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Abstract

To address prominent problems in the traditional operation and maintenance of crude oil tank farms, including delayed response
of environmental control, low efficiency of fault troubleshooting and insufficient accuracy of pollutant monitoring, this paper
constructs an overall framework for intelligent environmental operation and maintenance of crude oil tank farms based on the
Internet of Things, edge computing and big data. A terminal-edge-cloud collaborative integrated platform for data acquisition
and analysis is established to integrate multi-source monitoring data such as VOCs emissions, site water quality and equipment
operating conditions. Combined with data modeling and intelligent algorithms, it realizes accurate traceability of pollution
sources, early warning of equipment faults and optimization of operation workflows. Engineering tests prove that the system
improves the recognition accuracy of environmental anomalies and operation efficiency, reduces hydrocarbon emissions and
energy consumption, and provides technical support for the green, low-carbon, safe and efficient management of petrochemical
crude oil tank farms.

Keywords

Big Data, Crude Oil Tank Area, Intelligent operation and maintenance, Environmental monitoring

R W e JE e o X B OR REI2 E BRI T
P L, DR, HLH

e M SR ERHE Q1P kRe e AN VS 53 S 7 VP | s Sl
2 [E AR AR TR R IR A F Rk o A, Jbst, P E

‘Correspondence: Haotong Liu (livhaotong@cnpe.com.cn)

Received: 10 September 2026; Accepted: 22 October 2026; Published: 10 November 2026

® Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/sr
http://www.sciencepg.com/journal/181/archive/1811406
http://www.sciencepg.com/
http://www.sciencepg.com

Science Research http://www.sciencepg.com/journal/sr

HE

Bt TR B X A% GEia JE A7 AE R R PN R IS AR HEE RCRAR, 5 R RS FEAS R A8 i, ASCEE TR, 34
GOt RS KRB EOR, R SR h G DA R RIS 48 AR 20K o 2 B MR -3 - = B R O B R SR A — P &, T
B VOCs Hi. XK, e TOLE IR ML N B ; d e B A 5 8 RE SR, SEBLYS JeiloRS HEDIIR . 18 g T3
& s dEmfE i, TRMABIER R, 26 R RITARAHE IR RIS 4ERCR, B s S

YERERE, AR IhEE X SR (AR A s TR SR R 4% .

R
KA, MG, HREEME, FE

1. 55

JECMBEX A A A T IE RG I LT, fEHS
W4T R, B 5 IV OCSHE R A B & ilis KB |
B R THBOE AR 2 RIAMRES R, i8R A AT AR
R 5 2 A A P 4R (0 B S o B B AT I 3 R 11
NI o TR R S AL SEIa )5 30, A7 A8 M 7 i A
& Bl A . AL BN E 2 AR, CARETE
G AE 2 AT H A 1A DR BObR e 5 2 fe A P A A R
(410 REHEE B BRI RS K, Rl X A fRIZ 2
MR REAL R R BR O T AT I BOR AR [13, 16); il id 2 3kis
AT BRI S R 22 4 PR B TR EEA 28 AT 38T IR
AR RERT ), T MARIR L Bl Gt i e i) i 22 B
AT B THRE DX V5 Ye B 42 RS 4040 8 BUK 7, B )i fiig
P sEEl sk, e, MR

2. JRMHEEXAEGIMRISLEIR KR

2.1. BB S

FRT, FE Py O 20 St o DX TH A TN A« 7 39
Kt R Bu e gtis g B H ISR [ E
PR, B B SRE SO R — U, BRI R

PR R S A B TAR, 5e e KITIZ4E N A 1S & 50 4
o ZIE YR SAFAE BRI M B M S BENLYE, TCIE e A
KA AW BN AS I TAE, BT X i SR W 1 2 U
B RO < IR VO Cs TG 2H 2R 6 Hilr 2% e e 1k S 5 1)
IRBaE, MWLM R, BT, RO 8. a0k
T X IE AR EOURE, EFedE R T, X
2 BB O R RS B e CATE 0 ZE P B ok v R0, B AR RR 4
FRUG B KR R HEBOR R, 33— KT X AR
B S e 2 A3, 8, 15].

2.2. WEEERE A E

JE G DX A ORIE 4 AT 955 VOCSHR I « R X 7K
BATES L AR, RO %is 1T THLAs
2 T DN A6 J5E 5 (AT B IX 2% S W 0 46 22 DA ST A 82
FAIEAT, WA Bl AR HEANGE — . BE A o
W, M ORI HEIR A BRI o O K
IR 8] R 2 1 2 1 28 =2 B X TR) , Eodfs SR A7 AL ]\
T Ja T, (RIS Z PRSI . 23 E AT BRI
il DUKEE B —LERE M TEHR , ToVR RS IR TS e A I
PR 5 % i e A Lo AR [ 14] o

N T DT

RHSHR VOCSEMFS | BTEHNR2 RIHE
BURfERE = = =
~ — . OCsHMRLE KIEEMES BUBE
= = = 4
S« | 8% | 8%
KEENRLE RETREMES LRFRENRSR
I . —
Rk - - S > % > )38

B 1 A4t I inh G DX A DR A M I A s i

440


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

23. MREBERAMR. EERENL

P X A g KR BT s il e
LR RLSCHE s 0 T rp R RE T & BRI
TR e DR DA ST G ] A 1
BARIBAETT SO BIROR AL G N T ML AR AE RIS
TR, H A S Ve A R PR A R R 22 W]
W% 5 51 KB Y T R A I s o LR L B is 4k,
EIRFEIR S, BAPEIBREEIX . BINEE L2 RE
B AN RERIRE, HEaEERRAAEERENE, X
REAETS SR b 1) UA A i T e 2 ) BE 250 TovR SR ATt 41
5 Rl A 3 5 ARG E ), BLUEE 24 50 4 (b 47k VOCs
R 15 KA E A AR HE RS AL VR BE bR AR K]
47 AAHEIX i ar R R A

LZREASERAT,

3. KRB IR REwE X IR fE i 4% O 3e
|

3.1. BARZEMWTT

VBT 45 2 JE K 3 3 S S S A7,
BT R TR, 5 B - - 5 4
W = G ) KA B R A Rk b . T R
IS, I I . KGR R )
PSR AR T I FF (2 4 4 TR R AL R
SR B NSRRI 4 . SOR G IR T . B A 5
i UK AL B 22 AR AL 4l 2B 2, 1T 2
SRAL G I S R 7 T B I, WP b
S B 5 I s A F TR R B
2575 2]

e 35 0) it bro2iid
S | ..ll‘ﬁ
| | IEEN i 17
EEE EXE EKEEIDm O a A
& I , ;lﬁMﬂl*ﬂ:f§=
iiﬂh ETE EEE KR ¢
RERERE xmumm mwm:
\/ | H |
&

LG
Y

¥ +
ERHS S > RERELE > Eanntc BES2

BURRSIIN - PIBNEEE > §

MRESR, DENHEAR,
AMMBE. WaENRTH

B 2 AL T AL ROCR o

3.2. BAE: £EEEREBERE

R E R BB RGN OB IR, KRB RE X A4 A
TP v R R4 B R B, 4 T 7 o T Vo DX R £ i 2
. WA IBAT UL A A R TAE . Joili 2 X
VOCSHE A AL IS I 5 >R, T H FEAERETTHE . I 1]
A2 GEIX G S NI Sy, A\ EE A
PRAL G 255 W% MR & F2 W] ik 0-1000 mg/m3 S FREEFD
— IR AR R, TR RS HE R 1 SR i 2 [5]
EExE S imiE AR 37 5, BATTEREX HEK O Pyt SEA%
O Xk, LB \EBELAKRENEEE, naIAREK
1ACOD . AT Y5 &I 55 S b 1Y) S B AR AL H A
I, BB R GERE . 1. WAL PRah VU fL 8%
FITHIU+NE, 405 R A A A A K P £ B I 152 4% 1)

441

IBATIREE B BT AR SN TR 51 5y e I A,
KRG BT T B ElE (R AR T, i v B ol X M
MEX, FIESCHLRE X BEARETIRESR LA s
P

3.3. AR SKIHEE B E 5 PR N

GE DX 7 88 T IR G ST R, R BRI S B
T S HH s A AL B A s e B S E  ii
B AR S AT B AL B, SRR TR B
BB 51 R A S H TE R, ISk 7 i K0 1 i
B, BT 6 BRI T . REBECR/RSIEW LI
Jee I3 AR DR A  RE NS G A2 1T A SRR SR AR Bt 1) v
ZE I, 25 ST B A 1) S S R HERE . Bt
b, TG B B AR AL TR AL, B E 3R


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

AR SEER . REIEiT R EER SRR 2T,
B R P A TUE BB HOR; EFRAIRKIE = Im i 16 2
] B 58 IR RIL N2 Ak B S, )R TR GEis 4
RGAGOR AR« e S S AOAT AR o

34. =F: REBEEESERBEM T

=m & AT KR A7 8 5 B R — 1AL &
N5 5 7 EAR IR EAL A R, $55  J T nh 6 X 3
TRAB EHE R o B8 P iR ol B SN 00 I s i
AORHE MK HH 2 4E s PR O AR b, D9 fE
G M A SR A 8 BB S P 5 5 ACNNB R I 2%
RIS, RPN . 2 RIEEIRE IR S oA, 4
SRR S Gl AT+ B A dn TOA . B 4ESRR AL =
RIZOE R AT BE M TR R, HEX s YR

PRSI, R A% St 2 5 B i i sh A K
TR AR TR F a5 1R R IZ 4R % 5

4. REAEE BB ODBRM A SRR

4.1. ZREEREIEEFEA

Bt e G IX B P A I AR, SR PR b v A B8 v R
FR, Gi— MM & W BdR B D SR , X5FA
BT e . SCIRDT RS . 4 28098 . 38 i B S Bk
H, AT TS IR HEU RS R R, B a0 S Ak
FEWP I 132 47 RS 5 VOCSHE IR B« SRBRE £k 1K 19 5h
5i5KBRE. BARGEE, §EXEEA 20 H 2R
32%ETH 2289%, AR A /MR BLRE HERR S [10] .

R 1 RE B R R X .

BRI BIREE R

He s N T iz ehiat 10-30 73 #H/iR

REHE R g i A X 1 IR

4.2. IMRAFEERIESPEA
f R YAN

FRFE MR 8 B A BT R, X 0 S SRS 3
MRS, (R b i SR 5 5 s 1]
O TR 5 8 S 1 7S 5 B O 52 )
YRR, REUSREAE BN IR SR R AR R R
FUBR RG] [N AT ALK 4 Uik b, SFBET4E. A
T 725 % DR PR T 5 MK
VAL IR R R AR . I T H R S, %
ek A IVOCSHRR . 15K BEi B R
o LR AR, R TR X EAR e Rt
FAR RN | LA BRI R, IR
3T HE G AT AR B R AT SRR
S A TR AN I 7E £ B S SRS X B 0 A6
HERCKUR FEIFI5 0BT B, LSRRG FUANE AEFR (R o 1K
FEOTRLAL IR AE, AEbs B BE AL . R 5 &
BOMITEE, AP A PO B PR B S
WS, AT KR (R[]

43. BEERBEEFHHABAR

WAEREAEIN FP M 050, ARG SR GE
WP S TSR B T K AR B A5 S A% oA O B it

BomA A AR BHmiRER
32% 12.0%
89% 2.1%

442

EYUEFLIBAT SR IR & KIS AT T AR v i P RE T
TRRHRAE s G HE TP A kg Jo) 3915 8 4% AR A AR A 4 [1.2]
LG AR W LI 24T L0, RGEATE R A Ak
I8 %ETs 2, It Gelml e A B RO B G, )
ISR TAE R - R HEIZZE (108 REAL B 12 B . IR
NG, A R8> T REX B SR E LR, SEK T B
w R IR, ik ISR, MR e 1T i
B TR A A RIS G . R GER] E B AR
BT K. MBIl AR, fdseim & et
AR AR S, SR AT TUE T A AL PRSI AE
Rl A RO FEAE . IR R ISR BRI, AR
THREX P R st 18 4T M Ra e TE S 2wl Sk

4.4. FMRAGEE BRAMLBIAR

REIEE RGBS WX MBI V5K
iR SR B RIS AT BEFE . TOLS S in B AL BE S
i, ShAIERMABFIZT S, BB Lz
TIPS . ARG ATS RMIE B DR 2R, R IE
FCELA B 2 2 AR WA T . FETS Qe R B, H 3
NIRB BT IR AR RERE; (R RWIRZETIIN B
T aia EAE ST, IRIEHBCE M, KO RIGEL S
TREFRAERI U G PRI . 455 KB B A RCR

CRETRERE, I

KA, ST AT XA IR & 25 h


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

DAEEVOCS BV, A HETHE X 0 OR VA BE AR 2
e ST . RGHR&Z WAIRSIATERE S, W 4G
RZRETRARIE 6 NS S e IRV Z e s SEb ) A
Fio EL &), AR B JE R DAia i, DN X AR (i
By AL R REIM R IR RS S

5. BRI BRER &7

I A B S HE DX (128510 7 mg 6D JT R 91
FEHNR R, WIHORE T . BYERR . AR =4k
T R o3 A » 42 T 60 R A B e IS 50 A (14 L A
B RN AT S RO FE AR B LR 2,

2 o TS RO R AR L

B O FEHR S FH Bl
2N g 13.5%
VA R 5| R ) R 28 KI4FE
AN Tiagemt & 8.2h/ K
TR RIS YA 86.5 JiJt
VOCs Ak 1268 I

A RO T, KM IR RE () B e Is 4R 2K, A1
A 1 T DX PR 4k Bl SR T, SIS GRS HERT %
IBHEPR AL IRAH RS, MBAMRA . %4
HaGas, Batlamn TR i E.

6. &t

H AT, DU BOARAESERRN ] A5 A7 AE — 5@ R s Wi
TR 200 1 [ M DIOKE P2 T4, - B R
HERE B 22, B8 2 B UL T, 15 LTI (0 i B 2%
AT A0 o AN, B IH AN RB A AR B
AMECUE OB Sl R 5 54 R R o Ja SRR A T S
ARIERTHGL M EGTT-IREE, T & R4 Tl
IRE ST BT BRI N 28, 95 SR R AR A 5
WL RGBS FAET . Ak, AR AR
PRI s itk R, 275 5T RGN REAL S e 20
WETERE S, Fa b HEsh EUh G X A RIS ER, B M
SO BRER. SORIRTT FIAREETH9]

S 3CHR

[1] A, AT, Al RIS S 2 A R AR BV 2
JEH . JAGEIE. 2018, 37 (03): 241-247.
https://doi.org/10.6047/j.issn.1000-8241.2018.03.001

[21 KB KRB E AT R 45— R AT S A
K. OMAEIE. 2023, 42 (10): 1175-1183.
https://doi.org/10.6047/j.issn.1000-8241.2023.10.011

443

Az = AR

1.8% R 86.7%
9 IRI4E Ffi 67.9%
3.5h/R FEAIK 57.3%
56.2 JiJt F#fi 35.0%
920 Mii R 27.4%

[8] (&%, HK#, WK, . I 2R R v 5 I OB A
5or#r. RAe5HEEAR. 2020, 20 (06): 2116-2122.
https:/doi.org/10.13637/j.issn.1009-6094.2019.1326

[4] ®XEH, ke, sedddr. o0 iR s B R IR &
RIEEH NN, 224, EFERMIRE. 2019, 19 (07): 75-78.

[6] &% &T OP-FTIR WX VOCs HmBA. WA
%12, 2020, 39 (06): 704-708.
https://doi.org/10.6047/j.issn.1000-8241.2020.06.014

[6] B7, BRALAE, FRME, 25, fGE VOCs 2RI IR HE L
B B N R 4 A, PR LR 4. 2026, 20 (02):
507-516. https://doi.org/10.12030/j.cjee.202506073

[l S&EH, g, kR, & BET=4 GIS WMEEKX N
SERTEH RS, PEZEAE R, 2013, 9
(05): 122-127.

[8] BRAEEL, SKEAJ, EWF, 5. HAGEREX 2 KSR G2
BRI 73 Hr. o 22 B2k, 2017, 27 (10): 111-116.
https://doi.org/10.16265/j.cnki.issn1003-3033.2017.10.019

[9] s ETHFIE MM S0 R 2 4AsT i
AT, B THFFT. 2026 (09): 194-196.

[10] 3k, Z=ENI, FEBE, & ALEEX Z NS A 55
RETE 7. fAiif T2 2 RER. 2022, 38 (03): 1-5+70.

[11] *%%, E£EH, K, & FUMERE VOCs HEME LIk
W5 KB IRH AR, R TFE. 2021, 49 (08): 1-8.
https://doi.org/10.13205/j.hjgc.202108001

[12] Eutfe, BALRE, skokomt. B THLE% 2 o 106 g ok 25

REAETNE 7. HUBERE. 2021, 43 (04): 839-845.
https://doi.org/10.16579/j.issn.1001-9669.2021.04.018


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

[13] #—T. AT JWREE T Bl it Joh vl 22 R B 88 RE AL AT 90 5 S i
A7 S s, 2025, 34 (04): 1-6.
[14] EBFH, Z=WIPH, IR M. 2 HHE X A5 K ER 7 & 280 5350

PEE T, BB TR 4R, 2023, 13 (02): 661-669.
https://doi.org/10.12153/j.issn.1674-991X.20220347

[15] HOU L, WU X G, WU Z, et al. Pattern identification and risk
prediction of domino effect based on data-mining methods for

444

[16]

accidents occurred in tank farms. Journal of Loss Prevention in
the Process Industries. 2018, 55: 247-256.
https://doi.org/10.1016/j.j1p.2018.07.008

PATEL H, PRAJAPATI D, MAHIDA D, et al. Transforming
petroleum downstream sector through big data: a review. Jour-
nal of Petroleum Exploration and Production Technology. 2020,
10(07): 2961-2974.
https://doi.org/10.1007/s13202-020-00883-4


http://www.sciencepg.com/journal/sr

