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Do you know 
your flares? 
#methaneemissions
#combustionefficiency
#emissionabatement
#oversteaming
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Flare methane emission 
monitoring and reporting
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What do we know?
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Distance
t_up + t_down

Distance
t_up - t_down
Area

Speed of Sound

Volumetric Flow
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How to compare?
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• Environmental Protection Agency definition:

• Carbon dioxide equivalent or CO2e means the number of metric tons of CO2 emissions with the 
same global warming potential as one metric ton of another greenhouse gas, and is calculated 
using Equation A-1 in 40 CFR Part 98.

Or in simple words:

• A way to compare apples to oranges

But what is CO2eq?
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CO2 vs CH4

• CH4 = 167x CO2 at release (GWP)
• Decays overtime (reacts with 

Ozone)
• But cumulative GW effects remain
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84x

28x
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A ~70% CE C ~98% CE D ~50% CEB ~90% CE
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Solution: 

flare.IQ optimizes 
flare operations, 
reduces emissions 
and saves costs

Copyright 2022 Baker Hughes Company. All rights reserved.



Baker Hughes Confidential

flare.IQ - how does it work? 

Panametrics Ultrasonic Flare Gas Meter  

flare.IQ monitoring solution is 
based on Ultrasonic Flow meter 
output:
• Volumetric flow
• Sound speed

Anemometer
Wind speed

Vent gas composition
XN2  Carbon-to-Hydrogen 
Ratio, Double bond 
percentage (only needed 
with high gas composition 
variations)

flare.IQ non-assisted

flare.IQ assisted Flare Gas Flow

Steam Flow

Fuel Gas Flow

Steam control

Fuel gas control

Vent gas composition
XH2, XN2, XH2O, XCO2
NHVvg, (optional – only 
needed with high gas 
composition variations)

optional

optional
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flare.IQ – Unassisted flare(offshore monitoring)
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Static emission factor 98% CE

flare.IQ LP Flare ~99.3% 

flare.IQ HP Flare ~99.2% 

Day 1 Day 2 Day 3 Day 4 Day 5

Impact of real time measurement:
(vs. static factor)
 
Combustion Efficiency Difference:

• Static 98.0%  
• 2% Methane slip

• Flare.IQ Real-time 99.3%  
• > 0.7% Methane slip

This is a ~65% reduction on reported 
methane emissions

Typical customer benefit :200k$ 
savings in taxes per year



flare.IQ – Assisted flare(Control)

• Massive steam savings

• Massive CE improvement

• From 600k to 2.7M€ savings 
per year
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Refinery 1 

(large)

Refinery 2 

(small)

Refinery 3 

(medium)

Flare flow 5663 481 453 m3/hr

Steam before f.IQ 3360 1362 917 kg/hr

Steam after f.IQ 354 127 114 kg/hr

Saving % 90 91 87 %

Steam 23 23 23 Euro/mT

Annual steam savings 605.544 248.804 161.905 Euro

CE before f.IQ 86% 63% 84%

CE after f.IQ ~98% ~98% ~98%

Carbon Credit 80 80 80 Euro/mT

Annual Methane emission savings 26.944 4.474 14.715 mT CO2 eq

Cars removed from the road 5857 972 3198 Cars

Annual Carbon credits 2.155.520 357.920 1.177.200 Euro
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flare.IQ – PEMS/CEMS Tool
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flare.IQ – Digital Validation

Copyright 2022 Baker Hughes Company LLC. All rights reserved.

• Fulfills need for regulatory compliance 
of flare meter

• Digital verification to realize 
periodic/on-demand flare meter 
validation in situ

• Minimize customer down time and 
O&M costs 

• No service visit or process interruption 
to access flow meter
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Objective
• Verify flare.IQ algorithm of upstream flare CE/DRE calculation 

with experimental testing carried out at a combustion testing 
facility

What’s done
• Various flare tips and sizes
• Test matrix covering 80 cases 

• high / medium / low BTU
• high / medium / low flow

• Gas composition: 
• Natural Gas 17% - 100%
• Nitrogen: 83% - 0%

• Flow Rates: 1050 - 39000 SCFH / 30 – 1100 m3/h
• BTU Content: 200 - 920 BTU/SCF / 7.4 – 34 MJ/m3
• Wind Speed: 0 - 14 MPH / 0 – 24 km/h
• Pilot on/off

flare.IQ testing

Copyright 2023 Baker Hughes Company LLC. All rights reserved.

flare.IQ testing with extractive sampling in full swing
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Flare combustion efficiency test systems

Gas analysis

Sample from vent 
gas

Sound speedGas 
composition
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Scientific support

Copyright 2023 Baker Hughes Company. All rights reserved.

• Paper about the experimental results of the John Zink facility 
testing and conclusions + CE and DRE results

https://www.mdpi.com/2073-4433/15/3/333

• Paper about new method for monitoring flare CE and DRE

https://www.mdpi.com/2073-4433/15/3/356

• Paper about CFD simulation of CE Upstream

https://www.mdpi.com/2073-4433/15/7/800
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References
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• https://finance.yahoo.com/news/baker-hughes-bkr-bp-
collaborate-125400727.html
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What is it? 
• The Oil & Gas Methane Partnership 2.0 (OGMP 2.0) is a multi-stakeholder initiative 

launched by UNEP and the Climate and Clean Air Coalition.
• The OGMP 2.0 is the only comprehensive, measurement-based reporting framework for the 

oil and gas industry that improves the accuracy and transparency of methane emissions 
reporting in the oil and gas sector.

• Already 80 companies joined the partnership

⎻ with assets on five continents 

⎻ representing 50% of the world’s oil and gas production

⎻ 20% of global natural gas transmission and distribution pipelines

⎻ over 10% of global storage capacity

⎻ 15% of global LNG terminals

Oil & Gas Methane Partnership 2.0

Copyright 2019 Baker Hughes Company. All rights reserved.
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flare.IQ and OGMP 2.0 level 4 compliance
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OGMP 2.0 statement:
Process simulation models based on 
representative flare systems and 
operating/environmental conditions, validated by 
direct measurements and engineering 
calculations based on studies relevant to the flare 
condition can also be used to determine the 
destruction efficiency of the flare.

Panametrics Ultrasonic Flare Gas Meter  

CE / DRE = f(NHV, flare flow, tip diameter, exit velocity, wind speed, gas composition)

Flare.IQ real time CE & DRE monitoring 
solution based on Ultrasonic Flow meter

Flare.IQ statement
Flare.IQ implements in situ flare combustion efficiency (CE) and 
destruction and removal efficiency (DRE) monitoring based on a 
parametric model derived from flare CE experimental data and 
computational fluid dynamics calculations. This method can be 
deployed on upstream flares to achieve maintenance-free, real-time 
monitoring of CE/DRE based on process and environmental 
conditions from ultrasonic flow meter and wind speed measurement. 

=

Anemometer

N2 flow /Vent gas 
composition
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Replace static emissions factors 
with real-time CE / DRE 
measurement

Ultrasonic flow measurement 
technology for flares is best in class, 
on which flare.IQ has been built 

CE / DRE measurement is not 
dependent on weather conditions 
such as mist, clouds and rain 

‘Low hanging fruit’: best money 
spent ‘on the path to de-flaring’

Realtime flare emission monitoring technology - conclusions
24 / 7 quantification Techn. Fit for purpose In situ Abatement solution 1 2 3 4

OGMP 2.0 level 4 Compliance to 
methane emission reduction 
guidelines for CE / DRE monitoring 
and reporting

Realtime measurement enables  
improving & controlling processes 
better, which may result in 
significant emission reductions

Making use of existing Ultrasonic 
Flare meter installed base - ease 
of installation

Installed at various sites and 
tested for comparison

OGMP 2.0 level 4 Emission reduction Easy to deploy Field proven and 
independently tested 5 6 7 8
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flare.IQ
Methane Regulation

José Domínguez
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Agenda

• The Precedents
• Regulatory Overview
• Up/Midstream
• Downstream
• Summary

Regulatory Framework in the EU
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The precedents
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• Regulation 2018/1999 :  Governance of the Energy Union and Climate Action

⎻ “Member States to establish national inventory systems to estimate
anthropogenic emissions of greenhouse gases and to report those
national projections”  Uses IPCC guidelines and default emission factors, 
uncertainty about origin,frequency and magnitude of emissions.

• Directive 2010/75/EU:  Industrial Emissions Directive (under revision) →
Applicable to refineries

• Member States commit to control and reduce the impact of industrial 
emissions on the environment. Based on a “polluter pays” principle, 
supported by the BATS . Focus on NOx, CH4,CO2, etc.

• (EC)166/2006 E-PRTR: European Polutant Release and Transfer Register

• The PRTR regulation requires that each facility reports quantity of pollutants
they released to air/water or transferred to another facility. ( Including CH4 if
emissions above 100,000 kg/year)

• Regulation EU 2018/842: Effort Sharing Regulation

⎻ Contains binding anual greenhouse gas emissions targets at country 
level for Member States from 2021 to 2030, includes CH4
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• Downstream
⎻ Industrial Emissions Directive ( Under revision ,ready in 2-3 

years)
⎻ E-PRTR
⎻ Report above 100.000kg of CH4
⎻ Report above 100.000.000kg of CO2
⎻ “polluter pays principle”
⎻ Emissions into air / water / soil
⎻ Dust, SOx ,NOx…
⎻ BATS (Best Available Techniques)
⎻ Emissions Trading Scheme

Regulatory Overview(Europe)

Copyright 2023 Baker Hughes Company. All rights reserved.

• Upstream + Midstream
⎻ 2024/1787 approved June 2024
⎻ Upstream production and exploration
⎻ Transmission, distribution, LNG…
⎻ Penalties for flaring
⎻ Combustion efficiency systems required
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1990-2022
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• EU(27) : 3,87 to 2,76
• USA: 5,12 to 5,06
• China: 2,48 to 11,40
• India: 0,57 to 2,83
• Africa: 0,66 to 1,42
• Rest of Asia: 3,55 to 7,55
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Up/Midstream
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2024/1787 Strategy
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• Policy Area 1
⎻ “Improve the accuracy of measuring and reporting of

methane emissions in the energy sector”

⎻ Preferred option:

• “Impose detailed measuring and reporting obligation on methane emissions from oil, gas and coal
in the EU energy sector”

• Policy Area 2
⎻ “Options for the mitigation of methane emissions in the EU”

⎻ Preferred option: 

• “Impose obligations to mitigate methane emissions from oil, gas and coal in the EU 
energy sector /.../ and to ban venting and flaring”

• Policy Area 3
⎻ “Reducing methane emissions related to imported fossil

energy or EU fossil fuel consumption ocurring outside the EU” 
Carbon Border Adjustment Mechanism(CBAM)

⎻ Preferred option:

• Improve the information on methane emission sources from companies exporting fossil
energy to the EU and incentives to reduce methane emissions
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• Article 1:
⎻ Applies to oil and fossil gas exploration production/fossil gas 

gathering and processing

Regulation Highlights(Upstream)

Copyright 2023 Baker Hughes Company. All rights reserved.28

(43) Using flaring as an alternative to venting requires 

that flaring devices are efficient at combusting 

methane. For that reason, a combustion efficiency 

requirement should also be included for the cases in 

which flaring is allowed.

Global efforts in similar direction
⎻ EU Methane Strategy
⎻ Global Gas Flaring Reduction initiative World Bank
⎻ Methane Guiding Principles
⎻ OGMP 2.0 level 4 compliance

• Article 12:
⎻ Source level quantification of methane emissions, measured 

whenever feasible

• Article 15:
⎻ Venting/flaring prohibited unless for emergency reasons

• Article 23:
⎻ Report all flaring/venting events with DRE<99%

• Article 33:
⎻ Dissuasive penalties set by Member states

Source:
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32024R1787

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32024R1787
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Fines are real (Chevron example, USA)
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• https://www.baaqmd.gov/news-and-events/page-resources/2024-news/021324-
announcement
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Downstream
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What about Downstream?
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Source: 
https://www.europarl.europa.eu/RegData/etudes/BRIE/2022/698890/EPRS_BRI(2022)698890_EN.pdf

• Industrial Emissions Directive under revision at the moment.
⎻ Revision Started in December 2023
⎻ Preliminary text aligned with:

• Global Methane Pledge
• Fit for 55 Package

Source:
https://data.consilium.europa.eu/doc/document/ST-16939-2023-INIT/en/pdf

https://www.europarl.europa.eu/RegData/etudes/BRIE/2022/698890/EPRS_BRI(2022)698890_EN.pdf
https://data.consilium.europa.eu/doc/document/ST-16939-2023-INIT/en/pdf
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Downstream Key Regulations
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Report above 100.000 kg/year CH4
Report above 100.000.000 kg/year CO2
Tracked publicly in industry.eea.europa.eu
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Summary
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• Upstream

⎻ New regulation in place
⎻ CE/DRE required by law

⎻ Affects:
• Upstream
• LNG
• Transmission/Distribution

⎻ Alignment with
• EU Methane Initiative
• OGMP 2.0 level4
• Flaring Reduction World Bank

• Downstream

https://industry.eea.europa.eu/

⎻ 100,000 kg/year for CH4
⎻ 100,000,000 kg/year for CO2
⎻ Use BATS for now.
⎻ Industrial Emissions Directive under revision( Ready 2026?)
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