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ON LINE MONITORING OF ODOR UNIT (OU) EMISSIONS AND ODOR SOURCES IDENTIFICATION, BY USING A NEW GENERATION OF GAS AND ODORS ANALYZERS (IOMS) FOR PULP & PAPER COMPANY
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Abstract 

Dynamic Olfactometry ( EN 13 725- ASTM 679) is the standard and well established technique for odor intensity measurements, however it is not always adapted for big industrials sites which need continuous monitoring and fast results to take the appropriate remediation action. Additionally, these sites need to have odor sources identification solutions to ensure proper remediation actions or to protect themselves from non-legitimate claims.

In Canada, a large Pulp & Paper company, was interested to in better assessing on line the gas and odors emissions of their operations, aiming at identifying the possible source and situation of possible olfactive nuisances on the neighbors. 
              The paper company is surrounded with communities living close by as well as a cookie and a pet foodchemical  factories that can also be source of olfactive nuisances.
The Company does not have the tools neither to quantify nor or to identify the sources of the olfactive pollution aside of regular round of the facilities by local personnel.

The expected outcomes of the study were:

1> Better understand the sources of olfactives olfactory nuisances.
2> Assess quantitatively the efforts to reduce the odor iIntensity on site.
3> Reduce the number of# complaints.
4> Reduce use usage of biocides/ additives.
5> Reduce use ofSave energy. 
6> Differentiate themselves from near located emissions	Comment by Benjamin Roland: I don’t understand this goal.
7> Optimize processes (time of the day, weather, general pollution situation).
8> Reduce Optimize eEquipment maintenance.
9> Lay ground for bBetter relations with stakeholders (community, authorities, neighbors).
10> A greener and more sustainable  industrial operation in the area.	Comment by Benjamin Roland: Vague.
11> Extend lifespan of your total industrial operation in the area.	Comment by Benjamin Roland: ?


	               In the experiment with this paper Company, an array of WT1 devices was deployed on two different                        sites  close to the dryer exhaust and the vacuum exhaust.



During the initial training period, the devices werean anomaly detection model was trained with data obtained at factory downtime, results and then analysis via a clusterisation  of the variation of the sources and a successful correlation model was establishedin order to correlate significant sensor variation with the claims from the local co workers and neighbors . 
Additionally, a  PCA (Principal Component Analysis) and alinear classifier approach (LDA (Linear Discriminant Analysis) were was built used to  and the WT1 modules proved to differentiate accurately differentiate between the different sources of odor and pollution.

The ELLONA  WT1 gas and odors sensing modules units allows for not only on line monitoring of Odor intensity and various gas emissions, but also allows for odor fingerprint identification. This paper does presents the technology and data processing methods allowing thefor odor sources identification, effectively  that combininges a range of smart sensors (IOMS) with AI statistical data processing techniques on the field.

A network of various WT1 monitoring device of gas and odors WT1 from ELLONA,  including H2S, mercaptan, NH3, SO2, CO, and PID sensors were installed at different locations around the paper company at the source and at the fence line.  

The main objective was the Implementation of unified continuous odour monitoring system  around the pulp and paper company and optimize the operation one line	Comment by Benjamin Roland: ?

Historical issues:

· Dynamic air pollution sources;
· Emissions of smelling substances;
· Citizen complaints;
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· Fig one , picture of the site
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Fig 2 visualizsation of the site and one of the WT1 installation monitoring station. 
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Fig 2 : The WT1 is a IOT cloud base gas, odor, liquid , noise, and particles analyzer that can encompass up to 12 different gas sensors of different technologies ( PID, MOS, Electrochemical cells and NDIR) as well as particles optical sensors. In this particular studies, we did use, a H2S, Electrochemical sensors, a CO, and 4 MOS sensors
	Location 1: forced Draft Fans looking West
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	Location 2: installation at the exhaust vaccum
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Fig 3 visualisationvisualization of the deployment of WT1 at the exhaust2 locations

· The projects did involve
· 1 – Odor levels automatic identification in real-time with Development of the location specific Odor Baseline. We did analyzsed the VOC / Odor emission intensity first in the downtime of the operations and then during the operation 
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One can see that the variation of VOC is below 500 Ellona OU during the downtime and can reach 2000 during operations.
It was checked with a sensory panel of coworkers that there was not specific Paper odor during the downtime but there was also other odors characterized as cooked or cookies. 

Characterization of Perceived odors  

We set up a sensory panel with regular patrol to be able to qualitatively identify the type of smell with various specific QR code around the sites with a specific questionnaire
[image: ]
That did allows us to identify mostly 3 majors type of smells
	-Classical paper smell
	-Rotten Egg
	-Pungent

On Fig 5, one case an example of the recording by the sensory panel of the events
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2 – Definition of thresholds, alarms and notifications

Thanks to the sensory panel we have been able to set up some alarms level based on the Ellona OU 
[image: ]
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Fig 4 , the green line is the Ellona OU and the Yellow is the level of H2S. It is interesting to notice that it happens that the H2S level can be very low (below human sensory odor threshold ) with a simultaneous high level of VOC / Odor. A first alarm has been set up at 500 Ellona OU and a critical alarm at 1000 Ellona OU.

On fig 5, we can see that the level of Ellona OU is much higher at the second source at the vacuum exhaust
[image: ]
Fig 5 : vacuum exhaust Ellona OU 

3 – Characterization of observed odor level spikes
An LDA has been built to correlate the MOS and Electrochemical sensors fingerprint with the recording of the sensory panel as described on Fig 6


[image: ]

4 – Identification analysis of emitting sources 

Then the measurement and projection on the LDA on line is performed  as we can see on fig 7 
[image: ]
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On Fig 7, one can see in yellow orange curve a permanent monitoring of the Ellona OU that is systematically above the 500 OU defined as the first level of Alarm . In color, we can see the identification on line of the various type of smell, including some unknown odor profiles in red ( qualified as cooked ) ; Further investigation are undertaken to identify theses odors as coming either from the cooking company or from the petfood chemical one by performing fence line sampling. 
The initial model has been validated by comparing the WT1 odor identity projection and the sensory panel for 2 weeks with an accuracy that was above 80 % , .  and has allow us to  perform Odor correlation analysis with operational activities as well as tTriggering of alerts and alarms for remediation purposes 	Comment by Fatma Ayouni: Nous n’avons pas pu valider le % de reconnaissance des odeurs avec le panel car les données ne nous ont pas été communiquées

During this study , we did realize that 
2 – On site observations are very valuable/ needed for the model build up
3 – Different odorous activities are present on the site (some P&P company related – even when the 	plant  was off and therefore linked to a either the food or the industrial  pefood companies close by )
4- Different unpleasant odors were identified/ intensity assessed (rotten egg- wet paper- pungent); 	including duration and persistence
5 – Wet paper Odor is the predominant one. 
6 – 82 % of human observations were matched with platform readings 
8 – Odor quantification and identification:  Model is running and can be used on a continuous basis 
9 – With a robust input and source analysis it is possible to identify the sources 	via a fingerprinting technique
10 – Odor measurements can be currently related to specific operational activities 

Next Steps to connect Monitoring with Operational outcomes

1 – Finalize the Fingerprinting (more sources’ identification)
2 – Additional devices deployment (covering most relevant sources/ cardinal points)
3 – Weather station info correlation – can be done at the platform
4 - Dispersion analysis – understand critical impact points
5 – further labelling of the Operational activities via the QR code to strengthen the correlation – 
6 – Automatic remediation/ actuation (e.g., via 4-20mA connector)
8 – Recurring customized reporting towards the community 






CONCLUSION 

The WT1 has been shown as being able to 	Comment by Fatma Ayouni: Possibilités du WT1 (à intégrer en conclusion). 


· A tool for mapping and monitoring industrial nuisances related to transit activity and in particular toxic substances (gas, odors, noise, particles...) 
· An identification tool (gas, odors, noise and soon particles
· A health and wellness tool for employees and the neighborhood
· A tool to improve citizens' engagement and communication
· A tool for better management of transport activity (optimization of operations, optimization of maintenance operations, optimization of cleaning processes) 
· A remediation tool (remediation scrubber management...) 






Next Steps to connect Monitoring with Operational outcomes

1 – Finalize the Fingerprinting (sources’ identification)
2 – Additional devices deployment (covering most relevant sources/ cardinal points)
3 – Weather station info correlation – can be done at the platform
4 - Dispersion analysis – understand critical impact points
5 – further labelling of the Operational activities via the QR code to strengthen the correlation – 
6 – Automatic remediation/ actuation (e.g., via 4-20mA connector)
8 – Recurring customized reporting towards the community 
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* Odor survey : collect feedback from local operators

* QR code survey : focus on olfactive events
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                                       • Odor survey :  collect feedback from local  operators • QR code  survey : focus on olfactive  events             
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Odor survey : feedback collected from local operators
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Event from 3rd March -Unpleasant note

Level Alert name Type Device Site name Time End time

® Info Monoxyde Carbone co WT1 1182 Davis Controls POV Atlantic 03/03/2022 9:14:44 AM 03/03/2022 9:49:34 AM

® Warning H2S h2s WT1 1182 Davis Controls POV Atlantic 03/03/2022 9:14:34 AM 03/03/2022 9:42:34 AM
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                 Odor survey : feedback collected from local operators     Event from 3rd  March  -Unpleasant note 
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Odor Baseline/ Online monitoring - (Ellona Odor Distance Units )
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Odor Baseline/ Online monitoring - (Ellona Odor Distance Unitg
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                     Device Off  LOCATION 2 Threshold Odor perception 500 Critical odor 1000  Odor Baseline/ Online monitoring - ( Ellona Odor Distance Units )
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Modelling of main odor groups — Next step: Identify and assign each group
to a specific source
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                Modelling of main odor groups  – Next step: Identify and assign each group  to a specific source    
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Continuous nuisance detection and characterization (Ellona Odor Distance Units)
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Continuous nuisance detection and characterization (Ellona Odor Distance Units)
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                     Continuous nuisance detection and characterization  (Ellona Odor Distance Units)  LOCATION 2


