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XAY DUNG BO BOI SO CHO NHA MAY SAN XUAT HOA CHAT:
MOT SO CA NGHIEN CUU

DEVELOPMENT OF DIGITAL TWINS FOR CHEMICAL PLANTS:
SOME CASE STUDIES

ThS. Poan Thanh Xuan
Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Bé déi sé (Digital Twins) la mét cong nghé méi néi tiéng trong linh vue cong nghiép 4.0.
Bcing cach tao ra ban sao ky thuat $6 clia mot thue thé vit ly nhu thiét bi, quy trinh hodc hé tho”ﬁg,
cong nghé nay cho phép mé phéng, theo déi va dw dodn hoat ddng ciia cdc hé thong va quy trinh
theo thoi gian thwe. Ung dung ciia bo doi sé rdt da dang, tir giam thiéu 16i trong san xudt, t0i wu
héa hoat dong ciia mdy moc va thiét bi, dén cai thién quan 1y tai nguyén va dich vu cho khdch hang.
Tinh linh hoat va tiém nding cia cong nghé nay dang thu hiit sy quan tam va dau tw tir nhiéu cong
1y va 16 chitc trén toan cau. Bai bdo nay dé cdp dén xdy dung bg déi sé trong linh viee san xudt héa
chat théng qua hai ca nghién cvru: (i) Pdnh gid sw hdp thu da thanh phan cdc khi thdi hitu co tir qud
trinh téng hop duoc chat (salbutamol) va (ii) Quan sdt va 16i wru héa hoat dong dva trén dir liéu cua
mdt nha mdy héa chdt.

Tir khéa: B doi sé6; FPM; DDM; StS; Hudn luyén lan; Du doan dai han, Nha may san xudt
héa chat.

ABSTRACT

Digital Twins is a popular new technology in the Industry 4.0 sector. By creating a digital
replica of a physical entity such as a device, a process, or a system, this technology allows for real-time
simulation, monitoring, and prediction of the activities of systems and processes. Its applications are
diverse, ranging from minimizing errors in manufacturing, optimizing the operations of machinery
and equipment, to improving resource management and services for customers. The flexibility and
potential of this technology have been attracting attention and investment from many companies and
organizations worldwide. This article discusses the construction of Digital Twins in the chemical
manufacturing sector through two case studies: (i) Evaluating the multi-component absorption of
volatile organic emissions from the synthesis process of a pharmaceutical (salbutamol), and (ii)
Observing and optimizing operations based on the data from a chemical plant.

Keywords: Digital Twins;, FPM; DDM; StS; Rolling training; Long-term prediction;
Chemical plant.
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1. PAT VAN PE

Bo d6i s6 (Digital twins — DT) 1a viéc
ap dung cac md phong toan dién dé tao ra mot
béan sao 4o cua cac hé thong vat Iy [1]. Viéc ap
dung céc ban sao s co thé gitip cac k¥ su theo
ddi san xudt, danh gia cac loi ich va an toan cua
qué trinh kiém soat trong mot moi trudng o
cach ly, va thuc hién cac chién lwoc van hanh
bang cach tuong tic véi mo hinh ban sao trude
khi trién khai thuc [2-4].

Mt ban sao sb co thé duoc phat trién
thong qua cac mo hinh nguyén tic dau tién
(First Principle Models — FPM) va cac mo hinh
dua trén dir liéu (Data-driven Models — DDM)
[5]. Céc giai phap bo d6i sé thwong mai cho cac
nha may hoa chét thuong dwa trén cac mé hinh
dua trén dir liéu duoc cai thién hoan toan tir
dir liéu do luong cua cac nha may cong nghiép
muc ti€u [6,7]. Bo doi s6 duoc xay dung dua
theo cadc mo hinh dya trén dir liéu phu thudc
vao cac mo hinh hop den (black-box models)
duoc tao ra dé dat dugc su tuong quan gitra
cac dau vao va dau ra cua nha may [8]. Cac
hé théng nay duoc ap dung dé tim ra cac bat
thuong cu thé trong san xuét hodc dé dat duoc
muc tiéu san xuat. Tuy nhién, chiing khong thé
duoc su dung dé du doan cac tinh huéng van
hanh bat thudng cua nha may khong dugc bao
phu boi dit lidu c6 sin. Hon nira, ching can su
gii thich thau dao va do d6 viéc mé rong quy
mo sé& gip kho khan [3]. Tién bo qua viéc st
dung bo doi s6 da duogc ghi nhan trong linh vuc
Pharma 4.0 [9-11], & toc d6 nhanh hon dang ké
so vo1i cac linh vuc khac [12].

Trong linh vyc san xuat hoa chit, quy
trinh san xuat dugc chat thuong phirc tap (v6i
nhiéu nguyén liéu hiru co, chét trung gian chinh
va dung mdi, nhiéu twong tic cu thé khong
duoc hiéu r0). Do vay, xay dung bd doi s6 dya

vao FPM (v6i hang tram phuong trinh dao ham
riéng hoac dao ham thuong va/hodac phuong
trinh dai sé) la khong kha thi. Viéc st dung
DDM dé thu hep khoang cach vé do trung thuc
ctia md hinh 1 bt budc, dic biét 1a véi san xuat
cong nghiép khi dir licu 16n (Big Data) dugc
luu trir thuong xuyén. Tuy nhién, viéc trién
khai DDM ma khong c6 co s& FPM sé& gap tro
ngai, dac biét véi cac cac quy trinh duogc cép
phép. Vi du, phuong phap DDM hién c6 c6 thé
thu thap mot cach dang tin cdy hiéu suat nha
may va cac thudc tinh chat luong dau ra chinh;
nhung n6 ciing c¢6 thé bo 15 hoan toan cac dic
diém hiéu suat phu chi vi n6 khong duoc thiét
ké dé giai quyét ching.

Trong bai bao nay, hai ca nghién ctru
dién hinh s& dugc phén tich nham chi & hudng
phat trién hién dai cta ing dung bo doi sb trong
linh vuc san xuat hoa chat.

2. XAY DUNG BQ POI SO TRONG NHA
MAY SAN XUAT HOA CHAT

Ca nghién ctu 1:

Gerogiorgisa va Daniel Castro-
Rodriguez da nghién ciru xay dyung bo doi sd
dé t6i uu hoa qua trinh tong hop salbutamol
(thudc gidn phé quan) khi c6 mat 4 nguyén liéu:
diacetate, glycyl, benzyl, base [13]. Trong do,
diacetate (tao ra do chung cit dichloromethane
trong diéu kién khong khi va chan khong, va
chung ct toluen) va glycyl (c6 ngudn gdc tir
chung cét toluen va chloroform) di duoc xéac
dinh 13 hai hop chét hitu co dé bay hoi (VOC)
chinh thai ra tir qua trinh tong hop salbutamol.
Day la nhitng chét c6 doc tinh va gay hai cho
moi truong. Tuy nhién, qua trinh thu hdi ching
gap phai hai van dé: (i) Cac giwong than hoat
tinh (carbon bed) hap thu VOC c6 thé bi bao
hoa nhanh chong va khong déu. Vat lidu givdong
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(than hoat tinh) phai tai sinh thuong xuyén gay
t6n kém; (ii) Thanh phan ludng khi nap khong
tinh khiét luon bién ddi nhiéu vé dung méi hitu
co, thé tich va luong chira trong khi thai, anh
huong dén hiéu suit thu hdi VOC.

Céc tac gia da tap trung vao phan tich
(hudng dén t6i wu hoa) qua trinh hap phu VOC
da thanh phan trén giudng than hoat tinh cong
nghiép thong qua két hop mé hinh FPM (dua
trén vat 1y) va DDM dé tao ra DT (hé¢ thong
danh gia hiéu suét tién tién). DT dugc thim
dinh c6 thé mg dung dé phén tich va du doan
hiéu suit cia 16p than hoat khi co thay doi
thanh phan VOC; va do d6 danh gia cac cai tién
mot cach twong dbi (vi du: dinh tuyén khi cip)
thong qua cac phuong phap tdi uu hoa kinh té-
ky thuat (chi phi).

Céc muc tiéu chinh ctua du an nay la: (1)
Str dung phan tich dir li€u chinh thire, phan tich
c4u tir chinh (Principal Component Analysis —
PCA), dé trich xuat dic diém quy trinh va lam
16 xu hudng chinh; diéu nay di mang lai két
qua tich cuc, tao ra két qua ban dau quan trong
dbi véi DDM cua hip phu VOC, (2) Phat trién
FPM cho hap phu da thanh phan va nghién
ctru cac hoén hop VOC chinh, x4c dinh duoc
anh huong khi thay d6i VOC dén hoat dong
cua giuong than hoat tinh, (3) Xay dung va xac
thuc DT, danh gia tiém ning du doan cua né
so vOi lich su hép phu VOC, (4) So sanh du
doan mo phong cua DT véi dir liéu hiéu sut
nha may cho cac 16 duogc chét cu thé, (5) Thuc
hién t6i vu hoa dong dya trén DT dé giam chi
phi van hanh théng qua dinh tuyén va pha tron
khi tdi wu, dudi cac rang budc vé luu lugng va
khi thai cia nha may.

Bo d6i sb duoc xay dung két hop cac
thanh phan hang dau (hinh 1): Mo ta dya trén
vat 1y (FPM) dua trén cac hé thong phuong

trinh chi tiét ghi lai hién tugng van chuyén
macro- (dong chay) va micro- (hap phu), nhiét
dong hoc khi thai/can bang pha, va thiét ké
giwdong hap phu VOC. Dir liéu cong nghiép vé
khi thai VOC so véi diéu kién san xuat da dugc
tong hop tir mot tram giam sat khi chuyén dung
cho nha may san xuat salbutamol (Montrose,
Scotland, UK), véi su cha ¥ dic biét ddi véi cac
giai doan san xut quan trong ctia VOC (cu thé
1a phan tach chung cét). M6 ta théng ké (DDM)
da thanh cong s dung PCA, dé mé ta tuong
quan gitta thanh phan ciia VOC (khi thay doi)
va hoat dong cuia givong than hoat (c6 do chon
loc hap phu).
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Hinh 1. Kién triic DT- Khung FPM va DDM va két
qud hwong toi toi wu hoa dong.

Nghién ciru ndy cho thidy DT dat hiéu
qué khi duoc két ndi véi cac phép do quy trinh
(thu thap ca di liéu dau vao va dau ra cua
giudng thanh hoat). Su két hop va bo sung 1an
nhau ctia FPM va DDM d4 mang lai tiém ning
chua timg c6. Céc sira doi thiét ké (cdu trac
dong cdt) va van hanh (pha tron va/hodc dinh
tuyén dong khi cap) co thé duoc thar nghiém
trong mo phong may tinh trudc khi &p dung.

Ca nghién ctru 2:

Trén thyc té, khong thé dam bao viéc
DDM du doén ra ngoai dir li¢u hién c6 vi it

thong tin vé qua trinh duogc st dung. M6 hinh &
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Sequence -to- Sequence (StS) 1a phuong phap
tiép can gan nhat nhu mot DT, nhung dy doan
khong du dai [5]. Do vay, Kang va cong su da
de Xuat mot thuat toan huin luyén méi dé dam
bao rang mo hinh StS ¢6 thé tao ra du doan 13n
(rolling) dai vo han nhu m¢t DT [14]. Nhom tac
gia nay da két hop nghién ctru trong mé phong
dong va du doan lan détaora DT ung dung cho
kiém soat chat lugng va qué trinh cia mot nha
may héa chat.

Aspen Plus dugc str dung ¢é mo phong
qua trinh dong hoc cta qua trinh nén hoi Cot
chung cit C3 (propane- propylene) va khoang
106 dir liéu dugc tao ra bang sy xao tron ngau
nhién cta cic thanh phin dau vao va téc do
dong chay. Di ligu cua ba bién diéu khién nhu
toc do nén, téc do trao nguoc, van (u), ndm
bién cam bién (sv) nhu luu luong, ap suat,
nhiét do, va mot bién chat luong 1a do thanh
phan & vi tri day (q,) dugc thu thap moi phut
10° dir li¢u cua cac blen duogc thu thip bang
cach 1ay trung binh mdi 10 phut, trong vong 2-3
ndm. Céc bién diéu khién da dugc diéu chinh
trong qua trinh, nhung cac bién cam bién da
dugc do. M6 hinh StS duoc huén luyén cho dy
doan lan. Sau d6, két qua cua mo hinh StS va
StS voi hudn luyén lan cho bién chat luong va
bién cam bién da duoc so sanh cho mot ngay va
tam ngay du doan lan. Hé sb xac dinh (R?) cua
du doan dir li€u thur nghiém dugc st dung nhu
mot chi bao vé d6 chinh xac ciia méd hinh; cac
hé sb cao hon la chi bao cua do tuong quan tdt
hon cho cac quan sat.

Hinh 2. Dy dodn lin StS ciia bién chdt hrong trong
mot ngay

Hinh 3. Kién triic mang StS véi hudn luyén lan

Véi du doan lan StS cua bién chat
luong trong mot ngay (hinh 2), md hinh chi co6
thé du doan tét trong 9 gior dau trong khi sai s6
tang theo su lan cua no R?=0,217 cho truong
hop nay va xac nhan rang du doan ngang khong
béng v6i du doan lan. Do d6, mo6 hinh StS da
dugc huan luyén cho viéc lan dya trén thuat
toan duogc dé cap trong Hinh 3.

Két qua nghién ctru cho thay du doan
lan ctia bién chit luong trong mot ngdy gan
dung voi dir liéu thuc té (R? da ting thém 0,76
so voi mo hinh StS). Du doan lan cta bién chat
luong trong tam ngay khong khop voi dir liéu
thuc té cho mé hinh StS; tuy nhién, véi du doan
lan dai han, StS véi huan luyén lan co6 hi¢u suét
tt, R? tang thém 0,80 so v&i StS. Pdi véi tat ca
céc bién, cac sai sO cua StS v6i huan luyén lan
it hon so voi StS. Ngoai ra, R? ciia StS v6i huan
luyén lin trong tim ngdy c6 thé phu hop tot hon
véi dir liéu thue té so voi huén luyén lan mot
ngay.

3. KET LUAN

Mot thach thuc 16n trong nganh cong
nghiép hoa chét 1a phat trién dugc cac quy trinh
san xuat 6n dinh va co thé nang cap quy mo
ngay tir dau. Pay 1a diéu bat budc dé dam bao
héa chat dugce san xuit mot cach hiéu qua va
dang tin cdy. Hon nira, viéc thyc hién cac thay
d6i ddi voi cac quy trinh da duge phé duyét doi
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hoi phai thyc hién thém cac nghién ctru — mot
hoat dong kéo dai va ton kém. B doi s6 co kha
ning hd tro phat trién cic quy trinh san xut
t6i wu. Phan tich hai ca nghién ctu trong bai
béo ndy di chi rd nhitng vu diém ndi bat khi
két hgp cac mo hinh FPM va DDM ciing nhu
md hinh DDM dy doan nhiéu budc thoi gian
va huan luyén lan trong phat trién DT cho nha
may san xuat hoa chat. Khi duoc giao tiép voi
dir liéu qua trinh (do ludng), cac DT nay c6 thé
lién tuc cai thién va phat trién (vi du: thong qua
viéc thay doi thong $6 qua DDM va/hoac Al),
tir 46 dam bao tinh twong thich ctia mé hinh bén
virng. <
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