qua
viéc td chirc lai dong vat chat theo huéng khép kin,
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trong do chét thai clia qua trinh nay tré thanh dau
vao cla qua trinh khac, nham t6i wu héa vong doi
tai nguyén (Hinh 2). Nghi quyét s6 10-NQ/TW ngay
10/02/2022 ctia B6 Chinh tri vé dinh hwéng Chién
lwoc dia chét, khoang san va coéng nghiép khai
khoang dén nam 2030, tdm nhin dén nam 2045
(Nghi quyét s6 10-NQ/TW) ciing da chi rd yéu cau
phat trién nganh céng nghiép khai khoang hién dai,
hiéu quad, bén vitng, ting cwdng diéu tra khoang
san chién lwvoc, dau tw ché bién sau, gan véi béo
vé mdi trwong va khai thac tuan hoan [3].

Sw chuyén dbi tir khai thac khoang san “tan thu”
sang quan tri tai nguyén “tudn hoan - tai tao” dang
la xu thé tat yéu trén thé gidi, d&c biét trong bbi
canh bién dbi khi hau va yéu cau cat giam phat thai
CO, toan cau. Tai Viét Nam, day khéng chi 1a yéu
cau phat trién bén virng, ma con 1a co hoi chién
lwore dé hinh thanh cac chudi cung (rng khoang san
trong nwéc va thuc day qua trinh tw chi nguyén
liéu, cong nghé.

Bai toan dat ra hién nay la phai déi maoi toan
dién tw duy quan ly khoang san, tr quy hoach - cap
phép - khai thac - ché bién - tai st dung. Quan ly
tai nguyén khong thé chi dirng & viéc “cap phép va
thu ngan sach”, ma can hwéng téi ti wu héa vong
doi tai nguyén, gidm phat sinh chat thai, tang hiéu
qua s dung va hinh thanh chudi gia tri bén virng.
Day chinh la nén tang dé thuc day chuyén déi sang
mo hinh KTTH trong nganh khai khoang - moét
budc di chién lwoc cho phat trién bén vitng va
nang lwc canh tranh quéc gia trong twong lai.
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Hinh 2. Hanh lang phap Iy hé tro kinh té tuan hoan tai Viét Nam [4]

2. DU’ LIEU VA PHUONG PHAP NGHIEN CUrU
2.1. Nguén div liéu

Bai bao st dung ba nhém di+ liéu chinh bao
gdm di¥ liéu vé thé ché va chinh sach, gébm Luat
B&o vé& mobi treeng nam 2020, Nghi quyét sd 10-
NQ/TW va cac tai liéu hwéong dan, nham xac dinh
co s& phap ly cho viéc ap dung KTTH trong hoat
dong khai thac va ché bién khoang san & Viét Nam.

Dt liéu ly luan va kinh nghiém québc té vé KTTH
trong khai khoang, tap trung vao cac tai liéu vé st
dung hiéu qua tai nguyén, tuadn hoan nudc, tai st
dung chét thai mé va quan ly chat thai khai khoang
theo hwéng kinh t& tuan hoan [5].

Céc tai liéu nay cho thdy KTTH trong khai
khoang can dwoc tiép can theo hai truc: (i) tuan
hoan qua trinh tai mé va nha may tuyén — luyén, va
(i) tudn hoan san pham/vat liéu & ha ngudn théng
qua tai ché phé liéu va vat liéu thiv cép [6], [7].

Di liéu nghién ctru dién hinh tai md da kim Nui
Phao (Thai Nguyén), thu thap tr cac bao cao
thwdng nién va bao cao phat trién bén virng [8].
Céc ngudn nay cho thdy Nui Phao 1a mé da kim cé
nha may ché bién da dong sadn pham; cong suét
khai thac va xt ly khodng 3,5 triéu tAn quang/nam:;
san pham chinh gdm wolfram, fluorit, bismut, ddng
va mét lwgng nhd vang.

Dir liéu cong khai cling cho biét nuwéc thai tiy
cac 6 chtra bun dudi quang dwgc hoan lwu vé nha
may dé tai st dung; cac chwong trinh ti wu héa
nang lwong gilp giam tiéu hao nang lwgng va phat
thai CO,eq, dong thdi phuc hdi dién tich dat mé
dang ké [9].

Ngoai ra, doanh nghiép dang nghién ctru tai x&r
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ly bai thai quang (dudi quang) va kha nang st dung
lam vat lieu xay dwng, déng thdi phat trién cong
nghé tai ché wolfram [10].

Trong nghién ctru nay, cac dir liéu néu trén
duoc str dung dé xay dwng md hinh KTTH cu thé
cho mé Nui Phdo theo chubi: khai thac da kim —
ché bién da san phdm — tuan hoan nuéc — tan
dung/tai x& ly chéat thai — phuc hdi sinh thai — két
ndi tai ché ha nguén [11].

2.2. Phwong phap nghién ctru

Bai bao st dung két hop cac phuong phap sau:

Phan tich — tdng hop tai liéu: Hé thdng hoéa co
s& ly luan vé KTTH, cac mé hinh &p dung trong
nganh khai khoang trén thé gisi va tai Viét Nam;

Phan tich chinh sach va khung phap ly: Banh gia
hé thdng luat phap, chién lvoc va co ché quan ly
lién quan dén KTTH va nganh khoang san tai Viét
Nam;

Phan tich thuc tién: Téng hop sb liéu va danh gia
hién trang khai thac — ché bién khoang san, nhan
dién cac han ché va tiém nang ap dung KTTH;

Phuwong phap nghién ciru dién hinh: Phan tich
mé hinh mé NGi Phao nham 1am rd kha nang trién
khai KTTH trong diéu kién thuc té;

So sanh — dbi chiéu qudc té: So sanh kinh
nghiém quéc té v&i didu kién Viét Nam dé dé xuat
dinh hwéng phu hop.

3. KET QUA VA THAO LUAN
3.1. Co s& ly luan va mé hinh kinh té tuan hoan

KTTH la mé hinh phat trién hudng t6i t6i Lu hoa
st dung tai nguyén, kéo dai vong d&i san pham va
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gidm thidu chét thai. M6 hinh nay dua trén ba
nguyén t&c chinh: (i) duy tri va tang cu’cmg vén tw
nhién; (ii) tbi wu hoa vong doi san pham; va (iii) giam
thiéu tac dong méi trwong. Trong nganh khai
khoang, KTTH duoc thé hién théng qua viéc tai stiv
dung, tai ché va tuan hoan dong vat chét trong toan
bd chudi gia tri. So d6 nguyén tac van hanh cla

CHUYEN DUONG
SINH HOC
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Hoan nguyén
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héa sinh

Khi
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KTTH cho thdy sw chuyén ddi t mé hinh tuyén tinh
sang md hinh vong kin, trong dé chét thai cla qua
trinh nay tré thanh dau vao clia qua trinh khac (Hinh
3). Viéc trién khai KTTH da dwoc nhidu quéc gia ap
dung, d4c biét 1a Lién minh chau Au va Trung Quéc,
v6i cac chinh sach hé tro manh mé vé cobng nghé
va quan ly.

CH}'YE.\' HOA
CONG NGHE

Khai thic Tai ché

Tan trang
Tai san xuat

Tai sir dung

Sira chira

1 1

Thiéu huy

1 1

Chén lap
Hinh 3. Nguyén tac cua kinh té tuan hoan [5]

Chiét suat nguyén
li¢u hoa sinh

3.2. Khung phap ly va dinh hwéng trién khai tai
Viét Nam

Tai Viét Nam, KTTH d& dwoc chinh thic ghi
nhan trong Luat Bao vé moi trwdng nam 2020. Hé
thdng chinh sach buéc dau hinh thanh véi cac cong
cu nhu:

Trach nhiém mé rong clia nha san xuét (EPR);

Cap dé quéc gia

Chinh sach & ludt phap
(VD: Ludt BVMT 2020,
Nghi quy&t 10-NQ/TW)

Ca ché thij trudng
(thué, EPR, tin dyng xanh)

Cac co ché tai chinh xanh;

Khuyén khich d6i méi cdng nghé.

M hinh tr|en khai KTTH dwoc phan cap theo ba
cap do: quoc gia, doanh nghiép va san pham, véi
sw lién két chat ché gitra chinh sach, thi trwdng va
cong nghé (Hinh 4). Bay la nén tang quan trong dé
ap dung KTTH trong nganh khoang san.

Cap dé doanh nghiép

Thiét ké san phdm tuén hoan
(tdi ché, tai sirdung, kéo dai vong doi)

Cap do san pham

Tai sir dyng - Tai ché - TAl san xuat
Thdng tin vong ddi san phdm (LCA, dén nhan sinh théi)

Hinh 4. M6 hinh kinh té tuan hoan theo cép d6 [12]
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3.3. Thuc trang khai thac va ché bién khoang
san tai Viét Nam

Viét Nam c6 tiém nang khoang san I&n, dc biét
déi v&i cac khoang san chién lwoc nhw bd xit, dat
hiém, titan va wolfram. Tuy nhién, hoat déng khai
thac va ché bién hién nay con ton tai nhiéu han
ché: cong nghé khai thac va ché bién con lac hau;
hiéu suat st dung tai nguyén thap; gia tri gia tang
chwa cao; phat sinh lwong I&n chéat thai gay ap luc
moi treong.

Mot s& mo hinh khai thac — ché bién da buéc
dau hinh thanh theo chudi, nhwng chwa dat duwoc
tinh tuan hoan do thiéu lién két va cong nghé xt ly
chét thai hiéu qua.

3.4. Nghién clru dién hinh: D& xuat mé hinh
kinh té tudn hoan cho mé da kim Ndi Phao

Mé da kim Nui Phao & Thai Nguyén la trwong
hop phu hop dé thdo luan vé KTTH vi day la mé
c6 than quang phirc tap va nha may ché bién da
dong san pham Cac tai liéu cong khai clia doanh
nghiép cho thay NUi Phao xtr ly khoang 3,5 triéu
tAn quang méi ndm va thu hdi dong théi wolfram,
fluorit, bismut, dong va mot lwgng nhé vang. Cac
bdo cao cla Masan High-Tech Materials ciing
nh&n manh day la moét trong nhitng mé wolfram
I&n. Tuy nhién, cac sb liéu vé tai nguyen va tri
lwong cé sw thay ddi theo ky bao céo va tiéu chuén
phan loai, do doé trong nghién cu nay can phan
biét ro gilra “resource” va “reserve”, va chi str dung
cac théng tin phuc vu lap luan vé mé hinh tuan
hoan, dac biét la dac tinh da kim va kha nang tao
ra nhiéu dong vat chat thir cp.

Trén co s& do, ¢ thé dé xuét mé hinh KTTH
cho Nui Phdo gdm ndm vong tuan hoan chinh.

Vvong 1: Tuan hoan tai nguyén trong than
quang. Khac v&i mé hinh khai thac don khoang
san, NUi Phao cho phép thu hbi déng thdi nhiéu
san phdm thwong mai t» cung mét than quang,
qua d6 téi da hoéa gia tri vat chat va gidm tdn that
khoang san di kém. Day la dang tuan hoan ndi sinh
quan trong nhéat trong khai khoang, phu hop véi
cac nguyén ly t6i wu hoéa tai nguyén trong KTTH
theo cac nghién ctru quédc té [6]. Cac sb liéu van
hanh cho thy doanh nghiép van tiép tuc cai thién
hiéu suét thu hdi wolfram va fluorit, cho thay tiém
ndng nang cao hiéu qua cdng nghé van con dang
ké [10].

Vong 2: Tudn hoan nuwéc trong khai thac —
tuyén khoang. Pay |a hop phan cé bang chirng van
hanh rd rang nhat. Theo cac bdo céo cong bb,
phan I1&6n nwéc thai tir cac bai chira bun dudi quéang
duwoc hoan lwu vé nha may dé tai s dung, phan
con lai dwoc xt ly triwde khi xa thai. Nam 2023,

n SO 3 -2026

lwong nwéc tai st dung dat khoang 7,8 triéu m3,
tuong duwong 76,1% téng nhu cau nuwdc tai cac co
s& & Viét Nam [9], [10]. Diéu nay cho thay hé théng
tuan hoan nwéc da dat mire d6 van hanh gan khép
kin, phu hop v&i cac tiéu chi khai khoang bén virng
theo cac tdng quan toan cau vé st dung tai nguyén
va moi trwdng [5].

Vong 3: Tuan hoan chat thai rdn mé va dudi
quang. Céc tai liéu cong bb cho thay tai nha may
Nui Phao tén tai hai dong dudi quang chinh va cac
dong nay van chira khoang vat co ich, tao tién dé
cho cac nghién ctru tai xt ly [10]. Dong thdi, doanh
nghiép dang nghién ctru khd nang st dung duéi
quang lam vat liéu xay dwng. Tuy nhién, cac gidi
phap nay hién méi & giai doan nghién clru hoac thi
diém, chwa dwoc thwong mai hoa rong rai. Theo
cac nghién ciru qubc té, viéc tai st dung dudi
quang can dwoc danh gia chat ché vé dia hdéa moi
trwdng, doc tinh va hiéu qua kinh t&, d&c biét déi
v&i cac vat liéu chira sulfide va kim loai nang [13].
Do do, vong tudn hoan nay nén dwoc xem la mét
huéng phat trién tiém nang hon la hop phan da
hoan thién.

Vong 4: Tuan hoan nang lwong — dat dai — phuc
hdi sinh thai. Mot thanh té quan trong khac la viéc
chuyén tir déng clra mé thu déng sang phuc hoi
dat mé co gia tri. Cac chuong trinh t6i wu héa nang
lwong tai NUi Phao da giup giam khoang 14.409
GJ nang luvgng va twong duwong 973,4 tan COzeq,
déng thoi phuc hdi khoang 63,9 ha dat mé [14].
Ngoai ra, viéc trdng cay va nghién cru st dung dat
phuc hdi cho muc dich sinh thai hodc ndng lwong
cho thdy KTTH khoéng chi gi¢i han & dong vat chét
ma con m& rong sang vong tuan hoan dat va hé
sinh thai theo cac khung tiép can KTTH hién dai
[15].

Vong 5: Lién két mé — ché bién sau — tai ché ha
ngudn. Mé hinh tudn hoan tai Nui Phao khéng
dirng & pham vi mé ma duwoc mé rdng ra chudi gia
tri thdng qua cac hoat dong tai ché wolfram. Doanh
nghiép da trién khai cac nghién ctru kha thi va dinh
hwéng phat trién cong nghé tai ché, gép phan hinh
thanh méi lién két gitra khai khoang so cép va tai
ché vat liéu tht clp [16]. Day la mot mé hinh tuan
hoan nang cao, phu hop véi xu hwéng “khai thac
mé d6 thi- urban mining” va kinh té vat liéu th cap
trong cac nghién ctu quéc té [17].

Tw cac vong tuan hoan trén, mo hinh KTTH cho
NUi Phao c6 thé duwoc khai quat nhw sau: (i) khai
thac than quéng da kim; (ii) ché bién da san pham
dé tbi da hoa thu hoi; (i) hoan lwu nwéc trong hé
thdng tuyén; (iv) phan loai va tai st dung chét thai;
(v) phuc hoi sinh thai va tai st dung dat; va (vi) lién
két v&i hoat dong tai ché & ha nguon [11]. M6 hinh
nay phu hop véi quan diém cla cac td chirc qubc
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té, trong d6 KTTH trong khai khoang phai dwoc
trién khai doéng thdi & cap dd qua trinh va cap do
chudi gia tri [17].

Céc giai phap KTTH ap dung bao gém: thu hoi
t6i da tai nguyén théng qua ché bién da kim; tai st

dung chéat thai tuyén lam vat liéu xay dung; tuan
hoan nwéc trong qua trinh tuyén; va tdi wu héa
nang lwgng nham gidm phat thai. Cac gidi phap
nay phu hop véi md hinh dong chay tuan hoan vat
chét trong nganh khai khoang (Hinh 5).

LGETR G ETRC EN Ché bién da san pham
W, Cu, Bi, . W, Cu, Bi, F

m
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\". ;.:.

Tai xir ly bun thai < \'7 Phuc h0| moi trué'ng (—J
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Tai ché tai nguyén th cdp (urban mining)

at moé

Hinh 5. M6 hinh kinh té tuan hoan cho mo da kim Nui Phao

3.5. Thao luan

Két qua nghién clru cho thay viéc ap dung kinh
té tudn hoan (KTTH) trong hoat dong khai thac va
ché bién khoang san tai Viét Nam la mét dinh
hwéng c6 co s& ca vé ly luan, phap ly va thye tién
[2], [3], [15]. Tuy nhién, khac v&i nhiéu nganh san
xuét tiéu dung, dac diém cla nganh khoang san
khién viéc trién khai KTTH khong thé chi ding &
céac giai phap tai ché don 18, ma can duoc tiép can
nhw mot qua trinh tai ciu trac toan bd chudi gia tri
tr tham do, khai thac, ché bién, st dung dén quan
ly chat thai va phuc hdi méi trudng sau khai thac
[15], [17].

Trudc hét, xét vé ban chat tai nguyén, khoang
san la ngudn tai nguyén khong tai tao, do dé hiéu
qua khai thac khéng chi dwoc do bang san lwong
quang nguyén khai hay gia tri thwong pham truéc
mat, ma con phai dwoc danh gia bang mirc do tan
thu tai nguyén, hiéu suat s&v dung vat chat va kha
nang giam thidu ton that trong subt vong ddi khai
thac [15], [17]. Trong md hinh khai khoang truyén
thdng, phan I&6n sy chu y thwdng tap trung vao
dong vat chét chinh, ttrc 1a quang co ich duwoc tach
va dwa vao ché bién, trong khi khéi lwong rat Ion
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dat da boc, bun thai tuyén, nwdc thai md va phu
ph&m luyén kim thuwdng bi coi la chét thai can xr
ly. Cach tiép can nay dan dén hai hé qua: mot mat
lam gia tang chi phi mdi trwdng va chi phi x& hoi
cla hoat dong khai khoang, mat khac bé qua kha
nang thu hoi gia tri con lai tv chinh cac dong vat
chét thir cip do6 [7], [13]. Vi vay, tw duy KTTH cd y
nghia dac biét quan trong trong nganh khoang san,
b&i né thuc ddy chuyén dich tlr quan niém “khai
thac tai nguyén — tao chat thai” sang quan niém
“khai thac tai nguyén — ti wu st dung — tai tao gia
tri t phu phdm va chét thai” [15], [17].

O géc do thuc tién, hién trang nganh khoang
san Viét Nam cho th4y tiém nang ap dung KTTH la
dang ké, nhwng mirc d6 hién thyc hda con han ché
[16], [18]. Viét Nam co loi thé vé ngudn tai nguyén
da dang, trong d6 c6 nhiéu loai khoang san chién
lwgc nhw b xit, titan, dat hiém, wolfram, dong,
nickel va mot sb khoang san di kém co gia tri cao
[16]. Tuy nhién, gia tri gia tang cla nganh nhin
chung van chua twong xtng véi tiém nang tai
nguyén. Mot trong nhirng nguyén nhan chinh la
cau tric nganh con thién vé khai thac va so ché,
trong khi ché bién sau, thu hdi khoang san di kém
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va tai st dung phu pham con yéu [16], [17]. Diéu
nay cho thay dw dia rat I6n cho KTTH, dac biét &
cac khau tan thu khoang vat co ich trong quang
nghéo, thu héi nguyén té di kém, tai st dung chat
thai ran md, tudn hoan nuwéc tuyén va tan dung
nang lwong trong qua trinh san xuat [5], [14].

Trudng hop nghién ctiru dién hinh tai mé da kim
Nui Phao cho thdy mét sb nguyén ly cét 16i cla
KTTH hoan toan cé thé ap dung trong diéu kién
Viét Nam [8], [10]. Diém dang chu y nhéat cia mo
hinh nay la kha nang tbi wu héa gia tri tai nguyén
thong qua thu héi déng thoi nhiéu kim loai tir ciing
mot than quang. Pay la biéu hién rd rang cua tw
duy tuan hoan trong khai khoang, b&i né lam giam
ton that tai nguyén, tang hiéu qua s dung than
quang va kéo dai gia tri khai thac cua mé [8], [10].
DPéng thoi, viéc xem xét tai st dung bun thai, chat
thai tuyén va tuadn hoan nwéc trong ché bién cho
thay chéat thai mé khéng nhét thiét chi la ganh nang
méi tridng, ma co thé tré thanh ngudn nguyén liéu
th(r cdp néu dwoc danh gia day da vé thanh phan,
tinh chat co ly va nguy co méi truong [7], [13].

Y nghia cia mé hinh nay khéng chi nam & hiéu
qua kinh té tryc tiép, ma con cho thy nganh khai
khoang Viét Nam c6 thé chuyén tir khai thac don
muc tiéu sang khai thac tich hgp da muc tiéu, két
hop dbng thoi gitra loi ich tai nguyén, loi ich méi
trwdng va hiéu qua céng nghé. Tuy nhién, két qua
nghién ctru ciing cho thdy khéng nén nhin nhan
KTTH trong nganh khoang san nhr mét mé hinh
dé ap dung hodc co thé trién khai déng loat trong
thdi gian ngan. So véi cac linh vuc nhu bao bi,
nhwa, dién t&r hoadc tiéu dung dan dung, KTTH
trong khai khoang déi mat véi nhirng rao can dac
tha phtree tap hon [15], [17].

Trwdc hét 1a rao can vé cong nghé. Kha nang
tan thu tai nguyén t&r quéng nghéo, phu pham hoac
chét thai mé phu thudc rat Ién vao trinh d6 tuyén —
luyén, cong nghé phan tach vat liéu, cobng nghé xu
ly héa — Iy va nang lwc kiém soat moéi trworng [13].
Trong khi d6, nhiéu doanh nghiép khoang san &
Viét Nam, dac biét la doanh nghiép vira va nhd,
van st dung thiét bi lac hau, quy trinh phan tan,
murc dau tw cho dbi méi cong nghé con thap [16].
Diéu nay khién cho chi phi dau tw ban diu ctia cac
gidi phap KTTH tr& thanh rao can 16n, nhat 14 khi
loi ich kinh té thweng khéng xuét hién ngay trong
ngan han.

Bén canh rao can céng nghé |a rao can vé nhan
thirc va mé hinh quan tri. Trong thuc tién, nhiéu
doanh nghiép van tiép can hoat ddng khai khoang
theo muc tiéu san lwong ngén han, chuwa coi hiéu
qua vong ddi tai nguyén va quan tri dong vat chat
la chi tiéu trung tam [18]. Diéu nay dan dén viéc
dau tw cho xt ly chat thai, tan thu tai nguyén di kém
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hoac cai tao méi trwdng thwdng bi xem la chi phi
bat budc hon 1a mdt ciu phan tao gia tri. Trong khi
dé, ban chat ctia KTTH doi héi doanh nghiép phai
thay ddi tw duy tlr “tuan tha maoi trvdng” sang “quan
tri tai nguyén tong hop” [15], [17].

M6t van dé quan trong khac la hanh lang phap
ly tuy d& dwoc hinh thanh buwédc ddu nhung van
chwa d0 cu thé dé thuc day ap dung KTTH trong
nganh khoang sadn mét cach thuc chat. Luat Bao
vé mdi trudng nam 2020 va Luat Dia chat va
Khoang s&n ndm 2024 d4 tao nén tang chinh sach
quan trong [2], [19]. Tuy nhién, d& chuyén héa dinh
hwéng nay thanh hanh déng, can cé cac quy dinh
cu thé hon vé vat liéu thir cap, tiéu chuan ky thuat
va co ché wu dai [18]. Néu thiéu cac cong cu chinh
sach phu hop, doanh nghiép sé kho cé dong lyc
chuyén déi sang mé hinh tuan hoan.

Két qua nghién ctu cling goi mé rang phat trién
KTTH trong nganh khoang san khéng thé tach roi
khéi t6 chirc khong gian cong nghiép va lién két
vung [15], [17]. M6 hinh cum céng nghiép sinh thai
cho phép chat thai ctia doanh nghiép nay tré thanh
dau vao clia doanh nghiép khac, qua d6 nang cao
hiéu qua tuan hoan vat chat.

O géc d6 mdi trudng, KTTH ¢6 thé gidp gidm
dang ké ap luc 1én dat, nwéc va hé sinh thai tai cac
ving mé [5], [15]. Tuy nhién, khéng phai moi chét
thai mé déu co thé tai sir dung an toan, d&c biét voi
cac dudi quang chtra sulfide hoac kim loai nang, can
dwoc danh gia ky lwong trude khi st dung lai [13].

T géc dd chién lwgc, KTTH trong nganh
khoang san cé y nghia quan trong ddi véi an ninh
tai nguyén va nang luc canh tranh quéc gia trong
bdi canh chuyén dich ndng lvong toan cau [15].
KTTH gitp nang cao hiéu qua khai thac, giam phu
thuéc vao xuét khdu thé va tang gia tri gia tang
théng qua ché bién sau va tan thu tai nguyén di
kem [16], [15].

Trong ngan han, can wu tién cac giai phap kha
thi nhw nang cao hiéu suét thu hoi, tuan hoan nwéc
va xay dyng cac mo hinh thi diém [8], [9]. Trong
trung va dai han, can hoan thién chinh sach, phat
trién thi trwong vat liéu thw cép va tich hgp KTTH
vao chién lwgc phat trién nganh [2], [3].

Nhin chung, cac két qua phan tich cho thay
KTTH trong nganh khai thac va ché bién khoang
san & Viét Nam khong chi la mét xu hwéng mang
tinh khai niém, ma cé co sé trién khai thuc t& néu
duoc hd tro bdi thé ché phu hop, cong nghé thich
hop va co ché lién két nganh hiéu qua [2], [15],
[17]. Diém then chét khong nam & viéc sao chép
mé hinh qubc t&, ma & kha nang lwa chon ding
khau wu tién, loai khoang san va cong cu chinh
sach phu hop véi diéu kién Viét Nam.
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4. KET LUAN

» Bén canh viéc phan tich co s& ly luan va phap
ly cia kinh té tudn hoan trong nganh khoang san,
nghién clru nay da bd sung mot két qua cu thé theo
yéu cau phan bién, 1a dé& xuat mé hinh kinh té tuan
hoan ap dung cho mé da kim Nui Phao. M6 hinh
dé xuat gdm nam hop phan lién két: thu hoi da san
pham ti than quang da kim; tun hoan nwéc trong
hé thdng tuyén va bai thai; tai xt ly/tan dung dudi
quang va chéat thai ran mé theo 16 trinh danh gia
dia héa — cdng nghé — thj trwong; phuc hoi dat va
tai tao chirc nang sinh thai sau khai thac; va két nbi
mé v&i chudi tai ché wolfram & ha nguén. Trong
cac hop phan nay, tuan hoan nuéc, tbi wu hoa thu
héi da san pham va phuc hdi méi trwdng 1a cac cau

khi tai x&r ly dudi quang va s dung chat thai lam
vat liéu xay dwng 1a cac ciu phan ¢ co s& nhung
van can tiép tuc thi diém va hoan thién cong nghé;

> Két qua nghién clru cho thay, dbi voi Viét
Nam, kinh té tuadn hoan trong khai khoang nén
duoc trién khai theo hwéng chon ding mé, dung
loai khoang san va dung khau wu tién. Treong hop
Nui Phao cho thdy mé da kim c6 ché bién sau va
c6 lién két ha ngudn la nhém déi twong phu hop
nhat dé trién khai trwdc, vi ¢é diéu kién hinh thanh
nhiéu vong tuan hoan vat chat cing luc. Pay ciing
la co s& thwe tién dé dé xuat hoan thién chinh sach
dbi voi vat lieu thir cap tir hoat ddng md, co ché
khuyén khich tudn hoan nuwéc, wu dai cho cong
nghé tan thu — tai ché va tich hop yéu cau kinh té
tuan hoan vao qua trinh cip phép, thiét ké mé va

phan da cé di liéu van hanh twong dbi rd; trong déng cira mo O
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ABSTRACT

Mineral resources are non-renewable assets that play a critical role in economic development and
national raw material security. However, mineral extraction and processing activities in Vietnam are still
predominantly based on a linear “extract—use—dispose” model, resulting in low resource-use efficiency,
large volumes of mine waste, and increasing environmental pressures. In the context of sustainable
development and the transition toward a new growth model, the adoption of a circular economy (CE) in
the mining sector has become an inevitable trend.

This paper analyzes the theoretical foundations of circular economy in mining and examines the current
legal and policy framework in Vietnam, with particular reference to the Law on Environmental Protection
(2020), the Law on Geology and Minerals (2024), and Resolution No. 10-NQ/TW of the Politburo. Based on
a comprehensive review and practical assessment, the study identifies key limitations of the Viethamese
mining sector, including outdated extraction and processing technologies, low resource recovery efficiency,
limited deep processing capacity, and ineffective management and utilization of mine waste.

The novelty of this study lies in the development of a specific circular economy model through a case
study of the Nui Phao polymetallic mine (Thai Nguyen Province). The results indicate that several
components of CE have already been implemented in practice, including multi-product recovery from a
polymetallic ore body, large-scale water recirculation (accounting for approximately 76—78% of total water
demand), and post-mining environmental rehabilitation. Based on these findings, the paper proposes a
circular economy model for polymetallic mining that integrates multiple circular loops, including resource
recovery optimization, water recirculation, waste and dudi quéng valorization, ecological restoration, and
downstream recycling linkages.

The study demonstrates that the application of circular economy in Vietnam’s mining sector is highly
feasible when implemented through a systemic approach, supported by technological innovation, policy
improvement, and value-chain integration. It also proposes key strategic orientations, including life-cycle-
based resource management, promotion of deep processing, development of secondary material
markets, and integration of circular economy principles into sectoral development strategies, thereby
contributing to improved resource efficiency and sustainable development.

Keywords: circular economy, mineral extraction and processing, polymetallic deposit, mine waste,
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