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T6i uu héa chi phi mang luéi phan phéi co thu
héi san pham da qua st dung duéi rang buéc
phat thai carbon: Truong hop doanh nghiép
thuong mai phan phéi phu tung

Cost optimization of a distribution network with used-product returns under carbon
emission constraints: A case study of a spare-parts trading company
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Nghién ctu nay ke thira md hinh tdi vu hda chi phi mang ludi
phan phdi béng Quy hoach tuyén tinh nguyén han hep (MILP) do
cing nham tac gid phat trién va trién khai itng dung cho doanh
nghiép throng mai ca chinh sach thu hai san phdm duai rang
bugc phat thai carbon. Ma hinh sir dung dit ligu thyc t& cia doanh
nghiép trong chu ky mat nam, bao gdm vj tri va cong sudt cac
co s, |6 trinh van chuyén, nhu cdu, chinh sach thu héi, tdn kho
va cac cdu phan chi phi. Bai toan dugc giai bing Python ket
hop thu vien CPLEX, ddng thiri duge kiém chirng béng thut toan
di truyén (Genetic Algorithm). Két qué cho thay van téi |3 hoat
daing chi phdi, chiém ty trong lan nhét ca ve chi phi va phat thai
carbon trong mang lu@i phan phdi. Phan tich da nhay chi ra nhu
cdu va ty |@ thu hdi |3 hai tham sd cd tac dong thuan chigu dang
ké. qua do quy&t dinh dang ké dén phreng an tdi vu. Nghién ciru
dé xudt cong cu hd trg ra quy&t dinh nhdm t&i vu haa chi phi
ddng thiri kiém soat phat thai, gap phan nang cao higu qua kinh t&
va dap ng dinh hudng phat trién bén virng trong thigt k& mang
|ur&ri phén phii.

Tir khéa: Chudi cung tng bén vitng; mang luai phan phdi; phat
thai carbon; tdi vu hoa chi phi.

1. DAT VAN PE
Tai Viét Nam, doanh nghiép thuong mai dugc xem la mot
trong nhiing dong luc tdng trudng quan trong, dong thai dam
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ABSTRACT

This study extends a Mixed-Integer Linear Programming (MILP)
model for distribution network cost optimization previously
developed by the same authors and applies it to a trading
enterprise with used-product return policies under carbon-
emission constraints. The model is parameterized using
empirical one-year operational data, including facility locations
and capacities, transport routes, demand, return policies,
inventory parameters and cost components. The problem is
solved in Python with the CPLEX library and validated using a
Genetic Algorithm. Results indicate that transportation is the
dominant contributor to both total cost and carbon emissions.
Sensitivity analysis shows that demand and return rates exert
substantial positive effects, thereby strongly influencing the
optimal solution. The study provides a decision-support tool to
minimize cost while controlling carbon emissions, contributing
to the alignment of economic efficiency and sustainability
objectives in distribution network design.

Keywords: Sustainable supply chain; distribution network:
carbon emissions; cost optimization.

nhiém vai tro két ngi gita khu vuc san xuat va tiéu dung [1]. Trong
chudi cung ting, nhdm doanh nghiép nay van hanh mang lugi phan
phéi thudc phan khic ha nguodn, bao quat cac hoat ddng dua thanh
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pham dén khach hang cudi, thuc hién truc ti€p tir nha san xuat hodc
théng qua cac cap trung gian. Do d6, day la khu vuc tap trung van
hanh va phoi hop chat ché 4 nhém hoat dong c6t 16i gom: Van tai,
quan tri tén kho, van hanh kho bai va xtr ly hang héa [2, 3]. Trong boi
canh chuyén dich theo huéng phét trién bén viing, cac hoat déng
trén déu cé lién quan dén phat thai khi nha kinh. Theo béao cao cla
Cuc Bién d&i khi hau, riéng linh vuc van tai déong gép khoang 15
- 20% t6ng lugng phat thai khi nha kinh toan quéc cla Viét Nam
trong nam 2025 [4]. Bén canh d¢, tiéu thu ndng lugng tai co s& va
xU ly chat thai phat sinh trong van hanh cling tao ra phat thai theo
khung huéng dan cia Nghi dinh thu Khi nha kinh (Green House Gas
Protocol) [5].

DaGi véi mit hang phu tung, thu héi sdn phdm da qua st dung
nham phuc vu téi san xuat dugc xem la giai phap giup tiét kiém
nguyén vat liéu, gidm chi phi san xuat va cat giam lugng chat thai,
qua dé gop phan giam ddu chan carbon cta san pham. Tuy nhién,
trién khai logistics ngugc dat ra yéu ciu déi véi doanh nghiép
thuang mai trong vai trd nha phan phéi phai té chic hé théng thu
gom, luu trif va van chuyén san phdm cii tir ngudi sit dung vé cac
diém xt ly hodc nha may. Diéu nay lam gia tang chi phi lién quan
dén tén kho, van tai va quan tri van hanh, déng thoi phat sinh thém
phét thai carbon trong qua trinh thu gom va van chuyén. Vi vay,
thiét ké mang lugi phan phai tich hgp ca dong chay xu6i va dong
chdy ngugc can dugc xem xét nhu mét bai toan téi uu téng thé,
trong d6 muc tiéu chi phi dugc dat dudi cac rang budc kiém soat
phat thai carbon nham dam bao can bang gitta hiéu qua kinh té va
muc tiéu bén viing.

Khung mé hinh t6i uu héa st dung trong nghién ctiu nay dugc
ké thira tir cdng trinh trudc clla nhém tac gia, trong d6 cau tric mo
hinh (bién quyét dinh, ham muc tiéu va hé rang budc) da dugc xay
dung va trinh bay chi tiét [6]. Trén co s& d6, nghién ctu hién tai mé
rong theo hudng ting dung thuc nghiém bang cach tich hgp di liéu
van hanh thuc té cta doanh nghiép va hiéu chinh cac tham s6 dau
vao nhdm phan anh ding béi canh trién khai. Muc tiéu nghién ciu
la xac dinh phuong an van hanh mang lugi phan phdi téi uu théng
qua quyét dinh lugng van chuyén va muc tén kho tai cac diém nut,
déng thai bao dam tuan tha rang budc phat thai carbon, qua d6 ho
trg doanh nghiép can bang gilra hiéu qua chi phi va muc tiéu phat
trién bén viing clia toan chudi cung Ung.

2. PHUONG PHAP NGHIEN CUU

Cac nghién ctru gan day cho thdy mé hinh t6i uu héa tich hgp
muc tiéu bén viing ngay cang dugc ting dung réng rai trong thiét ké
va van hanh chudi cung ting, dac biét doi vai chubi cung ting khép
kin c6 tich hgp logistics ngugc nham nang cao hiéu qua tai nguyén
va gidm tac déng maéi trudng [7-10]. Mét s6 hudng tiép can tiéu biéu
gém mo hinh da muc tiéu theo ba tru cét kinh té - méi trudng - xa
hoi [11], mé hinh toan hoc ma trong thiét ké mang lugi phan phéi
da san phdm [12] va mé hinh t6i uu chubi cung (ing khép kin da
kénh c6 xét bat dinh nhu cau va bién déng gia carbon [13].

Nghién ctru nay s dung mé hinh Quy hoach tuyén tinh
nguyén hon hgp (MILP) da dugc nhém tac gia cong b6 trudce day [6]
va trién khai theo huéng (ing dung thuc nghiém théng qua tich hop
d liéu van hanh thuc té€, dong thai hiéu chinh cac tham s6 phu hgp
vGi béi cdnh doanh nghiép kinh doanh phu tung.

D{r liéu dugc thu thap tir mang lugi phan phoi clia hai san
phdm phu ting ndm 2024 (c6 kha ning thay th& mét phan nhu cau;
san xuat tai hai nha may nén cau tric phan phéi khac nhau), bao
g6ém: Nhu ciu (DE), khodng cach van chuyén (DI), tén kho dau ky
(IL%), ty lé tiéu hay (DR), ty l& thu héi t6i thiéu (RR), tén kho an toan

(SSR), cong suat tén kho tai trung tdm phan phéi va kho (IC,, IC),
chi phi van chuyén - luu kho - déng géi - tiéu hay (T, |, P, D), hé s6
phat thai tuong Ung (ET, El, EP, ED), han ngach carbon (CAP) va don
gia carbon (EC).

Quy trinh nghién ctiu gém 4 budc: (1) Bua dit liéu vao mé hinh
MILP t8i thiéu héa téng chi phi dugi rang budc phat thai; (2) gidi mé
hinh bang Python két hop thu vién CPLEX dé xac dinh lugng van
chuyén t6i uu (Q) va tén kho cuéi ky (IL); (3) gidi cing bai toan bang
thuat toan di truyén (GA) nham daéi chiéu, kiém chiing nghiém; (4)
phan tich d& nhay theo cac tham s trong yéu (nhu cau, ty 1é thu
hoi, ton kho an toan). K&t qua nham dé xuat phuong an van hanh
mang udi co chi phi t6i uu, ddng thdi bado dam tuan tha gidi han
phét thai carbon.

3. KET QUA NGHIEN CUU

Trong mang ludi phan phéi clia doanh nghiép, phu tung dugc
thu mua theo diéu kién Ex-works (Incoterms 2020), van chuyén tu
nha may san xudt dén cang xuat khdu bang xe tai, sau d6 ddéng
container hang 1é dé van tai dudng bién. Tai Viét Nam, hang hoéa
tiép tuc dugc van chuyén tir cang Cat Lai dén trung tdm phan phéi
tai Binh Duong va sau dé dén cac kho khu vyc bang dudng bé. Hoat
dong giao hang va thu héi phu ting da qua st dung tir khach hang
dugc thuc hién bai déi xe ban tai ndi bo cé tai trong 850 kg.

San phdm dugc luu trir va phan phéi theo cac quy cach déng
g6i nhu thung carton, kién g6, pallet va container khé. Déi véi cac
16 hang do nha san xuat giao theo kién 16n, doanh nghiép thuc hién
dong goi lai thanh don vi riéng Ié tai trung tdm phan phéi trudc khi
giao dén kho hodc khach hang. Phu tung thu héi c6 thé dugc luu
kho va xudt tra trong cuing ky hodc cac ky ti€p theo tuy k& hoach
van hanh. Cac tham s dau vao cia mé hinh dugc trinh bay tai Bang
1 vaBang 2.

Bang 1.Tham s6 dau vao

San ohim San San San
Thamsé m:’;i A pham | phamtra |phamtra
méi E vé AA vé EE

Trong lugng (KG) 23,42 22,97 19,91 19,52
Thé tich (CBM) 2,31 2,08 2,31 2,08
Nha san xudt m, m, m, m,
Ty |é hoan tra 75%
Ty lé hay hang 0,0042 0,0058
Mc t6n kho an toan 15%
Yéu cau dong goi Khéng cé co cé
Tonkho dauky tai trung | 45 27 133 45
tam phan phéi (cai)
Ton'!<ho dau ky tai kho 2 19 17 21
1 (cai)
Tonl!<ho dau ky tai kho 56 35 28 37
2 (céi)
Nhu cau san pham mgi 2835 872
(cai)
Céng suat cla trung tam
phan phéi (CBM) 6.000 4.500
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San ohim San San San
Tham sé mziA phdm | pham trd | pham tra
méi E vé AA vé EE
Céng suat cta kho 1
(CBM) 2.000 1.200
Coéng suat cta kho 2
(CBM) 2.000 1.200
Gigi han carbon (kg.
CO2-eq/cai) 0,54
Murc phi phat thai carbon 015

($/kg. CO2-eq)

Bang 2. Khodng cach gilia cac co s& trong mang lugi

Piém di Ky hiéu |Diém dén Ky hieu | Khoang cach
(km)
. |m a DC 4.891
Nha may san xust [t Trung ~ tam
m phén phéi DC 5.181
Trung tam phan [DC w, 930
e Kho
phéi DC w, 1.719
o D oo
- " Y, Khéch hang S
Trugg tam phan DC c 105
phéi 3

M6 hinh MILP dugc giai bang Python két hgp thu vién CPLEX
cho t8ng chi phi van hanh t&i uu dat 1.266.763,31 USD. Co cau chi
phi cho thdy van taila thanh phan chi€ém ty trong |6n nhat (86,73%),
trong d6 van tai xudi chiém 51,26% va van tai nguoc chiém 35,48%.
Chi phi luu kho ding thu hai véi 9,41%, trong khi cac hoat dong
déng gdéi va tiéu hay chiém ty trong khéng dang ké. Téng lugng
phat thai carbon cta phuong an t6i uu dat 1.688,43 kg.CO,-eq,

Phin phéi chiéu xudi (sdn phdm mdi)

4--=======-= Phdn phdi chiéu ngugc (sdn phdm dd qua sir dung}

Cang Vi Han, Trung Qudc
i., i N m

--—'.

I Qe = 3,048
Sanpham A e 2,286
S5an pham AA

Cang Cat Lai,
TR HCM

I Céang Nhava Sheva, An Bé

San phamE
San pham EE

Hinh 1. Mang ludi phan phdi toi vu dugc dé xuat
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trong d6 van tai ti€p tuc la nguén phat thai ch yéu (96,97%). Ngugc
lai, phat thai tur luu kho, dong géi lai va tiéu hly cong goép chiém
dugi 4%, cho thay tac dong moi trudng tap trung chl yéu & hoat
déng van chuyén. K&t qua chi tiét duogc téng hop tai Bang 3.

Bang 3. Két qua ti uu ctia mo hinh

(kg.CO2-eq)

Van tai xudi 649.334,63 51,26% 977,90 57,92%
Luu kho 119.253,57 9,41% 659,36 39,05%
bong goi 46.544,20 3,67% 26,70 1,58%
Van tai ngugc | 449.386,30 3548% (13,72 0,81%
Tiéu hty hang | 1.991,35 0,16% 10,75 0,64%
cF;l:S;;héi 253,26 0,02%

T5ng chi phi 1.266.763,31 | 100,00% 1.688,43 100,00%

Mang lugi phan phéi dé xudt (Hinh 1) cho thay tén kho phu
tung thu héi dugc dua vé muc 0 tai cac diém nut nham tSi thiéu
héa chi phi luu kho. Vé phan bé van chuyén, mé hinh uu tién phan
phéi theo Igi thé chi phi khu vyc: Phu ting A tap trung cung Ung
cho mién Nam (c3), trong khi phu tung E dugc phan phéi cho mién
Trung (c1) va mién Bac (c2). K&t qua nay phan anh sy can thiét cta
viéc phéi hop gilta chién lugc ban hang va t6i uu héa phan phéi dé
nang cao hiéu qua chi phi toan mang luéi.

Dai vai logistics ngugc, hang thu hoi dugc uu tién thu gom tai
céac khu vuc c6 chi phi van chuyén thap han, chi yéu tir mién Nam
(c3) va mién Trung (c1), qua d6 han ché chi phi va phat thai tir van
tai ngugc.
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ey,
o =140
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DE déanh gia dé tin cay cGa nghiém t8i uu, bai toan dugc gidi
lai bang Thuat toan di truyén (Genetic Algorithm - GA). Thuat toan
dugc 1ap trinh trén Python vdéi cac tham sé chinh: Quy mé quan
thé& 120 - 180, chon loc dau loai 4 - 8, ty & dét bién 0,05 - 0,25, d6
léch chudn dét bién 40, s6 thé hé t6i da 1.500 va nguéng ding 50
thé& hé khong cai thién. K&t qud t6t nhat clia GA dat t6ng chi phi
1.282.623,97 USD va phat thai 1.745,20 kg CO,-eq sau 65 gidy tinh
toan. So vGi nghiém MILP, chi phi va phat thai cao hon lan lugt 1,24%
va 3,25%, dong thai thai gian gidi dai han dang ké. Diéu nay khang
dinh do tin cay ctia nghiém MILP va cho thdy phuong phap nay phu
hop haon véi bai todn quy hoach mang luéi quy mé tuong tu.
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Hinh 2.Tng hop két qué phan tich do nhay

4, KET LUAN

Phan tich d6 nhay dugc thuc hién d6i véi ba tham sé trong yéu
g6ém: Nhu cau, ty 1& thu héi t6i thiu (RR) va muc ton kho an toan
(SSR). M&i tham s6 dugc diéu chinh theo ndm kich ban: Gidm 30%,
gidm 15%, muic co s, tdng 15% va tang 30% (cac tham sé con lai
gitr nguyén). Két qua tai Hinh 2 cho thdy sy gia tang cla cac tham
s6 déu lam ting tng chi phi va phat thai carbon. Trong d6, nhu ciu
¢6 muc tac dong manh nhat do kéo theo gia tang san lugng van
chuyén va tén kho. Ty 1& thu héi anh hudng dang ké dén chi phi
va phat thai logistics ngugc. Ngugc lai, ton kho an toan c6 muc tac
déng thap nhat, ham y cac quyét dinh ton kho it nhay hon so voi
quan tri nhu cau va chinh sach thu héi.
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Nghién ctu da ting dung mé hinh Quy hoach tuyén tinh nguyén hén hop (MILP) dé xac dinh phuang an van hanh t6i uu cho mang ludi
phan phdéi phu tung trong béi canh c6 rang budc phat thai carbon. K&t qua cho thdy van tai la thanh phan chi phdi ca vé chi phi va phat thai.
Do d9, cac giai phap uu tién gém: Lua chon phuong tién va nha van chuyén cé mic phat thai thap, ting hé s6 chat tai (tdng s6 lugng san
pham/chuyén) va gidm s6 chuyén van chuyén. D& thuc hién hiéu qua, doanh nghiép can xay dung chién lugc phan bé san phdm theo khu vuc
nham tao d4 quy mo van chuyén, tir dé cé thé diéu chinh phuong an tuyén/diém trung chuyén (vi du: Iua chon cang dich gan khu vuc muc
tiéu hon va chuyén hang truc tié€p dén kho khu vuc), ddng thdi ndng cao quan tri nhu cau theo tiing nhém san pham. Khi du béo nhu cu tin
cay han, doanh nghiép c6 ca s& dé gidm muc tén kho an toan va thai gian luu kho, qua d6 giam chi phi lién quan.

Phan tich d6 nhay chi ra rang khi nhu c4u, ty 1& thu héi va muc tén kho an toan gia tang, téng chi phi va phat thai carbon déu tang theo
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chiéu thuén; trong dé nhu cau la yéu t6 tac ddong manh nhat. Vi ty [&
thu hoi chi phéi truc ti€p quy mo logistics nguoc, doanh nghiép can
thuong lugng véi nha sén xudt dé thiét Iap mdc thu héi hgp ly, ddng
thai gan véi ca ché khuyén khich phu hgp (hoan phi cao han hoac
gia ban thap hon) nhdm thuc day thu héi sdn phdm da qua st dung.

Vé y nghia thuc tién, két qua nghién ctiu cho thay t6i uu hoéa
mang lugi phan phéi c6 thé mang lai déng thdi ba nhém Igi ich.
Trudc hét, 6 gdc d6 kinh t&, phuong an téi uu gidp gidm téng chi phi
van hanh, qua d6 tao du dia dé doanh nghiép gidm gia thanh hoac
gia tang lgi nhuan nhim tai dau tu. 3 goc d6 xa hoi, két qua goi mé
nhu cau nang cap hé théng quan tri van tai tich hgp véi quan ly kho
bai dé theo doi ton kho theo thai gian thuc va lap ké hoach hiéu qua
hon, tir &6 nang cao nang luc nhan su va gidam cac tac vu tha cong.
& gbc d6 mai trudng, viéc cai thién thiét ké va van hanh mang ludi
phan phéi gép phan cat gidm phat thai carbon, thu hep dau chan
carbon va giam tiéu thu nang lugng, tai nguyén. Trong bdi canh Viét
Nam dang xay dung cd ché trao d6i han ngach phét thai (cap-and-
trade), mé hinh trong nghién ctu cé thé duoc st dung nhu mot
céng cu md phdng nhdm lugng héa méi quan hé gilta phét thai,
chi phi va muc tiéu bén viing. Theo dé, han ngach carbon dugc xem
nhu ngudng rang budc va chi phi phat thai phan anh chi phi mua
phan han ngach vugt muic.

Vé déng gop hoc thuat, nghién ctiu cung cdp mot khuén khé
t6i uu héa MILP cho mang lugi phan phoi khép kin c6 xét déng thai
van tai hai chiéu, tén kho, déng géi, tiéu hay va phat thai carbon.
Tuy nhién, nghién ctu hién mdi tap trung vao phan khic phan phéi
va logistics ngudc, chua tich hop cac quyét dinh thugng nguén nhu
thu mua va san xuat, nén pham vi phan anh chua bao quat toan b6
chubi cung Ung. Trong cac nghién cuu tiép theo, mé hinh c6 thé
dugc ma rdng theo hudng thich ting véi céc nhom hang 6 yéu cau
dac thu vé bao quan va van chuyén; tich hgp cac phuong phap téi
uu hda duéi bat dinh (ngau nhién) dé xt ly bién dong nhu cau va chi
phi carbon; xem xét céc ca ché kiém soat carbon khac nhau, dong
thai b8 sung muc tiéu téi da héa Igi nhuan nham nang cao tinh linh
hoat va kha nang tng dung trong thuc tién.
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