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Preface

I n hi sThe Rupure of Gds in Decarbonising European Energy Markets6 , published
Jonathan Stern concluded that although the prospects for gas look reasonably encouraging over the
next ten years, especially for exporters looking to replace declining indigenous production, the post-
2030 outlook is more uncertain. This is because the main focus of European energy policy is
decarbonisation, and within this context gas, as a fossil fuel, must ultimately be removed from the
energy mix if national and regional carbon emission and temperature targets are to be met. As such,
Professor Stern argued that the gas industry
prevent a serious diminution of its role in Europe post 2030.

This second paper expands his horizons to the global gas market. He highlights the fact that many of
the models which are based on a similar premise to those which focus on Europe i namely that
climate targets must be achieved i see gas demand continuing to increase in many regions beyond
2030. Within this context, gas has a potentially bright future in replacing the more polluting fossil fuels,
such as coal and oil. However, while acknowledging that climate change targets represent a longer-
term constraint, Stern asserts that many non-OECD countries are in fact driven by a more significant,
shorter-term imperative, namely the price of energy. Specifically, he reviews the gas prices paid in a
broad range of geographies and concludes that many of the more optimistic demand forecasts are
based on price assumptions that appear unrealistic relative to the levels that customers have been
paying over the past decade.

As a result, this paper questions the logic of suppliers who are waiting for a tightening in the global
gas market to encourage prices back to a level that can incentivise new investment, especially in
greenfield LNG projects. A key assertion is that the disparity between the likely cost of new LNG
projects and the affordable price of gas in many future growth markets will need to be closed by a
focus on cost reduction by project developers, rather than by a hope that higher prices and rising
demand will be sustainable at the same time.

The paper also addresses the issue of the increasing complexity of the commercial structures which
are likely to be required in a changing energy economy. Gas is likely to be increasingly challenged in
the power generation sector, meaning that the focus of suppliers will need to switch to the industrial,
residential, and transport sectors where the customer base is more fragmented and traditional long-
term contracts may not be viable. This trend is likely to be exacerbated by the fact that demand
growth will increasingly be located in smaller, lower-income countries with higher credit and payment
risks, presenting additional challenges to the existing gas industry financing model.

This new paper on the future of gas therefore seeks to look beyond the traditional timeframe of most
industry observers, and to challenge the presumption that gas has an inevitably positive future
because of it sl epaossti thiaodn faoss séitlhef uel 6. It reite
likely to be a positive one for gas, but emphasizes that the immediate challenge is for gas to remain
affordable in the many non-OECD countries where the bulk of global demand growth is expected. If
the industry is to maintain its growth prospects in decarbonising energy balances beyond the 2030s,
key decisions as to whether and how this can be achieved will need to be taken by the start of that
decade.

James Henderson

Director, Natural Gas Programme
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Price Conversion Factor

Gas prices in this paper are quoted in $/MMbtu. In November 2017, approximate conversion factors
were $1/ MMbtu = 02.9/MWh = 7.5 UK pence/therm
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EXECUTIVE SUMMARY

Gas as a oO6transition fuel 0

For the period up to 2030, the principal threats to the future of gas (outside North America) will be
affordability and competitiveness. Beyond that date i and particularly beyond 2040 i carbon (and

potentially also methane) emissions from gas will causeit t o become progressively

COP21 targets are to be met. Regionally, and especially nationally, the picture will be very different,
and this level of granularity is crucial for any kind of detailed appraisal of the future of gas. But at a
global level, a20-y ear hori zon prior to significant decl

Affordability, competitiveness, and costs

There are limited numbers of countries outside the OECD which can be expected to afford to pay
wholesale (or import) prices of $6i 8/MMbtu and above, which are needed to remunerate 2017
delivery costs of large volumes of gas from new pipeline gas or LNG projects. Prices towards the top
of (and certainly above) this range are likely to make gas increasingly uncompetitive, leading to
progressive demand destruction. International price benchmarks for the majority of 2016-17 were $5i
8/MMbtu, creating additional demand for gas in many regions. There was less evidence of falling
costs for future greenfield (pipeline) gas and LNG projects, where progress will be key to affordability.

Transition from power to other sectors

In the power generation sectors of both established and new markets, gas will increasingly struggle to
compete with solar, wind, and battery storage technologies which are continuing to fall in cost and
appear attractive because they provide greater employment, reduced import dependence, and lower
foreign exchange costs than imported gas. Domestically-produced coal has similar attributes but
much higher carbon emissions. Carbon reduction policies are likely to mean that gas will be
progressively squeezed out of the power generation sector, or reduced to providing a back-up role for
intermittent renewables, which will not be sufficient to remunerate new gas-fired generation
investments without regulatory support (such as a capacity charge). The main exceptions are: China
(and possibly India) where air quality problems may lead to large-scale replacement of coal by gas-
fired generation; countries where gas can replace oil products; and where customers require 24/7
electricity supply.

Unburnable or unaffordable and uncompetitive?

Inthelow-pri ce world of 2017, the major debate in
dissipate and the global supply/demand balance tighten. The unspoken assumption is that when this
happens i generally believed to be around the early/mid 2020s i prices will rise somewhere close to
20117 14 levels, allowing a return to profitability for projects which have come on stream since the
mid-2010s, and allowing new projects to move forward. Should this assumption prove to be correct, it
will create major problems for the future of gas.

t

The key to gas fulfilling its potential role as

delivered to high-income markets below $8/MMbtu, and to low-income markets below $6/MMbtu (and
ideally closer to $5/MMbtu). The major challenge to the future of gas will be to ensure that it does not
become (and in many low-income countries remain) unaffordable and/or uncompetitive, long before
its emissions make it unburnable.
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Introduction

The constant discussion of, and calls for, a global move away from fossil fuels means that there has

never been a better time to examine the future challenges to gas in global energy markets. The

overall aim of this research is to examine the proposition made by gas compani es and O6advoca
organisations in the 2010s i that gas can play a major role in the transition to decarbonised energy

markets, up to (and possibly beyond) 2050, because of the carbon reduction advantages of switching

from coal to gas, and the role of gas in backing up intermittent renewable power generation. In other

words, the proposition that gas could be not -just a
carbon energy system.

The first paper in this series examined the future of gas in European energy balances.! A major thesis
of that paper was that the policy and environmental communities had found the above propositions
unconvincing. It suggested that the European gas community would need to demonstrate not just with
words, but also with actions, that gas could decarbonise post-2030 to ensure a longer-term future in
European energy balances.?

The focus of this paper is to examine the future of gas in other regions, with the main aim being to
examine how the challenges for gas in (principally) non-OECD regions will differ from those in
Europe, with the main criteria of difference being the importance of affordability, commercial viability,
and environmental (but wider than carbon reduction) issues. The questions which this paper
addresses are:

Y What are the most important challenges to the future of gas and what is the timescale of these
challenges?

I Aside from regional and global projections, are there typologies of national gas markets which
help us to identify the countries which may be particularly important to the future of gas?

1 What do the answers to these questions mean for new gas exploration and development and
international pipeline and LNG projects?

This paper is structured in seven sections: the first section summarises the conclusions of, and looks
at the responses to, the first paper on Europe. This is followed by a section on modelling projections
and scenarios for global and regional gas demand. The third section looks at wholesale gas pricing
and affordability in different regions and countries for the period 20051 16. This is followed by sections
on: affordability and future demand potential; supply potential and the costs of new pipeline and LNG
projects; and the increasing complexity of the commercial gas framework. The final section draws
some conclusions on these future challenges.

Like its predecessor, this is a short paper which deals with a very large subject and is aimed at
developing general propositions about the future of gas, drawing on detailed research published by
the OIES Gas Programme and others.

! Stern (2017).
2 To be specific, that methane could decarbonise, in order to make the distinction between natural gas and other gases.



1. The Future of European gas: summary, responses, and a dilemma

Summary

The previous paper found that, if countries are to meet the carbon reduction targets to which they
committed at COP21, European gas demand is likely to remain flat or decline modestly up to 2030
and decline at an accelerated rate thereafter, as the power sector will be required to decarbonise
rapidly, followed by the heat sector at a slower (but still significant) pace up to 2050.

The problems encountered by the gas community over the past decade were summarised under five
headings:

Commercial: the decline in energy and gas demand (which reversed only in 2016). The high-price

period (2011i114) gave gas an image of being éunaffordabl eb

coal given the lack of a meaningful carbon price. Problems with long-term oil-linked contracts required
renegotiation (and often international arbitration) to convert to hub-based prices. The market
capitalisation of European utilities fell due to billions (and in some cases more than 10 billion) of euros
having to be written off in power generation and gas storage assets. For upstream companies, the
major problem was cost escalation and delayed start-up for new (particularly LNG) projects, which led
to many being unable to cover their full costs at 2017 prices (a subject to which we return in Section
5).

Business model: the fall in market capitalisation is a major factor in the search for a new utility
business model in the context of decarbonising energy markets. The key business model issue is
whether low-carbon generation assets belong in the same company as fossil fuel assets. The German
model of restructuring E.ON and RWE into low-carbon and fossil fuel companies (E.ON and Uniper,
and Innogy and RWE respectively) has not been followed in other countries. The key questions are
whether fossil-based utilities are simply in the business of managing the decline of legacy assets, or
whether, even in the absence of carbon capture and storage (CCS), there can be growth in fossil
generation.

Security: the third elementi s generally known as O6securityd
perceptions of gas supply security, compared with the perceptions of those focusing on gas supply
and demand analysis. The political and media perception is that the principal threat to European gas
security comes from Russia. This perception is strongly related to political antipathy towards the
Russian Federation, particularly in connection to military activity in Ukraine and the annexation of
Crimea, with a focus on the role of President Putin. By contrast, analysis based on future gas supply
and demand sees Russia as the only possible source of additional large-scale gas supplies for
Europe, after the current wave of surplus LNG supplies is exhausted (probably around the mid-
2020s). Faster than expected declines in domestic European supplies (particularly in the
Netherlands), combined with the failure of domestic European unconventional gas production, and a
smaller than expected supply from both North Africa and the Southern Corridor, have contributed to
this conclusion.

Environment: while the gas industry has portrayed
emissions in general and carbon in particular), it is still a fossil fuel. Three specific problems have
been raised in relation to environmental claims by the gas industry:

1 Insufficient account of methane emissions from the gas chain i given that methane is a much
more powerful greenhouse gas than carbon dioxide i may invalidate any claim to have
advantages over coal.

9 The claim that unconventional gas development involves greater emissions of methane, and also
the use of harmful chemicals, in the hydraulic fracturing process.

1 More generally, the lack of any significant progress towards widespread commercial-scale carbon
capture and storage (CCS) presents a major obstacle to long-term inclusion of natural gas (or any

but i s
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other fossil fuel) in decarbonising energy balances. This lack of progress can lead to the
conclusionthatnewgas-f i red generation and infragsmdyctnmamel gan
that unabated gas installations will be emitting carbon for the commercial life of their assets.3

Fragmentation: perhaps greater than all of the above problems has been the fragmentation of the

European gas industry: from a power f ulv oaincde 6¢c odhuersiinvge t

monopoly era, to a community of (at least) four different groups of companies with different
commercial interests following the liberalisation of gas markets. The four main groups comprise:

1 Gas producers and exporters wanting to sell large quantities of methane (that they have spent a
great deal of money discovering) over long time periods, if possible underpinned by long-term
contracts;

1 Gas suppliers and traders supplying power as well as gas. Unless they are affiliates of producing
or exporting companies they could phase out gas and focus simply on their power business;

1 Gas network companies wanting to prolong the life of their assets which could in future transport
hydrogen, biogas, or biomethane, or a mixture of those products with methane. These companies
may be indifferent to the product they transport as long as they are being paid for the use of their
networks;

I Owners of gas-fired power stations, LNG regasification terminals, and gas storages seeking to
maximise the life of these assets. Decarbonisation of other parts of the value chain may mean
these assets will be stranded, which is more serious for storage and LNG terminals than for
power plants with a shorter asset life.

Responses from the gas community:

A poll conducted at the FLAME 2017 conference gave interesting responses on the issues of gas
advocacy, CCS, and government policy on carbon reduction:*

Y Responses were divided in relation to the effectiveness of gas advocacy, but a third of the
respondents believed that advocacy could be convincing if CCS was adopted on a significant
scale.

1 Less than a quarter of respondents (down from more than 40 per cent the previous year) believed
that COP21 targets would result in gas demand being higher than it otherwise would have been.

I More than 50 per cent of respondents believed that technological progress in renewables and
battery storage would have a greater influence on gas demand than carbon reduction targets.

9 Only 10 per cent of respondents believed that low-carbon issues would gradually fade from the
political agenda; and only 16 per cent that governments would abandon their carbon
commitments as 2030 approached due to the cost of achieving them.

These responses, obtained at one of Europebs
industry:

1 Dbelieves that gas advocacy could succeed if CCS were to be adopted on a significant scale but
that &

- its future is more immediately connected with the technological progress of
renewables and battery storage and ...

- is not cynical about decarbonisation, believing this to be a long-term policy objective
which will not be abandoned by governments.

3 Ecofys (2017).
4 For detailed responses see Appendix 1.
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Another group of responses, which is more anecdotal, relates to the progressive inability of the
industry to think aboumb drueéfphend facr betylheddélsewvgnt g e
considerable shorter). This means that it has become extremely difficult 7 in an industry which had
been accustomed to operating with 151 30 year long-term contracts i to plan for 2025, let alone 2050.

These responses undermine the principal recommendation of the first paper, which was for the gas

community to abandon previous gas advocacy slogans® a n d adopt t he mantra the
decarboniseo6. Il nvest ments in bi ogpreducton douldbreachnb8t hane a
Bcm by 2030, or around 10 per cent of current European gas demand.® But without CCS it is clear

that methane cannot be decarbonised on a sufficiently large scale and, quite aside from any cost

considerations, fragmentation of the gas community combined with short time horizons means there

is little confidence that large-scale investment in CCS will be forthcoming on any timescale.”

The decarbonisation dilemma of the European gas community

As stated in the earlier paper, these findings do not signify any imminent disaster for European gas
prospects. Even if gas demand does not increase, the fall in domestic production is likely to mean
that, in the period up to 2030, there will be a need for significantly larger gas imports and (in some
cases) more infrastructure to facilitate those imports. However, the problem for the European gas
community comes post 2030 when decarbonisation, initially of power and subsequently the heat
sector, needs to accelerate considerably.

The dilemma facing the European gas community is that:

1 it believes that decarbonisation of energy balances is ongoing, will not be curtailed, and will not be
significantly positive for gas;

it believes that the success of gas advocacy is strongly dependent on the future of CCS;

due to value chain fragmentation (an inability of many players to adopt a planning and investment
horizon longer than five to seven years) and current costs associated with the technology,
significant investment in commercial-scale CCS is very unlikely.®

Some of these European issues recur in the rest of this paper, but the following sections suggest that
the challenges to the future of gas are somewhat different and more immediate elsewhere in the
world.

Specifically the 3As: 6Avail able, Affordable, Acceptabl ed.
8 Lambert (2017).

” For example a Norwegian cooperation between Statoil, Shell, and Total, announced in October 2017, which appeared to
immediately encounter funding difficulties. Favasuli (2017).

8 Although a small-scale project is going ahead in the UK. Favasuli (2017a).



2. Regional and global modelling projections and scenarios for gas

Global energy projections, models, and scenarios being published in the late 2010s tend to divide into
two categories:

1 those showing how energy balances will evolve in the future, given current and anticipated future
trends and policies which governments have announced,

1 those seeking to demonstrate how energy balances must evolve if COP21 carbon-reduction
targets are to be achieved.

In this section we look at some of the outcomes for gas in these models and scenarios. The

I nternati onal \EHarle Engrgy Oltlgok ANMEE)Gssthe principal model to which we refer

throughout the rest of this paper, not because it is necessarily more correct than other models, but

because it provides the required degree of granularity and detail across gas supply, demand, and

pricing on a regional | evel which is not mat ched by
Policiesd and O6Sustainable Developmentd scenarios pr
noted above.® Future gas demand by region for the period up to 2040 under these scenarios is shown

in Figures 1 and 2.

Figure 1: Regional gas demand 20167 40 New Policies scenario (Bcm)

South East Asia i
Japan [ =
India ==
China
RuSSia
Middle East sy —
Africa ——
Europe [ ——
Central/South America I——
North America e

0 200 400 600 800 1000 1200
Bcm

m 2040 m2030 m 2016

Source: IEAWEO (2017), Table 8.1, p.339.

The difference between the two scenarios is relatively clear: in New Policies, gas demand increases
in all regions up to 2040 with the exception of Europe, Russia, and Japan where it stabilises. But in
the Sustainable Development scenario gas demand to 2040:

91 declines significantly in Russia, Europe, and Japan;

q stabilises in Central/South America;

°TheNewPoli ci es scenario: o6éincorporates not just the policies and mea
put in place but also the I|ikely effects of announced policies as
Development scenario incorporates three major elements: a pathway to the universal access to modern energy services by

2030; a picture that is consistent with the objectives of the Paris (COP21) Agreement by reaching a peak in emissions as soon

as possible followed by a substantial decline; and a dramatic improvement in global air quality and a consequent reduction in

premature deaths from household pollution. IEA WEO (2017), pp.37i 8 and 727.



T increases modestly in South East Asia and Africa;

1 increases but then peaks and declines post-2030 in North America and the Middle East;
1 increases substantially in both China and India.

In the New Policies scenario global gas demand increases from 3.64 trillion cubic metres (Tcm) in
2016, to 4.55 Tcm in 2030, and 5.30 Tcm in 2040; in the Sustainable Development scenario the
corresponding figures for 2030 and 2040 are 4.27 Tcm and 4.22 Tcm.10 These scenarios therefore
suggest that, up to 2030, the future of gas is relatively bright, but if the goals of Sustainable
Development are to be met, gas demand will peak in the early 2030s and decline relatively slowly
over the rest of the decade. The only rapidly growing markets over the entire period will be in China
and India.

Figure 2: Regional gas demand 20147 40 Sustainable Development scenario (Bcm)

South East Asiasss—
Japan ...
India EES——
China S
Russia S
Middle East |y —
Africa B
Europe S
Central/South America s

N O AT

0 200 400 600 800 1000 1200
Bcm

2040 m 2030 = 2016

Source: IEAWEO (2017), Table 1, p.452.

International oil company (IOC) scenarios and projections have tended to show fossil fuels 7 and

particularly gas i continuing to increase in importance. The BP Energy Outlook to 2035 has a base

case in which gas demand is steeply rising in North America, Asia Pacific, and the Middle East, and is

stable or slowly increasing elsewhere. ! However, one of the BP Outlookds ke
to gas demand, pointing out that gas growth could be challenged by both stronger and weaker

environmental policies; resulting either from faster transition to low-carbon energy, or slower switching

from coal to gas and | ack of support for carbion prici
35 global gas demand growth to negligible proportions.*?

In Statoil6 &nergy Perspectives, global gas demand increases in all three of its scenarios up to 2030,
but growth in the Renewal scenario is marginal.1® From 2030 to 2050, global gas demand increases in
two of the scenarios, but under Renewal, global demand is 14 per cent below its 2014 level, with
European and North American demand halving during this period and India having the only

19 JEA WEO (2017), Tables 8.1 and 11.1, pp. 339 and 452.

11 BP (2017). Regional data can be found in the data tables which accompany the main report.

2 |bid, pp.76i8 5. 2.5 Bcm/ year over the period, which compares with a bas
case (where environmental policies are weaker rather than stronger) of 13 Bcm/year.

13 Statoil (2017), p.38. The three scenarios are: Reform, Renewal, and Rivalry with policy and the geopolitical environment

being the major differences between them.
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substantial increase in demand.'* The final observation of the gas section raises issues to which we
return in later sections:

0 T h es induatry, together with national governments, must strike the balance between
rising cost, affordability and sustainable energy supplies to ensure the longer term role
of gas in a more *™iverse energy mix©o.

A Grantham Institute/Carbon Tracker study, which i s c¢cr i ti cal of what it calls
by 10Cs, tests out the consequences for fossil fuel demand of applying current cost projections for
solar PV and growth of electric vehicles. These are that:1¢

6Sol ar PV (with asasgeeasts mdluded) cauld supmyy23%s df glabal
power generation in 2040 and 29% in 2050, entirely phasing out coal and leaving
natural gas with just a 1% market share;

Electric vehicles (EVs) account for approximately 35% of the road transport market by
203 5 . By 2050, EVs account for over two thirds of

It concludes:
6Lower energy demand reduces natur al gas demand ¢
only in our most bullish AStrong PV/ Lamd EVO0O scenc
peak in 2030 and fall thereaftero.

For our purposes, one of the studyds most pertinent o
6l n essence, the degree to which natural gas dema

of the key factors that determine whether we achievethe2degr ees € t arget 0.

Although many of these studies have scenarios which see a fall in demand post-2030, the only

substantial modelling study located by this author which has what might be described as a
6catastrophicd outcome f obrs g2aderdyb[evolitidnid the ferm Gdtheenpeac e
Energy [R]evolution (E[R]) and the Advanced [R]evolution (ADV E[R]) scenarios.'® Under the Energy

[R]evolution scenario:

Y Global gas demand in 2030 is above its 2012 level; even in 2040 it is only 16 per cent below its
2012 level, but by 2050 it has fallen to 42 per cent of that level.

1 Consistent with that pattern, in North America, OECD Europe, Europe/Eurasia and OECD Asia,
Latin America, and Africa, demand does not increase greatly and falls post-2030, but not
substantially until the 2040s. In the Middle East, demand is robust throughout the period. Only in
China and India, does demand increase significantly, peaking around 2040 and falling slightly
thereafter.

The Advanced [R]evolution scenario requires fossil fuels to be phased out almost completely by 2050
and for that reason gas demand is reduced to negligible proportions by that date:

Y Global gas demand in 2030 is very similar to E[R] and is 5 per cent above its 2012 level; by 2040
it is 30 per cent below its 2012 level, and in 2050 it has dropped to 7 per cent of that level;

14 1bid, p.56.

15 1bid, p.44.

16 Grantham Institute/Carbon Tracker (2017), p.3.

7 |bid, pp. 281 9.

18 |bid p.28.

“Greenpeace (2015) . Energy [R]Jevolution (E[R]) is a 2 degrees C s
Agencybds 2 degree scenario previous to WEO 201y Advamcedt h t he additi ol
[ Rl evolution (ADV E[R]) O6needs much stronger efforts to transform
renewabl e energy supply é a much faster introduction of new technc
heatand especially the transportation sectorod.



T Regional demand follows a similar pattern, but is more resilient across Asia than in other regions
up to 2040.

The conclusion of the overview of models and scenarios presented here? is that from a carbon
reduction perspective the future of gas is relatively robust up to 2030, but uncertain thereafter
depending on the region under consideration and the speed of decarbonisation. Aside from the
Greenpeace scenarios (especially Advanced [R]evolution), the consensus is that global gas demand
is unlikely to decline significantly until after 2040, although in some regions the decline could start
soon after 2030. From a global perspective, a 207 25 year horizon prior to significant decline could be
vi ewed as an acceptable definition of gas as a 6trans

Modelling consensus is not necessarily a good guide to the future. Technological advances and policy
discontinuities in the power sector may continue to disadvantage gas in energy balances. To the
extent that renewables with battery storage achieve further substantial reductions in costs, the role of
fossil fuels 7 and particularly higher-cost imported gas and LNG i could become further marginalised
in power generation. Changes in government policies to accelerate carbon reduction policies i which
the I EA refers to asouldhes gimilarimpact?? t ransi ti ond

The focus of the majority of all current energy studies is to illustrate the constraints that carbon (and
other greenhouse gas) emissions impose on fossil fuel use over the next several decades. Given the
consensus of 196 parties at the 2015 COP21 Paris conference, this is completely understandable.
But the major proposition of this study is that other factors may be more important (and significantly
more immediate) constraints on gas demand; the most important of these constraints is the
affordability of the fuel in relation to the development and delivery costs of pipeline gas and LNG in
the late 2010s.

2 We have focused here on energy models, not on studies which make the assumption that natural gas (and other fossil fuels)

must be phased out to meet targets. See for example Anderson and Broderick (2017),p.3.whi ch concl udes that, 0By
substanti al use of f ossil fuel s, including natur al gasre within thi
commi t ments enshrined in the Paris Agreemento.

21 The impact of disjointed transition on global gas demand is that it follows the New Policies trajectory up to 2030 and then falls
sharply, joining the Sustainable Development trajectory in 2035. IEA WEO (2017), Figure 11.8, p.464.



3. Wholesale gas prices and affordability

For the purposes of this study, a global or regional approach with timescales up to 2050 tends to
obscure the question of whether it is possible to identify individual countries which may hold the key to
the future of gas over the next two decades. The major focus and context of the models and
scenarios discussed above, and of the previous European study, was carbon reduction. While carbon
reduction policies are by no means unimportant outside Europe, in many countries and (despite the
Nationally Determined Contributions (NDCs) entered into as a result of COP21) access to affordable
energy (including gas) supplies is much higher up the immediate political, economic, and energy
agenda.??

Definition and relevance of affordability
We suggest that in relation to gas, countries fall into two categories of affordability:
T An absolute price level, such as $5/MMbtu, above which customers in a country cannot afford to

purchase the fuel either because of their income level, or because the end-user price level of the
final product (especially electricity) for which gas is being purchased would be too high.

1 A competitive price level above which customers in a country will purchase (or switch to) a
competing fuel (such as coal or renewables), or will invest in demand-side measures to avoid
purchasing the fuel.

In practice, anywhere there is a competitive fuel these two definitions may overlap.

Three problem areas for gas which were identified in the European study were: economic and
commercial, security, and environment.?® Economic and commercial problems centre on costs and
prices, as well as on the creditworthiness of buyers and therefore on the commercial viability of
projects. Cost inflation of pipeline and LNG projects was identified as a problem for upstream
companies in relation to Europe, but it is a much more serious problem for the future of gas in
countries where affordability is lower, and gas is delivered to entire classes of customer at prices
which do not cover the cost of delivery of domestically produced and (especially) imported energy
supplies.

Regional and national wholesale gas prices 20051 16

Figure 3 shows data for wholesale prices of gas by region for the period 200571 16, from which it can
be seen that, aside from Europe, Asia Pacific, Asia (post-2009) and North America (before 2009), the
price of gas has seldom approached $4/MMbtu and, in most other regions, has been significantly
below that level.?* This presents a clear differentiation between what could be deemed the historically
6high priced regions (Europe, Asia Pacific,
America, former Soviet Union, Africa, and the Middle East).

22 NDC submissionscanbef ound at : 6l NDCs as communicated by Partiesbo,
http://www4.unfccc.int/submissions/indc/Submission%20Pages/submissions.aspx.

Z The other two problem areas in Europe i business models and industry fragmentation i play a less important role in regions
which have either not privatised and liberalised, or where the gas industry has never established a large-scale presence in
energy balances.

2 For the methodological limitations of the IGU wholesale price data see Box 1.
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Figure 3: Wholesale gas price levels by region* 20051 16
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*for details of the regional groups see Appendix 3.
Source: IGU (2017), Figure 1.3, p.11.

BOX 1: METHODOLOGICAL LIMITATIONS OF THE IGU WHOLESALE PRICE DATA
The principal limitations of the data in Figure 3, and subsequent figures using the IGU price
survey, are that:

6Comparisons of wholesale price |l evels
they can cover different points in the gas chain i wellhead price, border price, hub
price, city gate price T so the comparison of price levels is not always a like for like
comparisoné | GU (2017, p.59).

In addition, these may be prices which are charged but, in many countries, the extent to which
they are paid is not certain.

The data are current prices for respective years quoted at current exchange rates. Hence, for
example, the sharp decline in FSU prices post-2013 can be largely explained by the rapid
depreciation of the ruble against the dollar.

For these reasons, price levels are not a completely accurate measure of affordability measured
consistently across (or even within) regions. Nevertheless, Figure 3 provides a strong indication
of long-run affordability i namely prices which markets could afford to pay for domestically-
produced or imported gas over the past decade.

The Asia Pacific region has demonstrated sustained price levels in excess of $8/MMbtu for most of
the period shown in Figure 3, with the exception of the mid 2000s and the post-2015 period. These
countries mostly link gas 7 and specifically LNG import i prices to oil prices and this is reflected in the
high levels of the 201071 14 period. Figure 3 shows that Asia is the only region to have moved from low
to high prices during this period. All other regions: Latin America, the Middle East, the former Soviet
Union, and Africa have sustained price levels below $4/MMbtu.
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Figure 4: Wholesale gas prices by region in 2016
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Source: IGU (2017), Figure 4.2, p.33.

Figure 4 shows the same data for 2016 which, more starkly than the historical series, illustrates that
only in the regions of Asia, Asia Pacific, and Europe were wholesale prices significantly above
$3/MMbtu. However, these regional figures involve averaging of data for significant numbers of
countries and it is therefore important to look at the price series for individual countries within a
region.?>

Evolution of wholesale gas prices in different regions

This section provides a more detailed overview of the evolution of wholesale gas prices in individual
countries over the period 20057 16. North America is perhaps the least representative of all regions,
with high prices in the early/mid 2000s and low prices thereafter, due to the shale (oil and) gas

revolution which, since the | ate Rtheloflsregiomveheretois eat ed

has happened.? Henry Hub prices fell from double digits in the early 2000s to less (and for periods
very substantially less) than $4/MMbtu for most of the 2010s. Because of the integration of the
regi ondés ma r-koederpipelinesaand thediguslity of these markets, prices remained within
arelatively narrow range (Figure 5). Scenari os
Annual Energy Outlook 2017 indicate that Henry Hub prices will not rise substantially above
$4/MMbtu for the next two decades.?” North America may be the only region which appears to have
domestic gas supply availability at these price levels for decades into the future, but the USA and
Canada have the capacity to pay much higher price levels (as evidenced by the early to mid-2010s)
should prices rise significantly higher than $4i 5/MMbtu.28 Less clear is the position of Mexico, which
has benefited from imports of low-cost US pipeline gas, but where affordability at higher prices is less
certain.

% For definitions of the IGU regions see Appendix 3.

®For comments on the | EAd&s Golden Age of Gas hypothesis s
and Jordaan (2017).

27 Three of the five scenarios in the Annual Energy Outlook presentation (Slide 27) by the EIA Administrator Sieminski (2017) in
January 2017 suggested that prices will be at or below $5/MMbtu until 2040.

28 Other countries and regions such as Russia, Central Asian, and some Middle East countries such as Qatar may be able to
maintain similar production costs, but none have proved able to pay substantially higher prices on any sustained basis.
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Figure 5: Wholesale gas prices in North America 20051 16

Source: IGU (2017).

Figure 6: Wholesale gas prices in five Asian region countries 2005i 16

Source: IGU (2017).

Figure 6 shows prices in five countries in the Asian region. While prices in Bangladesh and Pakistan
have mostly been significantly below 4/MMbtu, and Indian prices collapsed to that level in 2016,
prices in China and Hong Kong have been in the $8i 10/MMbtu range since the early 2010s.
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