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The author
I am a chemical engineer and independent energy advisor with over 35 years of experience
in petrochemicals, oil, gas, electricity, renewable energy, energy storage, and energy efficiency.
I have worked with organisations including ExxonMobil, BHP, and Jemena. My roles included
petrochemical technology manager, LNG plant engineering design team manager, facilities and
operations advisor with the Esso / BHP Bass Strait oil and gas joint venture, and commercial manager
of the Queensland Gas Pipeline.
I also worked at the Australian Energy Market Operator (AEMO) where I was Gas Planning Principal
responsible for the publication of AEMO’s Gas Statement of Opportunities (GSOO). I subsequently
led AEMO’s research into powering eastern Australia with 100% renewable energy.
More recently as Energy Advisor at the University of Melbourne (working with the Melbourne Energy
Institute and the Australian-German College of Climate and Energy Transitions), I published leading
research reports on topics relevant to this Inquiry including:




Australian electricity and gas demand trends
the economic advantages of alternatives to gas
methane emissions from unconventional oil and gas production.

I have published numerous articles about my University of Melbourne research at The Conversation,
Renew Economy, ReNew Magazine, Climate Spectator (The Australian), The Fifth Estate, Crikey,
on social media platforms, and elsewhere. My work has been widely reported in print and online
media and in numerous radio and television interviews and articles.
Along with climate scientists and other professionals (35 in total), I am a signatory to the Open Letter
to the Northern Territory Fracking Inquiry in which we stated that NT fracking should not go ahead
1
under any circumstances . The logic expressed in this letter applies likewise to Western Australia.
I have presented my research to state and territory government inquiries in Melbourne, Sydney,
and Darwin, to federal Members of Parliament in Canberra, and at industry conferences, community
meetings, and other fora.
The following summarises 5 aspects of our research relevant to this Inquiry.
I would be pleased to present this research to the Inquiry.
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http://www.tai.org.au/content/open-letter-scientific-inquiry-hydraulic-fracturing-northern-territory-and-northern
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1). GREENHOUSE GAS EMISSIONS: CONSEQUENCES AND RISKS - IN PARTICULAR,
HUMAN DEATHS
Scientific research has found that greenhouse-gas induced climate change is not only a future
concern but is already causing damage now - including loss of human life, human injury,
and property damage. The January 2018 Bulletin of the American Meteorological Society featured
21 papers that “identified climate change as a significant driver” of extreme events. Three of those
papers conclude that
“the extreme magnitude of a particular weather event was not possible without the influence
2

of human-caused climate change” .
Most acutely, greenhouse gas emissions have disrupted our Earth’s climate to the extent that people
3

have already been killed by heat stress caused by climate change. A January 2018 study found that
“in India, at least 580 people were killed by the heat waves from March to May” (2016).
This study further found that…
“… the 2016 extreme warmth across Asia would not have been possible without climate change”.
4

A July 2017 World Health Organisation (WHO) assessment …
… “taking into account only a subset of the possible health impacts, …, concluded
that climate change is expected to cause approximately 250,000 additional deaths
per year between 2030 and 2050; 38,000 due to heat exposure in elderly people,
48,000 due to diarrhoea, 60,000 due to malaria, and 95,000 due to childhood
undernutrition. All populations will be affected by climate change, but some are more
vulnerable than others. People living in small island developing states and other
coastal regions, megacities, and mountainous and polar regions are particularly
vulnerable. Children - in particular, children living in poor countries – are among the
most vulnerable to the resulting health risks and will be exposed longer to the health
consequences. The health effects are also expected to be more severe for elderly
people and people with infirmities or pre-existing medical conditions. Areas with weak
health infrastructure – mostly in developing countries – will be the least able to
cope…”
Rephrasing part of the above, taking into account only a subset of possible health impacts,
the World Health Organisation expects climate change to cause the premature deaths of
5,000,000 people between 2030 and 2050.

Herring, S. et. al. “Explaining extreme events of 2016 from a climate perspective.”, Special Supplement to the
Bulletin of the American Meteorological Society, January 2018.
3 Imada, Y. et. al., ‘Climate change increased the likelihood of the 2016 heat extremes in Asia”, American
Meteorological Society. January 2018. http://www.ametsoc.net/eee/2016/ch19.pdf
4
World Health Organisation. "Climate Change and Health", Updated July 2017.
http://www.who.int/mediacentre/factsheets/fs266/en/
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Another recent (July 2017) study underscored heat stress risks with the statement...
“... the current and increasing threat to human life posted by climate conditions that exceed
human thermoregulatory capacity”.
The Inquiry should please note the use of the word “current”. This study went on say “that today
nearly one-third of the world’s population is regularly exposed to climatic conditions surpassing
this deadly threshold.” This includes some people living in Western Australia, as shown on
the following map.
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Yet another recent study, published in June 2017 , found a ...
“… 146% increase in the probability of heat-related mortality events…”
had occurred in India over the period 1960 to 2009, a period over which mean temperatures
had increased by 0.5 degrees C. Indian heat waves occurring in 2013 and 2015...
“... killed more than 1,500 and 2,500 people across the country, respectively”.
The most intense Indian heat wave in recorded history occurred in May 2016 when maximum
temperatures reached 52.4 degrees C.
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Mora, C. et. al., “Global risk of deadly heat”, Nature Climate Change, July 2017.
Mazdiyasni, O. et. al., “Increasing probability of mortality during Indian heat waves”, Environmental Science, 7
June 2017.
6

4

Reflecting that climate change is already causing damage now, the City of New York recently
announced a lawsuit against oil and gas producing companies BP, Chevron, ConocoPhillips,
Exxon Mobil, and Royal Dutch Shell for billions of dollars of damages, in part for damages
7

“… already seen…” .
Producing more oil and gas, and therefore adding more greenhouse gas to our Earth’s atmosphere,
and consequently further exacerbating climate disruption, will result in an increasing number
of premature human deaths.
The scale of greenhouse gases that may be released into our Earth’s atmosphere because
8

of Western Australia oil and gas developments is very large . Considering the evidence presented
in the recently-published scientific literature references described above, and if the full risks of climate
change are considered, it is clear that no scientific inquiry can responsibly approve a fossil fuel
development.
Along with climate scientists and other professionals (35 in total), I am a signatory to the Open Letter
to the Northern Territory Fracking Inquiry in which we stated that NT fracking should not go ahead
9

under any circumstances . The logic expressed in this letter applies likewise to Western Australia.
Regarding the Northern Territory, I have appeared before that Inquiry to present my research and
10

have provided three submissions . An article summarising my climate-related submission points was
11

published in Crikey .

7

City of New York, "Climate Action: Mayor, Comptroller, Trustees announce first-in-the nation goal to divest from
fossil fuels, 10 January 2018. http://www1.nyc.gov/office-of-the-mayor/news/022-18/climate-action-mayorcomptroller-trustees-first-in-the-nation-goal-divest-from#/0
8
Climate Analytics, “Western Australian Gas Gamble”, March 2018.
9 http://www.tai.org.au/content/open-letter-scientific-inquiry-hydraulic-fracturing-northern-territory-and-northern
10
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https://frackinginquiry.nt.gov.au/submission-library
“Bigger than Adani: the NT ‘carbon bomb’ waiting to explode”, T. Forcey, 7 February 2018,

https://www.crikey.com.au/2018/02/07/fracking-in-the-northern-territory-creates-carbon-bomb-torival-adani/
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Climate change is already killing people. WA fossil fuel developments will cause additional people
to die sooner than they otherwise would have died. The above recent scientific references show
that it can no longer be claimed that there is a safe level of greenhouse gases that can be added
to our Earth's atmosphere. The consequences of adding large volumes of greenhouse gas to our
atmosphere cannot be said to be acceptable or manageable when people are already dying
as a result.
I recommend that the Inquiry recognise that recent scientific literature has established that
greenhouse gas emissions are already causing human deaths, and that greenhouse gas emissions
will cause millions of people to die prematurely. The Inquiry should then recognise that
the development of the very large Western Australian fossil fuel deposits, if allowed, will result
in additional premature human deaths. Given these consequences, the Inquiry’s scientific assessment
must conclude that shale oil and gas development should not proceed in the Western Australia.
Considering the recent New York City lawsuit mentioned above, I also recommend the Inquiry report
on the legal risks faced by parties that would approve oil and gas development in Western Australia.

On the basis of scientifically-evident climate change risks alone, fossil fuel development should not be
allowed to proceed in Western Australia. However for completeness, below I provide further
comments. Further commentary nearly seems unnecessary considering the impact of climate change
on human life described above.

6

2). OIL PRODUCTION MAY BE A KEY DRIVER FOR DEVELOPMENT OF WA BASINS
The Inquiry may be focused on the risks associated with gas production. However the Inquiry should
be aware that Geoscience Australia has described very large volumes of prospective petroleum
liquids (shale oil) in Western Australia

12

. (See the following figure.) The Inquiry should therefore

report on the health, environment, and other risks associated with producing oil from unconventional
reservoirs.

Undiscovered prospective petroleum liquids.
Geoscience Australia (GA), Australian Energy Resource Assessment
http://www.ga.gov.au/aera/oil
Overseas and in Western Australia, oil and gas companies target hydrocarbon-liquids-bearing shale
zones, in order to maximise economic return

13

. The following chart shows that for liquids-rich shales,

the value of the liquids can greatly exceed the value of the gas. Indeed, gas can have zero value
if markets are not found for the gas nor infrastructure put in place to collect, process, and transport
the gas. Liquid hydrocarbons (including oil), on the other hand, have greater intrinsic value and
are easier to transport and store.

12

Geoscience Australia, "Australian Energy Resource Assessment (AERA)", http://www.ga.gov.au/aera/oil
Udland, M., "Australian Mining Giant BHP is shutting down 40% of its U.S. shale wells", Business Insider
Australia, 21 January 2015. https://www.businessinsider.com.au/bhp-shuts-shale-operations-2015-1?r=US&IR=T
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Illustration of relative gas and liquid hydrocarbon values.
(Gas valued at $5/GJ and liquids at $50/bbl.)
The production of oil (hydrocarbon liquids) involves greater and additional risks versus the risks
related only to gas production. Examples of oil-related risks include contaminating land and water
14

15

with spilled oil , contaminating air with volatile and toxic hydrocarbon components , and increased
methane emissions in situations where oil is the primary target and there is limited investment in gas16

recovery infrastructure . The production of large amounts of oil will, of course, also significantly
increase greenhouse gas emissions when this oil is eventually burned.

I recommend that the Inquiry investigate and report not only on the risks associated with gas
production and transportation, but also on the risks associated with producing hydrocarbon liquids
(including oil) in remote Western Australian locations and transporting hydrocarbon liquids from these
locations.

14

Chow, L. "Massive North Dakota oil spill not cleaned up 3 years later. EcoWatch. 19 December 2016.
https://www.ecowatch.com/tesoro-pipeline-spill-2156083859.html
15
Warneke, C., et. al., "Volatile organic compound emissions from the oil and natural gas industry in the Uintah
Basin, Utah: oil and gas well pad emissions compared to ambient air composition", Atmospheric Chemistry and
Physics, 20 October 2014. https://www.atmos-chem-phys.net/14/10977/2014/
16
Macpherson, J., "North Dakota oil output cut back to meet gas capture rules", St Louis Post Dispatch, 16
January 2018. http://www.stltoday.com/business/north-dakota-oil-output-cut-back-to-meet-gascapture/article_0aee4db3-9df7-512d-857f-3e5b209a7eca.html
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3). MIS-ACCOUNTING OF AUSTRALIAN METHANE EMISSIONS FROM UNCONVENTIONAL
OIL AND GAS PRODUCTION STILL NEEDS TO BE FIXED

Our 2016 University of Melbourne research into methane emissions from unconventional oil and gas
production


17

found that:

“No baseline methane-emission studies were completed prior to the commencement
of the Australian CSG-LNG industry



There is significant uncertainty about methane-emission estimates reported by oil and gas
producers to the Australian government, and by the Australian government to the United Nations.
The United Nations has requested that Australia improve its methodologies.



Australian methane-emission reporting methodologies rely to a significant extent on assumed
emissions factors rather than direct measurement



The assumptions used to estimate methane emissions include some that are out-dated,
and some that lack demonstrated relevance to the Australian unconventional oil and gas industry



Despite Australian Government greenhouse-gas reporting requirements having been established
in 2009 and Australia's unconventional gas industry operating at significant scale since 2010
and rapidly expanding since, there has as yet been no comprehensive, rigorous, independentlyverifiable audit of gas emissions. Indeed, to quote CSIRO, "reliable measurements on Australian
oil and gas production facilities are yet to be made."



18

If methane emissions from unconventional oil and gas production are being significantly underreported, this could have a large impact on Australia's national greenhouse accounts.”

17

Lafleur, D, Forcey, T., Sandiford M., Saddler, H., “A review of current and future methane emissions from
Australian unconventional oil and gas production”, University of Melbourne Energy Institute, October 2016.
18
Day, S., Dell’Amico, R. et. al., “Field measurements of fugitive emissions from equipment and well casing in
Australian coal seam gas fields.” 2014
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In February 2017 I travelled to the Queensland coal seam gas fields with a sophisticated infrared19

video camera capable of recording methane being continuously vented from water pipelines .
(See images below). This is an example of a class of methane emissions that are ignored
by the current accounting practices of oil & gas companies and by the Australian Government.

Visual and infrared images of continuous methane venting in the Queensland coal seam gas fields.
February 2017

I continue to call on the Australian Government to ensure methane emissions from oil and gas
production, transport, and use are correctly measured and reported.

This Inquiry should be aware of and report on the uncertainties surrounding Australian oil and gas
industry methane emissions.

The next section reports on state-of-the-art airplane based top-down methane-emission detection and
quantification methods.

19

Forcey, T., "Infrared video-recording methane emission in the Queensland Coal Seam Gas Fields", February
2016.
https://d3n8a8pro7vhmx.cloudfront.net/lockthegate/pages/3861/attachments/original/1495068484/FLIR_Report_
FINAL_20170501_Small.pdf?1495068484
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4). SOPHISTICATED TOP-DOWN METHANE-EMISSION-FLUX QUANTIFICATION METHODS
ARE AVAILABLE NOW AND SHOULD BE DEPLOYED IN AUSTRALIA

Our University of Melbourne report into methane emissions

20

highlighted several top-down studies

that found high levels of methane emissions from oil and gas production in certain regions of the
United States.

Examples:


Bakken shale region (10%)



Eagle Ford shale region (9%)



Denver-Julesberg Basin (2 to 8%)



southwestern Pennsylvania (3 to 17%)



Uintah Basin (6 to 13%)



north-eastern Colorado (2.3 to 7.7%).

Technology is available now that can, over a large geographical area, rapidly identify multiple
methane emissions sources and quantify large and small methane fluxes.
21

For example, as I presented to the Northern Territory fracking inquiry in August 2017 ,
22

Frankenberg et.al. , working in the Four Corners region of the United States, used “top-down”
airborne infrared imaging to identify 250 individual methane plumes and to quantify methane emission
rates ranging from as little as two kilograms per hour to five tonnes per hour. This research,
funded by the National Aeronautics and Space Administration (NASA) and the National
Oceanographic and Atmospheric Administration (NOAA), used a "next-generation Airborne
Visible/Infrared Imaging Spectrometer (near-infrared)" and a "Hyperspectral Thermal Emission
Spectrometer (thermal infrared)" mounted in a fixed-wing aircraft. The researchers measured
methane plumes at one-to-three metre spatial resolution across an area 80 by 40 kilometres.

20

Lafleur, D, Forcey, T., Sandiford M., Saddler, H., “A review of current and future methane emissions from
Australian unconventional oil and gas production”, University of Melbourne Energy Institute, October 2016.
21
Tim Forcey August 2017 submission to the Inquiry. https://frackinginquiry.nt.gov.au/?a=445695
22
Frankenberg, C. et al., “Airborne methane remote measurements reveal heavy-tail flux distribution in Four
Corners region”, PNAS 2016. http://www.pnas.org/content/113/35/9734.full
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The figure below illustrates the study area and the methane emissions sources identified.

Map of airborne methane investigations in the Four Corners region of the United States,
from Frankenberg et. al. Emission sources shown as coloured dots.
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The table and images below show results for four of the 250 methane-emissions sources identified
by Frankenberg et.al.

Image
Emission source
number

Emission rate
(kilograms / hour)

Emission rate
(tonnes / day)

500

12

5

well pad

6

coal mine venting shaft

1,100

26

7

sources undetermined, located
near well-completion site

1,200

29

8

gas processing plant

5,000

120

Imaging and quantifying methane emissions in the "Four Corners" region
of the south-western United States.
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Following on from Frankenberg et. al., recent top-down studies in California

23

were able to identify

329 methane emission point sources and to distinguish between landfills, dairies, oil and gas
24

production facilities, and refineries, as shown by the following figure .

23

California Air Resources Board AB 1496 Research Program.
https://www.arb.ca.gov/research/methane/ab1496_research.htm
24
https://www.arb.ca.gov/board/books/2017/092817/17-9-5pres.pdf
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The following figure illustrates the top-down method employed by the researchers in California.

I recommend the Inquiry call for the use of state-of-the art “top-down” methane emission detection
and methane flux-quantification techniques over oil and gas producing regions. From such studies,
we would learn of the current state of methane emissions from Western Australian oil and gas
production facilities.
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5). GAS SUPPLY AND DEMAND – RENEWABLE HEAT ALTERNATIVES TO GAS

The Inquiry might comment on the possibility of Western Australian gas supplying the easternAustralian gas market.
Regarding this concept, our May 2017 University of Melbourne report entitled
“A short-lived gas shortfall – A review of AEMO’s warning of gas-supply shortfalls”

25

found that there is no need for WA gas to supply the eastern Australian market.
Indeed, following the publication of our research, the Australian Energy Market Operator (AEMO)
softened its position on potential gas supply shortfalls. AEMO’s June 2017 Energy Supply Outlook
(ESO) included a number of points similar to what we describe in our May 2017 report
AEMO’s ESO media release

26

. From

27

:

‘ “Following the release of our Gas Statement of Opportunities in March this year, the ESO
analysis suggests gas supply remains tight, however the latest industry projections of gas
production are just sufficient to meet current projections of gas demand. Gas availability on
the supply side, together with new initiatives to reduce peak demand via demand side
management, will form a formidable combination in managing power system security during
those hours on the very few extreme condition days per year,” said Ms Zibelman.’
Furthermore, our May 2017 report described renewable energy alternatives to using gas for electricity
generation, as well as alternatives to using gas in buildings and in industry (renewable heat).
Renewable heat options for Australia are further described in two of my recent articles entitled:
“Beyond solar PV – Renewable heat and why we need it”

28

“Cutting the gas – Has the all-electric home’s time finally arrived?”

29

25

http://climate-energy-college.org/short-lived-gas-shortfall
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/NEM_ESOO/2017/2017Energy-Supply-Outlook.pdf
27
AEMO June 2017. https://www.aemo.com.au/Media-Centre/AEMO-Energy-Supply-Outlook
26

ReNew Magazine Issue 142, January 2018, http://renew.org.au/current-issue/
Fifth Estate, 19 October 2017. https://www.thefifthestate.com.au/columns/spinifex/cutting-the-gashas-the-all-electric-homes-time-finally-arrived
28
29
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