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XAY DUNG CHUONG TRINH HE CHUYEN GIAHO TRQ
LUA CHON VA XAC DINH KY THUAT HIEN CO TOT NHAT
CHO NHA MAY CHE BIEN GO TAI TINH BINH DUONG

PO THI THU HUYEN, TRAN VAN THANH
Vién Moi truong va Tai nguyén,
Dai hoc Qudc gia Thanh phé H6 Chi Minh

Tom tat:

Nghién ctiu nay da phat trién mot hé chuyén gia ho
trg ra quyét dinh trong viéc lya chon cac giai phap toi
uu hda viéc st dung ndng lugng, gidm phat thai trong
cac qua trinh nhiét ctia nganh ché bién go tai Viét Nam.
Hé chuyén gia nay bao gobm mot bo co sé di liéu vé
ky thuét san c6 tét nhit (BAT) va dinh mdc tiéu thu
nguyén vat liéu, nang lugng va phat thai lién quan dugc
xay dung ti nhiéu ngudn di liéu khac nhau phu hop
v6i thuc té san xudt tai dia phuong. Thuét todn ho trg ra
quyét dinh dugc phat trién trén co s& két hop phuong
phap lap trinh muc tiéu tuyén tinh (LGP) va phuong
phap phan tich tién trinh thi bac (AHP). Chuong trinh
hé chuyén gia dugc lap trinh trén nén phan mém Lingo
két hgp véi Microsoft Excel, gom module co s& dii liéu
va module ho trg giai thuat toan AHP-LGP va ap dung
thtt nghiém thanh cong vao mot truong hgp cu thé cta
mot nha mdy ché bién g6 tai tinh Binh Duong. Dua
trén dit liéu dau vao gom thong tin hién trang hoat
dong, tiéu thu nguyén vat liéu, ndng lugng va cac giai
phdp giam thiéu tiéu thu ning lugng, gidm phat thai
hién dang ap dung tai nha may, chuong trinh da dé xuat
mot s6 giai phap t6i uu hoa hé thong va lya chon giai
phdp tang cudng bao 6n hé théng dan hoi, nudc ngung,
bé mat cé nhiét do cao la giai phap uu tién nhat. Két
qua danh gia hoan toan pht hgp véi thuc té caa co s6
va ¢ y nghia tét trong viéc cung cip thong tin, dinh
huéng cai tién cho co s& theo hudng tiét kiém ning
lugng, tai nguyén va kinh té€ tuan hoan.

Tu khoa: Hé chuyén gia, kj thudt hién co tot nhdt,
ché bién go.

Nhan bai: 30/12/2022; Stia chiia: 14/2/2023;

Duyét ddng: 1/3/2023.

1. Gidi thiéu

Ky thuat hién co6 tot nhat la giai phap ky thuat tot
nhat dugc lua chon bao ddm phu hgp véi thuc té, hiéu
qua trong phong ngtia, kiém sodt 6 nhiém, giam thiéu
tac dong xdau dén modi trudng (1). Luat BVMT yéu
cau cac cht du an dau tu, co s& thudc loai hinh san

Developing expert program for
best available techniques for wood
processing industry in Binh Duong

Abstract:

Thisstudydeveloped anexpertsystemtoaid decision-
making in selecting optimal solutions and techniques
for improving energy efficiency and reducing emissions
in the wood processing industry in Vietnam. The
expert system incorporates a database of Best Available
Techniques (BAT) and associated consumption and
emission levels, sourced from various references to
align with local production conditions. The decision
support algorithm combines Linear Goal Programming
(LGP) and Analytic Hierarchy Process (AHP) methods.
The expert system software is implemented in Lingo
language, integrated with Microsoft Excel, comprising
a database module and an AHP-LGP algorithm support
module. The system was applied to a wood processing
plant in Binh Duong province, Vietnam. Based on input
data regarding the plant's current operations, material
and energy consumption, and implemented emission
reduction solutions, the expert system proposed
optimal solutions and recommended prioritizing the
enhancement of insulation for steam, condensate, and
high-temperature surfaces. The evaluation results align
with the actual situation and provide valuable insights
and guidance for energy and resource conservation, as
well as promoting a circular economy.

Keywords: Expert system, Best Available Techniques,
wood processing.

JEL Classifications: O13, Q55, 044, Q59.

xudt, kinh doanh, dich vu c6 nguy co gay 6 nhiém moéi
trudng cé trach nhiém nghién ctiu, ap dung ky thuat
hién c6 t6t nhat theo 16 trinh do Chinh pht quy dinh;
cung cap thong tin theo yéu ciu dé phuc vu xay dung
hudng dan ky thuat 4p dung ky thuat hién co to6t nhét
(BAT). Lo trinh ap dung BAT dugc quy dinh tai Nghi
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dinh s6 08/2022/ND-CP, bat dau ti ngay 1/1/2027 déi
vdi cdc cht du dn dau tu thudc loai hinh san xuét, kinh
doanh, dich vu c6 nguy co gay 6 nhiém moi trudng va
tu ngay 1/1/2028 doi véi chu co sé. Cac quy dinh nay
dugc ky vong sé thic ddy cac chu du én, co s& san xudt
cai tién ky thuat, t6i uu héa cong nghé, giam thiéu phat
thai... d€ dua cong nghé san xudt ctia Viét Nam tiém
can véi thé gidi, huéng dén muc tiéu phat thai rong
bang 0 Viét Nam da cam két tai COP 26. Tuy vay, viéc
nghién ctu va ap dung BAT tai Viét Nam van con rat
méi mé. Viét Nam dang trong giai doan thi diém ap
dung BAT cuia cac nudc phat trién, nhan thic va hiéu
biét vé BAT chua nhiéu. Hién van con thiéu trong cac
quy dinh huéng dan nhu: (i) Trinh tu tha tuc thu thap
thong tin, danh gia ky thuat, lua chon BAT va xay dung
H6 so tham chiéu BAT; (ii) thaoi gian dinh ky cap nhat
danh muc BAT va BAT-AEL; (iii) chinh sich hé trg
doanh nghiép thuc hién BAT, phan biét véi cac doanh
nghiép khong thuc hién va cac ho trg khac... (2). Do
vay cac nghién ctu vé BAT trong diéu kién Viét Nam
hién nay la rat can thiét.

Hé chuyén gia (Expert System) la m¢t chuong trinh
may tinh mo6 phong kha nang ra quyét dinh ctia mot
chuyén gia, nham giai quyét cac vin dé phuc tap bang
cach suy luan tri thic (3). Pay la mot trong nhiing linh
vuc ting dung phé bién nhit cua tri tué nhén tao, va
dugc st dung trong nhiéu linh vuc nhu khoa hoc, ky
thuat, kinh doanh, y t€, du bao thoi tiét (4). Trong cong
nghiép, hé chuyén gia dugc ting dung rdng rai dé giai
quyét cac van dé ky thuat phtic tap va cai thién hiéu
qua san xudt ti san xudt dén quan ly chat lugng, bao
tri, stia chifa, t6i uu hoa quy trinh va giam sat an toan
lao dong. Hé chuyén gia cing dugc stt dung dé€ ho trg
trong quan ly chat lugng va kiém soat chat lugng san
phdm. Tuy nhién, chua c6 nghién ctiu nao ting dung hé
chuyén gia trong lua chon cdc gidi phap BAT da dugc
thuc hién trude day.

Trong bai viét nay, bén canh viéc xem xét van dung
BAT phu hgp v6i diéu kién thuc tién ctia Viét Nam
trong nganh ché bién g6, nghién ctiu con xay dung mot
chuong trinh hé chuyén gia ho trg ra quyét dinh lya
chon giai phap BAT phu hgp v6i mot d6i tugng cu thé.

2. Phuong phap nghién ctu

2.1. Phuong phadp xdy dung co sé dit liéu

Co sd dii liéu cta hé chuyén gia dugc xay dung gom
thong tin vé BAT va cdc muc phat thai lién quan dugc
thu thap tu nhiéu nguon thong tin khac nhau, trong
dé6 chu yéu la Tai liéu tham khéo ky thuat t6t nhat hién
c6 (BREF) (5-7) va cac nghién ctiu khac (8). Do cac
huéng dan trong céc tai liéu BREF mang tinh téng quat
va phéan 16n dya vao thuc tién san xuat tai chau Au,
nhom nghién ctiu ciing da thu thap thong tin ti cac
co quan chtic nang va khao sat so b tai cac co s6 san
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xudt dé€ xay dung nén co sd dii liéu phu hgp véi thuc
trang san xudt clia dia phuong. Qua d6 cac qua trinh
san xudt chl yéu, cac tac dong mai trudng va mtic tiéu
thu nguyén nhién vat liéu, phat thai ctia nganh ché bién
g0 dugc xac lap phu hgp véi thuc tién va doi chiéu véi
cac cong nghé, qua trinh san xudt theo huéng dan cua
IPCC dé€ xay dung co s& dii liéu hoan chinh.

2.2. Phuong phdp xdy dung cdc quy ludt cho hé
chuyén gia
Hé chuyén gia dugc xay dung trén co s6 két hop hai
phuong phap: Lap trinh muyc tiéu tuyén tinh (LGP) va
phan tich tién trinh thd bac (AHP) d€ danh gia va xép
hang cac giai phap thay thé va ho trg cho qua trinh ra
quyét dinh. Quy luét cu thé ctia hé chuyén gia da dugc
trinh bay chi ti€t mot s6 cong bo trude day ctia nhém
tac gia (9,10).

2.3. Phuong phdp xdy dung chuong trinh cho hé
chuyén gia
Dbé x4y dung chuong trinh cho hé chuyén gia, cac
nhiém vu thuc hién gom cé: i) Thiét ké khung cong
cu gom giao dién va ndi dung cua tting bang tinh: Cac
bang tinh dugc x4y dung theo tling budc ctia quy trinh
danh gid; ii) Xay dung ndi dung cu thé cta tliing bang
tinh: N¢i dung cu thé cta tling bang tinh phai thé hién
dugc day du cac s6 liéu dau vao, hodc s6 liéu cin thé
hién d4u ra; iii) xy dung thuat toan: Dya vao cac quy
ludt ctia hé chuyén gia th€ hién bang cdc phuong trinh
toan hoc hodc cic quy tic, nhom thuc hién st dung
ngdn ngii Lingo d€ lap trinh xt 1y cac s6 liéu va lién
két gitia cac module xti 1y s6 liéu véi cac bang tinh cta
chuong trinh. Cac nhiém vu nay dugc thuc hién trén
nén ctia phan mém Lingo két hgp véi Microsoft Excel,
dong thoi dua vao cac quy ludt cta hé chuyén gia dé
thiét ké cac module, xay dung cac phép tinh cling nhu
khai bao cac bién, truy xuat két qua...

3. Quy trinh ap dung hé chuyén gia cho co sé ché
bién go tai tinh Binh Duong

Chuong trinh hé chuyén gia sau khi dugc xay dung
dugc 4p dung cho mot doi tugng cu thé theo trinh tu
nhu sau: i) Budc 1: Khao sat thu thap thong tin: Dya
vao yéu cau thong tin dau vao cta chuong trinh, nhém
nghién ctiu thiét ké thanh cac bang hoéi, nhu thong tin
chung ctia Doanh nghiép, hién trang st dung nguyén
vat liéu, nang lugng va hién trang ap dung cac giai
phap; ii) Budc 2: Nhap, xti ly s6 liéu: S6 liéu sau khi thu
thap sé dugc xti ly, dua vao chuong trinh & Bang tinh —
Nhép di liéu; iii) Budc 3: Chuyén sang bang tinh danh
gid hién trang cac phat thai chat thai va nang lugng
thong qua thao tac trén module xtt Iy bang Lingo tuong
ung; iv) Budc 4: Nhép dii liéu danh gia trong s6 cac tiéu
chi, phuong an... va chon lua céac giai phap thong qua
cac module xti ly s6 liéu tuong ting trong h¢ chuyén gia.



4. Két qua nghién ciiu

Hé thoéng chuyén gia dé xuit gobm c6 hai module:
Module co s¢ di liéu va module hé trg giai mé hinh
AHP-LGP. Trong d6é module co s& dii liéu gom c6 10
bang tinh chinh chia lam 4 nhém ndi dung: i) Giéi
thiéu so bd vé hé chuyén gia va huéng dan stii dung
(bang tinh 1-2); ii) cac bang tinh nhép di liéu gom
bang tinh nhép di liéu mang tinh tong quat va bang
tinh cho nganh cong nghiép ché bién gb (bang tinh
3-6); iii) bang tinh danh gia tiém nang va goi y cac giai
phap cai tién (cac bang tinh 7-8); iv) cac bang tinh phan
tich va lya chon cac giai phap/phuong an cong nghé
phuc vu cai tién (bang tinh 9, 10).

Module hé tr¢ gidai m6 hinh AHP-LGP dé€ lya
chon cac phuong an cai tién dugc xay dung trén nén
Microsoft Excel - Lingo giup giai quyét bai toan xac
dinh vecto trong s6 mo cuc bo, vecto trong s6 mo
toan cuc.

File lingo chtia thuat toan dé giai xac dinh cac vec to
trong s6 mo cuc bd ciing nhu toan cuc minh hoa nhu
Hinh 5, Hinh 6 va dugc link vao file Excel tuong ting
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v6i tling budc. Thuat todn xay dung dugc kiém chiing
bang cach st dung s6 liéu cta nghién citu cua cac tac
gid Wang va Chin (11). Két qua kiém chiing cho thiy
thuat toan dugc xay dung la phu hgp, va dugc nhém
tac gia dung dé tinh toan thong s6 trong mo hinh AHP-
LGP. Phan mém nay da dugc dang ky quyén tac gia va
da dugc chip thuan bsi Cuc S& hiiu tri tué theo Quyét
dinh s6 9052/2022/QTG ngay 9/11/2022 (12).

Chuong trinh hé chuyén gia trén dugc ap dung dé
danh gid so bo va tim kiém giai phap BAT cho mét nha
may ché bién gb van ép cong sudt 1.000 m*/ndm tai tinh
Binh Duong. Thong tin dugc thu thap ti cac tai liéu do
nha may cung cip va tii qud trinh khao sat thyc té€ cho
thdy quy trinh san xuit cia nha mdy tuong doéi don
gian, cong nghé san xudt khd ct, tiéu thu ning lugng
va nguy cd 6 nhiém tuong d6i cao. Nguyén liéu chinh
la van lang (tu gb cao su, lugng tiéu thu khoang 1.200
m?/nam) va nhién liéu chinh 14 cti cho 16 hoi (250 tdn/
ndm), phat thai cht yéu la khi thai ti cac cong doan
cua, cat, cha nhdm, ép van, dét cui cho 16 hoi. Cac di
liéu thu thép dugc dugc dua vao chuong trinh d€ giap
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A Hinh 4. Giao dién man hinh bdng tinh ddnh gid tiém ndng
va goi y cdi tién

A Hinh 5. File Lingo chiia thudt todn gidi mo hinh LGP ciia
hé chuyén gia

A Hinh 6. Két qud gidi bang thudt todn bing Lingo
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Bang 1. Két qua danh gia so by cua chuong trinh vé tdn
thét va phat thai caa nha may

Thong sd Pon vi Gia tri
KNK KgCO?*/nim 417.929
Ning lugng dién (gia st kWh/ndm | 1.014.826
chuyén héa 100% thanh
nhiét)
Chit thai ran kg/ndm 160.000
Nudc thai m’/ndm 1.440
Chat thai nguy hai kg/nam 53
T6n that nhiét do bé mat KJ/nam 369.458.496
nhiét do cao
T6n thit ro ri bdy hoi, duong | KJ/nim -
ong
Tén thit do khong tai st KJ/nam -
dung nuéc ngung
T6n that do buic xa nhiét ti KJ/nam 196.810.908
bé mat c¢6 nhiét d6 cao
T6n thit do hoi ngon KJ/nam 515.669

xac dinh dugc hién trang phat thai, tdc dong va tiéu thu
tai nguyén, ton that nang lugng tai Nha may. Két qua
danh gia cho thdy dua trén d liéu hién trang, nha may
hau nhu khong c6 t6n that do ro ri, chi c6 tén that do
hoi ngon va bé mat c6 nhiét do cao, va phat thai khi nha
kinh (KNK) theo tinh todn la 415 tdn CO, /nam Céc
ket qua can bang vat chat, danh gid hién trang va phat
thai clia nha may dugc trinh bay trong Bang 1.

Cac thong tin nay dugc khai bao tai bang nhap dit
liéu dau vao cta chuong trinh cung véi hién trang ap
dung céc gidi phdp ngan ngiia, gidm thiéu 6 nhiém tai
Nha mdy. Cac n¢i dung nay sau d6 dugc chuong trinh
phan tich, xti ly bao cao két qua danh gia. Vi du vé van
dé dong co dién, nha may dang st dung dong co tiéu
chuin ma chua dp dung giai phap BAT. Tuy nhién vé
van hanh thi mtc do6 tai cia Nha may kha tét, ti 50%

tai trg 1én. Doi voi hé thong 10 hoi, nha may chi ap dung
giai phap thu hoi nhiét, nhung bao on chua t6t. Cac giai
phap khac chuyén cho linh vuc gob ciing dugc phan tich
va xac dinh tu co s& dii liéu BAT ctia nganh go.

Tu cac két qua phéan tich nay, chuong trinh hé
chuyén gia da phan tich va dé xudt mot loat cac giai
phap BAT ma nha mdy c6 thé xem xét thuc hién nhu
trinh bay tai Hinh 8. Trong do, 4 giai phap co6 tiém
nédng cao nhat dugc lya chon d€ phan tich cu thé gom:

Bang 2. Cac giai phdp can thuc hién dé€ cai tién

Ky Tén giai phap Lgiich
hiéu
GP1 | Béo 6n hé thong dan hoi, | Tiét kiém nhiét, giam

nudéc ngung, bé mat c6
nhiét d6 cao

phat thai KNK

GP2 | Hé thong kiém sodt oxy

du 10 hoi

Tiét kiém nang lugng
thai qua khi thai

GP3 Sén xuét dugc bio etha-
nol, thu héi CH, cho 1o

hoi, giam phat thai KNK

Xt ly mun cua theo cong
nghé Lén men san xudt
ethanol, thu hoi CH,

GP4 Sén xuét dugc dau sinh
hoc cho 10 hai, than sinh

hoc cho néng nghiép

Xt ly gb vun theo cong
nghé nhiét phan chim
thu héi d4u sinh hoc,
than sinh hoc

Dé hd trg lua chon cic giai phdp uu tién, chuong
trinh phan tich dua trén quy luat cta phuong phap
AHP nhu da trinh bay trong cac nghién ctu truéc do
(9,10). Dya trén cac trong s6 ctia cac tiéu chi danh gia,
tht ty uu tién clia cac giai phap néu trén dugc xac dinh

bdi chuong trinh hé chuyén gia nhu sau:
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A Hinh 7. Két qud ddnh gid hién trang dp dung gidi phdp
ngan nguia, gidm thiéu 6 nhiém tai Nha mdy
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A Hinh 8. Két qud ddnh gid so b tiém ndng cdi tién ctia Nha mdy



Két qua phan tich tiém ndng 4p dung BATs doi
v6i nha may nghién ctiu dién hinh cho thay giai phap
1 (GP1) la cac giai phap uu tién nhat, tiép dén la giai
phap 2 (GP2). Nguyén nhan la do giai phép 1 va 2 néu
bao 6n va kiém soat tot sé tiét kiém dugc nhiét nang
dong thoi chi phi dau tu thdp hon giai phap 3 va 4. Két
qua danh gia nay hoan toan phu hgp véi thuc té€ cua co
sG va co6 y nghia tot trong viéc cung cap thong tin, dinh
hudng cai tién cho co s& theo hudng tiét kiém ning
lugng, tai nguyén va kinh té tuan hoan.

5. Két luan, kién nghi

Nghién ctiu da xay dung dugc mot hé chuyén gia hd
trg Iua chon cac ky thuét hién c6 tét nhat cho nganh gia
cong kim loai/ché bién gb phu hgp véi diéu kién Viét
Nam. Bén canh viéc xay dung co s& dii liéu vé cac ky
thuat hién c6 t6t nhat trén co s6 huéng dan caa IPPC
két hgp voi thuc té khao sat cac co s& san xuat tai Viét
Nam, phuong phép suy luin ctia hé chuyén gia dya
trén su két hop gitia phuong phéap 1ap trinh muc tiéu
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pht hgp véi thuc tién. Nghién ctu nay dugc ky vong
sé gop phin ning cao nhan thiic vé BAT, thuc ddy viéc
thuc hién cac quy dinh ctia Luat BVMT nam 2020 vé
nghién ctiu va 4p dung BAT tai cac du an dau tu, co s
thudc loai hinh san xuit, kinh doanh, dich vu cé nguy
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