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Monitoring and Mitigating Methane, Benzene and
other VOC Emissions at the site level in Refineries

« Aeromon briefly

« Measurement technologies — what can we apply
and what are the limitations

* Emission plumes - the fiction and the fact.

« Methodologies — how do we approach
Mmeasurements?

« How to assess the site level quantification result
uncertainty?
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Aeromon Ltd. holds ISO/IEC 17025:2017 test laboratory
accreditation for environmental testing with scope for:

1. Mass flow rate quantification,

2. Source localization,

3. Concentration measurements and

4. Flare combustion and CH, destruction efficiency analysis.

(4)
FINAS

Finnish Accreditation Service
T362 (EN ISO/IEC 17025)

Aeromon Ltd. is a testing laboratory No. T362 accredited by FINAS Finnish
Accreditation Service, accreditation requirement SFS-EN ISO/IEC 17025.

Aeromon quality management system has ISO 9001:2015 certification.
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https://www.finas.fi/sites/en/operators/Pages/default.aspx#k=T362

9 Emission Awareness
[

Understanding of fugitive emission

locations, sources, and concentration levels

L eak Detection

Site-level (top-down) information on

leakage locations and volumes

&&& Spreading & Dilution

Visualised and layered information on the

emission dispersion

Process Monitoring

5

Continuous and real-time measurements

to support process improvements

*
* * ***

* } EURegulation ©+ EN176282022

* o * *

Top-down emission mass-flow
measurement EU 2024:1787.

Emission mass-flow measurement
compliant with EN 17628:2022.

OGMP2.0 Level-5 MiQ compatible

Site level measurement as part of the

OGMP2.0 Level-5. Source level inspection

MiQ facility scale inspection and
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Measurement
methods

Data analysis &

Hardware )
reporting
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Handheld
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Ammonia NH3

Benzene C6H6

Carbon dioxide CO2
Carbon monoxide CO
Dimethyl sulfide (CH4)2S
Hydrogen, H2

Hydrogen sulfide H2S
Methane CH4

Methyl mercaptan CH4S
Nitrous oxide N20O
Nitrogen dioxide NO2
Nitric oxide NO

Oxygen O2

Ozone O3

Refrigerants, e.g., R134A, R410A
Sulfur dioxide SO2

Non-Methane Volatile Organic
Compounds, NMVOC

Particulate matter, PM
Noise

Wind speed and direction

<100 ppm

<100 ppm

<10 000 ppm

<500 ppm

<10 ppm

<1000 ppm

<50 ppm

<40 000 ppm

<14 ppm

<1000 ppm

<20 ppm

<250 ppm

<25%

<5ppm

<2000 ppm, <5000 ppm
<50 ppm

<10 000 ppm isobutylene equivalent

PM1, PM2.5, PM10
30 -135dB (A-, C-, Z- and octave bands)
<15 m/s (with drone) , 0-360°
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Emission plumes — theoretical plume shapes

4
Height a8 /I/
\\5‘\\__//’ [\ 2,
2 N S = e o
N ranr s
z Plume - L — - U
A centerline W e

Strong instability (Looping)

Al
‘\
Heiaht \ BESEESEEEE Height
A
‘\
3 —
Temperature

Surface inversion (Fanning)

Pollutant
concentration——
profiles

+y H

H, = Actual stack height

H, = Effective stack height
= pollutant release height
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Ah = plume rise
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Emission plumes — turbulent mixing

(a) Isolated roughness flow
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https://www.researchgate.net/publication/263048982 Advances in_wind energy resource exploitation in_urban environment A review Aero on



https://www.researchgate.net/publication/263048982_Advances_in_wind_energy_resource_exploitation_in_urban_environment_A_review
https://www.researchgate.net/publication/263048982_Advances_in_wind_energy_resource_exploitation_in_urban_environment_A_review

Emission plumes — real plumes
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Methodologies - how can we approach refinery measurements?
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Measurement approaches for refineries

Site Level Quantification Flare Efficiency Monitoring
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Quantification methodologies

Reverse Dispersion Modelling

_ Cluyz)
Q="

Plume rise AH

Plume centerline Flightpath

Stack height H,

Downwind distance Ax

Mass Balance

F= / f (€ — Cy)ULdxdz

Tracer correlation
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Flare efficiency analysis

Measurement Result
S CH_ mass flow rate
N4 measurement from CH, mass flow rate
flare result from flare
- CH_, destruction
CH, mass flow into efficiency result from
flare (process data). HEIE
4 CH.and CO; (possibly A
“?\f €O and NMV.’OC) Flare combustion
concentration .
efficiency result
rmeasurement from
flare plume.
\ P J
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FINAS

Finnish Accreditation Service
T362 (EN ISO/IEC 17025)

Aeromon Oy is a testing laboratory
No. T362 accredited by FINAS Finnish
Accreditation Service, accreditation Aero mon

requirement SFS-EN ISO/IEC 17025.




Site level uncertainty — Real world example

Result = Downwind - Upwind

SUBTRACTING " uncentainy

I+

Surm of
uncertainties

Subtraction of
measurements

Combined result = Areal+ Area 2 + ...

ADDING . Uncertainty
Mass flow (kg/h)  Uncertainty = (kg/h) Uncertainty * (%) =
. Measurementl .+ Measurement 2
Area 1 0.64 0.33 52 % |
Area 2 2.76 1.10 40 % 1
Area 3 1.46 0.59 40 % A
+ i i
Area 4 2.10 4.68 223 % oLl
Sum of measurements Surn of
Areas combined (total site) 6.96 6.70 96 % -
Total Site measured as whole 6.92 1.78 26 %

Quantification is more accurate when large areas are quantified as whole,

but only spatial granularity supports leak detection and repair effectively
Aeromon




What factors affect the quantification result uncertainty?

Uncertainty analysis of mass flow rate is a
combination of

* Expanded sensor uncertainty (k=2) for all used

sensors (CEN/TS 17660-1:2021),

« Detected concentration levels in relation to system

detection limit (< determination limit),
« Number of repetitions for results,

« Repeatability of detections in data collection,

- Stability of weather conditions during data
collection,

« Consistency/variability of emission rates at sources

and
« Overlapping spread of emissions.

Each part of the measurements should be conducted
in a traceable, validated and transparent way and
dynamics of the uncertainty of each result should be

known and shown.

Result = Downwind - Upwind

SUBTRACTING "~ Uncertainty

Measuremnent 1 E '~ Measurement 2 |

ADDING . Uncertainty

Measurement 1 {4+ | | Measurement 2.
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Quantification uncertainty

« Collaboration in research projects has been essential in building a
traceable track of evidence for continuous improvement and
reliable, metrologically traceable result provision with realistic
uncertainty budget.

« Aeromon has an in-house team of experts and we're continuously
iImproving our |ISO 17025:2017 test laboratory accredited
methodologies and technology stack.

https://amt.copernicus.org/articles/17/1633/2024/
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https://www.finas.fi/Documents/T362_A01_2024.pdf
https://amt.copernicus.org/articles/17/1633/2024/

Result reliability — uncertainty and accuracy

Result reliability - Accuracy analysis

50 %
45 %
40 %
35%
35 %
S 30%
$25%
©
L 0
z 20%
15%
10%
5%

0%
1 2 3 4
Number of individual measurement wall repetitions

NOTE: No filtering based on
partial wall or suboptimal
conditions

Aeromon mass flow rate analysis uncertainty

Results collected in blind control release study in
multisource environment in TADI test centre in Lacq, France
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Matti Irjala
CTO

-

Aeromon

The Standard in Emission Measurement Services matti.irjala@aeromon.io

+358 40 595 9863
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