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Some Information and Facts on Global Warming and Fracking
by Brian Bell, September 2013

Introduction
Both global warming and fracking have been blighted by misinformation and hype, so it is important that
opinions are based on proper information and facts.  There is a lot of controversy and many unsupported
statements have been bandied about in newspapers and other publications, including the Church Times.  In
Blackburn Diocese, the Rev’d Chris Halliwell wrote an article on fracking in July 2013 entitled “Hot potato in a
Lancashire cabbage field” which appeared on the internet (Ref 44) but unfortunately it too contained
statements which need comment.  That article prompted this response which is rather long but it is necessary
to give information and facts supported by references that can be checked.

In spite of its title, Halliwell’s article gives more space to global warming than to fracking so this response has
to include global warming.

Halliwell’s article states at the beginning “Any consideration of the pros & cons of an issue li ke “fracking”
has to be viewed in the context of global climate c hange, which itself cannot be ignored by Christians ,
as it raises questions of justice, fairness, provis ion, stewardship and love for God, His Creation and
His Creatures, including our global human neighbour s.”

Apart from alleged greenhouse gas leaks from fracking, it is difficult to understand why a discussion about
fracking has to be viewed in the context of global climate change.

Global warming

The article states at the beginning that “There is strong evidence that the warming of the Earth over the last
half century has been caused by human activity………….”, and that “The scientific consensus on climate
change is overwhelming………”  Both of those statements are now very much disputed.

Greenhouse gas increase and temperature rise correlation?
The apparent correlation between global warming and increase in greenhouse gases, particularly carbon
dioxide (CO2), was given a huge boost by the now infamous “hockey stick” graph produced by Dr Michael
Mann in 1998.  This showed a more or less constant global temperature from the year 1000 and then a very
steep rise in global temperature from about 1960 onwards which corresponded with the increase in CO2 in the
atmosphere.  Astonishingly, the temperature rise in the “Mediaeval Warm Period” from about 1000 to 1350,
when the temperature was warmer than now, and the drop in temperature during the “Little Ice Age”from about
1400 to 1700, when the temperature was much cooler than now, were both absent in Mann’s graph.  The
problem with the Mediaeval Warm Period had always been that it couldn’t have been caused by an increase of
CO2 in the atmosphere, and no-one can account either for the drop in temperature in the Little Ice Age.  The
basis for Mann’s graph has now been discredited (Ref 1, pp 99-105, and Ref 2.  Also Ref 3).

Scientific consensus?
As for the apparent scientific consensus, Ref 1 pp 239-242 describes how an IT analyst analysed the claim by
the IPCC (Intergovernmental Panel on Climate Change) of a “consensus of 2500 of the world’s top climate
scientists” and found it was in effect only 53 because, for example, the same names kept cropping up in
reports and papers.

In fact, there is already a substantial and growing “counter-consensus” of qualified scientists opposing the
IPCC’s claims on climate change.  The Manhattan Declaration on Climate Change (Ref 39) was agreed by 114
scientists at the 2008 International Conference on Climate Change in New York, and is endorsed by 712
scientists who didn’t attend.  The report “Climate Change Reconsidered II: Physical Science” published in Sept
2013 by the Non-governmental International Panel on Climate Change (NIPCC) refutes the IPCC’s claim that
most of the rise in global temperature is due to the increase in anthropogenic (man-made) greenhouse gas.  A
summary of that report (Ref 40) and the full report (Ref 41) are available on the internet.

Large temperature increase?
On his second page, Halliwell quotes a report that if countries don’t fulfil current emission promises, the world
could see a four degree temperature rise by the end of the century.  This presumably was taken from the
IPCC’s worst case climate model (Ref 5, p 264, Fig 137) but actual measurements from satellites are showing
a much lower temperature trend.  Ref 6 took the average of 5 sets of surface temperature measurements by
satellites (Note 1) covering the period December 1996 to June 2013 which showed a trend of +0.090C,
equivalent to +0.520C per century. (The CO2 mean concentration rose approx linearly from 362 ppm to 396
ppm from 1996 to 2013).  Though that was the overall trend, the period from January 2005 to June 2013
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showed a decreasing trend of -0.040C, equivalent to -0.480C per century.   However, for this latter period (2005
to 2013), the 5th Annual Report of the IPCC projected a temperature increase of +0.200C, equivalent to
+2.330C/century, a very large over-prediction.

Ice loss?
The article states that the ice sheets of Greenland and the Antarctic are decreasing.  That appears to be so in
Greenland (Ref 11) but Ref 41 (p 659) states that “The temperatures of 2000–2010 in Greenland have been
exceeded on more than 70 occasions in the past 4,000 years. Recent warmth is not unprecedented, and none
of it was necessarily caused by rising CO2.”   The ice in Antarctica is reported to be increasing (Refs 12, 13).

Sea level rising?
Halliwell quotes the unfortunate case of a family having to leave their home on an island in the South Pacific
because of flooding from rising sea level.  However, it appears that they may be able to go home soon
because it has been reported that the sea level there has now fallen by 2.5 inches, according to Tuvalu’s
Meteorological Service (Ref 4).

All this does not mean that there is no global warming, there is, but it would appear that it will be very
much less than the dire predictions of the IPCC, and it may not be caused by anthropogenic CO2.

Is it sensible to commit to huge reductions in carbon dioxide emission?
At the moment, many countries have committed themselves to reducing their CO2 emissions in accordance
with the Kyoyo Protocol.  In 2008 (before the recession) the House of Commons passed the Climate Change
Bill committing the UK to ensuring that its net carbon account for 2050 is at least 80% lower than the 1990
baseline.  Ref 1 (p 11) commented that “Short of an almost unimaginable technology revolution, there was no
way such a target could be achieved without closing down much of the country’s industrial economy”.

UK CO2 emissions dropped by about 6.8% from 1990 to 2008, and then by 16.6% from 2008 to 2011, probably
due to the recession, but increased by 4.5% from 2011 to 2012.  The 2012 emissions were about 19% below
those for 1990 (Ref 9).  The 1990 - 2011 drop for all the “EU-15” countries (Note 2) was 14.9% prompting the
claim that the “EU-15 is on course to over-achieve its reduction target for the first Kyoto commitment period”
(Ref 10).  However, to achieve an 80% reduction by 2050 will still be virtually impossible with recovering
economies requiring even more energy.

China, India, and developing countries have refused to restrict their emissions.  The developing countries say,
not unreasonably, that the developed countries caused the increase in greenhouse gases so it is up to them to
restrict their emissions to alleviate the problem, and the developing countries will not restrict emissions until
their economies have caught up.  China is building a coal-fired power station every four days (Ref 7) and is
now the world’s biggest emitter of CO2 at 29% of world emissions (in 2011, Ref 8).  India emits about 6% (in
2011, Ref 8). The UK emits only about 1.5% of the CO2 emitted worldwide (in 2010, Ref 8), and Europe about
12% (in 2011, Ref 8).

Assuming that man-made CO2 is causing global warming and that all the Kyoto countries do manage to fulfil
their obligations, will the resulting reduction in CO2 have much effect?  Ref 5 (p 302, Fig 157) reproduces a
graph that shows that the temperature that would occur by 2094 without emission restrictions, would occur
anyway by 2100 with Kyoto restrictions, just 6 years later.

So what should we do?
Global warming is happening, and the main cause may or may not be the man-made increase in CO2.  How
much the temperature increase will be is also not known though it appears that it will be considerably less than
the IPCC predictions.  Nevertheless, politicians, particularly in the UK, have decided that carbon emissions are
to blame and that emissions have to be restricted to unrealistically low levels.  With other countries continuing
to produce increasing amounts of CO2, the best that will happen will be a slight slowing down of the rate of
temperature rise.  In other words, billions of pounds will be spent to achieve not very much, and those who
cannot adapt to climate change will still see conditions get worse, but at a slightly slower rate.

Bjorn Lomborg (Ref 14, p 24) reports that for the industrialised world “In estimating the cost of Kyoto, the
largest assembly of the top macroeconomic models shows an average cost of about $180 billion annually from
2008……. about 0.5% of global GDP”.

Lomborg proposes that what should be done is to aim to for a smaller reduction in carbon emissions and
accept some greenhouse warming (Ref 5, p305) and at the same time spend more money “doing good” (Ref
14, p 162 table 2).  “Doing good” means damage reduction from floods and hurricanes, improving drinking
water and sanitation, tackling poverty, starvation and AIDS, much more research into low-carbon energy, and
many other things that would improve the lot of the poorer countries as well as helping all countries to adapt to
warmer conditions.  He estimates this would cost $52 billion per year (Ref 14, p 162), considerably less than
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the $180 billion for Kyoto.  He also calculates that the “optimal” target for emission reduction would have been
4% in 1995 rising to 10% in 2100 (Ref 5, Fig 161 and accompanying text).  This would seem to be a Christian
proposal as it would help poorer countries soon instead of in 50-100 years time.

We do not know for sure how important anthropogenic emissions are but we do know that as Christians we
have a responsibility for looking after God’s earth and its inhabitants.

Fracking

Both Conservative and Labour governments have prevaricated over the building of new nuclear reactors and
have sold all the country’s nuclear expertise so it looks as though we won’t get carbon-free electricity
generation in time to avert an “energy gap” after closing down in the next few years old coal-burning stations
and old nuclear plants.  Wind power cannot hope to produce enough useful energy (Ref 1, pp 119-124 “The
great windpower delusion”), and carbon capture and storage (CSS) from coal-burning plants is not developed
and is most unlikely to happen (Ref 15).   The government has recognised for some time that gas is the only
alternative and it will have to be imported because North Sea supplies are diminishing (Ref 16).  The discovery
of UK shale gas deposits and the developments in extracting this gas (by hydraulic fracturing or “fracking”)
could be a boon to securing the UK’s energy supply.  If we don’t use shale gas, there is a real risk of becoming
dependent on insecure foreign energy supplies.

Halliwell states that shale gas extraction requires huge water resources, it doesn’t produce that much gas, is
expensive, the process has inherent inefficiency/low energy return, and the burning of gas extracted in this way
is just as detrimental to the level of CO2 as with any other fossil fuel source.  That seems to be completely at
odds with the American experience.

Shale gas has had a huge effect on the US economy and is 34% of US natural gas production which is
expected to rise to 43% by 2015 and 60% by 2035, and contributed $70 billion to the economic output,
expected to rise to $231 billion by 2035 (Ref 17).  US CO2 emissions have fallen by 12% between 2005 and
2011, mainly because it is being used instead of coal for electricity generation (Ref 18).

However, shale gas is unlikely to reduce prices in the UK.  Ref 38 makes the point that unlike the North
American market, the UK gas market is not isolated.  There are two large interconnectors between the UK and
Continental Europe and a large pipeline network from the Norwegian Continental Shelf that ensures price
linkage between the UK and the rest of Europe.  Regardless of how much shale gas is produced in the UK, the
price for gas in the UK will be determined by the pan-European supply and demand balance.  UK shale
production can contribute to security of supply, employment and the UK’s balance of payments but it is not
going to significantly drive down Britain’s energy cost base.

A frequently expressed fear is that fracking causes earthquakes and indeed Ref 27 states “Although it may
seem like science fiction, man-made earthquakes have been a reality for decades. It has long been
understood that earthquakes can be induced by impoundment of water in reservoirs, surface and underground
mining, withdrawal of fluids and gas from the subsurface, and injection of fluids into underground formations.”
But how big are these “earthquakes”?

Two “seismic events” occurred in Blackpool in 2011 which were ascribed to fracking operations at Cuadrilla’s
Preese Hall site (Ref 24  Chapter 1).  The first was magnitude 2.5 ML and the second 1.5 ML.  The reference
states that 1.5 ML events can only just be distinguished from background vibrations by British Geological
Survey equipment, and 2.5ML events are broadly equivalent to the general traffic, industrial and other
vibrations experienced daily.  1.0ML events are estimated to occur naturally in the UK about 100 times a year,
2.0 ML 25 times, and 3.0 ML 3 times.

Over 200 wells in the UK, many with horizontal drilling, have already been hydraulically fractured, to enhance
recovery of oil, gas and coal-bed methane. Ref 24 section 1.8, & Ref 42.

Statements about fracking

Halliwell makes several statements about fracking which require comment.

(a)  He says there is “Serious risk of contamination of valuable agricult ural land ”.  How serious?

Ref 19 gives some information about UK wells.  Water with chemicals is pumped down to the fracking zone
and approximately 10-40% returns to the surface (“flowback” which Halliwell describes as sludge).  The
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boreholes will have cement casing to a depth of up to 1000 feet to protect aquifers from contamination.  (In
New York State in America, regulations require boreholes to be cased for only 50 feet depth.)

Flowback water will be stored in steel tanks for treatment, and an impermeable plastic sheath will be buried 18
inches below ground to guard against any leakage (“bunding”), and monitoring wells will be used to detect any
methane leaks in shallow water supplies used by farmers.

Ref 24, section 1.4.1, states that in the US “Many claims of contaminated water wells due to shale gas
extraction have been made. None has shown evidence of chemicals found in hydraulic fracturing fluids.  Water
wells in areas of shale gas extraction have historically shown high levels of naturally occurring methane before
operations began.”

(b)  “Huge consumption of water resources”.   How huge?

Ref 19 estimates that each shale gas well requires 9,000 to 29,000 m3 (cubic metres) of water per year.  The
shale gas company Cuadrilla says there could be 100 wells in a successful Lancashire development (Ref 20)
which implies an annual water consumption of up to 2,900,000 m3 (2.9 million m3).  For comparison (Ref 19),
the annual amount of water lost annually in the UK through pipe leakage is 1,200,000,000 m3 (1.2 billion m3).

Again for comparison, coal mines need significant quantities of water for dust management (e.g. sprinklers in
the mine), drilling and possibly washing coal.  About 200 litres can be used for every tonne of coal produced
(Ref 35).  The UK produced about 6 million tonnes of deep mined coal in 2012 (Ref 36), and a rough average
annual output per mine would be about 1 million tonnes (Ref 37).   Typically, therefore, a coal mine could use
about 200,000 m3 of water a year which is equivalent to the water usage of between 7 and 22 shale gas wells
(using the figures in the previous paragraph).

Ref 24 (Section 2.2) states  “Estimates indicate that the amount needed to operate a hydraulically fractured
shale gas well for a decade may be equivalent to the amount needed to water a golf course for a month; the
amount needed to run a 1000 MW coal-fired power plant for 12 hours; and the amount lost to leaks in United
Utilities’ region in north west England every hour. Hydraulic fracturing is not a continuous process. Water is
required periodically during drilling and then at each fracturing stage”.

In the US, about 27,000 shale gas wells were drilled in 2011.  Ref 21 reports that these used about 0.3% of all
freshwater used in the country, while golf courses used about 0.5%, and agriculture used about 73%.

(c)  “Creates sludge - mostly composed of water and rock , but laced with chemicals used in the
fracking fluid”.   What chemicals?

Ref 42 describes them.  Chemicals comprise about 0.25% of the fracking fluid and all are innocuous
chemicals that are found in household cleaners, disinfectants, food additives, etc.  They are used to reduce
friction, help open rock perforations, maintain viscosity, prevent scale in pipes, etc.  They have been declared
safe by the European Commission and the UK Environment Agency (Ref 19)

Ref 19 states that “the flowback fluid is lucrative yet pretty nasty stuff”.  Apart from the gas, it may contain CO2,
hydrogen sulphide, nitrogen, helium, brine, and traces of mercury, arsenic and lead, natural radioactive
material such as radium, thorium and uranium, and volatile organic compounds such as benzene. The
reference contains considerable interesting details about how the flowback is treated.  It can be recycled in the
well up to three times.  Presumably the types and concentrations of flowback contaminant depend on the
geology of the region.

The storage and treatment of water containing contaminants such as heavy metals and salts from mines is
nothing new and the separated contaminants can be sold. See Refs 33 & 34.

(d)  “Destruction of habitat for wildlife, public amenit y (which of course is inherent in any industrial
development)”.   How much destruction?

Ref 20 states that a successful Lancashire development (in the north west part of the Bowland-Hodder shale
area, see (f) below) could have 100 sites operating over an area of 1,200 square km, and as each site has
about the area of a football pitch, the combined area of the sites would be about 2km2.  Using these figures,
the wells would be on average about 3.5 km apart.
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Presumably the density of well sites depends on the geology of a region.  Referring to fracking in general, Ref
19 states that each site could have up to 10 wells radiating up to10 km which would mean that the well sites
would be about 20 km apart.

The drilling rig would be in place for 1 or 2 months to drill and do the hydraulic fracturing.  It would then be
removed and replaced by low-height equipment such as gas pipes, a few water tanks, some control
equipment, etc, for the gas production stage which could last up to several decades. (Refs 42, 43).

(e)  “….the burning of gas extracted in this way, is jus t as detrimental to the level of CO 2 as with any
other fossil fuel energy source.”

This claim by Halliwell that burning shale gas produces as much CO2 as other fossil fuels is based on his
reference 19, a report by The Tyndall Centre, but that report appears to be flawed.  The report estimates the
CO2 produced by all the ancillary activity for shale gas production such as the site machinery, pumping,
flowback treatment, transport, etc, which, when added to the CO2 that would be produced by burning the gas
wherever it is used, brings the total emissions up to a high level.  That is a valid exercise but what the report
does not do is to carry out a similar estimation for imported gas or coal (mined in the UK or imported) that the
shale gas would replace, and that makes the report’s comparison of shale gas emissions with that of other
fossil fuels invalid.   The report also estimates the emissions from shale gas use that would be added to the
atmosphere but then admits that if shale gas was used to replace imported gas, it would not be an addition!

David MacKay, chief scientific adviser to the Department of Energy and Climate Change, states that "The
emissions from shale gas in the United Kingdom will be similar to those of liquefied natural gas". (Ref 25).

Ref 26 states that the CO2 emitted from coal burning power stations is about 0.98 kg per kWh of electricity
generated, and the figure for natural gas is about 0.55 kg/kWh.

(f)  “…the shale gas discovery in Lancashire….is only eq uivalent to a few years worth of our annual
consumption”.   What are the figures?

The Bowland Shale Gas Study by the British Geological Survey (with DECC, Ref 32, p46) estimates that the
Bowland-Hodder shale area which covers the north of England between the west and east coasts, could have
1300 trillion cubic feet (tcf) of gas.  If only 10% of that is recoverable (Ref 20), it would amount to 130 tcf.  The
total gas consumption of the UK in 2010 was 91.1 billion cubic metres (Ref 23) which is 3.2 tcf.  At that rate of
consumption, the recoverable gas could supply the whole of the UK for over 40 years.

The Bowland-Hodder shale is a land area but Ref 32 indicates that the shale basins extend offshore under the
Irish Sea and the southern North Sea.  The report also shows another area between London and the south
coast which is currently being assessed.

(g)  “A 2011 research report…………sets out the claim that fracking exacerbates the climate
problem…….”   See (e) above.

(h)  “…euphoria over prospects…….. deafening silence fro m … protoganists ……. over the extent it
will affect climate change and the environment….”

This refers to a Guardian article enthusing over the two “Gasland” films.  However, these films are very anti-
fracking and perpetuate myths and misleading information.  See Refs 28, 29, 30.

(i)  “There are already signs of hope that global energy  demands can be met without having to burn
fossil to generate that energy.”

That statement is not supported.  Halliwell’s reference 21 is a press release for an International Energy Agency
report.  The report is not available on-line but its Executive Summary is (Ref 31).  Nowhere in that Executive
Summary is there any indication that renewable energy is ever likely to completely replace fossil fuels.  The
report’s projections, which do seem very optimistic, go only to 2018 at which time it suggests (in its Fig 1) that
electricity generated from renewable energy will be about 25% of global generation.  The Summary indicates
(its Fig 8) that the two biggest contributors to that increase are onshore wind and hydropower, neither of which
are likely to increase significantly in the UK.  The Summary does not predict beyond 2018 and it looks at global
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trends so there is certainly no indication that the UK’s gas production by fracking will become unnecessary due
to growth in renewable energy.

CONCLUSION

Opinions, Christian or otherwise, on fracking must be based on facts and numbers, and not on hype but the
problem is to separate facts from hype, and that requires some work.  My conclusion is that obtaining gas in
the UK by fracking

is most unlikely to cause any significant earth tremors
is most unlikely to contribute to global warming
is most unlikely to pose any risk of land contamination
does not use unsafe fluids
will not consume “huge” quantities of water
will not have any significant problems of treating waste water
will not destroy significant areas of wildlife habitat or public amenity
will not be detrimental to the level of CO2 in the atmosphere

and
will help to secure the UK’s energy supply and avoid the “energy gap” because renewable
energy schemes will not be able to help significantly.

Notes

1.  The five sets of data, each of which is given in Ref 6, were from
GISS (NASA’s Goddard Institute for Space Studies),
HadCRUt4 (UK Met Office Hadley Centre, Exeter, and the Climate Research Unit at the University of East
Anglia),
RSS (Remote Sensing Systems, California),
NCDC (National Climatic Data Centre of the National Oceanic & Atmospheric Administration),
UAH (University of Alabama, Huntsville).

2.  The EU-15 countries are those which were EU Member States when the Kyoto Protocol was agreed in
1997.

3.  The basket of greenhouse gases included in the Kyoto Protocol are carbon dioxide, methane, nitrous oxide,
hydroflourocarbons, perflourocarbons and sulphur hexaflouride.  They are weighted according to their
greenhouse gas effect so that they can be expressed in terms of equivalent tons of carbon dioxide.
Nevertheless, carbon dioxide still constitutes about 88% of greenhouse gas.

4.  Bjorn Lomborg (Refs 5, 14) is a Professor of Statistics in the University of Aarhus, Denmark.  Ref 5
contains a huge amount of data with graphs on nearly every page and of the 515 pages, 162 are notes and
references.  Ref 5 was published in 2001 and it is not primarily about global warming though there is a section
about it at the end.  His other book, Ref 14, published in 2007, follows on from Ref 5 but it is much smaller and
is a much easier read though it is also well referenced.
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http://www.climatescienceinternational.org/index.php?option=com_content&task=view&id=37&Itemid=1

40.  Climate Change Reconsidered II: Physical Science.  Summary for Policymakers.
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