
Computers and Chemical Engineering 162 (2022) 107795 

Contents lists available at ScienceDirect 

Computers and Chemical Engineering 

journal homepage: www.elsevier.com/locate/compchemeng 

https://doi.org/10.1016/j.compchemeng.2022.107795
http://www.ScienceDirect.com
http://www.elsevier.com/locate/compchemeng
http://crossmark.crossref.org/dialog/?doi=10.1016/j.compchemeng.2022.107795&domain=pdf
mailto:Helen.lou@lamar.edu
https://doi.org/10.1016/j.compchemeng.2022.107795


H.H. Lou, J. Fang, H. Gai et al. Computers and Chemical Engineering 162 (2022) 107795 

s
ition, flow rate, 



H.H. Lou, J. Fang, H. Gai et al. Computers and Chemical Engineering 162 (2022) 107795 

1983 McDaniel, 2

1984 Pohl , 58

2010 Marathon TXC, 44

2010 Marathon Detroit, 56

2010 TCEQ, 70

2014 Carleton University , 33



H.H. Lou, J. Fang, H. Gai et al. Computers and Chemical Engineering 162 (2022) 107795 

Fig. 2. Box-plots of the flare experimental data. 

Fig. 3. Frequency histograms of the CHR (a) and CE (b). 

i
ng values, hydrocarbon molecular weight,



H.H. Lou, J. Fang, H. Gai et al. Computers and Chemical Engineering 162 (2022) 107795 



H.H. Lou, J. Fang, H. Gai et al. Computers and Chemical Engineering 162 (2022) 107795 

t
ing, it is true that some data points differ 





H.H. Lou, J. Fang, H. Gai et al. Computers and Chemical Engineering 162 (2022) 107795 







H.H. Lou, J. Fang, H. Gai et al. Computers and Chemical Engineering 162 (2022) 107795 

 

0

5

10

15

20

25

30

35

0 5 10 15 20 25 30

O
p
ac

it
y

Test Set

Predicted Opacity Actual Opacity



https://doi.org/10.1016/j.psep.2019.11.031
https://doi.org/10.1002/9781118558409
https://doi.org/10.1089/ees.2019.0089
http://refhub.elsevier.com/S0098-1354(22)00132-6/sbref0006
https://doi.org/10.1007/978-3-642-00296-0_7
https://doi.org/10.1007/s11749-016-0481-7
https://doi.org/10.1201/9780429469275-8
http://refhub.elsevier.com/S0098-1354(22)00132-6/sbref0010
https://doi.org/10.1016/j.cie.2019.106024
https://doi.org/10.1007/s00500-015-1938-4
https://doi.org/10.1016/B978-1-55860-377-6.50020-7
https://doi.org/10.1016/j.rse.2017.07.018
https://doi.org/10.1021/ie502914k
https://doi.org/10.1007/s40095-019-00314-3
http://refhub.elsevier.com/S0098-1354(22)00132-6/sbref0017
https://doi.org/10.1016/j.rse.2010.06.007
https://doi.org/10.1186/s40537-020-00369-8
https://doi.org/10.1021/acs.iecr.0c04109
https://doi.org/10.1016/S0022-3093(99)00436-6
http://refhub.elsevier.com/S0098-1354(22)00132-6/sbref0022
https://doi.org/10.3390/rs14010030
http://refhub.elsevier.com/S0098-1354(22)00132-6/sbref0024
https://doi.org/10.3390/f12020216
http://refhub.elsevier.com/S0098-1354(22)00132-6/sbref0027
https://doi.org/10.13140/2.1.1570.5928
https://doi.org/10.1016/j.jenvman.2021.114347
https://doi.org/10.1007/s11053-020-09710-7
https://www.tceq.texas.gov/assets/public/implementation/air/rules/Flare/Resource_1.pdf
https://nepis.epa.gov/Exe/ZyNET.exe/P100RIYK.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1981+Thru+1985&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C81thru85%5CTxt%5C00000028%5CP100RIYK.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://refhub.elsevier.com/S0098-1354(22)00132-6/sbref0032
https://doi.org/10.1016/j.compchemeng.2019.04.003
https://doi.org/10.1109/TIT.2016.2514489
https://doi.org/10.1080/10962247.2014.948229
https://doi.org/10.1016/j.apenergy.2018.02.126
https://doi.org/10.1016/j.fuel.2020.118478
https://www.law.cornell.edu/cfr/text/40/63.670
https://www3.epa.gov/ttnchie1/ap42/ch13/
http://refhub.elsevier.com/S0098-1354(22)00132-6/sbref0040
https://doi.org/10.1016/j.cherd.2018.12.002
https://doi.org/10.1049/ip-sen:20045007
https://doi.org/10.1080/10962247.2015.1114045
https://doi.org/10.5194/amt-11-291-2018

	A novel zone-based machine learning approach for the prediction of the performance of industrial flares
	1 Introduction
	2 Data collection
	3 Prior research
	3.1 Response surface models
	3.2 ANN algorithm
	3.3 Random forest (RF) algorithm

	4 A novel zone-based ML approach
	4.1 The general methodological framework
	4.2 Best feature for zone partition
	4.3 A zone-based ML approach
	4.4 Identification of boundary points for each zone
	4.5 Performance evaluation of the zone-based random forest and Catboost models

	5 Results and discussions
	5.1 Two-zone RF-CE models
	5.2 One-zone RF-Opacity model
	5.3 Comparison of prior models and zone-based ML models
	5.4 Comparison of the zone-based Catboost and RF algorithms models

	6 Conclusions
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgment
	References


