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1. Introduction

1.1. This appendix presents our detailed analysis on gas market developments at a
national, European and global level, including developments in the Liquefied Natural
Gas (LNG) market. It also includes a chapter discussing the key potential domestic
and external shocks to the Great British (GB) gas markets and a chapter providing
more detail on the two modelling exercises undertaken as part of this review. This
appendix accompanies the Gas Report and, in particular, provides additional
information behind chapter 2 of that report.

1.2. Our assessment of gas market risks and resilience has been informed by a
wide range of sources: Ofgem commissioned Redpoint and MIM Energy to perform
an extensive review of the most significant reports in the past five years on GB
security of supply and future market developments. In addition, we carried out over
twenty face-to-face interviews with key industry stakeholders, academics and market
participants. We also held a well-attended industry event to discuss emerging
findings.

1.3. This exercise identified the major drivers and uncertainties to future levels
of supply and demand at the GB, European and global levels, including developments
in the LNG market. It also identified key sources of potential shocks to GB gas
security of supply. These are events that could have significant implications for GB
gas supplies and that could arise with little or no notice. We discuss our findings on
market developments and shocks to security of supply in the second section of this
chapter.

1.4. We have drawn on this information to develop scenarios that describe
different outcomes for future GB gas demand and supply. We have used these
scenarios in our resilience analysis to investigate the level of defence GB import
infrastructure and storage provides in the face of high demand and shocks to supply,
which we present in the third subsection of this chapter. We start this chapter with a
short discussion on the recent history of GB gas supplies.

1.5. At a high level, key drivers to gas demand at both the global and domestic
level include the extent countries commit to a low carbon agenda, the pace of
economic growth and the role gas plays in the energy mix.

1.6. On the supply side, the International Energy Agency (IEA) has highlighted the
extent to which countries exploit their unconventional resources, such as shale gas
and coal bed methane, will be a key determinate of future global gas supplies.

1.7. Trade in gas will also continue to expand both through pipelines and LNG. We
discuss how LNG markets are forecast to develop and show that there are a number
of reasons to believe this market may tighten towards the middle of the current
decade.
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2. GB gas market developments

2.1. In this chapter we present our analysis on GB gas market developments in the
medium and long-term, together with a short explanation of the current structure of
GB gas supplies.

GB demand outlook

2.2. There is significant uncertainty regarding future GB gas demand and supply.
To reflect this in our analysis we have constructed two diverse scenarios for future
GB gas market outcomes:

¢ Green scenario: This scenario is principally based on National Grid’s Gone Green
scenario, drawing on further assumptions from National Grid and the Department
of Energy and Climate Change (DECC). It is assumed that a global agreement on
emissions reduction is reached and the UK commits to Electricity Market Reform
(EMR) and other environmental policies, meeting all low carbon targets as a
result. This leads to a higher level of renewable and nuclear generation and lower
levels of domestic gas demand, compared with today, as energy efficiency policies
are introduced. Gas demand in this scenario therefore falls throughout the period
to 2030.

e Energy Crunch: This scenario has been generated in house by Ofgem. It reflects
a world where global environmental policies are scaled back and the ambition of
the EMR and other GB environmental legislation is reduced. There is a reduced
commitment to low carbon and renewable technologies and domestic energy
efficiency policies. This leads to higher demand for gas from gas-fired generation
and the domestic sector than in the Green scenario. Gas demand in this scenario
therefore remains steady at current levels.

2.3. Figure 2.1 presents the paths of GB annual gas demand for the two scenarios
described above. It shows the level of annual demand diverging in the two scenarios
over the period. In the Green scenario, annual demand falls from around 90 billion
cubic metres (bcm) today, to 53 bcm in 2030, while in the Energy Crunch scenario,
demand remains roughly level throughout the period of the analysis. Figure 2.1 also
presents National Grid’s central and outer range’. This shows that the projected
levels of gas demand, in both scenarios, stay within National Grid’s central range
throughout our outlook period, except in the last two years for the Green Scenario.

!National Grid’s (NG) central and outer ranges illustrate the impact of different combinations of
sensitivities more likely to occur together. For example, NG’s high outer range would only be reached if all
factors that drive up demand (such as the rate of economic growth or low gas prices) were all present and
there were no factors acting to reduce demand. In practice the likelihood of these factors combining is
low, so NG also calculate a narrower central range of more probable demand outcomes.
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Figure 2.1: GB annual gas demand projections

140

- /__~
100 -

GB Gas Demand (bcm)
o o
o o

iy
o
I

N
o
I

0 T T T T T T T T T T T T T T T T T T T 1

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

B National Grid Outer Range National Grid Central Range

Ofgem 'Green' scenario —0Ofgem 'Energy Crunch' scenario

Source: National Grid Ten Year Statement

2.4. We discuss the different contributions in each of the scenarios from the main
sectors of the economy in the subsections below.

Power generation demand

2.5. The primary difference between the two scenarios is largely due to different
assumptions about the future role of gas in power generation. We highlight this
difference in Figure 2.2, which forecasts the quantity of electricity generated by gas-
fired plant over the outlook period in both our scenarios. For example, in the Energy
Crunch scenario the quantity of electricity generated from gas-fired power stations
rises steadily from levels of 147 TWh? today (equivalent to 40% of total electricity
generated), to a peak in 20243, when the proportion of electricity generated by gas
is above 60%. Following this peak it declines to around 55% in 2030. In the Green
scenario electricity generated by gas rises to a peak in 2016 (around 43% of total
generation). This then falls over the remainder of the outlook period reaching 16% in
2030.

2 Digest of UK Energy Statistics (DUKES) - Energy Trends (ET 5.1):
http://www.decc.gov.uk/media/viewfile.ashx?filepath=statistics/source/electricity/et5 1.xIs&filetype=4&m
inwidth=true

3 Taken from Ofgem internal analysis



http://www.decc.gov.uk/media/viewfile.ashx?filepath=statistics/source/electricity/et5_1.xls&filetype=4&minwidth=true
http://www.decc.gov.uk/media/viewfile.ashx?filepath=statistics/source/electricity/et5_1.xls&filetype=4&minwidth=true
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Figure 2.2: Forecast for GB electricity generation from gas
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2.6. While the total level of gas demand from power falls in our Green scenario, it
is likely that demand for gas from power will become more volatile over the forecast
period as the role of gas-fired plant will increase in balancing the intermittent output
of a growing quantity of installed renewable generation. Studies by National Grid and
Poyry provide some insight into this volatility by investigating the possible sizes of
future within-day demand swing from gas-fired power generators. National Grid
model the swing in gas demand in 2020/21 assuming 30 GW of installed wind
moving from a load factor of 84% to 15% over a period of 15 hours. Under the
assumption that the gap in generation output is filled by combined-cycle gas turbines
(CCGTs), National Grid say this would result in an increase in gas demand equivalent
to 90 mcm/day (around 30% of supply on a relatively high demand day) *.

2.7. Poyry carried out similar analysis looking further forward. Their 2010 analysis
shows that the daily swing in power sector gas demand for the year 2029/30
(assuming around 40 GW of intermittent generation). These swings are of a similar
magnitude to those noted by National Grid. For the GB market to successfully cope
with such high demand volatility, both the flexibility of supplies and the effective
operation of the national transmission system (NTS) will need to be sufficient in
order to bring in and distribute the gas to the relevant loads. On the first point, Péyry
conclude in their 2010 analysis that despite the changes in swing required the gas
market was able to deliver in an intermittent world with only relatively minor
perturbations. However, their study did show a potential need for more fast-storage
facilities by the end of the decade®.

4 National Grid (2011) Ten Year Statement.
5 Pdyry (2010) Gas at the Centre for a Low Carbon Future, A review for Oil and Gas UK, September
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2.8. On the second point, in its submission to the new transmission price control
process (RIIO-T1), National Grid Gas (NGG) has asked Ofgem to clear some capital
expenditure to address changing gas transmission network flow patterns required by
its users. This includes expenditure to reverse flows to support diminishing UK
Continental Shelf (UKCS) gas flows from St. Fergus; additional compression capacity
in the South West; an unspecified quantity to deal with the dynamic nature of future
flows (wind intermittency, central corridor congestion), and initial investments to
fund projects to investigate future requirements.

2.9. At this stage, Ofgem believes only the funding for projects to enable reversal
of flows towards Scotland to support peak demand and a contribution towards the
future requirements projects are deemed appropriate. Instead, Ofgem has set out in
its Initial Proposals, published 27 July®, to have a mid-period re-opener to give NGG
a chance to build a more detailed case for specific investments. In addition, Ofgem
will develop an uncertainty mechanism to allow NGG scope to acquire additional
funding during the price control if it becomes apparent that it is required.

Non-daily metered (NDM) demand

2.10. Economic growth and energy efficiency policies (alongside the electrification of
heat) are the key drivers of falling levels of NDM demand in both of our scenarios.
Energy efficiency savings are based on DECC’s pathway 3 (or C)’ in the Green
scenario and pathway 2 (or B)® in the Energy Crunch scenario. Assumptions on the
electrification of heat are taken from Redpoint’s analysis of pathways 2 and 3 for
Energy Crunch and Green, respectively.

2.11. NDM demand is currently around 44 bcm/a®, (equivalent to 40% of total GB
gas demand). In the Green scenario!?, domestic demand falls to around 40 bcm/a by
2019, (equivalent to 53% of total GB gas demand) and continues to fall in the long-
term reaching 31 bcm/a by 2030, equivalent to 62% of total GB gas demand in that
year. In the Energy Crunch scenario, the outlook for domestic demand is a steady
decline over the period, falling to 37 bcm/a by 2030 (equivalent to 43%).

6 Available at following link. See chapter 7 (to p.125) for more detail:
http://www.ofgem.gov.uk/Networks/Trans/PriceControls/RIIO-
T1/ConRes/Documents1/RII0%20T1%20NGGT%20and%20NGET%20Cost%20assessment%20and%?20un
certainty.pdf

7 Under this scenario, average room temperature decreases to 17°C. Over 18m homes increase their
levels of insulation. The proportion of new domestic heating systems supplied using electricity is 30-60%
by 2050. Energy demand for domestic lights and appliances decreases by 40% by 2050 and energy used
for domestic cooking is entirely electric.

8 Under this scenario, average room temperature increases to 18°C. Over 8m homes increase their levels
of insulation. The proportion of new domestic heating systems using electricity rises to 20% by 2050.
Energy demand for domestic lights and appliances is stable and energy used for domestic cooking is
entirely electric.

° National Grid Ten Year Statement 2011- Appendix 2, Annual Gas Demand.

0 Taken from Ofgem internal analysis, based on distribution network (DN) firm demand.



http://www.ofgem.gov.uk/Networks/Trans/PriceControls/RIIO-T1/ConRes/Documents1/RIIO%20T1%20NGGT%20and%20NGET%20Cost%20assessment%20and%20uncertainty.pdf
http://www.ofgem.gov.uk/Networks/Trans/PriceControls/RIIO-T1/ConRes/Documents1/RIIO%20T1%20NGGT%20and%20NGET%20Cost%20assessment%20and%20uncertainty.pdf
http://www.ofgem.gov.uk/Networks/Trans/PriceControls/RIIO-T1/ConRes/Documents1/RIIO%20T1%20NGGT%20and%20NGET%20Cost%20assessment%20and%20uncertainty.pdf
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Industrial and commercial demand

2.12. Both our Green and Energy Crunch scenarios show industrial and commercial
(I&C) gas demand declining slowly to 2030, with a greater rate of decline in the
Green scenario. For changes to industrial energy efficiency, we have created a
demand trajectory based on assumptions on economic growth and the DECC
pathways!! for energy efficiency, using pathway 3 (or C)!? for the Green scenario 2
(or B)*? and for the Energy Crunch scenario. With regards to the uncertainty
surrounding economic growth, we assume growth is the same across the two
scenarios.

Exports to Ireland

2.13. Our assumptions for exports to Ireland in the Green and Energy Crunch
scenarios broadly follow the profile of GB demand. However, the effect of wind
intermittency in Ireland is also expected to impact GB exports. Péyry estimates that
wind-induced variation in Irish gas demand may be as much as 15 mcm/day by
2030**. Since much of Irish gas demand is expected to be met by imports from GB,
and Ireland has comparatively little gas storage at present, this could introduce
further volatility to the GB system?®.

GB supply outlook

2.14. This section provides an overview of historical and possible future sources of
supply to the GB gas market.

Structure and history of GB gas supply

2.15. As Figure 2.3 shows, over the past decade, the supply landscape in the UK
has changed considerably. During the period 1997-2003 the UK was a net exporter
of gas®® following rapid expansion of North Sea production. However, in 2000

11 Definitions of the DECC pathways can be found on the control panel of the 2050 calculator, available
online: http://www.decc.gov.uk/en/content/cms/tackling/2050/calculator_exc/calculator_exc.aspx

2 Under this scenario, UK industrial output falls 30-40% by 2050, there is high electrification of energy
intensive industries, space heating demand is stable, hot water demand increases by 25%, cooling
demand is stable, the proportion of non-domestic heat supplied using electricity rises to between 30%-
60% by 2050.

13 Under this scenario, UK industrial output grows in line with current trends, some energy intensive
processes are electrified, space heating demand increases by 30%, hot water demand by 50%, cooling
demand by 60%, and the proportion of non-domestic heat supplied using electricity rises to 20% by 2050.
 Pyry (2010) How Wind Generation could transform gas markets in Great Britain and Ireland. Available
at:

http://www.poyry.co.uk/sites/www.poyry.co.uk/files/264 gasintermittency publicsummary vi 0 0.pdf
15 For simplicity we have not assumed additional Irish volatility in our resilience analysis covered in
Chapter 6 of this appendix.

16 Before 1997 the Moffat interconnector (open in 1993) sent gas to Ireland, but GB still imported more
gas from Norway, via St Fergus, than it exported until 1997.



http://www.poyry.co.uk/sites/www.poyry.co.uk/files/264_gasintermittency_publicsummary_v1_0_0.pdf
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supplies from UKCS peaked!’ and since 2004 the UK has been a net importer of
18
gas’.

2.16. The UK first imported natural gas in 1964, when it was delivered as Algerian
LNG. Discovery of gas reserves in the North Sea in 1967 limited the quantity of LNG
imported, although, deliveries still lasted until 1990. During the 1970s the UK also
began to import gas from Norway via the Vesterled and TampenLink pipelines which
link GB with Norwegian fields in the Northern Basin of the North Sea. From 2005,
imports from Norway increased substantially when the Langeled pipeline became
operational. The Langeled pipeline has an import capacity of 25.5 bcm/a, or roughly
a quarter of annual GB demand.

Figure 2.3: Historical annual UK gas supplies and IUK exports
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2.17. In 1998 the bi-directional Interconnector (IUK) between Bacton in the UK and
Zeebrugge in Belgium was commissioned. This created, for the first time, the
possibility of exporting and importing gas from Continental Europe to GB. In 2005,
the Balgzand-Bacton Line (BBL) interconnector was added connecting Bacton (UK) to
Balgzand (Netherlands). Following a recent upgrade BBL now has a capacity of 19.5
bcm/a, with the option of virtual bi-directional trading with the continent!®. IUK has
also been significantly upgraded and now has a capacity of 20 bcm/a in Forward Flow
(GB to Belgium) and 26.9 bcm/a in Reverse Flow (Belgium to GB)?°. Therefore,
combined, BBL and IUK could account for approximately 50% of GB annual gas
demand and constitute 28% of GB’s overall import capacity. This makes Bacton one
of the most significant locations on the National Transmission System.

7 DUKES, Table 4.2 Natural gas production and supply
8 Tbid.

19 National Grid (2011) Ten Year Statement.

20 Ibid.
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2.18. The UK also has four LNG import terminals: Grain LNG (commissioned 2005),
Dragon LNG (2008), South Hook LNG (2008) and Teesside Gasport (2007)2!. LNG
made up 35% of the UK'’s imported gas in 2010, up from 25% in 20092, While LNG
plays a key role in supplying the UK with gas, there is considerable variability in day-
to-day LNG flows. For example, the total LNG imports for 2010/11 were 18 bcm,
while the highest daily flow of LNG to the UK was 85 mcm/d, equivalent to an annual
flow rate of 31 bcm?®.

2.19. In 2011 the UK imported 25.4 bcm of LNG (around 30% of demand), over
85% of which came from Qatar®*. While this is indeed a very high proportion, data
from Wood Mackenzie, suggests that GB has long-term LNG contracts with at least
five exporting countries. Although around two thirds of this is made up of gas
imports from Qatar?®.

2.20. The importance of LNG to GB is made even clearer when looking specifically at
high demand days. National Grid analysis has shown that on the highest winter
demand days during 2011/12, LNG supplies make up the largest incremental source
of supply after storage®®. This shows that, at least during last winter, LNG was used
by suppliers to a greater extent than pipeline imports to meet high demand days.

Gas supply to 2030

2.21. Figure 2.4 illustrates two annual gas supply scenarios for GB, based on
Ofgem’s analysis. There are strong similarities between flows from the UKCS,
Norway and the Continent in both scenarios. The most significant difference is the
extent to which LNG is utilised. For example, the Green scenario assumes only 4.4
mcm/day of additional LNG regasification capacity is built in 2018 over and above
that already under construction, reaching 157 mcm/day?’ by 2020. On the other
hand, the Ofgem Energy Crunch scenario assumes a much higher LNG import
capacity build, with capacity growing to reach 208 mcm/day by 20202,

2.22. In addition to higher capacity levels the Energy Crunch scenario also assumes
a higher level of LNG capacity utilisation. This reflects higher levels of GB demand in
this scenario and an assumption that environmental policies in Europe are scaled
back leading to higher European demand compared with the Green scenario and so
less opportunity to import from the Continent.

2! The Teesside Gasport (also known as TeesPort) project is an onboard ship regasification facility.

22 DUKES, Table 4.4 Natural gas production and supply

23 National Grid (2011) Ten Year Statement.

24 DUKES, DECC

25 Source: DECC (2011) Statutory Security of Supply Report, Risk Assessment and Ofgem analysis.

26 National Grid (2012) Winter Outlook Consultation Report.

27 In our resilience analysis, we de-rate this figure to 150mcm/day at peak to reflect a range of possible
constraints to the full deliverability rates of these terminals.

28 In our resilience analysis, we de-rate this figure to 197mcm/day at peak.

10
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2.23. Both scenarios show an increase in import dependency on gas. In the Green
scenario import dependency reaches 80%, while in Energy Crunch it is even higher,
reaching 89%.

Figure 2.4: GB Gas demand and sources for Green and Energy Crunch
scenarios
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2.24. In both scenarios, we show supplies from UKCS declining, based on the Slow
Progression scenario in the 2011 Ten Year Statement. National Grid use a range for
UKCS decline, as the orange lines show in Figure 2.5. This shows UKCS production to
be between 20 and 40 bcm/a by 2020, with a central estimate of 26 bcm/a®. The

2% National Grid data excludes non-NTS gas to power stations and direct exports

11
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chart also presents the recent historic and forecast quantity of gas reserves in the
North Sea. It shows that at the end of 2010 around 250 bcm of UKCS reserves were
classed as ‘proven”®3!, In 2010, 55 bcm of gas was produced from the UKCS, giving
a reserves/production ratio of approximately 5 years*2. However, falling yearly
production levels will extend the duration that supplies will come from the UKCS well
into the 2020s>. Also, new discoveries or transfer of reserves from more speculative
reporting categories may also extend the lifespan. Further upside may also occur due
to changes in technology that allow greater recovery rates, or positive changes in tax
treatment.

Figure 2.5: UK remaining gas reserves, production and demand, 1990-2020
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2.25. While there is the possibility of new volumes of gas from unconventional
reserves, in particular coal-bed methane, biogas and shale gas, National Grid’s
projections of UK remaining gas reserves exclude unconventional resources.
However, a recent study for Ofgem by Poyry suggested the contribution of shale gas
to GB supplies is likely to be very modest by 20303*.

30 Although definitions of proven reserves vary, a key element of this definition, in the context of gas
reserves, is the requirement for the reserves to be considered commercially recoverable - ie there exists,
or are plans for, suitable infrastructure to export to market.

31 1n 2010, the aggregate sum of proven, probable reserves and possible reserves was 781 bcm.

32 Reserves/Production or R/P ratio is a common way of describing a country or region’s production
dynamics. R/P is normally calculated as proven reserves divided by annual production and listed in years.
33 Chart 11 in the DECC's Statutory Security of Supply Report projects UKCS production at a level of 20
bcm in 2030.

34 Pdyry (2011) The impact of unconventional gas on Europe. A report for Ofgem available at:
http://www.ofgem.gov.uk/About%20us/PwringEnergyDeb/Documents1/033 PublicReport Unconventional
GasOfgemlLogo v4 1.pdf

12
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Peak gas supply

2.26. A key issue for GB gas supply security is ensuring sufficient gas is available on
a daily basis to meet extreme gas demand. Peak gas supply is provided by a range
of sources, currently GB has 715 mcm/day>® of capacity supplying a maximum
historic demand of 465 mcm/day, recorded on 9th January 2010.

2.27. Figure 2.6 provides an adapted version of National Grid’s 2011 Ten Year
Statement and Ofgem’s in-house analysis. It shows that, assuming that all
announced projects (in particular storage projects) are developed on time, there will
be ample spare capacity. However, it would be unrealistic to assume that all these
projects will be developed on time and to the scale assumed, or that all supply
capacity will be available and able to operate at maximum levels on days when it is
needed. The pale green section highlights the additional infrastructure assumed
under the Energy Crunch scenario.

Figure 2.6: UK potential supply capacity, 2011-2030
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2.28. With respect to the contribution to peak GB supply that Norway can provide,
an important characteristic should be highlighted. There is evidence that at times of
high demand and/or supply disruptions, flows to the Continent from Norway receive
priority treatment over those to GB.

35 This figure is the 12/13 peak supply figure from the National Grid Ten Year Statement 2011. In our
resilience analysis, we de-rate this figure to 681 mcm/day at peak.

13
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2.29. This is demonstrated in Figure 2.7 showing Norwegian supplies to the UK and
the Continent during winter 2010/11. It highlights that there are drops in supply to
the UK when supplies to Europe are stable. National Grid believe this to be a
consequence of contractual commitments with flows to the UK having a lower priority

than those to the

Continent.

Figure 2.7: Norwegian gas flows to UK and Continent 2010/11
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2.30. This suggests there could be a risk associated with the certainty of Norwegian
supplies in an emergency situation if this occurred at a time of high demand on the
Continent. We explore further implications of the European market on GB in the

following chapter.

14
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3. European market developments

3.1. Taken together, the regional gas markets in Europe combine to form one of
the largest consuming regions in the world. European natural gas consumption was
over 450 bcm in 20113, just under 15% of total global consumption. However, the
characteristics of the regional gas markets differ markedly: there are wide
differences in how much gas is used and for what purposes, the supply mix varies in
each of the markets and each country has its own market and regulatory
arrangements.

3.2. The European gas market can broadly be categorised into three regions:

e North: This region has traditionally been reliant on indigenous production from
Norway, the Netherlands and the UK with some imports from Russia. Production
from the UK is now in decline and the region will become increasingly reliant on
gas imported either as LNG or via pipelines from Norway and Russia.

e South: This region has been a net importer for many years and is reliant on a
range of pipeline and LNG supplies.

e East: This region has been a net importer and almost exclusively reliant on
Russia. It is now seeking to diversify its supply sources.

3.3. The European market influences the GB market in a number of ways. Europe
provides a source of supply to the GB market. Pipelines from Norway and
interconnectors from Belgium and the Netherlands can bring gas produced in
Continental Europe or further afield (eg Russian gas) to GB, if market signals and
commercial arrangements are right.

3.4. Europe can also provide a source of competing demand. For example,
Norwegian gas can land in other north-west European countries, as well as GB; the
interconnector between GB and Belgium (IUK) allows gas within the GB system to be
exported, and a growing number of LNG regasification terminals across Europe will
increasingly allow these countries to compete with GB in the global LNG market.

3.5. Also, there are uncertainties surrounding the future paths of European
demand, indigenous supplies and the sources of imports. The main uncertainties
affecting demand are related to the economic outlook, the achievement of renewable
targets, the future investment climate and nuclear deployment. On the supply side,
large uncertainties remain with respect to the potential for unconventional sources of
gas and the extent to which Russia and/or other pipelines from Asia are constructed.

36 Bp Statistical Review of World Energy 2012:
http://www.bp.com/liveassets/bp internet/globalbp/globalbp uk english/reports and publications/statisti
cal_energy review 2011/STAGING/local assets/pdf/statistical review of world energy full report 2012.

pdf
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European demand

Background and current market

3.6. On average across Europe, gas makes up 25% of primary energy
consumption®’. Gas penetration varies considerably across countries, with high gas
penetration often linked to the presence of indigenous reserves (for example, in the
Netherlands where the share is almost 50%>%) and low penetration rates linked to
relatively low heating loads (eg Greece where the share is around 10%) or the
presence of abundant low-cost alternatives (eg Sweden where hydropower is
plentiful the share is below 5%). Seven countries dominate gas consumption in
Europe®. We plot the change in their gas consumption since 2000 in Figure 3.1.

Figure 3.1: Gas Consumption in EU “Big 7” 2000 - 2011
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Gas consumption in EU "Big 7" (bcm)
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W United Kingdom ™ Spain ™ Netherlands M Italy ™ Germany M France M Belgium & Luxembourg

Source: BP Statistical Review of World Energy 2012

3.7. Figure 3.1 indicates that gas consumption in the EU “Big 7” countries, while
showing growth in earlier years, has now returned to 2000 levels. After a small
upturn in 2010, in part due to the economic recovery and cold weather at both ends
of the year, 2011 saw the largest year-on-year decline on record in EU gas
consumption (-9.9%), driven by a weak economy, high gas prices, warm weather
and continued growth in renewable power generation*°.

3.8. In the short term, a combination of low coal prices (driven by increased
exports from the US) and persistently low CO, prices has made burning coal more

37 Eurogas Statistical Report 2011
38 1hid.

39 1n 2011, these seven countries represented 70% of total European gas demand. (Source: BP, ibid)
40 Bp, ibid
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economic than gas in the European power sector*!. This and the ongoing concerns
over Eurozone GDP continues to put downward pressure on European gas demand.

3.9. Most European gas markets exhibit an “"A” shaped demand profile during the
winter months as cold weather leads to increased demand. According to the
European Network of Transmission System Operators for Gas (ENTSOG)*?, the
sources of supply that meet winter demand in Europe are: 28% indigenous
production, 22% Russian imports, 16% Norwegian imports, 15% LNG imports, 12%
storage and 7% North African imports.

Outlook to 2035

3.10. Future levels of European demand will depend on a number of factors
such as the degree of gas use in power generation (which in turn will be affected by
the cost of gas relative to other fuels, the impact of European legislation on fossil
fuels*?, and the amount of renewables and nuclear capacity), the impact of carbon
reduction policies in other areas and other factors that influence the price of gas (for
example, demand and supply conditions in the global gas market and oil prices).

3.11. This uncertainty is illustrated by the wide range of gas demand scenarios for
the EU. For example, two IEA scenarios**** suggest annual gas demand in the EU will
increase from around 508 bcm today to between 549 bcm and 592 bcm by 2020,
increases of 8% and 17%, respectively. Between 2020 and 2030 these two scenarios
show changes in demand of -4% and 23%%. On the other hand, two scenarios based
on the European Commission’s outlook on European demand growth, show demand
will either fall or stay roughly the same. By 2020, their scenarios show gas demand
will have either shrunk to 457 bcm, a -4% change from today, or grown to 514 bcm,
a 1% change. Between 2020 and 2030 these two scenarios both show gas demand
falling by -9% and -13%, respectively®’.

4! Medium-Term Market Report 2012 © OECD/IEA 2012

42 Winter Supply Outlook 2011-12, Reviews 2010-11. Brussels: European Network of Transmission System
Operators for Gas (ENTSOG).

43 Such as the Large Combustion Plant Directive and Industrial Emissions Directive.

“4Source: The New Policies scenario and 450 scenario. World Energy Outlook 2011.

45 The IEA New Policies Scenario for Europe assumes existing commitments are honoured and renewables
reach 20% of energy demand by 2020. The 450 Scenario is based on a 30% reduction in emissions
compared with 1990 by 2020.

46 Additionally, the IEA’s ‘Golden Age of Gas’ scenario (as set out in a special report) indicates that EU
demand in 2035 could be 16 bcm higher still than projected by the *New Policies’ scenario as a
consequence of ambitious gas policy in China, low growth of nuclear power, and more use of gas in road
transport.

47 European Commission, 2010. EU Energy Trends to 2030 - Update 2009. Luxembourg: Publication Office
of the European Union.

http://ec.europa.eu/energy/observatory/trends 2030/doc/trends to 2030 update 2009.pdf
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Figure 3.2: EU demand projection (bcm), 2009-2035
2009 2015 2020 2025 2030 2035

/10
IEA- New Policies 508 571 | 592 | 608 | 626 | 628
Scenario
IEA- 450 Scenario 508 - 549 - 490 | 448

MJM scenario based on EU
Energy Trends - Baseline

MJM scenario based on EU 502 484 457 451 437 )
Reference

Sources: World Energy Outlook 2011 © OECD/IEA 2011, Annex A,and European Commission,
2010; MIM analysis

507 508 514 503 488 -

3.12. There is also significant uncertainty regarding gas demand at a country level.
A pertinent case study is Germany, where following the Fukushima disaster, the
German Government swiftly decided to phase out nuclear generation by 2022. The
IEA’s initial view of the likely change in German generation mix is illustrated in Figure
3.3 below, which projects a larger share for gas generation than at present.
Germany'’s current no nuclear policy is therefore likely to lead to higher gas demand
in Germany than might have otherwise been the case. By contrast, the IEA highlights
that gas demand in Germany has in fact decreased since the output of nuclear plants
was reduced. This was accomplished by lower power demand, higher output from
renewables and higher imports®.

Figure 3.3: German electricity mix with 10% demand reduction, no nuclear,
35% renewable and CO2 at the target level
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600 -
500 -
mothers
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mnuclear
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Current Policy 2022
Source: Electricity: A Status Report © OECD/IEA 2011, page 10

48 Medium-Term Market Report 2012 © OECD/IEA 2012
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European supply

Background and current market

3.13. In recent years, indigenous production in Europe has been dominated by the
UK, the Netherlands and Norway*°. Figure 3.4 shows the annual gas production in
the main producing countries in Europe. It shows that supplies from the UKCS and
some other countries (such as Italy and Germany) have fallen, and while in previous
years this was in part offset by growth in Norwegian production, 2011 saw a record
decline in EU gas production (-11.4%), due to a combination of mature fields,
maintenance, and weak regional consumption.

Figure 3.4: Annual gas production in main producing European countries,
2000-2011
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Source: BP Statistical Review of World Energy 2012

3.14. In terms of infrastructure, North West Europe is characterised by significant
cross border pipeline capacity between Germany, the Netherlands, Belgium, France
and the UK. In contrast, Spain has limited interconnection with France and relies
largely on LNG to meet demand®’. The EU has stated it considers increased
interconnection in gas is crucial to both security of supply and further market
integration®!. The effectiveness (or otherwise) of cross-border flows is discussed in
more detail later in this appendix.

4 1n 2011, indigenous production in Europe totalled around 250 bcm (BP Statistical Review of World
Energy 2012)

%0 1n 2010, Spain’s share of gas supply from LNG was almost 80% (Eurogas Statistical Report 2011)
51 Gas Pipeline Incidents, The 8th Report of The European Gas Pipeline Incident Data Group, EGIG NV
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3.15. Historically, most European countries have not had large indigenous supplies
of gas, and instead have tended to rely on imported gas using long-term, take-or-
pay gas contracts (with certain flexibility to adjust gas flows) and gas storage
facilities to provide additional flexibility and security of supply. Where geology
allows®?, and where they have had need for it>3, this has tended to lead to larger
volumes of storage space being developed in many European countries in relation to
annual gas demand compared to GB. Figure 3.5 depicts the capacity of the storage
infrastructure present across Europe. It also shows roughly the number of days at
average consumption that storage could meet demand. GB stands out (as does
Spain) as having a low level of storage capacity*. This reflects GB’s historic position
as a gas producer and the fact that there has been significant investment in non-
storage supply in recent years.

Figure 3.5: Gas storage in Europe
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Source: MJMEnergy

Nederlandse Gasunie: Groningen.

52 For example, storage capacity in natural porous strata in Belgium is limited by geology.
53 For example, Germany’s gas demand is highly seasonal.

5 These figures exclude storage at LNG importing facilities.
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3.16. Storage utilisation is important in assessing its contribution to supply. Figure
3.6 shows the wide range of storage utilisation during last winter at major trading
hubs. In different countries storage is similarly full at the start of winter (ranging
from 84% to 94% in the hubs shown) though quite dissimilar by the end of winter
(ranging from 17% to 56%).

Figure 3.6: Storage utilisation in Europe Winter 2010/11, by trading hub
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Source: European Network of Transmission System Operators for Gas, 2011

3.17. Storage utilisation can be driven by a number of factors, including:

e market conditions such as the levels of demand and non-storage supplies,

e commercial factors such as contractual flexibility,

e the withdrawal and injection capability of the facilities. In some cases fast cycle
storage facilities will inject gas during the winter months when circumstances
permit, and

e regulatory requirements, such as required fullness levels at the start or during the
course of the winter.

Outlook to 2035
Indigenous production

3.18. As shown in Figure 3.7, indigenous gas production in OECD Europe is
projected to fall over the period to 2035. However, there are some production
increases, namely from Norway, and later in the period, from unconventional sources
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in Poland. In the European Union, production drops by 55% between 2009 and
2035,

Figure 3.7: European gas supply forecasts, bcm

2015 2020 2025 2030 2035 Annual %

increase
UK 37 27 17 12 10 -6.9%
The Netherlands 83 67 54 41 28 -1.4%
Norway 109 117 122 124 120 0.5%
OECD Europe 279 259 240 222 204 -1.4%

Source: World Energy Outlook 2011 © OECD/IEA 2011, Table 4.4, page 165

3.19. Present forecasts exclude any material contribution from unconventional gas
in Europe. In a study commissioned by Ofgem>®, P6yry Management Consulting
assessed the drivers behind and barriers to the development of unconventional
sources in Europe. It finds that while there is potential for unconventional gas to be a
major source of supply®’, constraints like environmental considerations may mean
that no significant volumes may be developed. France, for example, has large
reserves but has outlawed hydraulic fracturing on environmental grounds.

3.20. Investment in storage capacity continues in Europe. Natural candidates for
facilities include depleted or partially depleted gas fields®®. Much of continental
Europe’s gas fields are onshore and converting these fields to storage facilities is
often more commercially attractive than converting offshore fields (offshore fields are
characteristic of the GB market)®°. Germany, Spain, Italy and Poland are seeing
significant investment in storage capacity with around 15 bcm of additional space
currently under construction®%®,

5SWorld Energy Outlook 2011 © OECD/IEA 2011,
6http://www.ofgem.gov.uk/About%20us/PwringEnergyDeb/Documents1/033 PublicReport Unconvention
alGasOfgemlLogo v4 1.pdf

57 Estimates of EU unconventional gas resources range from 1.4 tcm (Wood Mackenzie) to 4 tcm
(Advanced Resources International), approximately equal to 8 years of EU27 demand. The latest EIA
estimate, which includes more speculative potential plays, is over 18 tcm of technically recoverable
resource.

58 salt caverns and aquifers can also be used to store natural gas, for example, for geological reasons
France stores significant amount of gas in aquifers and Belgium’s only storage facility is an aquifer.
Natural gas can also be stored in liquid form, for example, Spain has a significant amount of LNG storage
capacity.

5 An example of an onshore field being developed into a storage facility in North-west Europe is the
Bergermeer project which is 4.1bcm and is intended to roughly double Dutch storage capacity. This facility
is located close to the interconnector between GB and the Netherlands.
http://www.bergermeergasstorage.com/ How accessible this gas will be to GB shippers depends on how
interconnected the GB and Dutch markets are, which is discussed elsewhere in the report.

80 Germany 4.6 bcm, Spain 4.3 bcm, Italy 3.5 bcm and Poland 2.6 bcm. Source: Gas Storage Europe.

61 Some EU countries (such as the UK, France and Germany) have negotiated third-party access as the
default regulatory regime and returns to investment in storage are determined by market forces. Other
countries have a regulated third-party access regime (such as Spain, Italy and Poland) where returns to
investment in storage are regulated and the level of storage capacity that is developed is centrally
controlled. Unless an exemption is in place, this means that storage facilities in Europe must be allocated
to customers in a transparent, objective and non-discriminatory way.
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3.21. Taken together, the implications of the demand and production projections
above suggest that EU imports of gas are likely to increase significantly over the next
two decades. Figure 3.8 shows the projected supply and demand balance for Europe
in the IEA’s New Policies scenario.Using separate projections for LNG, this has been
used to disaggregate net imports into projections for LNG and pipelines imports. It
shows that whilst pipeline imports remain larger than LNG imports over the period,
LNG imports grow more rapidly.

Figure 3.8: OECD Europe supply and demand forecasts, bcm/a®?

Demand 537 627 666
Production 294 259 222
Net Import Requirements 243 368 444
- Of which LNG 62 155 185
- Of which pipeline 173 213 259

Source: IEA World Energy Outlook 2011, MJMEnergy, Ofgem analysis

3.22. The IEA also show that projected gas flows from Russia to Europe will
continue to grow, albeit at a slower rate. By 2030, the IEA predict Russian supplies
to Europe to be around 200 bcm, up from around 150 bcm today®. We discuss the
prospect for greater pipeline and LNG supplies in Europe in turn below.

Pipeline Supplies

3.23. In 2010, 76% of total European imports came through pipelines, with the
remainder coming via LNG®*, Russia is the main source of gas imports to Europe
(though its share has declined in recent years due to new pipelines from North Africa
and the increasing role of and competition from LNG)®°. Figure 3.9 shows that Russia
accounted for 24% of total EU gas supplies in 2010, although, this percentage varies
between countries. For example, during the gas supply cut off caused by the dispute
between Russia and Ukraine in January 2009, Bulgaria, Slovakia and Austria suffered
a 100%, 97% and 66% import shortfall, respectively, whilst the figures for France
and Italy were significantly lower at 15% and 25%, respectively®®.

52 World Energy Outlook 2011 © OECD/IEA 2011, Table 4.2 and Table 4.4 are used for demand and
production figures and net import requirements are calculated as the difference between the two. MIJM
analysis is used for LNG imports and pipelines imports are calculated for future years. LNG and pipeline
imports for 2009 are taken from IEA Natural Gas Information 2010 (which also gives 28 bcm as
unspecified imports) and do not sum to the calculated net import requirements taken from the WEO 2011.
63 World Energy Outlook 2011 © OECD/IEA 2011,. p 338. Note: Europe in this context is the European
Union, other OECD Europe and southeast European countries.

64 Eurogas Statistical Report 2011

%5 Eurogas Statistical Report 2011

66 Christie, E, H. et al., 2011. Vulnerability and Bargaining Power in EU-Russia Gas Relations. The Vienna
Institute for International Economic Studies.
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Figure 3.9: Sources of EU gas supply 2010
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Source: Eurogas Statistical Report 2011

3.24. Figure 3.10 provides a schematic of Europe’s pipeline routes. It shows the
volumes of flows and remaining reserves supplying the pipelines. The main flows
are:

e Norway: Pipelines carry gas from the Norwegian Continental Shelf to the UK,
Germany, the Netherlands, Belgium and France.

e Russia: Historically, flows were via pipelines transiting Ukraine and Belarus with
some smaller lines serving the Baltic countries directly. Russia, the world’s largest
holder of proven gas reserves, will increase its physical ability to supply Europe
with the commissioning of the Yamal Bovanenkovskoye field in 2012. In addition,
the non-Gazprom upstream producers in Russia have significant potential for
production development often at lower supply costs than those of Gazprom’s new
projects®’.

3.25. In November 2011 the NordStream pipeline (marked as A on figure 3.10)
came on stream taking gas directly from Russia to Germany. The capacity of this
pipeline is 55 bcm/a. Nordstream will avoid the cost and potential disruption
associated with transiting Ukraine and Belarus and also provide Gazprom with direct
control of the capacity serving its most important European customers®®,

3.26. A similar rationale underpins plans to build South Stream (marked as B in
figure 3.10), a collection of up to 4 pipelines with a total capacity of 63 bcm which
would cross the Black Sea to Bulgaria with onshore pipelines serving the countries of

57 Henderson, OIES, http://www.oxfordenergy.org/2012/03/is-a-russian-domestic-gas-bubble-emerging/
%8 http://www.nord-stream.com/press-info/press-releases/nord-stream-pipeline-inaugurated-major-
milestone-for-european-energy-security-388/
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Central and Southern Europe. The final investment decision has yet to be made on

South Stream. However, recent reports suggest this could happen as soon as early
2013°%°,

Figure 3.10: Sources of EU gas supply 2010
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Source: National Grid and MJMEnergy Research

3.27. Caspian and the Middle East: At present there are minor flows via the South
Caucasus Pipeline and Turkey, though a number of projects are under discussion.
Four projects are competing to bring additional gas from the Caspian and the Middle
East into Europe:

e The Nabucco pipeline (marked as C) would connect production from the Caspian
and Iraq through Turkey, Bulgaria, Romania and Hungary to Baumgarten in
Austria. Nabucco would have a capacity of 31 bcm/a, and construction is planned
to start in 2013 with full capacity available from 2019.

e IGI/Poseidon pipeline (marked as E) would comprise a 600 km onshore pipeline in
Greece linking the existing Interconnector between Turkey and Greece (ITG) with

% http://www.euractiv.com/energy/south-stream-close-final-decisio-news-513952
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a proposed 207 km line crossing the Ionian Sea to Italy. This 8 bcm/a pipeline is
being promoted by Edison of Italy and the Greek gas company DEPA.

e The Trans Adriatic Pipeline (marked as F) would be an 800 km pipeline running
from Komtini near the Greece/Turkey border to Italy via Albania and the Adriatic.
The scheme is being promoted by EGL of Switzerland, Staoil and E.ON and has a
planned capacity of 10 bcm/a. The line is due to open to coincide with Shah Deniz
ITin 2016/17.

e The Trans-Anatolian Gas Pipeline Project (marked as D) is a joint venture between
the State Oil Company of Azerbaijan Republic (SOCAR) and Botas Petroleum
Pipeline Corporation with a planned capacity of 16 bcm/a, of which 10 bcm/a is
intended for the European market.

3.28. In the longer term (post 2020) Turkmenistan could export significant volumes
to Europe, whilst the prospects for exports from Iraq appear limited due to domestic
demand needs.

3.29. North Africa: Gas from Algeria, Tunisia and Libya is currently exported
through 4 pipeline routes to Italy and Spain. A further pipeline (GALSI) is planned to
take 10 bcm/a of gas from Algeria to Sardinia and Northern Italy and there is also
the possibility of a trans-Saharan pipeline to take Nigerian gas via Algeria to Europe
(NIGAL). Neither of these projects has been approved and NIGAL, in particular, is
considered to be highly speculative. Some have also argued that due to a
combination of upstream policy drift and fast growing domestic demand, the
prospects for a significant increase in exports from Algeria, by pipeline or LNG,
appear modest”®,

LNG Supplies

3.30. The IEA expect LNG imports to Europe to double between 2010 and 2020.
Traditionally most of continental Europe’s LNG imports came into France, Belgium
and Spain. As the market for LNG has grown, existing terminals have been
expanded, and new terminals have been built and are under construction. For
example, new terminals have recently opened in Italy and the Netherlands and
terminals are under construction in Poland, Italy, France and Spain. Figure 3.11
below shows the LNG terminals that exist or are under construction. Total import
capacity will exceed 180 bcm/a when all those terminals presently under
construction come on stream.

70 Natural Gas Markets of the Middle East and North Africa, Fattouh & Stern, OIES, 2011, Chapter 1.
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Figure 3.11: LNG Terminals in continental Europe, existing and under
construction

Number | Capacity (bcm)

France 4 37
Spain 9 73
Netherlands 1 16
Italy 3 15
Belgium 1 9

Other 5 32
Total 23 182

Source: GLE LNG Investment Database
Uncertainties

3.31. There are a number of key uncertainties with respect to future gas supplies to
Europe:

e Whether new gas from the Caspian and Middle East region will be piped to Europe,
and if so by which route.

e The development of unconventional gas. There has been significant debate on the
potential for unconventional sources of gas revolutionising European indigenous
supplies. The largest resources are expected to be in Poland’* followed by
Germany, the Netherlands, and France, though estimates are subject to a high
degree of uncertainty. There are still significant questions over the timing of the
projects, their costs and resource accessibility. The latter point has been
underlined with the withdrawal in June of ExxonMobil from drilling in Poland,
claiming the shale is too tight to use standard hydraulic fracturing techniques’?.

e The development of the LNG market.

3.32. The last point on the future of the LNG market is discussed further in the next
section on global gas market developments.

71 Albeit less than initial estimates suggested. (Source: Pdyry, The Impact of Unconventional Gas on
Europe)

72 Ofgem commissioned Pdyry to assess the drivers and barriers to unconventional gas production in
Europe, and impacts on gas prices and security of supply in GB and Europe. It finds that significant
production of unconventional gas is not expected before the 2020s and thereafter the amount of
production is highly uncertain. In addition, even moderate production in Europe could keep gas prices in
GB lower from 2020 onwards than they would otherwise be.
http://www.ofgem.gov.uk/About%20us/PwringEnergyDeb/Documents1/033 PublicReport Unconventional
GasOfgemlLogo v4 1.pdf
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