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TOM TAT:

Nganh cong nghiép khai thdc than cung cip ngudn nguyén licu dau vio cho nhiéu nganh cong
nghiép khic ctia nén kinh (&, dic biét 13 nginh cong nghié¢p nhiét dién, gép phin ddm bio an ninh
ning lugng quoc gia. Tuy nhién, nganh cong nghiép nay khai thdc ngudn tai nguyén can kiét; dong
thdi hoat dong clia nganh cling gy 4nh hudng rat tiéu cyc dén mdi trudng ty nhién. Trude boi cadnh
can kiét tai nguyén, 6 nhiém moi trudng va bién ddi khi hau ngay nay, viéc 4p dung mo hinh kinh

t€ tuaAn hoan vao nganh cong nghiép nay hudng t6i muc tiéu gidm tdn that ai nguyén, ting budc
khic phuc 6 nhiém moi trudng va phat trién bén vitng 1a hét ste cAp thiét. Bai viét phan tich kinh
nghiém 4p dung md hinh kinh (& tuAn hoan & mot s6 qudc gia ¢ nganh cong nghiép md phat trién,
tir d6 chi ra nhitng bai hoc cho nganh cdng nghiép khai thac than & Viét Nam d€ tirg bude 4p dung
md hinh kinh t€ niy vio nginh huéng t6i muc tiéu phat tri€én bén virng.

Tu khéa: kinh & tuAn hoan, cong nghiép khai thac than, bai hoc kinh nghi¢m.

1. Khai quat vé mo hinh kinh t& tuAn hoan

Hién nay, ¢6 nhiéu khdi niém khdc nhau vé
kinh t¢€ tudn hoan. Theco Ellen MacArthur
Foundation, “kinh & tuAn hoan 12 mot h¢ théng c6
tinh t4i tao va khoi phuc thong qua cdc k& hoach
va thi€t k&€ cht dong. N6 thay thé khdi niém “két
thic vong ddi” clia vat liéu bing khdi niém khoi
phuc, chuyén dich theo hudng st dung ning lugng
tai tao, khong diing cdc héa chi't doc hai gay tn
hai tdi viéc tdi st dung va hudng t6i gidm thicu
chdt thai thong qua viéc thi€t k& vat liéu, sdn
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phdm, hé thong k§ thudt va cdc md hinh kinh
doanh trong pham vi ctia né (Ellen MacArthur
Foundation, 2012 dudc trich din bdi Nam va
Hanh, 2019). Hay “Kinh ¢ tudn hoan la mot hé
thong ma tai nguyén diu vio va chit thai, phat
thai, hao hut ning lugng dugce gidm thi€u thong
qua vi¢c lam cham, lam hep va dong kin cdc vong
van chuyén clia vat liéu va ning lugng. Piu nay
¢6 thé dat dudc thong qua cic thi€t k& ¢ tinh dai
han; vi¢c bdo dudng, stta chita, tdi st dung, tdi san
xuit, lam mdi va tai ch&” (J. Potting, et al, 2017,



KINH TE

dugc trich din bdi Nam va Hanh, 2019). Lién
minh chiu Au dinh nghia “Kinh t& tudn hoan la
mot nén kinh t€ ma gid tri cia sin phim, nguyén
vatliéu va tai nguyén dugc duy tri lau nhit ¢6 thé
va ddng thdi gidm thiéu viéc phat thai” (Nguyén
Pinh Dép, 2021).

Nhu vdy, mic dii ¢6 nhiéu khdi niém khic
nhau, vé co ban, kinh t& tudn hoan 1a mot nén kinh
t€ gdn véi viec kéo dai vong doi clia dong vat chat
thong qua cdc hoat dong lam gidm thi€u chat thai,
t4i st dung, tdi ch€ rdc thai va bao ton, phuc hdi
cdc ngudn (ai nguyén thién nhién. C6 nhi€u mo
hinh kinh t€ tudn hoan khdc nhau, nhung nén tdng
cia m6 hinh kinh t€ tudn hoan gin véi 3R
(Reduce - gidm st dung hang héa va tiéu thu tai
nguyén; Reuse - tdi st dung sin phim, (ai
nguyén; va Recycle - Tdi ché rdc thi, tudn hoan
tai nguyén).

Mo hinh kinh t& tudn hoan dugc dé cap va dp
dung phd bicn trén the gidi tir nhitng nim 90 cla
thé ky XX. Tuy nhién, § Viét Nam, mo hinh nay
mdi chi duge d& cap d&€n nhiéu trong nhitng nim
gin day khi ching ta phdi d6i mit v6i nhitng hé
luy clia qud trinh phat trién ddnh d6i, d6 1a van dé
can ki¢t tai nguyén, 6 nhiém mdi trudng va bi€n
ddi khi hau. Theo K& hoach hanh dong quoc gia
thuc hién kinh ¢ tuan hoan d&€n nim 2035 cla
Viét Nam, khai thiac va ch& bi€n khodng sdn 1a
mdt trong sO cdc nganh, linh vyc dugc uu tién thuc
hi¢n kinh (& twan hoan (Quy&t dinh s§ 222/QP-
TTg ctia Thii tuéng Chinh phu ban hanh k& hoach
hanh dong qudc gia thuc hién kinh & tudn hoan
dén nim 2035).

So vdi nhitng nuGe phat tri€n, c6 bé day kinh
nghiém trong viéc phét tri€n va 4p dung md hinh
kinh (¢ tuan hoan, viéc 4p dung md hinh kinh &
tuan hoan & Viét Nam con tuong ddi han ché. Do
d6, viéc nghién ctu va hoc hoéi nhitng kinh
nghi¢m 4p dung mo hinh kinh (& tudn hoan (it cdc
qudc gia phdt trién vao nén kinh t& n6i chung va
nganh cong nghiép khai thac than néi riéng § Viét
Nam 12 ¢in thi€t.

2. Kinh nghi¢m ap dung mé hinh kinh t& tuan
hoan trong nganh cong nghiép mé ¢ mot sé quoc
gia trén thé giGi

Nganh cdng nghi¢p md trong d6 c6 linh vuc
cOng nghiép khai thac than thdi ra moi trudng mdot

lugng chat thdi rdt 16n. Vi th€, viéc 4p dung mo
hinh kinh (€ tuan hoan di va dang nhian dudc su
quan tAm ctia cdc doanh nghiép trong nganh nay.

2.1. Ba Lan

Nganh cOong nghiép khai thac than chiu énh
hudng siu sic bdi cac van dé v& moi trudng va kinh
t€ trong viéc xut Iy nudc thdi. Hon nita, dd min cua
nudc thii clia cdc md than & Ba Lan rit cao, dic
biét 1a viing Thugng Silesia. Lugng mudi thai vao
cdc con song b3i hoat dong khai thac md 1a khoang
4 triéu (4n. Hai con sOng dai nhat Ba Lan 12 Vistula
va Odra dang chiu dp luc dang k¢ (ir hoat dong khai
thdc md va tinh trang nhiém min & song Vistula
gay thi¢t hai cho nganh cong nghi¢p, ndng nghi¢p
va van ai dudng thiy khodng 100 dén 250 tri¢u
USD mdi nim. Nhitng tdc dong tiéu cuc clia nude
thdi mé con kéo dai cd sau khi dong ctta md (Janson
ctal., 2009). Trugc tinh hinh d6, cdc nha mdy x@ 1y
nudc thai di dude xay dung. Ching han nha may xt
Iy nuSe thai c6 cong suat 400 lit/gi tai mo than
Bolestaw Smialy, ¢ Laziska Gorne ctia Ba Lan vdi
cong nghé hién dai. K& qud xu Iy nude thdi thu
dugc nude khit khodng va nude ¢d dic c6 dd min
cao - dudc st dung 1am nguyén li¢u d€ san xuit
mudi (Mitko ct al., 2021). Bén canh d6, chat thai
phat sinh do khong c6 phudng phap khai thac chon
loc va tuyén than sau khi xtt 1y ¢6 thé dugc tdi st
dung trong cic quy trinh d6t dong thdi dé san xuit
ning lugng (Pactwa et al., 2020a). Ngoai ra, ¢ Ba
Lan, ciing nhu mot s§ qudc gia chdu Au khéc, cdc
mo sau déng ctta s& dudc cai tao phuc vu cho hoat
dong vin héa, gido duc, du lich. Ching han Trung
tam Khoa hoc va nghé¢ thuat “FormerMine” dudc
xay dung trong khu vuc mé than ciing trude day -
md Thorez (1950-1992); hay Béo tang khai thac
Guido dugc md clra nim 1982 va sau d6 dugc mdé
ctta lai vao nam 2007 @€ d6n du khich (Pactwa ct
al., 2020b). Nhu vy, nganh cong nghi¢p khai thic
than & Ba Lan, xudt phat t nhiém vu xt 1y 6 nhiém
moi trudng, cac doanh nghi¢p da tich hgp thyc hi¢n
cdc noi dung ctia kinh t& tuan hoan (i phuc hdi modi
trudng; tai ch& nude thai md co dic d san xuit
mudi, chit thii tir khai thic, tuyén d€ san xuit ning
lugng; ti st dung cic mé sau déng cira &€ phuc vu
muc dich vin hoa, gido duc, du lich... vita dat dudc
muc tiéu bao v¢ mdi trudng, vira dem lai cdc gid tri
v¢ kinh (&, xa hoi.
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2.2. Trung Quéc

Nganh cong nghi¢p khai khodng ctia Trung
Qudc tuan thi 3 nguyén tic co ban clia nén kinh &
tuAn hoan:

*Gidm thiéu: Trong Kkhai thic, ché bi€n va st
dung tai nguyén khodng sin, gidm thi€u dugc thuc
hién thdong qua:

- Thyc hién khai thdc hi¢u qud tai nguyén bing
0 gidi hda, ty dong hoa va i vu khai thac.

- Giam ty 1& t8n thit tai nguyén va ning cao ty
1¢ thu hdi biing cong nghé ché& bién siu.

- Gidm 0 nhi&m @ cdc chat thaii md nhu quing
dudi, dat d4 thai, nudc thai...

*Tdi sit dung: ThE hién thong qua hinh thic tdi
stt dung nudc thdi mé tir nude thai khai trudng, nudc
thi nha mdy tuyén.. Hién nay, nhi¢u nha mdy
tuyén dang dung cong nghé khép kin, khong x4 thi
ma t4i st dung ngay trong chu trinh sén xuit. O
Trung Quoc ¢6 (6i 70% md than thi€u nude, do do
Xt Iy nudc thai md ddm bao tiu chudn cho san xuat
va sinh hoat c6 ¥ nghia rit quan trong. Chi phi xtt 1y
nudc thai mo chi bing khodng 50% gid nuSe cap i
nha mdy nudc, do d6, viéc xi 1y nudc thdi md vita
¢6 ¥ nghia ¢4 v& mit kinh (€ d6i vdi doanh nghiép,
vira ¢6 y nghia doi véi viec bio vé moi trudng.

Bén canh d6, chat thai moé va quing dudi cling
dugc cdc doanh nghiép quan tim x@& ly. C6 hai
phuong phap dudc st dung d€ 16i vu hoa chat thai
mo va quing dudi:

- Thit nhat, thu hdi cdc thanh phin (i nguyén
con s6t lai trong chat thidi md bing cong nghé, do
d6 s& gidm dudc khdi lugng chit thii mo; quing
dudi ciing c¢6 thé dugce tai st dung thanh céc loai vat
liéu méi (vt liéu xay dung, thiiy tinh, sidn phim d4
dic, ngoi...).

- Thit hai, chat thai md ciing c6 thé dudc tai st
dung lam phan bon trong ndng nghi¢p; lam vatlicu
phuc vu cdng tic cai tao, phuc hdi mdi trudng cho
mo sau khi k&t thic khai thdc, hoiic dung 1am vat
liéu ddp de, rdi duong...

*Tdi ché: Tai ch& hudng 16i muc tiéu lam gidm
khdi lugng chat thdi phdt sinh cang nhidu cang 0t
thong qua xi 1y chat thai bi€n ching thanh ngudn
tai nguyén c¢6 sin dé c6 thé tham gia thi trudng
hodc quy trinh sdn xuat th¥ cap.

o] Trung Qudc, nén kinh (€ twAn hoan trong
nganh khai khodng dudc trién khai & quy mo doanh
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nghi¢p, quy mo6 vung khai thic md va quy mo hé
thong va chudi gid tri khodng san.

Ngodi ra, tai Trung Qudc - quic gia s6 mot trén
th¢& gidi vé hoat dong khai thic md (Ericsson & Lof,
2019), trong nhitng niim gin day, chi&n lugc kinh (&
tuan hoan dugc hiu hé&t cic doanh nghiép khai thac
than thuc hién tich cuc. Nhi¢u khu cong nghiép
kinh t& tuAn hoan di dugc xay dung hoic quy hoach
nhu Khu cong nghiép kinh t& tudn hoan Tashan clia
Datong Coal Mine Group; Khu ¢dng nghiép kinh (&
tuan hoan Huafeng Circular clia Xinwen Mining
Group; Khu cdng nghi¢p Yanzhou, Khu lién hi¢p
kinh t&¢ tuAn hoan md than Zhangshuanglou va hba
chat Huangling, cling nhu hé¢ thong kinh t&¢ tuan
hoan Xishan Circular ctia Xishan Coal-clectricity
Group...(Zhang et al., 2011).

Khu ¢ong nghiép kinh t€ tuan hoan dudc xay
dung nhim dat dugc muc tiéu phat trién bén virng,
thic d4y su phat trién hai hoa cda kinh t&, x4 hoi
va modi trudng sinh thdi. Ching han nhu véi khu
kinh t& tudn hoan Tashan, dva vio diéu kién w
nhién, moi trudng, vi tri va diéu kién kinh &€ - xa
hoi, Tashan huéng (6i muc tiéu bd tri khoa hoc cdc
mit xich trong chudi cung tng dé hd trg cdc cong
ngh¢ ti€tki¢m ning lugng va gidm phdt thdi; thict
k& tudn hoan, tdi ch&, tdi s dung chat thai trong
nhiu cong doan d€ bio vé mdi trudng; va gidm
thi€u nguy co phét thai thdong qua sin xuit sach
hon. N6 bién chat thai, ning lugng va phu phim
ctia nganh khai khodng thanh nguyén li¢u tho va
ning lugng cia mot doanh nghiép khdc. Thuc
chat ctia mo hinh khu cong nghi¢p kinh t& tuan
hoan nay la hoat dong cOng sinh cdng nghiép
nhiim chia sé ngudn lyc giita doanh nghiép trong
nganh cong nghiép khai khodng véi cidc doanh
nghi¢p trong cdc nganh kinh (& khdc nhu nhi¢t
dién, hoa chat, xdy dung... (Tian, 2016).

2.3. Canada

Canada 12 mdt qudc gia ¢ nganh khai khodng
phét trién hang ddu th€ gidi. Qudc gia nay di ban
hanh hai chinh siach quan trong vé& 4p dung kinh (&
tudn hoan trong nganh khai khodng, bao gdm:

- K& hoach khodng sdn va kim loai dudc ban
hanh vao thang 3/2019, g6m 3 muc ti€u chinh, d6
1a: (1) Lién tuc giam thi€u cdc anh hudng tiéu cuc
d&n mdi trudng; (2) Ap dung nén kinh (& tudn hoan
trong khai khodng thdong qua vi¢c bi€n chat thai
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thanh @i nguyén, xay dung k& hoach déng clra mo
va hoan thd, cii tao moi trudng hi¢u qua; (3) Xay
dung k& hoach thich ting bi€n d8i khi hau mot cach
hé thong.

Qudc gia nay ciing dua ra sang ki€n khai thdc
xanh v4i 2 muc ti€u bao trum: (1) Gidm tdc dong
dén mo6i trudng cda khai thdc khodng sdn;
(2) Cdi thién khd ning canh tranh cda nganh
cong nghi¢p md.

Cé4c muc tiéu, chién Iude 4p dung md hinh kinh
1€ tAn hoan va nganh khai khodng ctia Canada thé
hién & nhitng diém sau:

- Gidm ti¢u thu tai nguyén thong qua cdc thict
k& xanh, st dung héa chit than thién v6i moi
trudng, mdy moc trang thi€t bi hién dai, céi ti€n
cong nghé, ning cao hiéu qua st dung nguyén,
nhién li€u.

- T6i wu hda viéc st dung trang thi€t bi nhu thué
lai may moc, thi€tbi...

- Kéo dai thoi gian st dung clia may mdc, thi€t bi,
san phadm biing cdch duy tu, sifa chita thuding xuyén.

- T4i ché&, t4i st dung tai nguyén khodng sdn nhu
thu hdi quing dudi, t4i st dung dat d4 thai.

- T&i da hoa viéc st dung ning ludng 14i tao
trong hoat dong khai khodng nhu st dung ning
Iugng mét trdi, nang lugng gio...

2.4. Indonesia

La mot qudc gia sdn xuat than 16n trén thé gidi
(Ericsson & Lof, 2019), Indonesia phai ddi mit
vdi hang loat van d¢ v& moi trudng, dic bict 1a
viéc mat rirng do khai thac 16 thién quy md 16n
(Austin et al., 2019). Trudc tinh hinh d6, Indonesia
da ban hanh Ludt No4/2009, trong dé6 ¢6 quy dinh
nguyén tic khai thac phdi di doi véi cdi tao, phuc
hdi, cdi thién mdi rudng va chat lugng hé sinh
thai d€ dat c6 thé dugc sit dung hgp 1y. Chinh phi
Indonesia yéu ciu cdc cong ty khai thdc phai thuc
hién dong thdi viéc cdi tao va phuc hoi dat véi
nhitng hoat dong ctia ho nhu mot nghia vu vé moi
trudng (Setiawan et al., 2021). TruGc nhitng quy
dinh nghiém ngdt do, cdc cong ty khai thic than
da phai thuc hién (6t viéc cai tao dat & khu vuc
khai thdc, dic biét la cdc khu vyc bai thai 16 thién
dé phuc vu cho viéc trong ritng. Tuy nhién, cdc
nghién ctu & Indonesia da chi ra, hoat dong cai
tao moi trudng dat phuc vu viée rdng riing nay
khong nhitng gidi quy&t dugc van dé moi trudng

ma con dem lai hi¢u qui vé mit kinh (&. Cu thé
lugng khi phdt thdi lién quan d&€n vicc cdi tao dat
§ cdc mo than 1a 25.4 - 26.6 tdn CO,/ha, trong khi
d6 khd ning hip thy khi thdi CO, clia cdy trong
trén dat dudc cdi tao dude tinh todn 13 26,4 (4n
CO,/ha, va lugng O, dugc tao ra 1én (6i 143 (dn
O,/ha. Gié tri kinh t€ cta cdc dich vu h¢ sinh thai
do cdi tao mang lai 1a 27,750 USD/ha, 16n hon
nhiéu so vdi chi phi cho cdc du 4n cai tao khodng
8,642 - 9,417 USD/ha. Hoat ddng nay ti€p tuc c6
thé dem lai mtc 1¢i nhudn hiang nim (r 10% dén
20% trong vong 20 ndm (Setiawan et al., 2021).
Dicu nay vira gidi quyé&t duge van dé mdi trudng
nhung ciing 13 hoat dong dem lai gid tri kinh t&
cho doanh nghiép.

3. Bai hoc kinh nghiém cho nganh cong
nghiép khai thac than Vié¢t Nam

Tir kinh nghi¢m thyc hi¢n kinh (& tuin hoan
trong nganh cong nghiép khai khodng trén th€ gidi,
dudi goc dd quan 1y, c6 thé rit ra mot sd bai hoc
cho nganh Codng nghiép khai thac than & Viét Nam
nhu sau:

- Thit nhat, viéc thyc hién kinh (€ tudn hoan
trong nganh cong nghi¢p khai thdc than cin phéi
dudc thuc hién ddng bo cd & cap d6 vi md va cip
dd vi md. Trong d6, § cAp do vi mo, chinh phu
can xdy dung nhitng muc ti¢u, dinh huéng, cic
chuong trinh hanh dong hay tao cd ch& hgp tdc
thudn Igi gifra cdc nganh, cic doanh nghiép trong
thyc hién kinh t& tdn hoan va cin dugc thé ch&
dudi dang cdc vdn bdn phdp quy nhu ludt, nghi
dinh, quy&t dinh...

- Thit hai, vicc dp dung kinh (¢ twin hoan
thudng khong thé dem lai hiéu qué kinh (& trong
ngén han. Do d6, chinh phii ¢an ¢6 nhitng hd trd (ai
chinh cho hoat dong kinh (& tuan hoan nhu céc
chinh sach tai chinh xanh; phat trién thi trudng tin
chi carbon...

- Thit ba, c6 thé xuit phat tif nhiém vu bio vé
mdi trudng, tuy nhién, cdc doanh nghi¢p khai thic
than ciing cAn nghién cttu cc tiém ning dé tao ra
céc gia tri kinh (&, viéc 1am, ¢ cdc hoat dong tai
ché&, tai stt dung vat li¢u, sin phdm, chit thii gin
vdi phuc hdi va bdo vé mdi truding; duy tu, sita chita
dé kéo dai wdi tho clia san pham, thiét bi. Cdc giai
phdp nay phdi dudc thi€t k&€ mdt cdch chi dong
ngay (i ban ddu d¢ thuin 1di cho cdc hoat dong (4i
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ch&, t4i st dung sau nay. CAn phdi lam (6t viéc cai
tao moi trudng trong khu vuc khai thic, trong d6 c6
tinh d&€n kha ning tan dung nhitng tai nguyén c6
thé khai thac lai dugc tir chat thai clia cic qud trinh
khai thac, ch& bién than; cdc bii thdi md, moong
sau khai thac 10 thién hay mé ham 10 sau déng ctta
cAn dugc tan dung phuc vu cho cic muc dich khic
nhu trdng rirng, phat trién du lich... d€ vira tao thém
gid tri, vira gidp phuc hdi va bio vé moi trudng mot
cdch bén vitng.

- Thit tu, ting cudng lién k&t gilta cdc doanh
nghiép, cac nganh d€ hinh thanh 1én cdc khu cong
nghi¢p kinh & tudn hoan nhiim chia sé¢ tai nguyén,
ning lugng va xi Iy chat thdi nhdm hd tr¢g nhau
thiic ddy kinh (& tuAn hoan.

- Thit ndm, cic doanh nghiép can ddy manh
cOng tic nghién citu, phat trién hodc chuyén giao
cong nghé dé hudng (6i viéc khai thic tin thu, gidm
ton that tai nguyén trong qué trinh khai thac, ché

Loicam on:

bi€¢n, kinh doanh va st dung than. Di¢u nay rit
quan trong trong bdi cAnh hoat dong khai thac ngay
cang xudng sau nhu & Viét Nam.

4. Kétluan

La mdt qudc gia phdt trién sau, viéc nghién ctu
kinh nghiém trong dp dung kinh (€ twin hoan vao
nganh khai khai khodng & cdc quoc gia phat trién
trén the gidi d€ tirng budc thiic ddy 4p dung kinh t&
tuan hoan vao nganh Cong nghiép khai thac than §
Viét Nam Ia can thiét. Bai viét dd (dng hop kinh
nghiém ctia mot s6 qudc gia ¢6 nganh cong nghiép
khai khodng phét trién, (ir d6 d& xudt cdc gidi phdp
phit hgp v&i nganh cong nghi¢p khai thac than &
Viét Nam. T nhitng dic thut cia doanh nghiép,
nganh Cong nghi¢p khai thac than § Viét Nam, dp
dung mot cich linh hoat va ¢6 chon loc cdc bai hoc
clia cdc nu6e khic gitp ddy nhanh hon quéd trinh
trién khai 4p dung mo hinh kinh t& tuan hoan vao
nganh cong nghi¢p nay

Tdc gid xin giii loi cdm on t6i Bo Gido duc va Dao tao va Truong Pai hoc Mé - Pia chét dé hé trg cho
nghién citu nay thong qua dé tai KHCN cdp Bo, mé s6' B2023.MDA.09.
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EXPERIENCE IN APPLYING THE CIRCULAR ECONOMY MODEL
IN THE GLOBAL MINING INDUSTRY AND RECOMMENDATIONS
FOR VIETNAM'S COAL MINING SECTOR

©® LE DINH CHIEU
Hanoi University of Mining and Geology

ABSTRACT:

The coal mining industry plays a vital role in supplying essential raw materials to various
economic sectors, particularly thermal power generation, thus contributing significantly to
national energy security. However, coal extraction relies on finite natural resources and imposes
considerable environmental burdens. In the face of escalating resource depletion, environmental
degradation, and climate change, the adoption of a circular economy model in the coal mining
sector is increasingly urgent. Such a model seeks to minimize resource loss, reduce environmental
pollution, and promote sustainable development. This study analyzes the implementation of
circular cconomy practices in scveral countrics with advanced mining industrics and derives
policy lessons for Vietnam’s coal mining sector in its transition toward a more sustainable and
resilient economic model.

Keywords: circular economy, coal mining industry, lessons learned.
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