Measuring, igating, "'ﬁ
Manag yjironmental ==y
act of Shale Gas M

Impac

[Towards an early warning system for]
Monitoring methane leaks from a

European shale gas industry

Hugo Denier van der GpAntoon Visschedijk, Arjo Segers, Richard Kranenburg

TNOClimate, Air and Sustainability
Utrecht, Netherlands

@ JOINT MA4SHALEGAS T EERA ANNUAL MEETING
London,1-3 Feb 2017

www.m4shalegas.eu



msnalecas

Measuring, Monitoring, Mmgahng 4 .\
Managing the Environmental
Impact of Shale Gas

M4ShaleGas 1 Measuring , Monitoring, Mitigating , and
Managing the Environmental Impact of Shale Gas

SP3 Impact on air quality and climate

LNEG 71 National Laboratory for Energy and Geology , Portugal
Paula Costa, Ana Picado et al.

TNO, Netherlands

Hugo Denier van der Gon, Antoon Visschedijk, Mara Hauck, et al.

WP 14 - Monitoring and mitigating emissions to atmosphere

The main objective of WP14 is to provide recommendations
for monitoring air emissions and mitigating impact and risks
of emissions to air associated with shale gas exploration and
exploitation in Europe.

www.m4shalegas.eu



content

A What is the problem?
A Why look at GHG emissions?
A A tracer for shale gas methane?

A A hypothetical production scenario in Europe for
testing a method

A Calculating possible loss rates

A Spatially distributed potential emissions
A Dispersion modelling of releases

A Towards an early warning sytem ?
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Feb 7 2012: Uinta Basin Flight over gas field

Low Wind Conditions
(Karion et al.,, NOAA Global Monitoring Division)
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A main concern for (shale) gas is the carldootpint due to leakage

average CO2 Intensity of Electricity production
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Factor 2 difference
coalg gas
About ~3% of leakage
would bridge the gap!
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Aggregated results of literature review of LCAs of GHG emissions from
electricity generation technologies (Moomaw et al., IPCC SRRES Annex Il, 2011)
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GHG emission 1 key figures

A The US Environmental Protection Aagen
leakage rate of 2.4% (from well to city)

A Alvarez et al (PNAS, 2012) proposed a transparent approach that
reveals the inherent climatic trade - offs of different policy and
investment choices involving NG for electricity and transportation.

A New NG combined cycle plants are beneficial on all time frames for
climate compared to new coal plants, as long as leakage stays
under 3.2%

A For NG vehicles to produce climate benefits on all time frames, well -
to-wheels CH4 leakage would have to be reduced to 1.0 7 1.6%.

This compilation made in September

2013, exact figures may have changed [
not dramatic
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Top-down atmospheric measurements to quantify CH4
leak rates from regions of natural gas extraction.
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How to monitor?

A In Europe gas industry is in a complex landscape
with many other CH4 sources

A cCatlle , landfills, natural wetlands, etc..

A Need a means to uniquely identify (fossil) natural
gas and/or shale gas

A Can be done with isotopes (C14) but expensive

A Can use a tracer present in the NG or SG but not in
other sources of methane?
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Raw gas composition

A The composition of natural gas can vary widely
A primarily methane but not only!

Typical Composition of Natural Gas

Methane

Ethane

Propane

Butane

Carbon Dioxide
Oxygen

Nitrogen

Hydrogen sulphide
Rare gases

CaHe Pentane
CsHg 0-20% Butane
C4H1o

CO; 0-8%

O, 0-0.2%

N, 0-5%

H,S 0-5%

A, He, Ne, Xe trace Methane

Ethane
. Propane

Hydrocarbon gases other than CH4 generally grouped as Non methane vola
organic compounds (NMVOCQ);
Raw gas may also contain carcinogenic organic compounds like benred&

literature BTEX (benzene, toluene, ethylbenzene, and xylene)
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European raw gas composition data

A Analysis of thousands of European raw gas compositions
(from TNO gas atlas data + more)

A Conventional natural gas -wide range in ethane content:
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Compilation of necessary data:

A Locations and extends of shale gas plays (10
plays )
A Production scenar i olays (LgveQentral,
High) ((3 scenamdild0ywars)30, 7

A Potential gas leakage rates (0.25% - 10%)

A Average thermal maturity of the play, resulting in
a predicted ethane content (1.5%, 4%, 10%)

===y Producegriddedemissions
iInput for dispersiommodelling
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Development of a shale gas production
scenario_for Europe

What could a mature European industry look like?
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Needs to cover the rangesnot a prediction of expected reality
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Ethane leakage by scenario ranked in order
of total C2H6 emission

Note that the scenarios overlap; e.g. low production with 5% leakage is the same as
high production with 1% leakage;

Based on this we can make a selection what to use as model input
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Chemistry

Transport

Dry deposition

4 Gridded hourly concentrations: N
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The griddeaoinamdg to the baseMAC@Sse
emission inventory (all other sources but no shale gas)

ethane leakage [t/cell]
medium 5% scenario
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Label the emission from a source in the CTM

Concentration resulting from Dutch Road Transport at time 0

Germany
- Industrial

0.00 0.34 0.68 1.02 1.36
Concentration no3a [ug/m® ]

A Modified the chemical mechanism in the CTM for ethane

A Label the emission from each shale gas play: At every location
we can identify the contribution from each play

A Allows for a assessment

I Awhat i f only play X and Y are being dev
* X % .
01-02-2017 M4§h@|¢ﬁas b Monitoring methane Ieak_s from a European 117
. o & * * shale gas industry

* 5 K




ethane [ppt]

Monitoring of background Ethane in EU
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Preliminary model runs - |1

A Underestimated base line
A seasonal pattern not yet good
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Next steps

Improve the emission timing and boundary
concentrations to improve base -line of model

Run the model with shale gas plays flabeled o1
everywhere contribution by play quantified

Discuss accuracy of monitoring instruments and
distance from plays that could still identify x%
leakage as an early warning of mismanagement or
errors

Propose locations of sensors/analyzers for baseline
monitoring
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Disclaimer

A This presentation is part of a project that has received
fundingbythe Eur opean Uni onds Horizon 2

Innovation programme under grant agreement number
640715

AThe content of this presentation 1
view. The Innovation and Networks Executive Agency (INEA)
IS not responsible for any use that may be made of the
iInformation it contains

Thank You for your attention
Contact
hugo.deniervandergon@tno.nl
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