NAVIGANT

Unconventional Gas

The potential impact on UK Gas Prices

Prepared for:
Department of Energy and Climate Change

Navigant Consulting (Europe) Ltd
25 Basinghall Street

London

EC2V 5HA

020 7469 1111

Authored by:
Paul Rathbone
Richard Bass

www .navigant.com

This document is confidential and proprietary in its entirety.
© 2012 Navigant Consulting (Europe) Ltd.



NAVIGANT

We would like to thank the following colleagues for their contributions and support to the preparation of
this document:

Ed Osterwald
Gordon Pickering
Rick Smead
Genevieve Stawski

Rowan Watson
Ian Shrubb

Department of Energy and Climate Change
Unconventional Gas and the Potential Impact on UK Gas Prices



NAVIGANT

1. EXeCUtiVe SUIMIMATY ....cviiiiiriiiriiiisiinsiiiisciesiississssesissssisissesssssssssssssssssssssssssssssssseseas 1
2. INrOAUCION. .ttt ben 5
2.1 SCOPC.ceitctctet ettt bbb 5
2.2 URUES wotiiii e 5
2.3 DEfINIEIONS w.oviiiiiiiiiiccc s 6
24 SOUICES ..ottt bbb 7
3. RESOUICES .uucueeererinententeistententeeesestesesessessessesessessesessessssnssssssssessssessessesssssssessessssssesssssssens 9
3.1 BaCKGIOUN ..ot 9
3.2 Different Types of Unconventional Gas ............cccovvururuiiiuiiiininininiiiicecccccnseseeeee s 9
3.3 GROLOZY ... 10
3.4 MethOdOIOZIES.....coiiiiiiii et ees 11
3.5 SOUICES ..ottt bbb bbb 12
3.5.1 Rogner: An Assessment of World Hydrocarbon Resources (1997) .........ccccccevrrnnncne 13
352  EIA: World Shale Gas Resources (2011) .....ccceverieerienieirenieenieeerenienteresieneeseseeneeseseensenens 13
35.3 ECJoint Research Council (EC JRC): Unconventional Gas (2012).......cccceceverveerenuenne 13
3.54  Kuuskraa: Worldwide Gas Shales and Unconventional Gas:
A Status Report (2009) .....c.ceuvviiiiiiiiiiiiii s 14
3.5.5 Medlock, Jaffe and Hartley: Shale Gas and US National Security (2011).................... 14
3.5.6  Mohr and Evans: Long Term Forecasting of Natural Gas Production (2011)............. 14
3.5.7  World Energy Council (WEC) Survey of Energy Resources: Focus on Shale Gas
(2000) ot 15
3.5.8  International Energy Agency (IEA) (2011 and 2012) ..o 15
3.59 Bundesanstalt fiir Geowissenschaft und Rohstoffe (BGR): Reserven,
Ressourcen und Verfiigbarkeit von Energierohstoffen (2011) .........cccocoeueiiciiincnne. 15
3.5.10 Poyry Consulting’s report for Ofgem, “The Impact of Unconventional Gas on
Europe” (June 20TT) ..ot 15
3.6 Global Resource Literature SUMMAIY.........cccccoeeieieieiiiiicieieieccee e 15
3.6.1  Other Non-Global REPOTES ......ccccciiiiiiiiririiiiiciiccccec s 16
3.7  Worldwide Resource Estimates — Original Gas in Place..........cccoeeeueiiiinnnnnniccccccceene 17
3.8 Worldwide Resource Estimates — Technically Recoverable Resources...........cccoceeueueucuircnnce. 18
3.9 What is “SINifiCant”? ........cccooviuriiiiiniicieice it e 21
310 CONCIUSIONS ..ttt et 21
B, PIOSPECES..cuiuirtiirintiniiiniitininitiinisisisnesessessesssssessssssessssessssessssssesssssessessesessssssssens 23
4.1 ECONOMIC ISSULS ....ccuiiiiiiiiiiiiiiii s 23
4.1.1  CoOsts Of PrOAUCHON .....oovieiiciciciciiiiirirertee ettt es 24
412  Buropean Production COStS ..........ccouoiiiiriiiiiiiiicccce e 25
4.1.3  Scale of INVESMENL.......ccciuiviiiiiiiiiiccc s 28
4.2 POLtICAl BATTIETS .....cuiiiiiiiiiiicicccc e s 29
421 Land and Access Rights.......c.ccccciiiirririicicreeceeeee e eaes 29
422 WaALeT .ot 29

Department of Energy and Climate Change
Unconventional Gas and the Potential Impact on UK Gas Prices



NAVIGANT

423  Other Environmental ISSUES .........cccccoruiiiiiiiininiiiiiiicicecereeeeeeeee s 32

424  Regulated PriCes ... s 32

425  Access to INfrastriCtUre .......ccoccuiiiiniriniccccccc e eaes 32

42.6  Public CONfidence.........ccoiiiiiiiiiiiiici s 33

4.3 CONCIUSION ...ttt 33
5. Overview of Gas Supply and Demand...........iinnririiinnnniiisnsnesicesnssenens 34
51 Global Supply / Demand SCENATios..........cccviviriririririciciiiiiiisicieee e 34
5.2 GaS DEMAN ......ocooiiiiiiiiciic et 34
5.3 GaAS SUPPLY .ottt 35
5.4 Major Trade FIOWS........cooiiiiiiicc e 36
5.5  Gas Demand Variations..........ccoviiiiiiiiiininnicciccccc e 37
5.6 Gas Production Variations ... eaes 38
5.7 TTAE e 38
5.8 Production of Unconventional Gas..........c.cccccorrrrereeueueueuiiineninenieieereseeseseesesesessesesesesesessaseeaes 40
5.9  Sensitivity of Gas Demand to Additional SUPPLy .......cccceueioiviioiiniiiiiccc e, 40
591  Power Generation.......cocooiiiiiiiiiiiiiiiiiciccc s 40

59.2  Industrial Demand ... s 42

5.9.3  TransSportation ...t e 43

594  Domestic CONSUMPHON.....cooiiiiiiieieiiiiceicie e 44

6. Review of European ProSpects ......ivcncrnrinisininnnininnnisnncsessiesssscsesseesssscses 45
6.1  Supply and Demand OVeIrVIEW ..........cccccciiiiininiriniiiciccre e 45
6.2 United KINGAOM .....couoviiiiiiiiiiiiiiccecect e ees 45
6.3 WeSteIN BUTOPE oot e 46
6.4 Central and Eastern Europe (CEE) ..o 47
6.5 CONCIUSIONS ...ttt et 47
7. Review of Global PrOSPECtS ......ccuivvrerinurcruncrinniisnnisissiissnscsssscssssesessscssssesssssscsssscnes 49
T USo e 49
7.2 CANAAA ..o 50
7.3 CRENQA e 50
74 AUSETALIA. ..o 52
7.5 Latin AMETICA....coiiiiiiiiiiiicc s 53
7.6 Middle East and AfFIiCa ......cocoeueueuiieuiiiirneeeeeece ettt 53
7.7 Russian and Central ASia ... 54
7.8 INAIA i 54
7.9 OtheT ASIA...ocoiiiiiiiiiiii e 54
700 IMEXICO c.viuiiviiiniiticiiieiciee e e r s 55
711 CONCIUSIONS ...t 55
8. Key Sensitivities and Barriers to Investment ... 56
8.1 Key SeNSItIVIHIOS ...voviieieietetcieiee ettt 56
8.1.1  Recoverability of Gas in Place...........cccccociiiiiiininniiiiiiiiiiinecececcnas 56

812 CRINA . s 56

8.1.3  “Societal” BAITITS ......cccoiviiiiiiiiiiiiiiciicccc s 57

8.1.4  Supply Chain Limitations ..ot 57

Department of Energy and Climate Change
Unconventional Gas and the Potential Impact on UK Gas Prices



NAVIGANT

8.1.5  Global Climate Change PoliCies ...........cccceeuiieiiireiiieieiecccie s 57

8.2 Barriers to INVeStmMent ..........cccoiviiiiiiiiiiiiii e 57

9. Gas Market PriCiNg .....iieiininiceniisiceisssssnissessssssssssssssssssssssssssssssssseses 59
9.1 The Tyranny of DiStance.........cccccovviiiiiiiiiiiiiic s 59

9.2 Gas Pricing MechaniSms...........cccovviiiiiiiiiiiiiiiic s 60

9.3 How Oil (Trading) Became Global...........c.ccccccviinininiiiiiiiiiiiiiiiccs 63

9.4  Will Gas Markets Become Global? ...........ccccccioiiiiiiiiiiiiiiiiiccccccc s 64

10. Impact on UK Gas PIiCeS ......iiviniininisiniiniiinnnsisissinssssinssiissimssessssssssssssessess 67
10.1 UK Gas Demand SCENATIOS.........cccucuiiiiiiiiiiiiiiniiicicein e 67

TO.1.T NOTWAY ettt s et a e s b eas e 69

10.2  Gas Supplies from the CONNENL...........ccucuiuiiiiiiiiccccc e 70

10.3  LING SUPPLES ...ttt 71

10.4 UK Pricing OULOOK ......c.cuiiiiiiiiieececc et 71

10.5  SCENATIOS ...ouiiiiiiiiiiiit e 73

10.5.1  BaS@ CaSe ....ccuiiiiiiiiiciiiiicicc e 73

10.5.2  Optimistic CaSe.......cueuiuiiiiiiiiiiiiiiiicic e 74

10.5.3  PessimistiC Case.......ccciviriiiiiiiiiiiiiiicc e 75

10.54  SUIMIMATLY c.voviviviiiiiiiiiiiiccce st 76
Appendix A, References......iiiintieiiiiisssessssssesens A-1
Appendix B.  INtEIVIEWS .cuceiciirrcintiintiitniiisniinsscisscessiscssssesssseessssessssssesssssssscaes B-1
Appendix C.  EC JRC Estimates of Shale Gas Resources by Country ................... C-1

Department of Energy and Climate Change
Unconventional Gas and the Potential Impact on UK Gas Prices



NAVIGANT

Department of Energy and Climate Change
Unconventional Gas and the Potential Impact on UK Gas Prices



NAVIGANT

bcm billion cubic metres

BGR Bundesanstalt fiir Geowissenschaft und Rohstoffe
BGS British Geological Survey

BTU British thermal units

CBM coal bed methane

ECJRC Joint Research Council of the European Commission
EIA US Energy Information Administration

ERR economically recoverable resources

EUR estimated ultimate recovery

FERC Federal Energy Regulatory Commission

GIIP/GIP gas (initially) in place

IEA International Energy Agency

LNG liquefied natural gas (mainly methane)

LPG liquefied petroleum gas (mainly propane and/or butane)
mmBTU million British thermal units

NBP National Balancing Point

NGL natural gas liquids

OECD Organisation for Economic Co-operation and Development
OGIP original gas in place

OIES Oxford Institute for Energy Studies

tcm trillion cubic metres

TRR technically recoverable resources

URR ultimately recoverable resources

WEC World Energy Council

Department of Energy and Climate Change
Unconventional Gas and the Potential Impact on UK Gas Prices



NAVIGANT

1. Executive Summary

The world has very significant amounts of unconventional gas resources. These have been known about
for a long time. Victorian coal miners knew all about the methane contained in the coal seams and
carried canaries to warn them of it. Shales, as well as holding significant gas (and oil) resources, are the
source rock for the conventional reservoirs that provide most of our current gas production. “Tight gas”
is simply gas in sandstone that has poor flow so is not accessible by the “conventional” means. What has
changed is that we now have the technology to extract such gas in a cost effective manner.

Estimating the total gas in place in these coal beds, sandstones and shales around the world is a very
imprecise science. Generally geologists have approached such estimates by taking broad views of the
likely volume of rock and indicative hydrocarbon content. But to a certain extent trying to make detailed
estimates of such resources is unnecessary. There is a lot of it. Dr Hans-Holger Rogner, author of one of
the most quoted reports on the subject, estimates total gas in place globally of 870 tcm and others have
subsequently more than doubled some of his regional estimates. Current global demand for gas is 3.4
tem each year, so there is plenty of gas still to be extracted if we need it. In the context of what impact
unconventional gas might have on UK gas prices over the next 20 years, the more relevant question is
how much gas might be recoverable from these rocks in that timeframe and where can that be done in a
cost effective manner.

The three regions where one can reasonably confidently predict significant production of unconventional
gas in the next two decades are North America, China and Australia.

The US started producing tight gas in significant quantities in the 1940s, followed by coal bed methane
(CBM) in the 1980s. It is now producing shale gas in ever increasing quantities. So there is no doubt that,
in the right circumstances, large quantities of gas can be extracted from unconventional sources. Most
commentators expect the volumes of US gas produced to continue to increase, whilst at the same time
keeping down the gas price in the US. Production of unconventional gas in the US could reasonably
reach 550bcm/year by 2030. Canada is also well resourced with shale gas and production is expected to
climb significantly in the next 10 years, reaching over 100 bcm/year by 2030.

China has large resources of both shale gas and CBM and has recently started to develop its shale gas
resources. Although there is some scepticism about whether it will meet its 12t 5-Year Plan targets for
6.5 bcm/year by 2015, it is expected to be producing more than 60 bcm/year by 2020 and perhaps over 200
bem/year by 2030. China’s main constraint is lack of water in some of the main shale basins. But its
record of delivering large capital projects cheaply gives confidence that these impediments will be
resolved.

Australia has significant CBM and shale resources and is actively developing the CBM. Three LNG
plants exporting 28 bcm of CBM each year are in development and will be running by 2016. In addition,
development has already started on shale gas production in the Cooper Basin. Australian production of
unconventional gas is expected to be in the order of 100 bcm/year by 2030, assuming that buyers can be
found for the gas (or more specifically LNG exports).

Continental Europe’s unconventional gas resources are also thought to be substantial, but the social
issues surrounding extraction of unconventional gas in densely populated areas, with considerable
public antipathy to the industry, makes the barriers much higher. In addition, the supply chain to drill
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and stimulate the huge number of wells required to produce meaningful quantities of gas does not exist
at present. Current projections from the IEA and EIA vary between 20 to 65 bcm/year by 2030, or 3-10%
of demand. However, in the right set of circumstances this could be improved upon further given the
estimated gas resources available.

The UK faces similar issues to the rest of continental Europe. There are certainly at least two promising
shale plays and plenty of CBM opportunities. However public concern is substantial and the commercial
case for gas production is marginal at current costs and gas prices. The general consensus is that
exploration will continue, but major development will either need a belief that the unit cost can be
brought down quickly, as in the US, or the promise of natural gas liquids to increase returns.

There are five key sensitivities in looking at the prospects for unconventional gas production and the
potential impact on UK gas prices:

1. the rate at which the gas estimated to be in place will be recoverable - this is a factor of both
geology and the application of technology;

2. development of the unconventional gas supply chain, particularly drilling and stimulation, in
areas outside North America, so that production costs fall towards US levels;

3. how Chinese energy supply and demand evolves in the future and in particular whether China
will try to minimise its price of energy (to compete with the US) or prioritise energy
consumption;

4. “political” barriers to exploration and development, particularly through public opposition but
also fiscal policies and over-burdensome environmental regulations; and

5. climate change policies and in particular how gas prices evolve when carbon taxes or similar
policies start to reduce gas demand.

There is a sixth major sensitivity to UK gas prices which is unrelated to unconventional gas production
and that is the oil price. If oil prices go down, then so will the price of long term gas supplies linked to
the oil price. This will in turn have a beneficial effect on UK gas prices but potentially decrease the
incentive for production of unconventional resources.

Understanding the potential impact on the UK of global unconventional gas production needs an
understanding of global LNG trade patterns and how they might impact UK and European gas pricing.
Any reduction in gas price will require some significant disruption to the current supply balance, which
is being kept above long run marginal cost by long term supply contracts linked to the oil price and the
market power of the major pipeline and LNG importers who own those contracts.

We believe that if the US exports LNG in large quantities these are likely to act as a price support on UK
prices — they won’t reduce prices down to US levels, but the imports may well be sufficiently disruptive
that prices could decrease by 10-20% (in real terms) as long as the US prices stay low, as currently
predicted. The first US exports, from Sabine Pass, will come into the market during 2016, and most US
observers expect at least 2 or 3 more LNG facilities to be up and running in the couple of years thereafter,
so by 2018 UK prices could have moved to a “Henry Hub + transportation” basis. For UK gas prices to
fall further, one would either need a fall in the oil price, or substantial new supplies of gas to the UK
and/or Europe, which could be realised if significant investment is made in unconventional gas
production.

Given the high degree of uncertainty surrounding any price forecast, particularly where one is making
predictions of policy decisions in several different countries, we have approached the question of price
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impact by looking at three scenarios. Our low price scenario is a picture of how gas prices could fall
significantly in the UK from their current levels, if a number of different things happen. Our high price
case is similarly a picture of how, in a different set of circumstances, the price could continue to rise from
current levels. Our base case is a set of circumstances that produce a “middle” result between low and
high. We regard each of these circumstances as being quite believable, although we attach no firm

probabilities to each.

Our base case price projection thus envisages continuing growth of unconventional gas production in the
US, some of which will be exported. It also assumes significant unconventional gas production in China,
so that Chinese LNG import prices are moderated and the Asian LNG arbitrage gap is not as large as it is
now. We also assume that oil prices will fall somewhat from their current level, following the current
forward curve down to around $90 in 2019. However, our base case assumes that European
unconventional gas production is limited in the next twenty years. As a result we would expect UK gas
prices to fall slightly in the near future, following the oil price, and then to be supported by US LNG
imports as they come on line from 2016 onwards. This predicts prices falling to around 60p/therm in
2020, and then moving upwards in line with expected trends in the US gas prices.

Figure 1: Gas Price Scenarios
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Our low price case scenario assumes the same for the US and China, but also assumes significant
unconventional gas production (perhaps 100 bcm/year) in the UK and continental Europe in the second
decade (2020-2030). In this scenario, a combination of local gas with falling production costs (as the
supply chain develops) and readily available LNG puts sufficient pressure on oil price indexed gas
supplies that gas prices fall towards the long run marginal cost, getting to 50p/therm by 2030 and
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potentially moving downwards after that if cost efficiencies continue, down to somewhere between
perhaps 35p and 50p/therm (in 2012 prices).

Our high price case either has US gas production declining before current expectations, or perhaps more
readily imaginable a political limitation on large scale LNG exports. In addition, we assume that China is
willing to pay more for its imported gas (either because unconventional production has not lived up to
expectations, demand has outstripped supply or because China wishes to address environmental
concerns and favours imported gas over domestic coal) and that little unconventional gas is produced in
Europe. In this case it is highly likely that the oil price link will continue to be the largest influencer on
UK gas prices and that the price is likely to go up inexorably as Asian demand for oil keeps rising. We
have assumed in this scenario that the oil price increases by 1% above inflation for the foreseeable future,
in line with several other “high oil price” forecasts.

Our three scenarios give a wide range of potential gas prices by 2030, between 50p and 80p per therm at
2012 prices. In one of our scenarios we predict a fall in prices from current levels quite soon, although
this reflects our view that, as predicted by forward markets, the oil price (particularly Brent) is likely to
fall somewhat from current levels. In the second half of the period under review, the main factor
determining the gas price in our view will be the extent to which US LNG exports and indigenous
European unconventional gas production are able to disrupt the current oil price indexed European gas

markets.

Table 1: Unconventional Gas Key Statistics
Resources
(in trillion cubic metres) Minimum Maximum
Total Gas in Place, Globally 870 1,185
Technically Recoverable Unconventional Gas 129 342
Technically Recoverable Conventional Gas 208! 4622
Current Global Consumption 3.4 3.4
Global Consumption by 2035 3.6 4.8
Production of Unconventional Gas
(in percentage of global production) Minimum Maximum
Currently 13% 14%
In 2020 17% 20%
In 2030 23% 25%
UK Gas Price Scenarios
(in 2012 pence/therm) Low Medium High
2015 59.0 67.8 69.9
2020 52.8 59.8 73.4
2025 51.3 62.0 77.2
2030 49.7 65.7 81.1

1 BP Statistical Review of World Energy - 2011 proven reserves only
2]JEA World Energy Outlook 2012

Page 4
Department of Energy and Climate Change
Unconventional Gas and the Potential Impact on UK Gas Prices



NAVIGANT

2. Introduction

2.1  Scope

The rapid rise in volumes of natural gas produced by “unconventional” means in the US over recent
years has completely changed the outlook for North American energy markets and through displacement
of LNG exports originally destined for the US, the “shale gas revolution” is now having a clear effect on
energy markets globally.

DECC has commissioned a study to understand the potential of unconventional gas resources globally
and specifically the impact these gas supplies may have on UK gas prices over the next twenty years. For
the purposes of this report unconventional gas includes tight gas fields, coal bed methane and shale gas.
DECC has asked us to address six specific questions:

. How are unconventional gas resources distributed globally?

. What are the prospects for (i) European and (ii) global (split by region) unconventional gas over
the next 20 years?

] What are the key sensitivities associated with this view?

. Where there are significant prospects in countries that might supply the UK, what are the
barriers to investment / production / exports?

] To what extent will growth in unconventional gas production lead to increases in gas demand,

e.g. due to countries switching to more gas use in electricity generation?
. What will be the impact on UK prices?

The scope of this study is based on a review of existing literature and public data on the subject matter,
combined with the results of interviews with a number of stakeholders and experts with knowledge of
the key areas involved. A list of interviewees and a summary of their main responses are set out at
Appendix B.

2.2 Units

One of the potentially confusing aspects of the various reports on gas production and markets is the
number of different units used, both volumetric and thermal (energy). We have generally used cubic
meters (cm) of natural gas in this report, scaled up to billion cubic meters (bcm) and trillion cubic metres
(tcm) where appropriate. This is the unit of measurement used by most European commentators. US
sources usually use Standard Cubic Feet (SCF), scaled up to MMCF (million or 10¢ standard cubic feet),
BCF (billion or 10° standard cubic feet) and TCF (trillion or 102 standard cubic feet). This is a common
metric used in the oil & gas industry, based on a cubic foot of gas at 60 degrees Fahrenheit and one
atmosphere pressure.

The energy content of one m? of natural gas varies depending on the precise composition and qualities of
the gas. Gas passing through the UK’s National Grid mainland pipeline system has a calorific value of
37.5 MJ/m? to 43.0 MJ/m3, which is equivalent to 35,598 to 40,824 British thermal units (btu). For purposes
of this report we will take one m? natural gas to be equivalent to 37,928 BTU (equivalent to 1,074
btu/SCF). The normal UK pricing unit for natural gas is a therm, which is equivalent to 100,000 BTU.

Page 5
Department of Energy and Climate Change
Unconventional Gas and the Potential Impact on UK Gas Prices



NAVIGANT

1 bem = 35.32 BCF
= 37.9x10° MMBTU = 379 million therms
=0.0375 EJ (Exajoules = 10'® Joules)
= 0.96 million tonnes of oil equivalent (MMTOE)

2.3  Definitions

Adding to the complexity in understanding resource estimates is the geological terminology for different
measures of resource level. Terms such as “original gas in place” (OGIP) or “gas (initially) in place”
(GIIP/GIP) refer to the total volume of gas contained within the rock in question. This cannot all be
extracted, so one has to apply a recovery factor to the total amount to get to an estimate of how much gas
might actually be extractable from that formation. The “technically recoverable resources” (TRR) is an
estimate of how much gas can be extracted using current technology. “Ultimately recoverable resources”
(URR) or “Estimated Ultimate recovery” (EUR) is an estimate of what might be extractable using current
and future technology. Neither TRR nor URR take account of what is cost effective to extract — the
“economically recoverable resources” (ERR) estimate does that, limiting the extractable volumes to those
which can be extracted profitably. Finally, reserve estimates are made where drilling wells have proven
that gas is there, can be produced and delivered to a market profitably. Terms such as 1P, 2P and 3P
refer to the proven, probable and possible reserves that might be produced from a given well or set of
wells once drilling has confirmed both the presence of hydrocarbons and the flow rates and there are
defined development plans.

All of these estimates are subject to uncertainty, with resource estimates being much more uncertain than
reserve estimates. In Rogner’s study he sets out a modified “McKelvey box” showing how the different
levels of reserve and resource estimate relate to degrees of geological certainty and economic feasibility.
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Figure 2: Rogner’s McKelvey box
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2.4 Sources

We have reviewed over 50 papers, reports and articles in preparing this report. The most comprehensive
reports into unconventional gas include the following:

o The European Commission’s Joint Research Council’s (EC JRC) "Unconventional Gas: Potential
Energy Market Impacts in the European Union” in October 2012

J The US Energy Information Administration’s (EIA) “World Shale Gas Resources: An Initial
Assessment of 14 Regions Outside the United States” based on work commissioned from
Advanced Resources International (ARI)

J The EIA’s annual International Energy Outlook reports

. The International Energy Agency’s (IEA) annual World Energy Outlook reports and the special
edition on unconventional gas called “Golden Rules for a Golden Age of Gas”

J Dr Hans-Holger Rogner’s paper “An Assessment of World Hydrocarbon Resources” in 1997
which estimated conventional and unconventional resources worldwide and is still used as a

reference by many commentators
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. The World Energy Council’s report “Survey of Energy Resources: Focus on Shale Gas” published
in 2010 and the update “Survey of Energy Resources: Shale Gas — What's New” published in
2012

. Poyry Consulting’s report for Ofgem, “The Impact of Unconventional Gas on Europe”

o Florence Gény of the Oxford Institute of Energy Studies” report “Can Unconventional Gas be a

Game Changer in European Gas Markets?”

Some of these reports, particularly the EC JRC report, refer widely to other reports on more specific
aspects. A full list of references is set out at Appendix A.

In order to ensure that we have an up to date view of this fast moving sector and to gather input from
stakeholders who do not always put their views into writing, we have also carried out some 29
interviews with stakeholders in industry, commerce, academia and other areas and received two written
responses. The results of these interviews have been used to add further commentary and data points to
the analysis of the various reports. A list of interviewees and a general summary of the responses is
provided at Appendix B.
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3. Resources

3.1 Background

In the last several years there has been a plethora of reports and articles on unconventional gas resources.
A reasonably comprehensive list up to early 2012 is published in the EC JRC Report® and there have been
a few more since then, including an update to the World Energy Council report and the IEA’s World
Outlook 2012 report. In this section we review the reports that deal with global resources together with a
selection of the others and distil the key contents into a summary of resources.

3.2 Different Types of Unconventional Gas

We have been asked to cover three types of unconventional gas resource: tight gas, shale gas and coal
bed methane (CBM). Other forms of unconventional gas exist, particularly methane hydrates, but most
industry experts agree that we are unlikely to see commercial production of these other resources in the
next twenty years.

There are a number of different definitions of the three types of unconventional gas covered by this
report. We have used the American Association of Petroleum Geologists (AAPG) Energy Minerals
Division’s definitions, slightly amended for clarity.

The term “tight gas” sands refers to low permeability sandstone reservoirs that produce primarily dry
natural gas. A tight gas reservoir is one that cannot be produced at economic flow rates or recover
economic volumes of gas unless the well is stimulated by a large hydraulic fracture treatment and/or
produced using horizontal wellbores (Holditch, 2006).

“Gas shales” are thought of dually as hydrocarbon source rocks and fine-grained tight reservoirs.
Economic gas-shale plays include both a hydrocarbon source rock for the source of methane
(thermogenic and/or biogenic) and a brittle lithology that contains natural and induced fractures that
provide permeability to access the gas-storage sites. Lacking either a source of methane or permeability
will result in an uneconomic gas shale.

Coal is both the source rock and the reservoir for CBM. As organic material (peat) is buried, temperature
and pressure increase, and methane, water, and other volatile substances are liberated. As these fluids are
released, the coally matter contracts and fractures in a distinctive manner. The fractures align themselves
according to the existing stress fields in the earth. These fractures are called cleats and they provide
permeability pathways through which the fluids may pass. Some gas may escape the coal. However, if
formation pressure is sufficient, quantities of methane are retained in the pressurised coal matrix in an
adsorbed state. To produce the methane, wells are drilled into the coal and pressure is reduced by
removing formation water. Pumps are generally required to dewater the formation. This allows methane
to desorb and pass into its gaseous state, so that it may be produced in the conventional manner and
delivered into a pipeline. It is usually necessary to compress the gas before it may be put into the
collection system.

3 Appendix F, Table F-1, page XXV
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3.3  Geology

Much of the literature on unconventional gas resources (and especially shale gas) refers to the presence of
“sedimentary basins.” It is important for readers to understand the geologic processes that created both
these sedimentary basins and the constituent sedimentary formations they contain, if they are to fully
appreciate why there is so much uncertainty amongst estimates of unconventional resources (either gas
or oil).

Most shale formations are composed of combinations of organic matter, minerals and rock fragments that
were deposited by the forces of erosion in fluvial or marine environments, originally forming the
“sediment” at the bottom of large lakes or seas. The major basins contain sequences of sedimentary rock
that can be thousands of feet in thickness. Different rock units (“formations”) resulted from changes in
the deposits being made over time. Any shift in rock type signifies an alteration in source of erosional
material, water velocity, continental movement etc.

The geologic processes that drive basin formation have only become clear relatively recently (e.g. since
the latter half of the 20th Century), as geoscientists learned to apply the principles of plate tectonics to the
deformation of the Earth’s crust. Geological interactions at plate boundaries and zones of fault activity or
regional subsidence have created most large sedimentary basins.

It is important to note that a major component of all shale formations is clay minerals (termed
“phyllosilicates”). Phyllosilicates are small, flat silicon-based minerals created by the degradation of other
minerals in the presence of water. Because of their small size and flat shape, phyllosilicates are easily
transported in water, typically much greater distances than larger minerals and fragments that form
sandstones and conglomerates. The latter group are larger and heavier and require higher water velocity
to transport. Thus clay minerals are major constituents of sedimentary basins but were usually the last to
be deposited.

As subsidence in a basin continued, older layers became progressively deeper in the Earth, where
temperatures and pressures were inevitably higher. Typically these formations were formed where
oxygen content was low, i.e. an anaerobic environment. In such conditions organic material could not be
oxidised and was preserved and eventually converted into oil and gas through the influence of heat and
pressure over millions of years.

Since these hydrocarbons are less dense than the surrounding rock and entrapped water, they naturally
migrated upward, provided that the porosity and permeability of the surrounding rocks was sufficiently
high for this process to happen. If so, traditional oil and gas reserves accumulated whenever a suitable
structural or stratigraphic trap was reached.

However, what are currently described as “unconventional” resources are different. In the case of shale
gas, although also derived from organic material, the porosity and permeability of surrounding rock is
low, so migration of the hydrocarbons was not possible. Oil and gas held within these shales can only be
extracted when permeability is “manufactured” through hydraulic fracturing of the surrounding
material.

This is why estimating the extractable quantities of any unconventional hydrocarbon is difficult, since it
depends on projecting the impact of enhancing porosity and permeability through the use of hydraulic
fracturing technology and the hydrocarbon content of the rock over very large areas. Each formation is
different, because it resulted from a myriad of geologic factors that evolved over millions of years. Hence
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it is not surprising that estimates of reserves outside North America based on geologic analogy to the
United States are prone to error.

Perhaps more importantly, this also means that unconventional shale gas resources are far more
pervasive because their presence is not dependent on a combination of source rock, migration to and
accumulation in a geological trap. Instead, what is required are rock layers with high organic content
and not too much clay (so that the shale is brittle enough to be fractured), that can be stimulated through
hydraulic fracturing and other processes to extract the constituent hydrocarbons. These areas are
commonly known as “sweet spots”.

Tight gas is different because porosity and permeability of the rock is somewhat higher than a shale gas
resource and because the gas has usually migrated from source rock underneath. The host rock for tight
gas is more likely to be sandstone and / or limestone, and the constituent gas may be pervasive
throughout the volume of rock into which it has permeated. Tight gas wells will likely not result in any
commercial level of gas flow without stimulation by hydraulic fracturing or other techniques.

Coal and associated methane reserves are different again. Most of the world’s coal formed when vast
low-lying coastal forests were progressively buried within sedimentary basins. The anaerobic
environment prevented oxidation and ultimately the organic material was converted into combustible
coal containing methane.

Methane derived from coal differs significantly chemically and geologically from shale / tight gas
because it is contained within the chemical matrix of the coal (“adsorbed”) and is only released when
exposed to lower pressure. Most coal bed methane is extracted by drilling horizontal wells through the
coal seams and extracting any water that might be present, which then leads to the required pressure
drop to release the gas. Stimulation through hydraulic fracturing is usually not required and indeed may
be inappropriate in narrow coal bed seams that are often found close to the water table.

Water is a common theme in unconventional gas reservoirs. In the case of shale gas and tight gas,
significant volumes of water need to be sourced for hydraulic fracturing activities; in the case of CBM
however, significant volumes of produced water need to be disposed of.

3.4  Methodologies

There are two main approaches used in estimating unconventional gas resources: by analysis of
geological parameters and by extrapolation of production experience. The EC JRC report looks into both
in some detail. Ultimately, however, since the extrapolation approach only works where there is
significant production experience, for the largest resource, shale gas, it is really only relevant to the US
where such production experience exists. Thus all of the estimates of non-US shale gas use some form of
analysis of the geological parameters, although sometimes these are then matched to the closest
equivalent US shale and resources estimates based on these comparisons.

The prior assessments also vary considerably in the level of detail. The first major global estimate of
unconventional resources, by Rogner in 1997, took data on relevant geological basins on a national or
regional level and applied a gas content factor based on US experience. Other geological assessments
have been made on a basin level, or by analysis of a specific formation within a basin. When one gets to a
formation specific level, then one can start making qualitative judgements about which US precedent is
most relevant and apply data specific to that particular US formation to the formation in question.
However, even at this level the process is fraught with the potential for error.
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Data on the precise nature of the formation is usually only available from analysis of rocks where that
particular formation reaches the surface — it is a brave assumption to assume that the rock is homogenous
throughout its extent. Even where drilling has occurred in the past, either for research projects or for
conventional oil and gas exploration, old well logs are less reliable, the relevant data may not have been
collected or well samples might now be lost.

Ultimately, the only way of telling whether a particular formation of rock has the potential for
commercial gas extraction is to drill a number of exploratory and appraisal wells and test them for gas
flow. Even here there is a considerable difference of opinion over how many wells are required to
“prove” the resources and commerciality of an unconventional formation. We have been told by
industry respondents that the first 60 wells drilled in the US Haynesville shale deposit were uneconomic
and that it took 100 wells to demonstrate that flow rates could reach economic quantities over a wide
area of the region. The UK exploration companies believe that investment will be forthcoming for
development after only a few wells have found good gas flow, however how much drilling will have to
be done to get to that stage remains to be seen. One quote we were given for CBM was that of 10 wells
drilled, 2 would be good, 4 would be OK and 4 would be dry.

A good way of demonstrating how quickly recoverability estimates have changed as wells are drilled is
to look at the relationship between shale gas production and shale gas resource estimates in the US, as set

out in Figure 3 below.

Figure 3: Shale gas production and resource estimates by year, USA
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3.5 Sources

A fact that becomes very evident after reading through the literature is how many of the non-US resource
estimates lead back to Rogner’s study done in 1997. One major oil company representative told us that
he was still using Rogner’s figures in presentations, since they were public data that were comfortably
close to his own internal estimates. Another oil company upstream expert quoted to us, “the various
reports are all trying to extrapolate from not very much”. The fact is that, except for the US and Australia
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(CBM only), very little drilling has taken place to allow geologists to improve estimates that are based on
very high level analysis.

3.5.1 Rogner: An Assessment of World Hydrocarbon Resources (1997)

Rogner’s report was written relatively early on in the climate change debate and sought to identify, at a
high level, all sources of hydrocarbons in the world. It thus covers conventional as well as
unconventional oil and gas. In the introduction he makes the point that, when looking at energy forecasts
over many decades, one should seek to understand the full potential supply of the different energy
sources even if they are uneconomic to exploit at current prices and technologies. Rogner sets out
estimates of OGIP for eleven world regions, but does not make any estimates of how much might be
recoverable. Several of the other reports on global unconventional gas resources simply take Rogner’s
OGIP estimates and apply a recovery factor (usually between 15% and 40%) to derive a figure for TRR.

3.5.2 EIA: World Shale Gas Resources (2011)

The only other substantive public study that takes an analytical approach to non-US resources is ARI’s
2011 study into 32 individual countries worldwide commissioned by the US Energy Information Agency
(EIA) and published in 2011. The report focuses on 14 regions and excludes Russia and the Middle East
on the basis they already have significant quantities of conventional natural gas in place, reducing the
likelihood of unconventional developments in the near future.

Rather than using existing literature, the analysis is drawn from a large amount of publically provided
geological information, specific to each region, to which a methodology is then applied to calculate risked
gas in place and technically recoverable gas. The authors accredit Rogner (1997) as the only study prior to
their report that attempts to document global shale gas resource based on the analysis of geological data.
Development and production costs are not considered with the EIA study.

Commenting on the EIA report (2011), however, the authors of the EC JRC report (below) note the huge
increase in estimated shale gas TRR by the EIA from their previous reports, the basis for which is
arguably unproven and suggest worldwide shale gas TRR results have been overestimated by the EIA in
this report.

3.5.3 EC Joint Research Council (EC JRC): Unconventional Gas (2012)

The literature review undertaken in the EC JRC report confirms there is little consistency in estimated of
global unconventional gas resources and what could be considered as technical recoverable gas reserves
(TRR). In response, the authors took a systematic approach to analyzing a wide range of reports that
considered shale gas, CBM and tight gas on a global basis.

Acknowledging the huge variations* in estimated shale gas resources for China, Europe and North
America, the report establishes three data ranges to input into their model: lowest estimate, mean
estimate and highest estimate. The full results are listed in Appendix C and are summarised in Table 2
below.

Conversely, just one tight bed gas and CBM resource figure is quoted by the EC JRC report for each
region. Direct references are not supplied, but we can deduce that the country specific figures are drawn

4 The report explains the use of Sandrea and Laherrere distort the shale gas results. We have not included either
report in this review.
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from a similar selection of reports including EIA/ARI (2011), Kuuskraa (2009), Mohr and Evans (2011),
Rogner (1997) and the WEC Survey (2010), the sources of which are illustrated in Figure 4 below.

3.54 Kuuskraa: Worldwide Gas Shales and Unconventional Gas: A Status Report (2009)

This report, prepared by V. Kuuskraa of American Resources International Inc on behalf of the American
Clean Skies Foundation and the Research Partnership for Secure Energy for America, is widely regarded
by analysts in this field. Mohr and Evans draw on this research for their North America shale gas URR
estimates, alongside Theal (2009), FERC (2010), Dawson (2010), Henning (2010) and Skipper (2010).

Kuuskraa usefully provides regional data for CBM resources both in place and recoverable. The EU JRC
report (2012) suggests this is based upon data taken from the IEA WEO report from 2009 and Rogner
1997. There is little mention of tight gas. More detail is given on shale gas, with an explicit focus on the
Alum Shale in Sweden, Silurian Shales in Poland, Mikulov Shale in the Vienna Basin and the Mako
Trough in Hungary in Europe. Beyond Australia, Canada and the US, however, regional or country
specific results are not supplied. Kuuskraa is the principle author for ARI, the consultants commissioned
for the 2011 EIA report, which is likely to have drawn upon the results of this study.

3.5.,5 Medlock, Jaffe and Hartley: Shale Gas and US National Security (2011)

Medlock, Jaffe and Hartley at Rice University take their research one step further by modelling the
breakeven price for shale gas in Canada, Mexico, Europe, Pacific as well as the US. The report uses the
Rice World Gas Trade Model (RWGTM), inputting demand and production estimates at 10 year intervals
from 2010 to 2040, with mean TRR shale gas data gathered through a literature review of a range of
unspecified sources.

The report goes the furthest to establishing the cost of production of shale gas in regions outside the US
establishing the breakeven price as the average price for the development of up to 60% of TRR. However
the authors caveat the accuracy of their results by stating, ‘the dearth of commercial activity in shale
plays outside of the US and Canada renders any assessment in those regions highly uncertain, meaning
the data represented in the RWGTM may actually underestimate the potential’.

3.5.6 Mohr and Evans: Long Term Forecasting of Natural Gas Production (2011)

This paper draws upon a range of sources to analyse unconventional gas resources outside of North
America. As with the EU JRC report (2012), the authors establish a low, a high and a best guess figure for
the regions selected based on a literature review. Many of the reports used were published before 2008,
with the majority of the non-US data analysed sourced either directly or indirectly® from Rogner (1997).

J Coal Bed Methane resources by country categorised as low, high and best guess, draw upon
Campbell and Heaps (2009) + 25% , Aluko (2001) +25 %, Boyer and Qinghao (1998) +25% ,
Cramer et al (2009) + 25%, the Australian URR from Brown (2008) and Kuuskraa (2009) in
comparative analysis.

J Shale gas URR estimates by country draw solely on Rogner (1997) with a 15% recovery factor.

J Tight gas URR estimates by country are categorized as low, high and best guess and draw largely
upon Cramer et al (2009) and data from Total, citing Rogner (1997) in comparative analysis

5 Again, given the narrow geographical focus of these reports, we have excluded them from our study.
¢ Research from Cramer et al (2009) draws on Holditch and Chianelli (2008) which in turn is informed by the
geological data published by Rogner (1997) and is the main source of global data used for CBM and Tight gas.
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3.,5.7 World Energy Council (WEC) Survey of Energy Resources: Focus on Shale Gas (2010)

The WEC Survey uses data from IGU 2003, VNIIGAS 2007, USGS 2008 and Cramer et al (BRG 2009) to
establish shale gas TRR potential for 9 regions across the world. This report is accredited by the EU JRC
(2012) as containing original data and suggests they have applied a 40% recovery factor to convert to
ERR. However, notwithstanding the other sources used the WEC Survey is closely linked to Rogner
(1997). In January 2012 the WEC produced an update to their report, drawing directly on the EIA (2011)
analysis instead of their own earlier estimates.

3.5.8 International Energy Agency (IEA) (2011 and 2012)

The IEA reports are another frequently referenced source of data for global unconventional gas potential.
The World Energy Outlook (2011) and the Golden Rules Report (2012) source the majority of their global
data from the EIA (2011) report. The 2012 World Energy Outlook, released very recently, contains a set of
worldwide TRR estimates based on BGR (2011), DOE/EIA (2011) and USGS (2010) reports together with
the IEA’s own data and analysis.

The Golden Rules (2012) report also estimates the costs of production and the impact on global and
regional energy markets. The premise of the report is an assumption that unconventional gas
development and production will increase and, in order to mitigate the inevitable social and
enviromental risks that will follow, establishes a set of Golden Rules to earn public acceptance and
legitimacy - ‘a social licencse to operate” which will ultimately improve environmental performance. The
Golden Rules case predicts a huge increase in unconventional gas production after 2020, once countries
have had the time to develop unconventional resources.

Additionally, the report puts forward a low unconventional gas scenario where resource base could turn
out to be much smaller than currently estimated or production and recovery factors are lower than
initially thought due to a myriad of potential reasons, such as complex extraction, problems with water
availability and government support for development. The IEA’s World Energy Model is used to
determine possible outcomes of either trajectory on the development of the unconventional gas market.

3.5.9 Bundesanstalt fiir Geowissenschaft und Rohstoffe (BGR): Reserven, Ressourcen und
Verfiigbarkeit von Energierohstoffen (2011)

The BGR is Germany’s Federal Agency for Geology and Raw Materials. It publishes a report on reserves
and resources which contains global resource estimates as well as more German-specific data. Because of
Germany’s large coal resources the report makes its own estimates of coal bed methane resources world
wide.

3.5.10 Po6yry Consulting’s report for Ofgem, “The Impact of Unconventional Gas on Europe” (June
2011)

Poyry’s report extracts its summary resource numbers straight from the EIA, however it does also
discuss other local estimates of resources made on a country by country level in the detailed text.

3.6  Global Resource Literature Summary

Whilst there are large numbers of reports dealing with unconventional gas resources, many of them only
consider shale gas and there are fewer that include original analysis of the data available. The
dependency of some of the main “global” reports on a limited number of precedents can be seen from
Figure 4 below.
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Figure 4: The interrelationship of the main reports on unconventional resources
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We set out the various quantitative assessments of resources in section 3.7 below.

3.6.1 Other Non-Global Reports
As well as the reports that cover global resources, we have also reviewed a number of reports that deal

with the specific resources in one region or country.

The United States Geological Survey “National Assessment of Oil and Gas Resources Update” 2010 gives
resource estimates by basin for all discovered oil and gas resources in the USA.

7 For the purposes of this report, this is defined as either analysis of new primary geological data of unconventional
gas resources or new data analysis from existing published reports.
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The report “Review of Emerging Resources: U.S. Shale Gas and Shale Oil Plays”, prepared by INTEK,
Inc. for the U.S. Energy Information Administration (EIA) summarises technically recoverable resources
for all 20 of the shale gas formations that have been discovered. Its estimates are for a subset of total gas
resources of 24.1 tcm, but it can be reconciled to a full TRR figure for the USA.

Florence Gény of the Oxford Institute of Energy Studies produced a report “Can Unconventional Gas be
a Game Changer in European Gas Markets?” (2010) on European shale gas. The report draws on a
number of different sources for resource estimates, including Rogner, ARI, Schlumberger, Wood
Mackenzie and THS. Some of these sources are proprietary and not available for our review however, the
resource estimates quoted by Gény are reasonably consistent with other published figures. The bulk of
the report, however, focuses on what it would take for unconventional gas to be produced economically
and is thus of more relevance to the next section of our report.

Harvey and Gray (2010) seek to establish a geological framework to assess shale gas potential in the UK,
based on UK Onshore Geophysical Library data. Acknowledging the UK’s shale formations are largely
untested, the authors propose the most useful method by which to estimate shale gas potential, namely
by analogy with developed basins in America, that share similar geological characteristics. For example,
they suggest the Weald and Wessex Basins Jurassic shale plays in the UK offer a realistic analogue to the
Antrim Shale in Michigan. Overall, Harvey and Gray estimated in 2010 potential UK shale gas
recoverable resources at 150 becm. This report is widely believed by the UK independent exploration
companies to be low in its estimates and is now being revised with new data from recent drilling activity.

Zou et al (2010) take a similar approach to draw conclusions for unconventional gas resources in China.
The report takes a considered view of the ‘depositional environment, geochemical and reservoir
characteristics, gas concentration and prospective resource potential’ and applies this to three different
types of shale found in certain areas in China. Based on this analysis, it makes a number of comparisons
with developed shale gas basins in the US in an attempt to calculate informed estimates on the potential
of shale gas in China. At this level of detail, however, further calculations are needed to work the data
into usable TRR or ERR estimates for the purpose of this report.

Medlock and Hartley have also examined Chinese prospects in their 2011 paper “Quantitative Analysis
of Scenarios for Chinese Domestic Unconventional Natural Gas Resources and their Role in Global LNG
Markets”.

3.7  Worldwide Resource Estimates — Original Gas in Place

Only Rogner has produced estimates of OGIP for all three unconventional gas types on a worldwide
basis. The BGR has produced its own estimate of CBM resources, but its shale gas and tight gas estimates
are directly derived from Rogner. EIA (ARI) has calculated OGIP for shale gas for 32 countries across 14
regions. Table 1 below compares those three sets of estimates.
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Table 2: Original Gas in Place Estimates

EIA (ARI)
Rogner 1997 BGR 2009 2011
CBM Tight Gas  Shale Gas Shale Gas
North America (incl. 80.6 36.6 102.6 133.0 109.2
Mexico)
Latin America 1.0 34.6 56.5 0.0 129.4
Western Europe 4.2 9.4 13.6 3.0 42.6
Central & Eastern Europe 3.1 2.1 1.0 3.0 30.6
Former Soviet Union 105.7 24.1 16.8 156.0 N/A
Middle East & North 0.0 22.0 68.1 3.0 62.1
Africa
Sub-Saharan Africa 1.0 20.9 7.3 0.0 51.9
China & CPA 32.5 9.4 94.2 37.0 144.5
Australasia & Japan 12.6 18.8 61.8 16.0 39.1
Asia Pacific 0.0 14.7 8.4 13.0 N/A
South Asia 1.0 52 0.0 0.0 14.0
241.9 197.9 430.3 364.0 623.5

In the 14 years between Rogner’s study and ARI’s assessment, the whole US shale gas industry had
developed, with much more knowledge available on actual resources. It is thus no surprise that the
North American estimate increased significantly. However, ARI's methodology, looking at each major
basin separately, has also lead to substantially increased estimates for several other regions. To quote
ARI: “Our detailed basin-by-basin assessments of the shale gas resource show that the shale gas resource in-place is
larger than estimated by Rogner, even accounting for the fact that a number of the large shale gas resource areas
(such as Russia and the Middle East) have not yet been included in our study (but are included in Rogner’s shale
gas resource numbers).”

It is interesting that the BGR shows no CBM resources for either South Africa or India. Both these
countries have substantial coal reserves and a number of our interviewees have mentioned one or both
countries as potential producers of CBM.

3.8  Worldwide Resource Estimates — Technically Recoverable Resources

The estimates of recoverable reserves vary even more widely than the OGIP ones, with a range of
different recovery factors put on the various OGIP figures. The key reports dealing with worldwide TRR
on a consistent basis are EIA (ARI), Mohr & Evans, Medlock Jaffe & Hartley, the BGR, the IEA and the
EU JRC. We set out below three tables showing the range of global TRR estimates for shale gas, tight gas
and CBM respectively.
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Table 3: Global TRR estimates for shale gas

Mohr & Medlock et EC JRC
Evans?® al EIA/ARI “best case”
Shale Gas
Region
North America (incl. 26.3 26.5 53.5 47.3 44.1 47.0
Mexico)
Latin America 8.5 n/a 34.7 35.1 34.7 33.0
Western Europe 2.1 2.8 10.5 8.8 11.6 16.0
Central & Eastern Europe 0.2 34 7.1 6.2 4.3 }12.0
Former Soviet Union 25 n/a n/a 10.7 32.0
Middle East & North 10.3 n/a 16.2 15.9 16.0 4.0
Africa
Sub-Saharan Africa 1.1 n/a 13.7 13.7 n/a 30.0
China & CPA 14.2 6.5 36.1 17.2 21.2 }57.0
Australasia & Japan 9.3 1.4 11.2 11.2 6.3
Asia Pacific 1.3 n/a n/a 0.0 n/a 0.0
South Asia 0.0 n/a 3.2 0.0 1.8 0.0
75.6 40.7 186.3 166.1 172.0 199.0

All reports have a high resource estimate for North America, although the range differs by a factor of
two?. Similarly most reports except Mohr & Evans believe there to be significant resources in Latin
America. Estimates for the rest of the world show much more variation. Chinese resource estimates in
particular vary by a factor of nine. This underlines the uncertainty about how many of the resources in
place can actually be recovered.

Feedback from the interviewees also shows differing views. Most respondents view China as a
potentially very large unconventional gas producer. Views on Europe vary more widely — but a lot of the
commentary here is based more on the non-geological issues surrounding exploration and production. It
is certainly notable from the chart above that the Western European TRR estimates have been gradually
increasing over time.

Tight gas has much less attention paid to it. Partially this is due to the current focus on shale gas, where
the resource potential is both larger and to a certain extent easier to find (in that all shales contain
hydrocarbons). Tight gas is found in sandstone and limestone reservoirs, but the reservoir is not the
source rock, unlike shale or coal beds, so one also needs to identify a source and migration path to find a
tight gas play. Many have been identified throughout the world but there is less focus on global
prospects for this aspect, with only two reports (Mohr & Evans and IEA) offering TRR estimates on a
global basis.

8 Mohr & Evans describe their estimates as URR but they use recovery factors similar to those others use for TRR and
consolidating reports such as the EU JRC report tend to treat them as TRR estimates anyway.

9 It is worth noting that the USGS in its 2010 resource update estimated the US shale gas resources at only 3,002 bcm.
This has been discussed by several commentators and the EU JRC report has a whole section discussing the USGS
approach, which concludes that “figures provided by the USGS should be interpreted as ‘potential additions to
reserves’” in known formations, rather than technically recoverable resources nationwide.
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Table 4: Global TRR estimates for tight gas

Region TCM TCM
North America (incl. Mexico) 17.5 11.0
Latin America 0.5 15.0
Western Europe 0.0 4.0
Central & Eastern Europe 0.0
Former Soviet Union 5.6 110
Middle East & North Africa 3.7 9.0
Sub-Saharan Africa 0.0 10.0
China & CPA 10.2
. }21.0
Australasia & Japan 5.1
Asia Pacific 0.5 0.0
South Asia 0.0 0.0
43.0 81.0

It is unclear why Mohr & Evans excluded tight gas resources from Europe and Africa when they had
estimated other regions simply by applying a recovery factor to Rogner’s OGIP estimates. Ultimately the
IEA estimate is more recent and more comprehensive.
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There is a little more consistency for CBM, with three recent papers giving global TRR estimates by
region.

Table 5: Global TRR estimates for CBM

Coal Bed Methane
Region TCM TCM TCM
North America (incl. Mexico) 8.7 8.1 9.0
Latin America 0.0 0.2 0.0
Western Europe 1.2 1.0 2.0
Central & Eastern Europe 0.8 0.5
Former Soviet Union 36.3 16.1 }20.0
Middle East & North Africa 0.7 0.0 0.0
Sub-Saharan Africa 0.2 0.9 0.0
China & CPA 7.9 10.9
Australasia & Japan 5.8 4.4 116.0
Asia Pacific 0.2 1.6 0.0
South Asia 0.5 1.9 0.0
62.3 45.6 47.0

The largest known resources of coal bed methane are in North America, Russia, China and Australia, all
of which are covered by the three reports. As noted above, a number of our interview respondents have
mentioned both India and South Africa as having interesting potential for CBM, so we would also expect
some gas to be coming from them.

3.9  Whatis “Significant”?

So what does access to these additional resources mean for world gas reserves? In its latest report, the
IEA estimates remaining technically recoverable conventional natural gas resources at 370,539 bcm and
unconventional gas reserves at 263,064 bcm, so unconventional gas resources now amount to 42% of total
TRR. Global production in 2010 was 3,284 bcm, and the IEA now projects production (and thus
consumption) in 2035 to be between 3,971 and 5,286 bcm. Given that five years ago unconventional gas
was considered peripheral to gas reserves, this has significantly changed the future outlook — one can
fairly say that the technology advances have given us access to unconventional gas that has added 70-100
years of potential gas supply globally.

3.10 Conclusions

Unconventional gas resources are widely distributed over the globe, reflecting the common continental
occurrence of deep basins containing sedimentary deposits with significant organic content. Most
commentators agree that there are large quantities of gas in place in North America (US, Canada and
Mexico), South America, the FSU, China and Australia. Opinion differs over the potential size of the
resource in Europe, Middle East and Africa but there is a reasonable body of opinion that believes the
resources in those continents too are substantial.
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However, there is much more uncertainty about whether and if so how much of, that gas in place can be
extracted. There are actually very few published sources estimating TRR for tight gas or coal bed
methane. More reports give estimates of shale gas recoverable and the ranges are shown graphically in
Figure 5 below.

Figure 5: Ranges for technically recoverable resource estimates of global shale gas
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Estimating TRR once gas in place has been identified is a complex problem involving geology (is the
shale brittle enough to fracture rather than flex?), society (will I be allowed to drill?) and technology (how
much gas can I extract?). In addition to access to economically recoverable resources, one needs to
address the fundamental economics of the opportunity: can I get the gas to market for more than the cost
of extraction? The geological questions can only really be answered after exploratory drilling. Except for
North America and coal bed methane in various parts of the world, there just hasn’t been enough
exploratory activity to really know how much gas can be economically extracted.

Our conclusion is that there are significant potential opportunities for unconventional gas production in
many countries and regions around the world. What is then relevant to the objectives of this report is to
consider which of these countries are likely to see significant production of that resource within the next
twenty years. This very much depends on the political, technical and economic issues which we consider
in the next section.
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4. Prospects

In this section we discuss the general issues surrounding the prospects for unconventional gas over the
next 20 years. In the following chapters we then consider supply and demand globally and then how
unconventional gas production might affect supply and demand balances in (i) Europe and (ii) the rest of
the world.

Our approach to examining the prospects for unconventional gas is to consider the potential barriers to
the three phases of exploitation. We have categorised the barriers into three types: Geology, Economics
and Politics. At each stage of exploitation, these barriers will have to be overcome before proceeding.
This can be shown in diagrammatic format as set out in Figure 6 below.

Figure 6: Stages of Unconventional Gas Development
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We have considered the geological questions in section 2. In this chapter we look at the economic issues
and the “societal” barriers which will determine whether or not a shale gas rich area is likely to be
exploited in the next two decades.

4.1 Economic Issues

The only large body of cost data for drilling and production of unconventional gas comes from the US.
Even here, there is a wide range of costs, reflecting the very different characteristics of the various basins
and also operators. The two most widely quoted cost parameters are cost of drilling wells (usually
expressed in $ per well) and the overall cost of production (usually expressed in $ per mmbtu).
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41.1 Costs of Production

The IEA very usefully put together some indicative costs of production on a $ per mmbtu basis by region
and type of gas, summarised in Table 6 below. The estimates are for dry gas only and exclude liquids.
Blank spaces indicate no data available.

Table 6: Indicative Dry Gas Production Costs

Conventional  Tight Gas Shale Gas CBM
Region $/mmbtu $/mmbtu $/mmbtu $/mmbtu
OECD North America 3-9 3-7 3-7 3-8
Latin America 3-8 3-7
OECD Europe 4-9
E. Europe & Russia 2-6 3-7 3-6
Middle East 2-7 4-8
Africa 3-7
Asia/Pacific 4-8 4-8 3-8

Source: IEA World Energy Outlook 2011 Table 2.1, in real 2009 dollars

There is considerable debate about the true level of shale gas costs in the US. Some analysts have
suggested that the true cost, once cost of capital and “dry” wells are taken into account, is somewhat
higher than the $3-7/mmbtu (19-45 p/therm) range quoted above, possibly nearer $8-9/mmbtu (51-58
p/therm). Industry sources argue that drilling costs are coming down as technology improves horizontal
drilling rigs and targeting of wells is now getting much better as more is learned about the geology of
shales. What seems clear is firstly that costs can actually be very variable, depending on the nature of the
geology and secondly that until a basin’s geology is properly understood (which can require many wells
being drilled) the risk of wells with low or no gas flow is higher.

Geologists agree that industry’s current understanding of the characteristics of shale is nowhere near as
detailed as is the understanding of sandstone and the other rock types where conventional oil and gas
congregates. This understanding will improve over the next few decades, bringing further efficiency into
well targeting and design.

The other important factor in considering breakeven costs is the presence of natural gas liquids (NGLs).
Where NGLs are found with the gas, the economics can be significantly improved, since these liquids
(typically ethane, propane butane and condensate) are valued in direct relation to the oil price. What can
be confusing is the practice of sometimes quoting breakeven costs on dry gas alone and sometimes on a
basis net of any NGL or oil revenues. For instance, Figure 7 below shows breakeven costs for a number
of different shale production areas in the US after taking liquids sales as a “negative” cost. Thus one
producing area appears to have a zero cost of gas extraction.
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Figure 7: NYMEX breakeven price for 10% ATAX ROR
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4.1.2 European Production Costs

Since data on shale gas production costs is only available for the US, one needs to carry out some further
analysis to estimate how much it will cost in other regions of the world. This can be done by comparing
the “economic” factors that make up the cost in the US, which must include all factors, including land
access costs, drilling costs, infrastructure, fiscal terms, regulatory costs and costs of getting public
endorsement. Two reports, Gény (2010) and EC JRC (2012) consider European economic factors in some
detail.

Gény’s report looks at the economic profitability of hypothetical development in shale gas basins in each
of Germany and Poland. She had access to drilling and operating cost data provided by Schlumberger
and made a number of assumptions based on knowledge of the two basins at that time. Her conclusions
were that at 2010 European costs, break even prices were in the range of $12.3-13.0/mmbtu (80-84
p/therm), which could drop to $7.8-8.2/mmbtu (50-53 p/therm) under fast cost optimisation
assumptions'C.

This compares to a breakeven price of $4.25/mmbtu ! (27p/therm) computed for the Fayetteville shale
which Gény used as a comparative. The reasons she sets out for the European costs never being expected
to get down to the US comparatives are multiple and include greater depth of the shale formations, less
competition for well services, different royalty regimes and potentially higher land acquisition costs
among others.

10 Gény also computed a higher scenario for Germany on the assumption that the current tight gas royalty concession
would not be advanced to shale gas. This significantly increases the cost of extraction, to the point that it is unlikely
that anything would be developed in Germany.

11 Source: Medlock et al “Shale Gas and US National Security” 2011
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The cost optimisation issue is an important one. All our interviewees have confirmed what both the
Gény and the EC JRC reports state: the supply chain for onshore drilling across Europe is very
rudimentary and costs are currently a lot higher than the US. One recent rig count identified 1,900 land
rigs and 500 frack crews in the US compared to 77 rigs and 10 frack crews in Europe. But all respondents
agree that one can expect costs to fall as activity increases and there are several precedents within the US
shale gas industry to draw on to judge the potential scale.

Figure 8: Indicative Drilling and Completion Cost savings over time in US shale gas production
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The Schlumberger numbers used by Gény suggest European well costs of between £5.4 and £8.5 million
depending on type, depth and location, whereas well costs in the Fayetteville are around £1.8 million2.
Gény assumed a potential decrease in drilling costs of up to 50%, which at one level is consistent with the
US experience, but seems modest given the fact that European circumstances are very different from
where the US was in 2007. Europe has very little onshore drilling supply chain at all, whereas the US had
a considerable drilling and fracking industry even then, and all it had to do was adapt to a new type of

geology.

The current quoted figures are consistent with feedback from the UK independents, which suggests
drilling and fracking an onshore shale gas exploration well in the UK costs around £7 million. We would

12 Southwest Energy Form 8K April 2012 — SWN is one of the three big operators in the Fayetteville
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expect these costs to reduce considerably, more than Gény’s 50%, if sufficient activity and investment
came into the market.

Gény concluded in 2010 that, to be economic, the pricing of unconventional gas volumes will have to be
sustained at a level above $8-10/mmbtu (52-65p/therm) and also pointed out that these estimates were
“higher than historical prices and current market expectations”. Those market expectations have now
moved on, with the GASPOOL forward curve showing a constant average of about 67p/therm'. But the
point remains the same and is confirmed by some of the UK independents: if gas prices drop somewhat
from their current levels, exploitation of unconventional gas in Europe may be delayed since it just won't
be economic given the current supply chain costs.

The EC JRC report goes into even more analysis than Gény on drilling and stimulation costs. As well as a
range of costs, they also consider a range of well gas production ranges (the URR much quoted in US
shale gas reports) and also consider wells with and without natural gas liquids. For their base case
production per well (URR 0.06 bcm), with 100,000 bbl liquids, the cost estimates range from $3.10 to
$5.90/mmbtu (20 to 37p/therm) whereas without liquids the cost range is between $5.38 to $10.30/mmbtu
(34 to 65p/therm). The three cost scenarios reflect current cost base (the highest cost), a “most likely”
scenario of a cost situation which should be reasonably achievable on current knowledge and an
“optimistic” scenario assuming further technology advances. They are summarised in Table 7 below.

Table 7: European shale gas production estimates

“Most Likely” “Optimistic” Long

~ Long Run Cost Run Cost
Current Cost Base $/mmbtu $/mmbtu
Well with liquids 5.90/mmbtu 4.07/mmbtu 3.10/mmbtu
Well with dry gas only 10.30/mmbtu 7.07/mmbtu 5.38/mmbtu

Source: EC JRC Report

The methodologies used by Gény and the EC JRC are difficult to compare. One item clearly at odds
between what the reports disclose is the surface assets, which Schlumberger estimate at £32.4 million,
against a £5 million figure for “field development, infrastructure and processing costs” in the EC JRC
report. This may to some extent reflect the specific regional analysis carried out by Gény against the
“average across the EU” approach used by the EC JRC; for instance, access to pipeline infrastructure is a
key infrastructure cost that varies considerably across the EU, depending upon the nature of the gas grid.
In addition, Gény takes account of specific royalty payments that are ignored by the EC JRC. However, if
one assumes that Gény was ignoring liquids (which given the depth of the German and Polish shales she
was analysing is fair), then her estimate of $8-10/mmbtu (52-65p/therm) on an assumed URR of 0.07
bcm™ is consistent with the EU’s “as is” cost estimate of $10.8/mmbtu (70p/therm) on an URR of 0.06
bem.

13 Analysis of the ICE GASPOOL 1-month forward contract price curve, 20 November 2012

4 Gény does not specifically state that this was her assumption, but one can reasonably deduce it since she uses the
Fayetteville as a comparator in other parts of the analysis and quotes this volume from the Fayetteville elsewhere in
her report.
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4.1.3 Scale of Investment

The other economic issue to consider is the very scale of investment required to reach significant
quantities of gas production. The IEA calculated a hypothetical analogy, based on the typical profile of
Barnett shale wells, which suggests that to get to annual production of 30 bcm in a basin for twenty years,
one would need to drill close to 22,000 wells over a 27 year period.

Figure 9: Hypothetical production profile of a new gas play
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Notes: assumes 800 wells drilled annually for 27 years. Coloured segments represent production
from each vintage.
Source: IEA World Outlook 2009

The EU JRC carried out a similar analysis, which we reproduce below.

“The cumulative production of shale gas in Europe in an optimistic case of high demand, low costs and plentiful
reserves would total close to some 3,000 bem over the period 2025-2040, an average withdrawal rate of 200
bem/lyear. Two independent assessments made within this report have estimated the ultimate recovery of gas
from a single well to stand at approximately 0.057 bem over an assumed lifetime of 30 years. Extrapolating from
the US experience over the last ten years, the authors assume the need for ten exploratory wells and ten dry holes
for every 100 shale gas producing wells drilled. Cumulatively, in this case 63,000 wells would need to be drilled
during the period 2025-2040 to maintain this rate of production, or roughly 4,200 wells drilled on an annual
basis.”

If one applies the EC JRC lower well cost figures to this number, this implies a potential investment
requirement of around £25.3 billion a year for 15 years. It is helpful to consider this scale of investment —
when one realises the amount of expenditure required, it is easier to believe that competitive pressures
will bring down costs in Europe significantly. But there is no doubt that the investment requirements are
considerable. As a comparison, IHS CERA forecasts a total investment of £1.2 trillion in the US shale
industry between 2010 and 2035%, at which point both EIA and IEA expect the US to be producing
around 561 bcm/year.

15 Source: “The Economic and Employment Contributions of Shale Gas in the United States” IHS Global Insight
December 2011
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4.2 Political Barriers

Many of the recent reports on shale gas go into the various issues and concerns surrounding the industry
which are not necessarily “economic” in nature, although they often have economic consequences. These
are either tied to legal or regulatory issues, or are issues of public concern. We have categorised these as
“political” simply because these issues that both vary by country, since national laws are all different and
they tend not to be within the power of industry to address, but rather require input by Governments.
We discuss each of the major issues below.

4.2.1 Land and Access Rights

Many of the written reports, and some interviewees, point out that the US shale gas boom has required
large numbers of wells over significant areas of land and that this might be difficult to replicate in more
densely populated countries, particularly Europe. This is certainly a potential issue, however more
recently commentators have pointed to the development of the Marcellus shale in Pennsylvania as an
example of where the industry is going. Here the need for land has been reduced by drilling multiple
wells from a single area (or “well pad”). Both Gény and EC JRC comment that this approach is the one
likely to be adopted in Europe and that has been confirmed by a number of the UK independents.
Indeed Cuadrilla has suggested that, because of the thickness of the Bowland shale, they might drill as
many as 32 wells from one pad.’®

Access to land for pads is also raised as a potential obstacle, particularly as many regions where
unconventional resources are thought to exist have legal systems where mineral rights lie with the
Government rather than the landowner. A number of commentators point out that the speed of US
development has been helped by the fact that the landowner gets a royalty, which can be between 12.5%
and 25% of revenue generated from wells on his land. However, most of the industry players take the
pragmatic view that a deal can almost always be done with the landowner to ensure they back the
project. Thus the issue becomes more of a “fiscal terms” problem if the jurisdiction in question charges a
revenue-based royalty that goes to the Government, so that the producer pays both a royalty to the
Government and a land rent to the land owner. In jurisdictions where there is simply a profits-based tax,
the land rent is tax deductible and thus there is no “double charging”.

4.2.2 Water

Water use is another potential barrier to development raised by many commentators. Although drilling
normally uses specialist lubrication called “drilling mud”, which is largely recycled, the hydraulic
fracturing process requires large amounts of water. There are three separate issues connected with water
use in hydraulic fracturing:

1. availability of water generally
2. transportation of water to the drilling site and

3. treatment of waste water that comes back to the surface after hydraulic fracturing

In terms of availability, a single stage of hydraulic fracturing can require anywhere between 10,000-
30,000 m3 of water. Whilst this seems a lot, it is not that big in terms of industrial usage generally.
Figure 10 below sets out the typical water requirement per mmbtu of various different energy types,

16 Cuadrilla Resources — evidence to the Parliamentary Committee on Energy and Climate Change October 2012
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showing shale gas as the least water intensive. Conventional gas together with wind and solar power use
even less water than this.

Figure 10: Water Use per million BTU for various energy generation technologies

Range Mid Point of Range
# Deep Shale Natural Gas 1-6 3
» Nuclear (Uranium ready to use in a power plant) 8-14 1"
~ Conventional Oil 8-20 14
~ Synfuel = coal gasification 11-26 18
» Coal (ready to use in a power plant) 13-32 23
= Qil Shale 22-56 39
~ Tar Sands 27-68 47
~ Fuel ethanol from corn | 2,510 - 29,100 15,805
~ Blodiesel from soy 14,000 - 75,000 44,500

Source: Ground Water Protection Counsel and the US Department of Energy, from Cuadrilla

Thus this is really an issue only in areas where water supply is already scarce. However, certain regions
with large potential unconventional resources are water deprived and thus gas production there may
either be more costly or even impossible as a result.
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In particular, several of the Chinese shale gas basins are located in water constrained regions, as can be
seen in Figure 11.

Figure 11: Water Access Issues

Huabei Platform

Yangtze Platform s, __ il N

b . o "
' ---"’l.-w y
Bl Provinces with areas with water constrasnts H ".-‘ =
N °
Areas contaning shale gas deposts %A wong Kong
]
Haman

Source: Barclay’s Capital Commodities Research

This limitation may eventually be overcome by technology. Some US companies are already looking into
ways of fracturing shale using either propane gel or compressed air.

A further issue connected with water is transportation — how does the water get to the well site. In
countries with a highly developed water grid this may not be much of an issue; as long as the well pad is
near a water main a pipe can be laid. However in more remote areas, water has to be brought in by road,
which is not only costly but also has environmental consequences for the local community given the
sheer volume of trucks passing daily to fill up the water tanks.

A much more contentious debate is the treatment of waste water. Water used in hydraulic fracturing
operations not only has various chemicals added to it, but will also absorb minerals from the well, which
can in certain cases include traces of radioactive metals. Similarly, water pumped out of coal beds in
preparation for CBM production is contaminated with methane and other substances. So the safe
treatment of this water prior to disposal is crucial to avoid contamination of local surface water.

There have been a number of cases in the US where contaminated water has escaped, which has been
picked up by the environmental community as evidence that the industry is unsafe. From the various
commentators on the subject, including a preliminary environmental assessment by the EU, it certainly
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seems likely that in places such as Europe, more expensive procedures, such as holding the water in a
closed tank rather than an open tank prior to disposal, will be required. This is not an insuperable barrier
— the technology to treat the water is well proven and appropriate regulations governing standards exist
in most countries. But it is an additional cost factor that will vary according to the local water treatment
infrastructure.

The final issue connected with water is the potential for unconventional gas drilling to pollute aquifers.
A number of concerns have been raised, both about methane in water and about the potential for the
chemicals used in the stimulation process to enter aquifers. The situation with methane contamination in
particular is complicated, since there are several ways that methane can get into ground water naturally.

The scientific advice in both the US and Europe is that the risk of hydrocarbons from oil and gas wells
getting into aquifers is very much connected to poor installation of well lining and that these risks are the
same in both conventional and unconventional oil and gas drilling. The studies believe that existing laws
and regulations are sufficient to prevent the problem if implemented and enforced correctly. Part of the
concern in the US has also been caused by the lack of methane monitoring prior to drilling in prior years,
as well as a lack of disclosure of what chemicals were being added to the fracturing fluids. This has now
been acted upon by the industry, so that standard practice is now to carry out pre-drilling surveys of
ground methane and water quality and to clearly disclose the chemicals being used.

42,3 Other Environmental Issues

Methane escape is another issue that has caused substantial debate. One study by a Cornell University
team estimated that “3.6% to 7.9% of the methane from shale gas production escapes to the atmosphere
in venting and leaks over the lifetime of the well”"” and calculated that this meant that shale gas had a
higher carbon imprint than coal. Another, different Cornell team sharply criticised some aspects of the
methodology used and the debate continues. However this has highlighted the risk of gas leakage
during well completion and fracturing, which seems to be the main area which contributed to the higher
estimates. The US EPA has now revised some of its standards to deal with this issue as well as other air
pollution sources from the oil and gas industry, which will add cost to future operations.

A further environmental concern is noise, particularly from truck movements bringing equipment and
water to and from drilling sites. Noise abatement procedures will have to be implemented in accordance
with local regulations and in more densely populated countries this will tend to have an incremental cost
over and above the US experience.

424 Regulated Prices

Countries with regulated gas prices, such as China and Latin America, may also face a barrier to
investment where the regulated price is less than market prices and more importantly the economic cost
of shale gas production, at least in the first years of exploration and production. This is a complex issue
which needs to be considered on a country specific basis, since each regulatory system is different.

425  Access to Infrastructure

Many commentators make the point that one of the big advantages the US had in developing its
unconventional gas industry was the large existing infrastructure in gas pipelines, the ease of building
new pipelines and the fact that, by law, all these pipelines must offer “open access” to all who wish to use

7 Howarth et al, Methane and the greenhouse gas footprint of natural gas from shale formations”
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them. Whilst some areas of Europe also have good gas pipeline infrastructure, it is less well developed in
others. In other countries, in particular China, India and Latin America, substantial investments in
pipeline infrastructure will be required to give unconventional gas resources access to markets.

A further issue with pipeline infrastructure that was highlighted in our interviews is the ease of planning
approvals for connections to the gas grid. Again in the US it is relatively easy to build a pipeline. In the
UK, as a counter example, we were told that permission to build a pipeline more than 16km long was a
major planning issue and could take as long as 5 years if there were objections.

4.2.6 Public Confidence

Any industrial activity in the developed world needs to be mindful of the local community in which it
operates. The development of unconventional gas is no different. Indeed, because some of the
unconventional production areas are in regions where communities have no experience of mineral
extraction, there are considerably more barriers to overcome in this regard. Environmental concerns,
mentioned above, are usually the major source of concern. But a simple increase in traffic can also cause
major tensions.

Lack of knowledge and understanding is the root cause of a lot of the concern. Following a lead taken in
some parts of the US, the UK independent sector is now investing a lot of time and resource in explaining
to local communities what they are doing, why, how long they will be doing it for and what the site will
look like after the drilling is completed. As revenue is generated, further contributions can be made to
local “good causes”, which may take many forms.

One point made to us by several commentators was the importance in having confidence not just in
industry but in regulators too. This is particularly an issue in ex-Communist Europe, where there are
often fears that officials will turn a blind eye to corporate transgressions. There is a delicate balance for
regulators here, for too heavy a regulatory burden might add so much cost that the industry will never
take off. However, public confidence will only be achieved if people believe not only are the operations
fundamentally safe, but also, if anyone doesn’t follow the safety guidelines and procedures, they will be
suitably punished.

4.3 Conclusion

It is not easy to summarise a set of issues and objections which have been presented and argued about
from many different points of view. However, we believe that they fundamentally fall into three
categories:

e  those which simply reflect the higher cost base of other regions compared to the US, some of which
as we have discussed will reduce as the industry scales up;

e  those which relate to public acceptance and trust, where the industry needs to prove that what it is
doing is safe and regulators need to prove that they are have sufficient oversight and control over
development and operating practices; and

e those which relate to Government, where laws, regulations or fiscal regimes present barriers that

could be alleviated by appropriate changes.
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5. Overview of Gas Supply and Demand

5.1  Global Supply / Demand Scenarios

Prior to considering the prospects for unconventional gas development by region, it is useful to look at
the global picture of gas supply and demand. In this section we set out the various views on how supply
and demand might develop over the next twenty years and some of the uncertainties that might affect
those views.

A number of organisations have developed future global gas supply and demand scenarios. We have
used the EIA International Energy Outlook (2011) as the base line for comparison to the other public gas
forecasts. The other gas forecasts we have reviewed include the IEA World Energy Outlook (2012),
various oil company forecasts including BP and ExxonMobil (both 2012), the EC JRC review of
Unconventional Gas (2012) and one published by the Baker Institute at Rice University in 20118,

5.2 Gas Demand
Figure 12
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The EIA’s reference case anticipates global gas demand will increase by approximately 1.7% per annum
(pa) from 2010 through 2030 to reach a total of 4.4 tcm/year, from 3.2 tcm/year in 2010. However there
are significant differences in gas demand growth between regions and countries. Despite the recent
increases in both shale gas reserve estimates and production, gas consumption in the United States is
expected to have one of the slowest growth rates, 0.42% pa. Other low gas demand growth regions are
anticipated to be Japan (0.39% pa), Russia (0.15% pa) and OECD Europe (0.68% pa).

18 Medlock et al., Shale Gas and US National Security, 2011
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High gas demand growth regions in Asia are expected by the EIA to be China (5.8% pa), India (3.6% pa)
and other non-OECD Asia (3.2% pa). Outside of Asia, Africa (3.9% pa), the Middle East (2.7% pa) and
Central / South America (2.6% pa) will be the fastest increasing gas consumers.

53  Gas Supply
Figure 13
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Gas supply growth across the regions as envisaged by the EIA is equally varied. United States gas
production growth will outstrip demand growth, 0.9% pa verses 0.4% pa respectively. In Asia, Australia
and China are expected to increase gas production by approximately 4.1%. Gas production in the Middle
East (2.5% pa) and Central / South America (2.6% pa) will likely match demand growth. Africa’s gas
production growth of 2.7% pa is well below the anticipated demand increase, however the EIA forecast
was developed before some of the major gas discoveries in east Africa were made public and the same is
true of most other forecasts we have reviewed.
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54  Major Trade Flows

Figure 14
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Looking at the global trade patterns envisaged by the EIA, Europe’s requirement for imported gas is
expected to continue to increase as demand escalates and domestic gas production declines persist. In
Asia, Japanese LNG imports are expected to be fairly static up to 2030. The most significant change in
Asia trade patterns, indeed global trade patterns, according to the EIA will be the emergence of China as
major gas importer. By 2030 Chinese gas imports, via LNG and Russian / Caspian pipeline gas, will be
close to half that of Europe’s gas import requirements. Indian and other Asian demand is also expected
to increase strongly.

Offsetting these import requirements North America is expected to become a net exporter of gas through
LNG to Asia and Europe and in the latter half of this decade. The EIA also expects Russia and Caspian
region gas production to increase to meet demand in both Europe and Asia. Australia’s multiple LNG
projects will also make a major impact on LNG trade flows around Asia. The Middle East is expected to
maintain current export levels in this scenario.

In addition to the EIA forecast several other gas supply and demand projections have been made publicly
available.
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5.5 Gas Demand 