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Abstract

This study focuses on the demand and supply obsabswing in the northwest European gas
market and the role of gas storage facilities tinerd/e apply a statistical analysis to analyse
historic developments and a model-based analysisdtyse possible future developments with
respect to northwest European swing demand andlsupjpe latter analysis provides
projections for swing demand and gas storage dpwedats until the year 2030. We analyse
various scenarios with respect to future gas densemdseasonal flexibility characteristics of
different gas supply options. Within the framewamkd assumptions used in our model-based
analysis we find that northwest Europe needs toease its gas storage capacity within a
business-as-usual scenario as well as in altemédiver demand scenario. In order to realise
the needed seasonal gas storage capacity, a diddstamount of projects currently planned
need to go ahead.
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Executive summary

E.1 Scope of the study

This study addresses the role of seasonal gagystargproviding the flexibility required to ac-
commodate seasonal variability in demand. The fezos northwest Europe, which consists of
Belgium, Denmark, France, Germany, Ireland, Luxemnpothe Netherlands, and the United
Kingdom. This study is an update and extensiomeftudy into the future demand for seasonal
gas storage in Europe undertaken by CIEP in 200BRQ006). The focus is on seasonal flexi-
bility, which is also referred to as seasonal swemyd not on hourly, weekly or monthly flexi-
bility.

In this study we analyse historic developmentsaa demand variability (for the Netherlands
and the United Kingdom) and the provision of seakdlexibility (for northwest Europe as a
whole) and the role of gas storage therein. Intamdiwe provide estimates for the future need
for seasonal gas storage by applying a market-nmzassld analysis.

The main questions addressed in this study are:

1) How has the demand for seasonal swing in gas suygay developing in the period from
1990-2008?

2) What was the role of gas storage in providing skeidsonal swing?

3) What was the role of other potential sources o$@eal swing?

4) What do different gas demand scenarios imply ferdamand for seasonal swing, and how
do these affect gas storage requirements?

5) How sensitive are the different projections onrble of gas storage in seasonal swing pro-
vision for changes in assumptions on the ‘seasswalg capability’ of other supply op-
tions such as seasonal swing in indigenous prastueind seasonal swing in gas imports?

E.2 Continuing demand for seasonal gas deliveries

The basic need for gas markets to provide instrasnidsat are able to deliver seasonal flexibil-

ity in gas supply follows from a seasonal pattergas demand. The seasonality in demand var-
ies from sector to sector. Seasonality is the hpirethe residential and services sector, and
quite low in the industrial sector. Seasonalitygas demand in the electricity sector falls in-

between the former two sector but is still reldinew. The need for instruments to accommo-

date seasonal variability varies across northwesbfean countries, because the larger the
share of the residential and services sector ifomat gas demand, the relatively higher are

flexibility requirements.

An analysis of seasonality in UK and Dutch gas deivia various sectors confirms the above
statements. Gas demand in industry has been edlagtable whereas gas consumption in the
electricity sector has been increasing in all coest with the UK showing the largest increase
in the last two decades. Gas demand in the regidlsetctor has been slowly decreasing in the
Netherlands in recent years due to market sataraiccombination with savings in gas con-
sumption, whereas residential gas demand in ther @tbuntries has been increasing at low to
moderate levels. The potential increase in resiglegas consumption in these countries could
be subject to further study, especially as it mayehan impact on the demand for flexibility in
gas delivery. After all, the residential sector ttfaes highest flexibility requirements when gas
consumption is concerned. For the time period cemed we have not found any evidence that
the relative level of seasonality in the gas deniartte different sectors is changing over time:
in fact it has been rather constant throughoutabitwo decades.
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Projections for future gas demand vary from indrepgias demand in reference scenarios to
decreasing gas demand in scenarios related te#ohing of the EC’s 2020 sustainability tar-
gets. Model-based analysis shows that demand ésosal supply of gas to end-consumers will
remain substantial, varying from about 92 billiofima reference scenario assuming business
as usual conditions to 104 and 62 billioA im respectively a high demand and a low demand
scenario. The conclusions drawn in this study wépect to gas demand and the demand for
seasonality in gas deliveries are conform the emimhs drawn in a previous study on seasonal
storage by CIEP (2006): there is a continuing dehfaninstruments that can provide seasonal
flexibility. However, the growth rate in demand &easonal flexibility as estimated in this study
falls within lower range of estimates of the CIBBRdy. This is mainly due to downward revi-
sions in total gas demand developments for sodabéerence outlooks as published by the
IEA and the EC.

E.3 Increasing role of storage in providing seasonal flexibility

A thorough assessment of IEA gas balance data lesatts conclude that the role of gas storage
in providing seasonal flexibility to the northwdairopean market is becoming increasingly im-
portant. The main reason for this developmentasdicreasing capability of indigenous north-
west European gas production to deliver seasoexsibflity. When gas fields reach depletion,
which is the case for the UK on the short term #relNetherlands in the medium term, they
also lose the capability to vary production frormsoer to winter.

The assessment of gas balance data over the lastewades shows indeed that the amount of
seasonal flexibility delivered by gas productioméglining, both in absolute and relative sense.
Whereas seasonal variation in indigenous gas ptiotiucovered over 60% of the total need for
seasonal flexibility in the beginning of the 199fs share is now reduced to below 40%. At the
same time, historical data analysis shows thairgpserts via pipelines from Norway and Rus-
sia or via LNG tankers from Algeria and Egypt ig able to compensate for the decline in sea-
sonal flexibility provided by indigenous productibfEconomic considerations (e.g. capital in-
tensity of gas transport) give rise to an almoseblaad infrastructure usage. However, due to
its proximity to the northwest European gas mattetway seems to be able to deliver more
seasonal flexibility in its exports than Russian &NG exports to northwest Europe. LNG im-
ports into northwest Europe are still a relativetyall share of total gas supply but based on his-
torical data on LNG flows we conclude that LNG & structurally contributing to the provi-
sion of seasonal flexibility in northwest Europe.

We conclude that the decline in seasonal flexibiitovided by indigenous gas production in
the last two decades has been largely compensatdy {seasonal) gas storage. Total gas stor-
age capacity in northwest Europe has hardly exghitdéhe last 5 years, the level of gas stor-
age withdrawals during wintertime has been increpBr some time now, despite the fact that
the last few winters were relatively mild to norést European standards. The average use of
available gas storage capacity has increased fomutal0% in the early 1990s to about 60 to
70% in the last 5 years. The former study on sedsgas storage by CIEP already signalled a
significant increase in existing gas storage uséwhereas CIEP projected an increase in gas
storage ratios for the last 5 years, the actuakg@age ratio has been more or less constant at
about 65%. This can be explained by the relativd minters over this same period.

E.4 Future developments in seasonal gas storage

A gas market model covering the whole Europeamga&et was used to estimate the physical
future need for seasonal gas storage. Using realdeda the market model determines the opti-

1 Technically speaking pipeline imports could prevhigh levels of seasonal flexibility but it isnsidered to be
not economic, and in fact has not been observéukipast.
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mal mix of different alternatives for the provisiaf seasonal flexibility. Within a reference
scenario based on business as usual conditionsidkel estimates a total need for additional
gas storage capacity of about 17 billiod im 2015. This can be observed in Figure E.1. The
main driver for the increase in required gas sw@regpacity is the decline in seasonal swing
provided by indigenous production (i.e. the Netleds and UK). The share of production in
the overall provision of seasonal swing supplyHfertdecreases from the current 30-40% to
about 5% in 2030. Imports provide only a very lgditompensation for the decline in the share
provided by indigenous production.

Confronting the estimated needs for gas storagactigpn the next 20 years with existing gas
storage capacity, gas storage capacity under cmtistn and planned gas storage investments
we find that a substantial share of planned gaagtoinvestments need to be realised for future
gas storage requirements be met. In fact, it seéeatsat least 46% of planned investments need
to come on stream in the next two decades. Whenlgasind and associated demand for sea-
sonal flexibility in gas deliveries is much lowéoy example as low as in a scenario where the
EC’s 2020 sustainability targets are reached, e that still current capacity combined with
capacity under construction is not sufficient inetiieg required gas storage capacity in the next
two decades. On the other hand, realising all atlreknown gas storage investment plans
would give rise to substantial more capacity thaeded according to our model calculations,
even in a high demand scenario that takes intousmtca 10% increase in total gas demand
compared with the reference outlook.
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F e et e e e
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Figure E.1Total gas storage capacity in northwest Europe: faomtations based on model-
based scenarios and existing gas storage investdag¢abase

Source: GSE, IGU.

Low (SER) Crisis —High (+10%)
+ under construction =— = + planned

The above conclusions are robust for changes ineliilogl assumptions with respect to the
availability of alternative sources of seasonatifidity. Either an extension in the capability of
indigenous production in providing seasonal flediypiover time or an increase in seasonal
flexibility of LNG supplies to northwest Europe hidatively little impact on total gas storage
requirements. The same holds for changes in thergd®sn with respect to gas infrastructure
availability. More efficient usage of the existipgpeline infrastructure reduces the need for ad-
ditional gas storage investments. More in genengbroved market integration in northwest
Europe, without a persistent transport bottleneahks, efficient infrastructure operation reduces

8 ECN-E--09-065



the need for seasonal gas storage as existingystoepacity across Europe would be then used
in a more efficient manner.

Future gas storage requirements were also estintat€¢EP (2006) but these are difficult to
compare with estimates in this study since the gaigcal scope is somewhat different:
OECD-Europe in the CIEP study versus northwest giio this study. However, we can state
that future physical gas storage requirements agtanin this study are comparable to the lower
end of the range of estimates provided in the GieEly. This is explained by a downward revi-
sion of gas demand projections for the future.

E.5 Points for further discussion and research

A number of aspects are important to raise witp&esto the outcomes of this study. This at the
same time provides some interesting directionduture research efforts in the area of seasonal
gas storage.

First of all, the need for future seasonal flexibiprovision could decrease if average tempera-
ture decrease over the long-term, making averagtewntconditions milder. The number of heat-
ing degree-days in winter in the last 18 yearsadrthwest Europe has been decreasing. How-
ever, the considered time span does not warrantdonclusions on the very long-term trend in
average temperatures in northwest Europe. Thisdvaduire substantial study that falls out-
side the scope of this study.

A second issue is the potential role of LNG as ara® for seasonal flexibility in northwest
Europe in the future. Although historical data does$ provide proof of a structural role for
LNG in supplying seasonal flexibility, there areotywossible reasons why this could be different
in the future. Firstly, the current overcapacityengasification of LNG worldwide might induce
different dynamics in LNG supply. From an investingarspective it would be difficult to see a
profitable re-gasification project come off the gnd based only on seasonal gas deliveries (e.g.
partial load instead of near-base load), if thagaeswould imply such seasonality in the entire
LNG chain. This fact could be somewhat obscuredtiby current overcapacity in re-
gasification. Alternatively it has been argued tparhaps a structural overcapacity in re-
gasification could facilitate a structural seasdielibility contribution by LNG, in view of a
world-wide gas market. The argument then goestktae is a sink somewhere in the world for
summer LNG, for example because there is a demantidecwith relatively cheap gas storage
operations in summertime (e.g. the United Statad)as compared to the relatively expensive
gas storage operations in Europe. This would ba@uially sound if the storage and transport
differential together would be able to cover thgestment costs due to overcapacity in re-
gasification. As a matter of fact, some argue thiatoption is currently already played out, as a
result of the oversupply of gas in the world. Bdtkese issues could be addressed in a further
study.

Third of all, given the nature of the tool usedhrs study it has proven too difficult to in-depth
explore the issue of gas storage required to acamlata ‘1-in-20 years winter demand’. As
reference point in this study we have been abkalculate the optimal level of gas storage ca-
pacity for average winter demand conditions, caeedor a constant additional reserve margin
of total storage capacity to accommodate more edr@inter demand conditions. The assumed
reserve margin is based on historic gas storagacitgpusage in northwest Europe and is as
such a correct point for departure in this study, ib future research we need to consider the
option that the implied reserve margin covering enextreme winter demand might be decreas-
ing over time due to increased market integratioth more efficient use of existing infrastruc-
ture capacity.

ECN-E--09-065 9



1. Introduction

1.1 Context of this study

The current EU natural gas market is faced witlhualver of important developments that have
implications for the dynamics of specifically therket for the storage of gas. The most impor-
tant developments are:

» The decline in EU gas production;

* The transition to a more sustainable energy system;

* Increasing fears for insufficient responsive cafyaitir supply interruptions.

Traditional large EU-internal gas suppliers like tNetherlands and the United Kingdom ex-
perience a decline in gas reserves and will inanghsneed to import larger shares of their gas
demand from EU-external gas suppliers further aaythe demand side, gas consumers vary-
ing from the residential to the industrial and &iety sector show a specific demand profile
throughout the year that requires a constant nagobi available gas supply with total gas de-
mand. With the decline in indigenous production tia@ability to match total gas supply to
(seasonal) fluctuations will decline as well. Imat words, the market needs to shift to other
sources of flexible gas supply than indigenous pecadn. Since long-distance imports gener-
ally exhibit low levels of flexibility due to econgic considerations, the most attractive alterna-
tive is provided by gas storage facilities. In $htire decrease in flexible indigenous production
potentially increases the need for substantial gasvstorage investment. This holds for the case
where current gas demand stays constant until 2020even more so when gas demand in-
creases further over time.

EU energy policy consists of a number of ambititargets regarding the transition from the
current energy system to a more sustainable esggigm in the future. Here we refer to the so-
called 20-20-20 targets set at EU level. This me¢hasthe EU vows to reduce greenhouse gas-
ses with 20% (30% if international agreement ihed), reduce energy consumption with 20%
through increased energy efficiency, and increlseshare of renewable energy in total energy
supply to 20% by the year 2020. As an important pathe EU energy mix, the gas sector will
naturally be impacted by the measures implememteliffierent sectors to realise these EU wide
targets. More specifically it impacts the levelgafs demand and consequentially the need for
flexible gas supply and gas storage as well.

Recent disturbances in the gas supply from Rubsiaigh Ukraine to the EU have fuelled fears
among policy-makers that the current EU gas markght be insufficiently prepared for ‘low
probability, high impact’ events. This has causgdri alia increasing pleas for specific security
of supply measures, such as building strategicstgaks similar to the already existent strategic
petroleum stocks. An increase in the amount of cernial gas storage facilities also contrib-
utes to an increased level of security of supply.

1.2 Goal of this study and research question

In 2006 GasTerra commissioned a report on gas gegodevelopments in (OECD) Europe
(CIEP 2006). Three years on, the gas market hasgeldaand a more extensive update is
needed. Total gas demand scenarios prepared leyeditfinternational institutions have been
revised downwards, possibly implying a decreaghendemand for (seasonal) flexibility in gas
supply. However, there is still uncertainty on tbke of gas in power generation across north-
west Europe: it could increase its share in thetbity generation mix. More importantly, the
main source of seasonal flexibility provision, igeinous gas production, is running out. A sce-
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nario-based analysis is needed to get insighttmedmpact of (1) different gas demand scenar-
ios and (2) different assumptions with respechwdevelopment in (seasonal) flexibility provi-
sion from other sources in the period until 2030.

This study provides an update of the CIEP (200&Jysin two respects. Firstly, we update the

analysis of historical developments on the gas densade for seasonal flexibility in the last

couple of years as well as the developments wgpeet to gas storage capacity and usage. Sec-

ondly, we provide a more extensive update on thesipte future developments on the market

for gas storage. The following types of questiorsaaldressed in this study:

1) How has the demand for seasonal swing in gas suygsy developing in the period from
1990-20087?

2) What was the role of gas storage in providing seiasonal swing?

3) What was the role of other potential sources o$seal swing?

4) What do different gas demand scenarios imply ferdemand for seasonal swing, and how
do these affect gas storage requirements?

5) How sensitive are the different projections onrbie of gas storage in seasonal swing pro-
vision for changes in assumptions on the ‘seasswalg capability’ of other supply op-
tions such as seasonal swing in indigenous prastuetid seasonal swing in gas imports?

1.3 Reading guide

The remainder of the report is as follows. First previde a brief overview of the main con-
cepts and definitions used in this study and audsion on the methodology adopted in our
study (Section 2). Thereafter we turn to the actumallysis. An analysis on the historical trends
and current status quo with respect to the prowisfcseasonal swing in the northwest European
gas market, and the role of gas storage thergmomded first (Section 3). Then we turn to an
analysis on future developments in the provisiosedsonal swing using our gas market model
(Section 4). Finally we turn to the main conclusigSection 5).

ECN-E--09-065 11



2.  Concepts, definitions and methodology

2.1 Concepts and definitions

Geography

With northwest Europe we refer to the countrie®efgium, Denmark, France, Germany, Ire-
land, Luxembourg, the Netherlands and the Unitethlom. In analysing the demand for sea-
sonal flexibility and the supply of seasonal gasagie, both in recent years, currently and in the
near future, we focus on these seven countriesniélevant we will discuss developments in
third countries as well. This for example conceires supply of production flexibility by Nor-
way and the supply of seasonal gas storage by &0ldns geographical focus is somewhat dif-
ferent than was taken in CIEP (2006). This is examydor the more in-depth analysis of those
particular countries directly neighbouring the Nethnds that together form the northwest
European gas market.

Flexibility

As the CIEP 2006 study extensively explains theeedifferent dimensions to flexibility in the
gas market (see Table 2.1). In the current studyfdbus is on the demand and supply of sea-
sonal flexibility only. Hence, we focus on the fileikity provided by production at short dis-
tance (indigenous production), production at ladiggance (imports via LNG and pipelines) and
gas storage facilities. Although interruptible gawsts can technically provide some seasonal
flexibility as well, we will not include this optioin the analysis in this study for two reasons.
Firstly, the contribution of interruptible contradb the provision of seasonal flexibility is lim-
ited. Secondly, within the chosen methodologiesatld be very difficult to include this in-
strument in our analysis. Trying to assess theasghgesponsiveness of large gas consumers
requires a sufficiently detailed level of gas dethdata over time, which is not something that
is readily available and hence deployable in thishs

Table 2.1 Overview of flexibility segmentation

Flexibility instruments Time dimension

Annual SeasonalWeekly Daily  Hourly
Long-distance production flexibility Yes Yes Yes No No
Short-distance production flexibility Yes Yes Yes esy No
Underground storage (fields & aquifers) No Yes Yes Yes No
Underground storage (caverns) No No Yes Yes Yes
Interruptible contracts No No Yes Yes Yes
LNG storage (peak shaving) No No No Yes Yes
Small-scale local compressed gas No No No Yes Yes
Line pack No No No No Yes

Source: CIEP 2006.

At this point we especially stress that we lookhatissue of seasonal flexibility from a physical
perspective, not from a contractual or primarilypm@mic one. We assess (historic data) and
project (model-based) developments with respesetisonal flexibility in terms of gas flows,
and we do not assess or hypothesize on the reftecfi these physical developments in the
flexibility clauses in gas delivery contracts. Feotample, the actual observed physical demand
for seasonal swing is likely to be different frole tcontracted seasonal swing.

Strategic storage

The focus of this study is on commercial storage: ot on strategic storage. In our view stra-
tegic storage involves a permanent holding of gastérage required for low probability high
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impact events where decision-making on the timindg amount of withdrawals lies with gov-
ernment authorities. In this sense strategic gasa@ is interpreted in the same vein as the
OECD's strategic oil stocks. In literature on théject of gas storage the term strategic gas
storage is often misinterpreted and includes sedgas following public service obligations
(PSOs) with respect to cold winter spells. In oigwthe latter type of storages is part of the
commercial market and should not be labelled agegjic gas storage. Off course all types of
(commercial) storage facilities contribute to ari@ll level of security of supply.

2.2  Statistical analysis

This study adopts two different methodologies tm gasight into the posed research questions.
First, when dealing with historical trends regagdgas demand, gas production and gas storage
use we perform basic statistical analysis. Secat@n turning to an analysis of future projec-
tions on gas storage developments we undertakedalthased analysis. Below we elaborate on
the two methodologies.

2.2.1 Indicators for flexibility

In evaluating the demand and supply for seasonialgswe use three different indicators:
« The flexibility ratio.

e The swing volume.

e The swing ratio.

The flexibility ratio indicator is mainly used ihe historic analysis of gas demand data for the
Netherlands and UK, while the swing volume and gwiatio are used in both the historic
analysis and the model-based analysis.

In analysing the demand and supply of flexibility @monthly basiave will be using the con-
cept of flexibility ratio. The flexibility ratio indemand (supply) is defined as being the maxi-
mum demand (supply) in a certain time period (mpgtlarter) divided by the average demand
(supply) over the monthly or quarterly demand ($yppolume. Below we provide the mathe-
matical expression for this definition.

Max|q,,...,
Maximum flexibility ratio = [ql q“] (1)
> la,--.a,]
n
Min|q,,...,
Minimum flexibility ratio = [ql q”] (2)
>l
n
With:
n=12 for ratios based on monthly data
n=4 for ratios based on quarterly data
ok representing production in period

The same formula applies for swing ratios of demaritereq, is replaced byd, , where:
d, represents demand in period

In order to analyse seasonal swing, i.e. flexipitin aseasonabasiswe use the other two indi-
cators: swing volume and swing ratio. In definihgrh we follow Héffler and Kibler (2007).
We define the total swing volume of gas to be tiffeidtnce between total gas supplies in win-
ter (October to March) minus total gas suppliesummer (April to September). The swing ra-
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tio is defined to be the aforementioned differedisgéded by total gas supply (sum of summer
and winter supply. For example, a swing ratio @50means that the total supply differential
between summer and winter is equal to 25% of tmasumption in that gas yeaf swing vol-
ume of 0 would give rise to a swing ratio of 0%,iethimplies that there is no difference in
summer and winter gas supply. A swing ratio of 10@&ans that there is in fact no gas supply
in summer.

In the same way, the swing volume and swing ratigas imports and gas production figures
can be derived.

2.2.2 Datasets

Based on publicly available, historical countrydshsiata we assess trend developments for the
gas market in northwest Europe. Here we focus erfallowing gas market indicators. Firstly
we use gas demand on a country, and where avaikditoral basis to assess the demand for
swing, i.e. the flexible delivery of gas. The loviee aggregation level, the more accurate actual
flexibility required can be computed. The sect@ssessment is based on demand from three
main gas consuming sectors, namely: industry, eesigl and services, and power generation.
Secondly, we look at the way the required flexipils met by the different possible sources. It
can be provided by indigenous gas production, ggmits and gas storage facilities. For all
three sources we assess the absolute and relatiglity provided currently and in recent his-
tory. Thirdly, we assess the current status qub vespect to the capacity and investment plans
of gas storage facilities in northwest Europe. Belee give a description of the data used in
this part of the analysis.

Table 2.2 Overview of data used in the historic analysis

Description Period Aggregation Countries Source
National gas consumption 1990-2008 Monthly  BE, BR, GE, IEA gas

IE, LUX, NL, UK balance data
National gas production 1990-2008 Monthly BE, DR, SE, IEA gas

IE, LUX, NL, UK balance data
National gas storage change 1990-2008 Monthly  BE,BR, GE, IEA gas

IE, LUX, NL, UK balance data
National gas imports 1990-2008 Monthly BE, DK, F5E, IEA gas

IE, LUX, NL, UK balance data
National gas exports 1990-2008 Monthly BE, DK, BE, IEA gas

IE, LUX, NL, UK balance data
National gas consumption in 1991-2006 Yearly BE, DK, FR, GE, IEA natural

industry IE, LUX, NL, UK gas information
National gas consumption in 1991-2006 Yearly BE, DK, FR, GE, IEA natural
transformation sector IE, LUX, NL, UK gas information
National gas consumption in 1991-2006 Yearly BE, DK, FR, GE, IEA natural
residential sector IE, LUX, NL, UK gas information
Dutch gas consumption via 1995-2008 Monthly NL CBS Statlifie
national gas transmission network

Dutch gas consumption in power 1995-2008 Monthly NL CBS Statlifie
generation sector

Dutch gas consumption via 1995-2008 Monthly NL CBS Statlihe

national gas transmission netw:
(excl. power generation sector)

2 The gas year runs from Octobétid yeart to September 30in yeart+1.
5 BE= Belgium, DK = Denmark, FR = France, GE = Gernyndh = Ireland, LUX = Luxembourg, NL = Nether-
lands, UK = United Kingdom.

4 http://statline.cbs.nl
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Description Period Aggregation Counties Source

Dutch gas consumption via 1995-2008 Monthly NL CBS Statline
regional gas distribution networks

UK consumption in electricity 2005-2008 Quarterly UK BERR
generation

UK final consumption in iron an 2005-2008 Quarterly UK BERR
steel industry

UK final consumption in other ~ 2005-2008 Quarterly UK BERR
industries

UK final consumption in the 2005-2008 Quarterly UK BERR

domestic sector

2.2.3 Correcting for variations in temperature

A substantial part of demand for gas is relatetheodemand for heat. In turn, the demand for
heat is related to the temperature. Consideringptivpose of this study we below expand on
basic indicators for heat demand and the methogdluat is applied in correcting specific gas
related variables for temperature. Temperatureected gas demand data are useful as they al-
low for improved interpretation of gas demand tiend a more accurate basis. Throughout the
report no correction is applied when it is not @ipy stated. When a correction is made, the
following approach is taken.

An indicator that can be used to analyse the imphottside temperature on gas market devel-
opments is the amount of so-called heating degags-d-or the definition of a heating degree-
day we adopt the Eurostat definition (Eurostat,7208ince this is the definition underlying the

only publicly available database on degree-dayh watverage of all countries analysed in this
study.

Heating degree-days = d (18°C -Ty ) when T, <15°C (3)
0 when T,, >15°C

Where:

15°C is the heating threshold

Ty is the mean outdoor temperature over a perioddafyd

In this study we have used monthly Eurostat stesidbr the actual heating degree-days per
month over the period 1990-2008. For each couhtyalverage amount of heating degree-days
was used (which in turn is based on a weightedagecof local heating degree-days per coun-
try). For the actual correction of gas demand abhe relative heating degree-days have been
used. These are defined to be the ratio of theahbiating degree-days and the mean heating-
degree-days. The mean monthly heating degree-daysopintry are provided by Eurostat and
reflect the mean for the 1980 to 2004 period. Tghmwt this study we will either use this data-
set to technically correct specific gas marketalalas or use insights from this database (for ex-
ample with respect to the impact of a particulashavinter) to explain certain observations.

In the section where gas storage withdrawals haea lanalysed (Section 3.2) we have also cor-
rected the total amount of withdrawals in wintelnefe we have used the same data on degree-
days (on a monthly basis) from Eurostat but havapiled a new data series on a country level
depicting the relative heating degree-days in tivgew period only (October to March). We as-
sume that gas storage withdrawals are fully usetdat-demand driven demand. We have di-
rectly corrected original withdrawals data by diagl by the relative heating degree-day ratio

5 http://www.berr.gov.uk/energy/statistics/source/gage18525.html
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(i.e. the actual amount of heating degree-days pardicular winter divided by the average
amount of heating degree-days per winter) in thisogdel 990-2008.

In general heating-degree corrections are expdotasdiooth time-series data for gas demand,
gas storage withdrawals and the like. Howeverhdusd be noted that the resulting corrected
time-series might still contain some ‘irregulartpats’. This could be explained by various in-

direct effects.

2.3 Scenario-based analysis

2.3.1 General model characteristics

In the model-based analysis we have applied EChBésngarket model GASTALE. GASTALE
is a market simulation model that is capable ofuating gas market demand and supply and
gas prices for the entire EU market while takintp iaccount the available gas infra-structure.
Earlier applications of the GASTALE model have béescribed in Boots et al. (2004), Lise et
al.( 2005), Van Oostvoorn and Lise (2007), Lise &wibbs (2008), and Lise et al.(2008). Be-
low we sketch some main characteristics of the mdmEore turning to the modelling charac-
teristics of specific elements in the gas mark&ieraghain.

Firstly, the model distinguishes different seasdinspecifies prices, production, transport, and
storage volumes for three periods; namely summeril&eptember), winter (December and
January) and autumn & spring (February, March, Bmtoand November).

Secondly, the model has a dynamic version, meahiaigthe model computes output for a se-
ries of consecutive 5 year periods thereby endagdnaletermining new investments in the
transport infrastructure, LNG facilities and alsmsgstorage facilities. In other words: given in-
put data and a specific demand projection, the imedeogenously calculates the amount of
new storage capacity required. Since output isiBpe®n a seasonal basis (also reflecting sea-
sonal demand profiles) the model thus explicitlicokates required gas storage capacity in the
future. Note that given the fact that new investimarmipelines, LNG and storage are consid-
ered in the model, the relation between the thredes for delivering seasonal flexibility are
also implicitly addressed.

Thirdly, the model abstracts from natural gas duadisues. For the whole of EU one gas qual-
ity is assumed. In other words, we assume thagrdifft gas qualities across the EU can be con-
verted into other gas quality at no additional cost

Fourthly, it should be kept in mind that the motebased on economics and that calculated
market prices are fully gas market-reflective: oghs market fundamentals determine natural
gas prices. Since the world oil market is not ideld in the model, there is no oil price linkage
in natural gas prices.

Gas demand

Gas demand in the model is specified at the cowardysectoral level. The gas demand sectors
distinguished are the industrial sector, the regidband services sector and the power genera-
tion sector. For each demand sector in each coandgasonal variation factor is identified that
reflects the gas demand profile for each gas demmaatbr across different seasons. The values
for the seasonal variation factors for the couatittenorthwest Europe are included in Appendix
A. The factors have been estimated based on thdrgapecific data underlying the analysis in
Section 3. For each demand sector a different @iasticity of demand is assumed. Demand
elasticity is not country-specific but uniform assocountries. The values for price elasticity of
demand have been based on literature analysissifield and are common in gas market mod-
elling analyses. We have assumed a price elastiti§.40, -0.25 and -0.75 for respectively the
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industrial and services, residential and power geioa sector. For example, this means that it
is assumed that a 1% increase in the gas price gise to a 0.4% decrease in gas demand in
industry.

Investment

The model is able to take into account differeqety of investment decision-making when it

comes to investment in different gas infrastructaseets. Here we refer to investment in gas
pipelines, LNG liquefaction and re-gasificationntémals, and gas storage facilities. Investment
decision-making in new gas production facilitieg (production from new fields) or investment

in expansion of existing gas production faciliiesiot explicitly modelled. Under the header on

gas productiorwe explain how future gas production is taken axdoount.

Investment decision-making in pipelines, LNG teratnand gas storage facilities is endoge-
nous, i.e. determined within the model. The investtrdecision is modelled through a practical
rule of thumb containing a specific hurdle rateifarestment. In every 5 year period, the model
assesses whether the expected market environmira mext 5 years is sufficiently attractive to
warrant investment. More concrete: whenever thetiadd! expected income for the investor
(i.e. the network operator, LNG terminal operagas storage operator) from the new invest-
ments is sufficient to cover X% on top of the wust of investment, the investment goes ahead.
The X% on top op investment cost is the so calleddle rate’. The endogenous nature of in-
vestment decision-making by for example the TSOligspthat no large transmission bottle-
necks are emerging across the EU. That is, invedtimealways undertaken and leads to new
capacity coming on-stream 5 years later if therfai@ conditions are sound. This does not
mean that no congestion in the network can takeeplfor network connections with only a
relatively small amount of congestion during pdrth® year it might turn out that expansion is
not a financially viable option.

Although the basic investment decision rule is taah for the different types of infrastructure
investments, the specific cost and investment petens are not. The investment cost per unit
(among others dependent on the lifetime of thetgdbe discount rate and hurdle rate for in-
vestment differ. The table below describes theevalithese parameters. Parameter values have
been based in earlier Gastale studies and havedisarssed with GasTerra. Differing parame-
ter values have been chosen for investment deemaling concerning the different type of as-
sets due to their relative risk of investment. Attinvestment decision-making parameter val-
ues as applied by gas companies across Europdlacepend on local economic and regula-
tory conditions.

Table 2.3 Parameter values for investment decision-makinggis infrastructure assets

Type of asset Economic lifetime Hurdle rate Interest rate
[years] (%] [%]

Gas pipeline 20 20 8

LNG terminal 30 20 10

Gas storage facility 30 10 10

Gas production

Both the cost and capacity for gas production nod/ia the future is determined exogenously.
Hence, no investment decision-making is modelledgfs production. This means that an as-
sumed gas production curve is put into the modelmaexternal restriction for the whole time
period (2005-2030). Figure 2.1 and Figure 2.2 iatdicthe assumed production capacity and
marginal production cost curves for the differeas groducing countries respectively identified
in the model. These ‘capacity curves’ are basediscussion with the “Observatoire Mediterra-
neen de I'energie’ (OME), a research partner itieegBastale studies and have been updated
for this study.
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Figure 2.2 Marginal cost curve of gas producing regions in GASE

As for flexibility, each individual gas field hatsiown limits with respect to the capability to
vary the production level throughout the year. $aweays have been considered to incorporate
the flexibility in production. We have opted to neathie decision of a gas producer in determin-
ing the actual level of gas production dependenthengas demand situation, the technical ca-
pabilities of the field and the marginal costs afqucing gas. This basic decision-making envi-
ronment has been reflected in the model as folldws. any given year, the gas producer is
faced with a maximum total production level givenHFigure 2.1. This means that the sum of
actual production in summer, winter and the intetisiie season needs to be equal or lower than
this maximum. For all individual seasons withineay, the same production curve containing
the marginal cost of gas production is valid. Tgiedduction across all seasons for a certain
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year can obviously be lower than the set maximuarlyeroduction for that year, since mar-
ginal cost properties might be putting him at aadisntage vis-a-vis his competitors. Obvi-
ously, gas producers selling their gas need toradiedimitations in the transport network (i.e.
pipeline and LNG capacity). The gas producer is fawed with an explicit trade-off in setting
gas production levels across seasons. This résudtswing in gas production. In calibrating the
model the actual observed swing ratios in receatsyéhased on IEA data) have been used as a
comparative indicator.

Gas storage

The model incorporates all existing gas storag#itfes that are currently in operation. Its op-
eration over the seasons is modelled as follovysction in gas storage facilities takes place in
the summer while withdrawals take place in mid-eaaand the winter period. The role of gas
storage in the model is primarily aimed at seasetmhge. This means that the role of storage
facilities in for example daily arbitrage and amtgic means to overcome unexpected interrup-
tions in supply are not included in the analysiailyDarbitrage can not be modelled since the
lowest level of output data of the deployed modebm a seasonal basis. Gas storage capacity
requirements in the future, as calculated by thdehare based on average supply and demand
conditions. Storage capacity build-up for extranady and above-average winter demand peri-
ods could be simulated using stochastic demand Ifivaglénstead of current deterministic gas
demand modelling). Therefore we had to correct rhogrit data on gas storage capacity. We
have corrected for the difference in the role of gtorage in the model (where there are only
‘average winter conditions’) and the role of gasrage in reality (providing a buffer for ex-
treme winter conditions) by using a capacity resenargin of 40%. This figure is based on dis-
cussion in CIEP (2006) and on estimates on gasgdause in the last 18 years. For the 2006
situation regarding gas storage CIEP (2006) estichtdtat from the total of 70 billion hof in-
stalled working gas capacity in OECD Europe ab&ubilion m’is used as a buffer for more
extreme winter conditions. This implies that onlyoat 57% of total working gas capacity is
used under average winter demand conditions, atdtibre is implied reserve margin of about
43%. These estimates were based on discussiongagtimarket experts and are not referenced.
For this study we assume that a similar level eéree margin is kept with respect to gas stor-
age working gas capacity. We have rounded off #nkee figure to a 60% ratio. This seems ap-
propriate given the utilization rates found in thistoric analysis in Section 3.2. For our model
output this assumption is implemented as followsdé&f the basic modelling framework the
model calculates the optimal level of storage fegrage winter demand conditions, implying
usage ratios approaching 100% of total gas staragacity. We adapted this approach by exo-
genously increasing the calculated optimal gasag®micapacity level with a factor of 100/60.
This at the same time implies that capacity usages in our model can not exceed 60%.

Calibration based on current market conditions:aséigic behaviour

From earlier analyses with the GASTALE model weenbearned that the parameter reflecting
the degree of market power that can be exhibitethbygas producers and traders is an impor-
tant parameter especially for wholesale marketepléwels and levels of production. Previous
studies with GASTALE model have been undertakereumpartial strategic behaviour assump-
tion in which Russia is assumed to exercise masketer on 25% of their export potential to
EU while all other producers exercise market poarei75% of their production capacity in EU
or export potential to EU. It has been observegieyious studies that this assumption gives
more realistic outcomes in terms of gas price ampply developments. For example, the sea-
sonal gas production of the producers in 2005 maitihthe real observations better under the
assumption of market power. Another interpretatibthe calibration based on ‘strategic behav-
lour settings’ is that this is a way in which tonsilate the impact of the gas-to-oil price linkage
on the European gas market. In the presentatitimeafesults derived in the model-based analy-
sis we focus on the runs based on strategic belvaaial we test sensitivity of results when the
model would be calibrated to conditions resembpagiect competition.
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2.3.2 Scenario analysis and parameters

When assessing possible future developments teatudnject to large uncertainties with respect

to key drivers it is common to adopt a scenaricedagpproach where different futures are as-

sessed based on varying the particular value mhitel number of variables. We have identi-

fied the following variables to be of particulaterest in the context of future developments

with respect to gas storage developments:

* Level of gas demand:

» Flexibility of alternative sources of flexibilitye(g. production flexibility and LNG supply
flexibility):

» Netting of counter flows within EU gas markets.

In our reference scenario, the gas demand leveldased on the gas demand projections pub-
lished in the Primes 2007 update (EC 2008a). T\ lef overall gas demand can influence the
need for new seasonal storage facilities. Espgcsalttoral gas demand developments are im-
portant in this respect since for example the mdidl sector requires substantially more swing
in gas supply than the industrial sector. Hencédbesghe gas demand level in the reference sce-
nario, we simulate three other demand scenarioshaiill show the impact of high versus low
gas demand growth on the supply of gas storage.

A second important aspect for this study is the metition in the provision of flexibility be-
tween production, LNG imports and storage. Theilfiéigy in production can vary largely
across gas producing fields and is difficult tojecb for the future. High assumed production
flexibility in indigenous production will generallgiscourage the development of gas storage.
The flexibility of LNG supplies to the market comes with gas storage development in a simi-
lar manner as production flexibility. In order tepécitly study the impact of production flexi-
bility and flexibility of LNG supplies on the demadifior gas storage, we identified two separate
scenarios that are different from the referenceate assumptions when it comes to flexibility.
On the one hand we assume an alternative scenhaoevproduction flexibility in the Nether-
lands remains constant over time, as opposed tdebeeasing production flexibility in the ref-
erence scenario. On the other hand we also we asawsuenario where the flexibility of LNG
supplies to the EU countries is at a higher lelvehtassumed in the reference scenario.

Thirdly, a basic assumption needs to be made wihpact to the availability of pipeline capac-
ity and more in particular the availability of balckul (also called counter-flow) capacity.
While some pipelines in the European gas transamssetwork are bi-directional, others are
only built to physically transport gas in only ogieection. In practice however, TSOs may offer
gas shippers the option to offer virtual capaaityhie other direction. This is called back-haul or
counter-flow capacity. The maximum level of backiheapacity at any time is equal to the ac-
tual physical flow of gas at the time. The termttimg’ may be used to describe the case of vir-
tual counter flow gas transport cancelling out ptglsgas transport. The model is capable of
simulating gas network operation including or egahg ‘netting’. Currently, most TSOs in
northwest Europe seem to offer back-haul capaeityices at interruptible basis. However, the
EC signals that in practice (gas and electricitg)O5 throughout Europe might still refrain from
offering full counter-flow transmission capacitfdy not providing such counter flow capacity,
TSOs would be obstructing the possibility for sigspl to enter neighbouring markets and
therefore limit competition and market integratiwhich in the end leads also to higher costs of
providing energy to European consumerdEC 2009,

6 This memo accompanied the new infringement pricgs that the EC launched on Jun& 2809 against 25

Member States (MS) for not complying with the Edi#ation on the internal market for electricitydagas, no-
tably the Electricity Regulation (1228/2003), the sGRegulation (1775/2005), the Electricity Directive
(2003/54/EC) and the Gas Directive (2003/55/EC). 3tnaewhat older DG TREN energy sector inquiry reldas
in 2007 (EC 2007) does not include an analysis erptbvision of back-haul capacity but does hawrgel focus
on the availability of gas transmission capacitge@f the observations on this issue is that adodsath primary
and secondary capacity can be problematic for navken entrants due to market power and contractuages-
tion.
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Based on the above described main variables we ¢@naructed a number of different model

runs to be analyzed. Table 2.4 presents an ovewi¢he performed model runs. When a cell is
marked red this indicates the difference of this compared to the reference run (#1). The re-
sults of these scenario runs are reported in Sebtio

It should be noted that the identified number afsrdo not cover runs related to political inter-
ference. For example, market developments resuitorg a gas supply interruption from Rus-

sia through Ukraine are not simulated. Such scesdrave been analyzed using the model in
earlier projects but these do not address the afotlee issue analyzed in this study: the devel-
opment of seasonal gas storage.

Above we have explained the focus in scenario k- the level of gas demand and the
flexibility of other sources. Below we discuss htvese are actually transferred into input for
the Gastale model.

Gas demand

The gas market model Gastale needs to be giverearag input with respect to future demand
levels. We identified and analysed a total of fdifferent demand scenarios in order to get suf-
ficient insight into the impact of overall gas derdan gas storage developments. In construct-
ing the scenarios we have linked-up with existingnario projections that are publicly avail-
able. More precisely, we use the gas demand piojecpublished in the Primes 2007 update
(EC 2008a) and the Strategic Energy Review (SER) ZB08b). Linking to existing scenarios
has an advantage when it comes to the presenttidrcommunication of the results of this
study to the outside world. A particular goal astetudy was to gain insight into the possible
impact on the developments in the gas storage mander substantially different scenario set-
tings with respect to gas demand. The existing saenarios differ sufficiently to enable us to
do exactly this. We will take the Primes 2007 updaiojection as a starting point for reference
scenario, whereas the SER high oil price scenatilidoe the point of departure for a low gas
demand scenario. In addition, we have constructsat@alled crisis-variant for the Primes sce-
nario: we take a pragmatic stand by assuming thatscenario is identical to gas demand de-
velopments in the reference scenario, but withyed- delay, and realignment with the refer-
ence scenario from 2025 onwards. This means thasseme the currently ongoing crisis to
cause a stagnation in the growth in overall gasathehior a period of 5-year. From 2025 on-
wards we assume that the crisis hit economy (asdvgaket) are back on the ‘original path’ of
the reference scenario of Primes 2007. Finallyhaee constructed a higher gas demand sce-
nario that equals the reference Primes 2007 seephurs an additional 10% of gas demand for
all sectors.

Figure 2.3 contains the four scenarios concerriiegtdtal gas demand in the northwest Euro-
pean countries. The actual model input is basethemunderlying individual country and sec-

toral based projections. Also depicted in the figor referencing purposes is the latest IEA
World Energy Outlook scenario (IEA 2008b). Thisrsmeo is comparable with the Primes 2007
scenario except for a larger ‘dip’ in total gas @chin 2010. One of the reasons for choosing
the Primes scenario over the IEA scenario in thadyesis is the data availability on country and
sectoral level. The reference scenario of the IE&d/Energy Outlook gives neither country

nor sectoral based projection data.
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Flexibility in production, LNG supply and pipelines

Currently the production flexibility of the Netharlds is higher than production flexibility in
other gas supply countries such as UK, DenmarkNardvay. One of the reasons of Nether-
lands being a more flexible supplier is its capgbtb vary its production level throughout the
year.

In the reference scenario run, the production ffidity of Netherlands and UK are both as-
sumed to be decreasing. The production flexibitityK is decreasing since its gas reserves are
substantially decreasing. Gas production in then&i&nds is assumed to decrease as well. In
addition, it is assumed that the capability of fialels in the Netherlands to vary its production
level throughout the year, and hence its capalilitgrovide seasonal flexibility, is decreasing.
It is assumed that the flexibility rafiof Dutch gas production is equal to 1.50 in 209%rie-

arly decreasing to 1.00 until 2030. In an alter@apiroduction flexibility run, this ratio equal to
1.50 in 2005 is assumed to be maintained througtimuperiod 2005-2030. This might be an
overestimation of the potential capacity to deligeasonal flexibility but it can also be inter-
preted as follows. For the purpose of optimisingdpiction from the Dutch Groningen field,
two gas storage facilities in the Netherlands (Nand Grijpskerk) are in fact from regulatory
point of view considered to be so-called additigpaduction facilities. Assuming a continua-
tion of the seasonal swing capability of Dutch gasduction can be interpreted as a future ex-
pansion of these additional production facilitieshie Groningen system.

We have also varied the flexibility of LNG supphpin re-gasification terminals in Europe. In
the reference scenario run, we assume that LNGrialsmare base load suppliers and the differ-
ence of their gas supply between summer and winggrvary with a maximum of 10%. This is
achieved by assuming that the utilization of thgacity of an LNG re-gasification terminal is at

" Gas demand projections by IEA (2008) are on aEhisis. Original EU27 data have been translatedpiro-
jected developments for northwest Europe basedasmmarket shares of different countries and seatdise to-
tal market as projected by Primes.

8 The flexibility ratio of production is the ratiof maximum available production capacity in a day ronth, or
quarter) and the average production capacity pg{atamonth, or quarter).
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least 90% during the summer. As a result, LNG bexsombase load gas supplier. In an alterna-
tive scenario run, we have decreased the minimulmation of LNG capacity in summer to
80% which implies increase in flexibility of LNG gplies; that is the maximum difference of
total LNG gas supply between summer and wintargssiased from 10% to 20%.

Thirdly, regarding the availability of counter-flogapacity we assume that no ‘netting’ of gas
flows by TSO takes place in the reference scen®vieen no counter-flow capacity is offered,
gas trading across borders may be limited and havegative impact on the level of competi-
tion in the market. In addition, it might have ampiact on the amount of flexibility that can be
provided / transported across pipeline networksiddewe simulate in an alternative scenario
the impact of including full availability of coumtflow capacity (still limited by the actual
physical flow off course).
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Table 2.4 Overview of studied scenarfos

Variable Scenario
(S1) (S2) (S3) (S4) (S5) (S6) (S7)
Gas demand BAU Low Crisis High BAU BAU BAU
Availability of Production flexibility Low Low Low Low High Low Low
flexibility decreasing decreasing decreasing decreasing constant decreasingdecreasing
alternatives  LNG flexibility Low Low Low Low Low High Low
Netting of counter flows No No No No No No Yes

® The text in italic red indicates the change iergmio setting compared to the reference scen@fi (
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3.  Historical analysis of demand and supply of seasonal swing

3.1 Demand for seasonal flexibility

3.1.1 The Netherlands

For the Netherlands we have analysed monthly gasutoption data for the period January
1995 - December 2008 from the CBS ‘aardgasbalapablicly available at Statline
(http://statline.cbs.hl The gas consumption categories that are of inéénest for our purposes
are:
* Total consumption via the national transmissionvoek

— Consumption in power generation

— Consumption of other users
« Total consumption via the regional networks

This categorisation differs from the one adoptedhsyIEA (IEA, 2008a). This is important to
note since we will be using IEA data in other asafyin this chapter. The Natural Gas Informa-
tion 2008 (IEA, 2008a) provides data on gas consiomg@cross different sectors in the Nether-
lands for the year 2086 Table 3.1 provides a comparison of the two dataces. We find that
total gas consumption differs in the two databaBasthermore, we observe that total gas con-
sumption in transformation (IEA) is substantialiglier than power generation connected to the
national transmission network. This may be expldibg the fact that part of gas consumption
used in transformation in the CBS database is tegpamder gas consumption via regional dis-
tribution networks. The latter is somewhat highern gas consumption in the commercial and
public sector, the residential and the agricultsealtors taken together.

Table 3.1 Comparison of gas consumption data in the Nethddaatcording to IEA and CBS
(data are in million mper year)

IEA Natural Gas Information 2008 CBS Aardgasbalans

(2006 data) (2006 data)

Oil and gas extraction 0,8 Gas consumption at ettma 0,6

Total transformation, industry, energy Gas consumption via national

sector 27  transmission network 23,1
Transformation 15,3 Power generation 8,32
Industry 10,6 Other consumption 14,8
Other energy sector 1,1

Total commerce & public, residential Gas consumption via regional

and agriculture 19,8 distribution networks 21,6
Commerce & public 5,8
Residential 10,3
Agriculture 3,7

Total consumption 47,9 45,3

Figure 3.1 presents the observed delivered flawihihtio in demand for the three main gas
consuming sectors in the period 1995-2008. It corithe relative large flexibility required in
gas deliveries to the residential and serviceoseampared with the power generation and in-
dustry sectors. Power generation shows a somewatgarlflexibility requirement than the in-
dustry sector. The seasonal cycle in residentidl samvices demand is apparent, but no strong

10 Data for more recent years are not yet availabiés data from Natural Gas Information 2008 cahbeused for
the purpose of analysing seasonal flexibility sida& are provided on yearly basis only.

ECN-E--09-065 25



underlying long-term trend is observed in this feguThis observation is confirmed in Figure

3.2 where the maximum required swing in each imllial year for each of the three sectors is
depicted. Based on this figure we can not drawamglusions regarding a structural increase
or decrease in the flexibility required in delivegigas to final consumers in the Netherlands.
Indeed, the patterns appear to be constant ovet teading to the assumption of a fixed sea-
sonality on the sector level.
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Figure 3.1 Flexibility in gas demand in the Netherlands 19982 based on monthly data
Source: CBY.

As was illustrated, the level of detail in whichtalgs available varies across databases. For ex-
ample, for the Netherlands we have acquired antyset monthly data while for the UK we
have acquired quarterly data. In general we exjpeckevel of flexibility in demand to diminish
when higher aggregation levels over time are u8adaggregation in quarters will to some de-
gree smooth out the monthly peaks. To get insigtihé relative magnitude of this effect we
have aggregated the monthly data for the caseeoN#therlands into quarterly data and per-
formed identical calculations with respect to thserved flexibility. We indeed found the ex-
pected decrease in flexibility in demand. The obs@émaximum and minimum flexibility lev-
els for each year in the period 1995-2008 usingtquyg data were on average 10% lower and
7% higher respectively compared to monthly datas Titeans that the spread in observed flexi-
bility values was lower. This is captured by theiaace indicator. The variance of the flexibil-
ity ratio for the residential and services sectoraamonthly basis is about 0.331, while the vari-
ance of the same ratio for the quarterly data sevees about 0.265: this implies a lower level of
spread of about 20%.

Other useful indicators that can be used in anadyiie demand for seasonal flexibility are the
swing volume and swing ratio. Figure 3.3 and Figlileshow the development of these indica-
tors over the last 14 years. Both indicators aesgmted since they provide different pieces of
information with respect to the seasonal flexipilgsue. The swing volume per sector provides
information on the absolute amount of swing voluraquired for each sector, whereas the
swing ratio provides insight into the relative flaiity required per sector.

11 Note that the data underlying this figure havebreen corrected for temperature.
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Figure 3.3 Swing volume of Dutch gas demand per sector ip¢heod 1995-2008
Source: CBS.

Figure 3.3 shows that about 85 to 95% of total @ealsswing volume comes from the residen-
tial sector, whereas the industry and power geloeraector make up for the remainder. There
does not seem to be a long-run trend in this figlihe total swing volume keeps fluctuating be-

12 Note that the data underlying this figure havelreen corrected for temperature.
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tween 12 and 13 billion frper year. The swing ratio for Dutch gas demand-{gure 3.4) has
been at a constant level of about 0.28. This méwighe difference between total summer and
total winter demand is equal to about 28% of tged demand. Unsurprisingly, the ratio for the
residential sector is the highest of the threessesksector. For the residential sector the rsitio i
about 0.48 on average, with a minimum value of @A8 a maximum value of 0.53 in the as-
sessed period. The swing ratio of the other twetosewaries between 0 and 0.10.

T TTT——————e i :qt: L

Swing ratio

95/96  96/97 EXQB 98/99  99/00 00/01  01/02 02/03 03/04 04/05 05/06 06/07 07/08

0.1 -
—+—Total gas demand =#—Power generation —@=Industry —#—Residential & services

Figure 3.4 Swing ratio for Dutch gas demand per sector inghgod 1995-2008

Source: CBS, own calculations.

3.1.2 United Kingdom

For the United Kingdom we assessed quarterly dagas demand for the period Q1-2005 until
Q4-2008"* Data are provided for different gas consumer aateg. For our analysis we have
looked at the following categories:

1) Consumption in electricity generation.

2) Final consumption in iron and steel industry.

3) Final consumption in other industries.

4) Final consumption in the domestic sector.

5) Final consumption by other final users (other tbansumption under (2) - (4)).

We interpret the first category as total gas corion in the power generation sector. Catego-
ries (2) and (3) together comprise consumptiorha industrial sector. Finally, categories (4)

and (5) together make up consumption in the resimleand services sector. Here it should be
noted that the UK consumption classification déférom the classification used in the dataset
for the Netherlands. For example, final consumpiiorother industries might include some

small industries that fit the Dutch consumptioregatry of gas consumption at regional network
level. Since there is no access to underlying Uta d&e are not able to make any kind of cor-
rections. This should be kept in mind when comgaresults based on the UK and Dutch data-
sets.

13 Data is provided by the Department for Businesseprise and Regulatory Reform (BERR) at
http://www.berr.gov.uk/energy/statistics/source/gage18525.html
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Figure 3.5 presents the observed degree of fléyilbéquired in UK gas deliveries to the three
distinct gas consumer categories. First, it shbeldoted that the data depicted in this figure are
not immediately comparable to the data earliergaresl for the case of the Netherlands when it
comes to the absolute levels for the swing ratifierAall, Dutch swing ratios are based on
monthly data, whereas UK swing ratios here aredasequarterly data. In general, the more
detailed the aggregation level of data, the highercalculated swing ratio. The residential and
services sector is the consumption category wighhilghest required flexibility in gas delivery.
In addition, there is substantial seasonal variatiothe demand for gas in the industry sector.
The required level of flexibility in this sector a&pparently higher than the power generation
sector. Comparing the Dutch and UK flexibility matior power generation we find that the
Dutch power generation sector requires relativetyenflexibility. Looking at the data in Figure
3.5 it seems that in the quarters between 20002808 the required flexibility in the power
generation sector was substantially lower than ree®900 and after 2005. This could have
something to do with the relative price of gas cared to other energy carriers. No real struc-
tural long-term developments are observed for a@nghe distinguished sectors. This is sup-
ported by Figure 3.6, where the development ofntiaaimum levels in the swing ratio is de-
picted. Comparing the Dutch and UK flexibility mtfor power generation we find that the
Dutch power generation sector requires relativatyarilexibility.

2.00 1

1.80 1

Iy

@

o
—

g

iy

o
T

3 >
: 4N
=
7
=
=
=
g
7

o
iy
[S]

f

|

|

0.20 4

0.00 ‘ ; ; ; ‘ ‘ ‘ ‘ ‘ ‘
Q1-1998  Q1-1999  Q1-2000  Q1-2001  Q1-2002  Q1-2003  Q1-2004  Q1-2005  Q1-2006  Q1-2007  Q1-2008

== Power generation == |ndustry =—#= Residential and services

Figure 3.5Flexibility in gas demand in the United Kingdom 898008
Source: BERR.
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Figure 3.6 Maximum required flexibility in gas demand in theitdd Kingdom 1998-2008
Source: BERR

Like has been done for the Netherlands, we hawilzded the value of the other two remaining
seasonal swing indicators as well.
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Figure 3.7 Swing volume of UK gas demand per sector in thinger998-2008
Source: BERR.
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Figure 3.8 Swing ratio for UK gas demand per sector in thaqubd998-2008
Source: BERR.

3.1.3 northwest Europe

For the other countries in northwest Europe no détia sufficient detail with respect to either
the level of aggregation in consumption categodes time was found available. For other
countries than the UK and the Netherlands the 184 lgalance data was the best dataset avail-
able. This data contains monthly data for total g@ssumption with no separation in different
gas consumption categories. We have assessedd#te foeriod January 2000 until December
2008. Below we turn to an analysis of this datather countries in northwest EuroffeFigure

3.9 gives insight into the amount of swing volumeniinter for the selection of northwest Euro-
pean countries.

14" For a full comparison of countries, we include tBA data for the Netherlands and the United Kargdas well.
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Figure 3.9 Heating degree-days corrected swing volume of gasdiection of northwest
European countries for the period 1990 to 2008
Source: IEA.

The figure shows that the total amount of gas tesuggplied in winter in addition to the yearly
average supply has been increasing throughout lodevperiod, except for a dip in the gas year
2001/2002. Over the period 1990 to 2007, the ®tahg volume in northwest Europe has in-
creased with an annual percentage of about 1.7%.i§ fower than the average growth of total
gas demand over the same period, which is abo% B3 year. The difference is explained by
the fact that not all additional gas demand ocaurwinter. Additional demand in the power
generation sector or the industry sector is likelyoe spread more evenly throughout the year,
thereby not significantly influencing swing voluroégas in winter. The growth in gas demand
in the residential and services sector was on geeahout 2% per year, which compares to the
1.7% increase in swing volume. It is evident tihatlarger gas consuming countries have a con-
sequential large share in the need for swing voliimm&inter. The average share of France,
Germany, Netherlands, and UK in total swing volumeorthwest Europe over the considered
timeframe is 18%, 34%, 16% and 27%. From these#irgas consuming countries, France and
Germany have seen the largest growth in swing veluimwing volume in France and Germany
increased on average with 2.7% and 1.5% respegtmwlile that rate is about -0.5% and 1.2%
for the respective countries of the NetherlandsthadJnited Kingdom.

Figure 3.10 gives insight into the relative swirjlume compared to total gas supply for each
individual country. The link with Figure 3.9 is thellowing: multiplication of total gas supply
in summer and winter (total gas supply for a gaw)yeith the swing ratio results in the swing
volume.
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Figure 3.10Heating degree-days corrected swing ratio of gasaled for selection of
northwest European countries for the period 199080
Source: IEA.

Based on Figure 3.10 we conclude that the requéesl of flexibility in gas delivery to con-
sumers varies largely across individual counti®bereas the required flexibility in Irish gas
deliveries is relatively very small, French gas suomers require relatively the highest level of
flexibility. As we know from our analysis of Dut@nd UK data for different consumer catego-
ries the residential and services sector requiteshighest level of flexibility in gas delivery,
followed by the power generation sector and theustny sector. Ireland has a relatively low
share of gas consumption in the residential andicgss sector compared to other countries.
France on the other hand has the relatively lagjeste of gas consumption from the residential
and services sector. The swing ratio of Francebleas slowly increasing the last years, which
is mainly to a gradual increase in gas consumgtiaie residential and services sector. Resi-
dential demand in France has been growing with #b% 1998 to 2006. The swing ratio in the
UK has been declining until about 1999 and has be#rer flat since. This can be explained by
the continuous growth in gas consumption in thetgtdty sector in the years 1991-1999 and
the stagnation afterwards. The flexibility requiiadyas supplies to the power generation sector
are relatively lower than flexibility required ihé large UK residential and services sector, and
also lower than the average flexibility in overalK gas consumption. Although German gas
demand in the residential and services sector éas increasing 21 billion hin 1991 to 36 bil-
lion m® in 2006, the swing ratio has not shown a significstructural increase. The swing ratio
in the Netherlands shows a small decrease, whighbmacaused by a combination of effects:
(1) an increase in power generation demand (whricreases total gas consumption), and (2) a
small decrease in demand from the residential andcgs sector.

A large part of the above discussed results magulbemarised in one picture depicting a rela-

tionship between the share of demand from the eatiml and services sector in total demand,
and the swing ratio. This relationship is depiate#figure 3.11.
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Figure 3.1Relationship between the share of demand fromdbkiglential and services sector
in total demand, and the swing ratio for selectadmorthwest European countries
Source: |IEA, Eurostat.

Based on the depicted relationship one can conthatehere is a positive relationship between
the relative size of the residential and serviees® in total gas demand and the need for swing
volume in winter. This was to be expected since seictor showed to have the highest flexibil-
ity requirements. However, as can be seen frontlirgtering of individual countries and the
position of individual clusters versus others thare also other country-specific factors affect-
ing the swing ratio. For example, the UK data slkeomuch ‘flatter’ relationship than the other
countries, whereas Denmark data seems to indicamech steeper relationship. A more econo-
metric-based analysis could be undertaken to gaioee insight into more technical relation-
ships regarding the demand for swing volume (lexilfility). Such an investigation is outside
the scope of this study however.

As was indicated before the outside-temperaturealagstantial impact on the demand for gas
in northwest Europe. In relatively milder wintetsettotal demand for gas will be lower.
Figure 3.12 depicts the actual amount of heatilgyeedays in northwest Europe in the period
1990 to 2008. Based on this figure we observeraittewards milder winters over the last dec-
ade, spurred by increasing average temperaturentemin this same period.
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Figure 3.12 Amount of heating degree-days in winter (Novembéfarch) in the period 1990-
2008

Source: Eurostat.

3.1.4 Gas storage in northwest Europe

According to IEA (2008a) total working gas capaafynatural gas storage facilities in north-
west Europ® at the end of 2007 totalled little over 38 billiofi. The database on existing gas
storage facilities in the EU maintained by Gas &jerEurope (GSE)provides a total gas stor-
age working capacity at the beginning of 2009 intmeest Europe of about 41 billion®mA
database from the International Gas Union (IGUjretes total storage capacity in northwest
Europe to be 40.5 billion TnAn assessment of the detailed databases of ®Eha®d IGU by
GasTerra gives rise to a fourth estimate for tgee storage working capacity which is some-
where in-between but closer to the GSE estimate.

Table 3.2 Overview of total working volume of gas storagelitses in northwest Europe in

million n?
Country IEA (2008a) GSE (April 2009) IGU (2006) GasTerra
[min m?] [min m?] [min m?] [min m?]
Belgium 655 659 550 655
Denmark 760 1,001 820 765
France 10,800 11,860 11,643 11,090
Germany 19,138 18,452 19,314 19,713
Ireland 198 0 0 0
Luxembourg 0 0 0 0
Netherlands 2,478 5,078 5,000 5,072
United Kingdom 4,364 4,001 3,192 3,617
Total 38,393 41,051 40,519 40,912

Source: IEA (2008a), GSE website, IGU 2006.

15 northwest Europe is defined as Belgium, Denmaranée, Germany, Ireland, Luxembourg, the Nethedaadd

the United Kingdom.
18 Gas storage data on existing capacity and plaimvesgtments are availableltp://www.gie.eu.com/index.html
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GSE also provides a database on the differenttgeage expansion plans within the EU. Based
on this database we have constructed a databasaldurrently known investment plans. The
status of the included gas storage projects vamy foeing under construction, to committed or
planned. This separation is sensible since natuatently planned gas storage investments will
necessarily go ahead in the future. According toaalculations, the total working volume of
gas storage facilities that are currently understroiction, committed or planned in northwest
Europe is about 36 billion fnwhich equals about 87% of existing gas storagacity. How-
ever, of this total only 3.8 billion fis actually reported to be under construction @hhis
about 9% of current installed storage capacity).
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Figure 3.13Total working volume capacity (in million®jrof gas storage investment plans in
northwest Europe
Source: GSE.

The above reported figures include both small ange-scale gas storage facilities. Large-scale
gas storage facilities are typically filled to maxim capacity at the beginning of the winter sea-
son. Small gas storage facilities are pre-domigauiged to arbitrage between low and high gas
prices on a daily or weekly basis. These facilitesld be used for the provision of seasonal
swing when they are fully filled at the beginningttee summer season.

Figure 3.14 sets out the existing gas storage agpaad the currently known gas storage in-

vestment projects based on current status. It stisvierge amount of planned or projected gas
storage investments and the relatively little numtfeprojects under construction at this mo-

ment.
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Figure 3.14EXxisting gas storage capacity and projected devalemt of working gas capacity
in northwest Europe according to project status
Source: GSE 2009, IGU 2006.

In the previous gas storage study prepared by Q#POB6) a list of projects in a number of
OECD-European countries was presented that wersgdamed to come on stream in 2010. This
involved a total of about 5 billion hworking capacity. Based on the most recent GSEbdae
update, it seems that only 1.1 billior? of this capacity will be actually there in 2010.n8®
projects however are still underway and have egpedd delays, while yet others are scrapped
or are still in the planning phase. Based on thebillion n®we could say that the success rate
of the listed projects is about 20%.

3.2 Seasonal swing provision from gas storage facilities

From the data available in the gas balance dataifabe IEA we have derived the total with-
drawal of gas from storage facilities over the eintonths in the last 18 years. By summing
the monthly withdrawals for the months October tarbh we get the total seasonal storage
withdrawal for a certain winter. We have corredledthe influence of temperature by dividing
the actual observed storage withdrawals with thie of actual heating degree days (October to
March) and mean heating degree days (October terbeer)!’ Figure 3.15 presents the total
amount of gas withdrawn from gas storage facilitesa country level for the countries in
northwest Europe.

1 The mean heating degree-days in the period Octobdarch is based on the period 1980-2004.
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Figure 3.15Heating degree-days corrected seasonal gas stonatipelrawals in northwest
Europe in the period 1990-2008
Source: IEA®,

From the above figure we infer that total wintesrage withdrawals especially have been in-
creasing in France and Germany. France and Gerar@nglso the countries that have shown
the largest increase in required swing volume (Ggere 3.9) in comparison with the other
northwest European countries. In this period tatatking gas capacity in Germany has been
expanded enormously, while total French working@gsacity has remained almost unchanged.
The Netherlands and the UK on the other hand dsinoiv any substantial increase. This can
be explained by the fact that in both countrieargdr part of swing is provided by production
facilities instead of storage facilities. The degrhent in total gas storage withdrawals shows in
northwest Europe until the gas year 2003/2004nmslai to the development in total gas storage
withdrawals in OECD-Europe as reported in CIEP @0®However, total gas storage with-
drawals seem to have been staying at a more océessant level since that winter, indicating a
possible flattening of the trend curve. This carekglained by the relatively mild winters in the
last four years.

Relating the actual gas storage withdrawals tatfzlable gas storage capacity gives insight in
the usage rate of the latter. Therefore we hasea@lthe gas withdrawals depicted in Figure
3.15 to two sets of gas storage data. As alreaglaieved the available data sets (IEA, GSE
2009, IGU 2006) show quite some diverging figures Jome countries (notably for France,
Germany and the Netherlands). Figure 3.16 predetakgas storage withdrawals and the im-
plied capacity usage based on different gas staragacity figures. When looking at the usage
of gas storage according to the GSE/IGU databasestprage capacity usage in the last 8 years
has been varying from 46 to 56%. When using thesgasge database of the IEA capacity us-
age amounts about 55 to 70%. Concerning the relavelopment of capacity usage we ob-
serve that capacity usage in the period 1990-200at a significant lower level than the years

18 |n CIEP (20086) the figure representing gas stomgitfedrawals containeetwithdrawals and not the absolute level
of withdrawals over a winter season (October todiarTherefore our figures slightly differ from $epresented
in CIEP (2006). This is caused by the fact thatdrnywmild winters, there is actual injection takiplgce instead of
withdrawal.
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thereafter. The difference in average capacity eidagfween the two periods is about 15%-
points.
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Figure 3.16 Gas storage withdrawals in northwest Europe andi@ajpcapacity usage
Source: |IEA.

The above figure is an update of a figure depiate@IEP (2006). In the CIEP (2006) figure a
trend line in gas storage use was added indicatiftgt line at about 43% until 1995/1996, and
from there a continuous increase to 68% in 20031200e updated figure indicates gas storage
capacity usage has been hovering around the saenagavfor the last 6 years. The extended
dataset seems to suggest a more balanced and speead growth in capacity usage over the
whole assessed time period of 18 years.

3.3 Seasonal swing provision from other sources

One of the important instruments to deliver flekikiin gas consumption is production flexibil-
ity. Obviously, not all countries in northwest Epeohave direct access to this option. Others
rely more on flexibility delivered via gas imports. northwest Europe production flexibility is
mainly delivered by the Dutch and United Kingdons deelds. In this section we assess the
amount of seasonal flexibility provided by gas pratibn, gas pipeline imports and LNG im-
ports.

3.3.1 Seasonal swing by gas production

In Figure 3.17 the monthly gas production levelistfee northwest European countries are de-
picted. We observe that substantial variabilityigh volumes of gas production is provided by
both the Netherlands and the United Kingdom. Mugss lvariability, at much lower volume
levels, is provided by Germany and Denmark. Thg obVious trend that can be derived from
this figure is the initial increase in levels of W&s production until 2000, while maintaining
the degree of swing, and the decrease in the pfi@rsvards, which is a consequence of nearing
depletion of UK gas reserves. Thus, while overedidpction now is at similar levels as in the
1990's, the flexibility delivered is considerabbsk.
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Figure 3.17 Gas production in selected northwest European a@sin the period January
1990 - December 2008
Source: IEA.

Figure 3.18 shows the minimum and maximum flextipitatios for a selection of gas producing
regions. This confirms our earlier observation thatflexibility of UK gas production has been
in decline for some years. UK flexibility in gasopiuction has reached levels comparable to the
rest of northwest Europe (the Netherlands excludét note that that the Netherlands shows
the largest production flexibility: there is no ga®ducing region with lower minimum flexibil-
ity ratios or higher maximum flexibility ratios. &endly, the flexible capacity of the United
Kingdom has been steadily declining from 1990 t6&Previously, gas production from the
United Kingdom showed similar flexibility figures ahe Netherlands, but currently is only at
the same level of the remainder of northwest Ewanpeountries. Figure 3.19 presents the
amount of swing provided by indigenous gas producdith northwest Europe.
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Figure 3.18Minimum and maximum flexibility ratio for selectiohgas producing regions
Source: IEA.

United Kingdom (max)

The amount of swing volume provided by the Nethattahas remained more or less constant
throughout the assessed period. Since the swingnebrovided by mainly the UK has been

decreasing the share of the Netherlands in thé $ati]mg volume of northwest European gas

production has been increasing from about 50% én1®990s to over 70% in recent years. The
total amount of swing volume provided by indigengas production has been declining. The
decline in swing volume provided by the UK has beén compensated for by other countries
(i.e. the Netherlands).
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Figure 3.19Swing volume in northwest Europe delivered by iewdagis production
Source: IEA.
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Figure 3.20 presents the swing ratio of indigengas producing regions. This relates the total
swing volume presented in the previous figure taltgas production throughout the gas year.
On the basis of this figure the same observati@ms e made as before. Seasonal swing in
Dutch gas production has been the highest of athmest European countries and has been
more or less constant in the last 18 (gas) yedrs.sWing ratio for northwest Europe as a whole
has been decreasing due to a decrease in UK swinmes. The current swing ratio of UK gas
production is at about the same level as the swatig of northwest European gas production
excluding the UK and the Netherlands.
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Figure 3.20Swing ratio of gas production in selection of gasducing regions in northwest
Europe
Source: IEA.

3.3.2 Seasonal swing by pipeline imports

Gas production outside the northwest Europeantdeyrcould theoretically also provide sea-
sonal swing via pipeline or LNG imports. We looklatse two types of gas imports separately.

Figure 3.21 shows the gas exports of Norway andRtemer Soviet Union to northwest
Europe. When comparing this figure with the figaomtaining the monthly gas production lev-
els for northwest European countries (see Figut@)3t is apparent that gas imports from Nor-
way and the Former Soviet Union show considerabbg Iseasonal fluctuation. The seasonal
spread in Norwegian gas exports to northwest Eumopgbsolute sense have increased over
time. This could be the result of an increasingdije of Norwegian gas production fields with
continental Europe over time. Based on this figueecould suspect that Norwegian gas produc-
tion has to some degree compensated for the declsmasonal swing provided by the UK. Gas
exports to northwest Europe from the FSU shows déss seasonal pattern and have been at
about the same level since 1994.
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Figure 3.21Total gas exports from Norway and Russia to setectethwest European
countries in the period January 1990 - December8200
Source: IEA.

Figure 3.22 compares the observed maximum and rmamirtexibility ratios of the main gas
suppliers to the northwest European market. Actubk depicted figures represent production
flexibility for the Netherlands and the UK, butXibility of gas exportso northwest Europe for
Norway and Russia. Thexport flexibility ratio of Russia and Norway se¢émrbe at comparable
levels. The last 10 years flexibility for respeeliw Russia and Norway, according to our analy-
sis, was about 120/76 and 126/72. This means thagxample maximum and minimum pro-
duction in Russia was respectively 20% above afd Bdlow average production.
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Figure 3.22Flexibility ratio of selected gas producing regianghe period January 1990 -
December 2008
Source: IEA.
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The swing volume and swing ratio indicators caregadditional information on the degree in
which seasonal swing is provided by Russian andvsgian imports. Figure 3.23 shows that
the swing volume of Dutch exports (the differenetween total Dutch exports in winter and
total Dutch exports in summer) is the largest camegado other large suppliers such as Norway,
the UK and the Former Soviet Union. The swing vauim Norwegian exports have been in-
creasing from about 3 billion Hin gas year 1995/1996 to about 10.5 billiof im gas year
2007/2008. Earlier we noted that the maximum angirmim flexibility ratios of exports from
Norway and the Former Soviet Union were compardhlébased on the figure below we con-
clude that both exporting countries largely diffdren it comes to the amount of gas that is ad-
ditionally supplied in winter. The swing volume Nbrwegian exports has been consistently
larger than the swing volume in FSU exports. Aliiflothe UK has large seasonal flexibility in
indigenous gas production it is definitely not egaexporter of seasonal swing.
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Figure 3.23Comparison of the wing volume in gas exports (Ngrauad FSU) and gas
production (Netherlands and UK)
Source: IEA.

In Figure 3.24 the total swing volume in exportsakated to total exports for each the gas year.
Based on this data the UK might have had a higihgwatio at certain moment in time but it is
associated with a very limited amount of gas expddre meaningful are the indicators for the
Netherlands, Norway and the FSU. The Norwegian gwéatio has been rather constant at about
0.10 to 0.15. The swing ratio of the Netherlands Veried over a larger bandwidth of 0.26 to
0.48. The FSU swing ratio in exports to northwastdge was declining from 1990 to 1996, and
has then increased somewhat to stay at a leveD8f Ih the last 8 years, the difference between
total FSU exports in winter and in summer was ald8atof the total yearly exports.
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Figure 3.24 Swing ratio in gas exports of large gas supplyingriries to northwest Europe
Source: |IEA.

3.3.3 Flexibility in LNG supplies

The supply of gas via LNG cargoes can theoretigaityvide seasonal flexibility as well. The
transport of gas via LNG tankers does not necdgsased to occur at full capacity during the
whole year. Given that the current gas market Bkdively more re-gasification than liquefac-
tion terminals this cannot simply be the case gfobal scale (though locally it might still be
the case). When seasonal price differences inddgkamce operational decision-making with
respect to the diversion of LNG shipments to certiémand areas, seasonal flexibility provi-
sion can be realised.

Available data for monthly gas exports from LNG expg countries to northwest Europe
could give an indication of the degree of seaspnali LNG deliveries. For this purpose we
have looked at the following IEA data:

» Exports from Algeria to Belgium, France, and thatesh Kingdom.

» Exports from Egypt to France and the United Kingdom

» Exports from Nigeria to France.

Figure 3.25 presents the amount of LNG exports fAdgeria, Egypt and Nigeria to Belgium,

France and the United Kingdom. From this figure learn that the export flows are quite ir-
regular from month to month and year to year, witimmediate seasonal pattern observable.
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Figure 3.25LNG export flows to Belgium, France and the Unk&agdom from January 1990

to December 2008
Source: IEA and own calculations.

In order to judge whether LNG can actually provsgasonal swing volume we have calculated
the seasonal swing volume of these LNG flows. Fg8i26 shows the swing ratios of LNG

flows. LNG flows in this figure are aggregated fmth countries of origin and destinations in

order to see if patterns emerge.
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In Figure 3.26 we observe that the swing ratioLfdG imports to northwest Europe is negative
in a substantial number of cases. This implies thi@tl LNG exports from the particular gas
producing country, or the imports to a particularthwest European country are higher in
summer than in winter. For those cases we conchatd NG does not provide seasonal swing.
The swing ratio of total LNG flows to northwest Bpe varies between -0.18 and +0.14. This
implies that the total LNG flow in winter does radtvays exceed the total LNG flow in summer
and that even when it does its size is limiteddoud 14% of total yearly LNG flows. This ob-
servation is supported by looking in particulatteg LNG flows from Algeria to respectively
France and Belgium. The swing ratio of LNG flows floe Algeria-Belgium and Algeria-France
LNG flows -0.22 and +0.18. The figure also sugg#sts LNG flows to the UK are indeed very
seasonally oriented since the swing ratio of LN@&VH to this destination by far exceeds the av-
erage swing ratio for total LNG flows. However, cgnthe number of observations for this par-
ticular LNG importing country is very small no firoonclusions can be based on this observa-
tion.

3.3.4 Overall seasonal swing provision

What has been the role of storage in accommodé#imgeasonal variation in total gas demand
in northwest Europe? Answering this question bélgicaquires an integration of earlier pre-
sented results on the possible sources of fleiibiitigure 3.27 and Figure 3.28 shows respec-
tively the total amount of seasonal swing supplynanthwest Europe and the relative shares of
each source of swing supply. This data are caledlaly taking the difference between total
winter and total summer supply per source.
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Figure 3.27Total amount of swing supply in northwest Europthenperiod 1990-2008
Source: IEA®

In the above figure we find that the total amouih$wing supply has been varying between 95
and 120 billion M Figure 3.28 depicting the development of thetieashares of the different

options gives a clearer picture on possible lomgitdevelopments in the supply of seasonal
swing. There we observe a significant decline emghare of indigenous production in the sup-

19 Note that statistical differences are identifiedthe IEA in the respective country gas balanaes are not the
result of our calculations.
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ply of seasonal swing. Whereas the average shaneéting the total seasonal swing in demand
was at 60% in the early 1990s, its share has bear delow 40% since the winter of
2001/2002. The share of imports has remained ahsatant level of about 20% of total swing
supply. The share of gas storage largely competh$atehe decline in swing supply from

20%

Swing supply in billion m3
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Figure 3.28Relative shares of the different sources of swiupply in northwest Europe in the
period 1990-2008
Source: IEA.

3.4 Summary

Gas demand

A detailed assessment of monthly and quarterlydgasand data at sectoral level was under-
taken. The notion of different flexibility requiremts when it comes to supplying gas to the in-
dustrial, residential and power generation secias iNustrated for the case of the Netherlands
and the UK. The residential sector requires théndsg level of flexibility, whereas flexibility
requirements in both the industrial and power gatiean sector are much lower. There is no
long term trend found in the swing ratio of seckt@as consumption over the time period con-
sidered. However, we did find some differenceshia sectoral demand development across
countries in northwest Europe. Total gas demariddastry has been relatively stable in all as-
sessed countries over the considered time spanc@ssimption in the electricity sector how-
ever has increased in all countries, with the UBvahg the largest increase. Gas demand in the
residential sector has been slowly decreasingenNitherlands in recent years due to market
saturation in combination with savings in gas comstion, whereas residential gas demand in
the other countries has increased somewhat. ThengEltincrease in residential gas consump-
tion in these countries could be subject to furitady, especially as it may have an impact on
the demand for flexibility in gas delivery. Aftell,ahe residential sector has the highest flexi-
bility requirements when gas consumption is conegrn

In the next Section we present our model-basedegtions for future demand for flexible gas

supply. There we take existing gas demand scenguiolsshed by international institutions as a
point of departure. This obviously takes into actduture developments in overall gas demand
in different sectors, but an in-depth analysis ddirger variety of uncertainties and the impact
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on gas demand in particular the residential andces sector is outside the scope of this study.
We did include an overview on the development i mumber of heating degree-days in the
last 18 years as documented by Eurostat. We obaetteeline in the amount of heating degree-
days in winters in the last 18 years, which isteglado on average increasing outside tempera-
tures in winter. However, the considered time sgaes not warrant firm conclusions on the

very long-term trend in average temperatures irthmast Europe. This, again, would require

substantial study that falls outside the scopdisfgtudy.

Gas storage

The current total amount of working capacity ofséixig gas storage facilities in northwest
Europe is about 41 billion mGiven that total gas consumption in this regin2008 was about
406 billion n?, current working volume represents about 10% efdgmand in this region. This
is quite low when compared to the specific marketiis region, in particular such as Germany
and France (both at about 20%). This can be exgdiy the fact that these two countries did
not have the luxury of large sources of flexibilityindigenous gas production. An inventory of
existing gas storage investment plans shows tlege number of new gas storage facilities are
currently planned. However, only very few are allyjuander construction. A constructed data-
base combining GSE and IGU data on gas storagstimeat projects shows total new gas stor-
age projects of about 12.3 billior®niFrom this total projected gas storage capacitiy 8% is
actually under construction.

Over the last 10 years, the total amount of gasithaithdrawn from gas storage facilities in
northwest Europe has increased from about 10-1idrbin® to about 25 billion rh This is in-
dicative for the increasing role storage has bdaying in the provision of seasonal swing. In
the last 18 years, the share of gas storage igibhgdhe gap between summer and winter de-
mand has been increasing steadily from less thémt@dmore than 35%.

Flexibility in production

Assessment of flexibility in production shows thiat UK is experiencing a substantial decrease
in its capability to provide flexible gas supplyhig is related to the increasing depletion of do-
mestic gas reserves. The Netherlands is by fafatigest supplier of flexibility in northwest
Europe and has so far not showed any sign of deogeaeasonal flexibility capacity. Over the
whole region, the contribution of seasonal flexipiprovided by indigenous production has de-
creased from about 60% in the beginning of the $§38@&bout 40% in recent years.

Flexibility in imports

Gas imports from outside northwest Europe showiderably less seasonal flexibility than in-
digenous gas production. Norway though has recéathput the last 7 years) increased total
yearly export to northwest Europe and at the same managed to increase the seasonal flexi-
bility of these export volumes. However, its flakily is not sufficient in compensating the de-
cline in flexibility in indigenous production. THacrease in seasonal swing in Norwegian ex-
ports to northwest Europe is made possible by areasing capacity in direct pipeline links to
Germany and the UK. Russian exports to northwesbeuexhibit less seasonal flexibility than
both Norwegian exports and indigenous productidnis Tan be explained by the longer dis-
tance between Russian gas fields and the gas dereab@s in northwest Europe and the capi-
tal intensity of the costs of transporting gas totlwest Europe, which induces more or less
base load exports. Imports to northwest Europeagaséication terminals have been steady in
recent years but small compared to pipeline imp&#sed on historic data we cannot conclude
on specific seasonal flexibility in LNG supplies.

Reflection on CIEP (2006) findings

The CIEP (2006) study assumed an increase in tataldemand in the whole of (OECD)
Europe of about 2 to 3% per year in the period 2008020. These figures were based on pro-
jections in Ténjes (2005). In reality, gas demanchorthwest Europe has actually decreased
from 321 billion niin 2005 to 315 billion rhin 2008.
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The analysis of historic gas storage withdrawats gas storage usage ratios in CIEP (2006) led
to expectations that both would follow a continuaysvard trend from the 2003/2004 winter
onwards. With hindsight we can now say that thiwangl trend was not continued in the last 4
years. Looking at the updated analysis on gasgagonathdrawals and gas storage use we find
that absolute withdrawal levels and capacity usatjes have been more or less constant over
the last 4 years. This can be largely explainethbyrelative mild winters in northwest Europe
in this period. Harsher winter conditions would tnobably have led to an increasing trend in
gas storage withdrawals and gas storage capacigeus
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4.  Future demand and supply of seasonal swing

In this Section we focus on possible future develepts on the northwest European gas market
with respect to the demand and supply of seasevinbsand in particular the role of seasonal
storage therein. Here we discuss the results g¢hfermed model-based analysis.

Section 4.1 presents the model results for theerée scenario. Here we describe the projected
developments with respect to the future demandéasonal swing, investment in gas storage
capacity, the use of gas storage capacity and ¥eeald provision of flexibility from other
sources than gas storage. In Section 4.2 we tuam tanalysis on the impact of different gas
demand growth assumptions on the above-mentioneelafaments. This corresponds to the
presentation of model results for scenarios S14toThereafter, in Section 4.3 we analyse the
impact of different assumptions with respect txifiéity provision on above listed develop-
ments, this corresponds to an analysis of scen&loand S5 to S7. Section 4.4 confronts the
model-based projections with current gas storagestment plans (as were presented in Section
3.1.4). Finally Section 4.5 presents some condhssio

4.1 Developments in the reference scenario

In this section we present and analyze the reagtjsired in the reference scenario. When pre-
senting the results we focus on developments ithnaist Europe instead of country-specific

results. This also means that projected gas staaggcity additions and gas storage withdraw-
als are presented at the northwest European [Eigeite 4.1 gives an overview of developments
in the demand and supply of swing in northwest Rerim the reference scenario.

The demand for swing is expected to slowly incrdase now to 2030 (Figure 4.1, part (b)).
This increase is linked to the increase in total d@mand, but the growth rates differ. Since the
increase in total gas demand per sector varieselss the amount of swing volume required
in each sector the growth in total swing volumeagctually less that the growth rate in total gas
demand (see part (a)). Total gas demand increadgie8 8 billion nt to 317 billion ni in 2030,
while total swing volume increases with 9.3 billittn93 billion in 2030. Finally, with respect to
the allocation of demand over the different seagbms important to note that the observed
swing ratio for each separate sector is comparaibhethe observed historical swing ratios. The
swing ratio was earlier defined as being the diffiee in demand in winter (October to March)
and summer (April to October) divided by total dewhaHistorical analysis for total gas con-
sumption in northwest Europe indicated a swingrati0.26, whereas the model results show a
swing ratio of about 0.26 in 2010, increasing towth0.28 in 2025 and 0.29 in 2030. This can
be explained by differential developments in gamaed in different sectors across the north-
west European countries.

Based on the demand developments projections asgraoted for the development of gas stor-
age capacity in northwest Europe until 2030 (Figudepart (c)). This projection takes into ac-
count the fact that the installed gas storage dpaeeds to provide enough swing capacity in
very cold winterg? In the model results we observe a substantiabas® in storage capacity in
the period until 2015. There is a total need fatitwhal gas storage capacity of 17 billiori im
2015. This is explained as follows. The model, amate particularly the economic optimisa-
tion-based mechanism within the model, in fact gs¢gthat the current amount of gas storage
capacity in reality is too low compared to the emoic optimum. The required growth is on av-

20 As explained in the model description we haveimssl a maximum usage ratio of 60% of actual stocagacity.
This means that 60% of total installed storage ciypaeeds to cover average winter demand. Theiretea40%
is ‘reserved’ for above-average winters and stiatsigprage purposes.
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erage 1.9% per year over the period 2009-2030. drojected growth rate in gas storage capac-
ity falls within the range of projections providedCIEP (2006). The additional gas storage ca-
pacity to be installed in northwest Europe is mamellized in the UK (about 8 billion Ymvork-

ing gas capacity in 2015), and to a smaller degrélee Netherlands and Belgium. The fact that
the model chooses to invest in gas storage capacitige UK instead of the Netherlands is
caused by a large decrease in production flextititthe UK and the tendency of the model to
build as close to the market as possible. This smigkase based on economic considerations.
However, we think that this particular allocatiohstorage investment is also caused by the
rather basic representation of gas storage investdecision-making in the model. For exam-
ple, the model does contain operational and investngost for storage that differ between
countries but it does not include a total datalsgas storage potential. In reality, a potential
gas storage supply curve exists with the mostdiite potential storage sites being developed
first and with investment and operation cost ofage increasing when more and more potential
is realized. Including such a mechanism would pbbb&ead to a re-allocation of new storage
capacity compared to the current model resultsti@rother hand we expect the level of total
new storage investment for the northwest Europegion as a whole to be robust. In short: the
model is capable of simulating the additional reggiistorage investment on a regional, but
might be less accurate in precisely determining ltioation within the regions. Outside the
northwest European region the model projects aldaubf gas storage capacity in Poland from
current 1.6 to 3.2 billion fin 2030. Another region where substantial gasaggrcapacity is
developed is the Balkan / Turkey region. Until 2@G86otal of about 13 billion fris added to
existing capacity in this region.

On average, gas storage withdrawals in winter e reiference scenario increase with about
1.3% per year until 2030 (Figure 4.1 part (d)).sTpiojected increase in the reference scenario
is substantial and its growth rate clearly excabdsgrowth in swing demand that was depicted
in part (a). The total amount of storage withdranalwinter is projected to increase with about
34% in 2030. This equals more than 8 billioh Fhe relatively large increase in storage with-
drawals compared to the increase in gas demandhanswing volume in gas demand is ex-
plained by the fact that storage capacity is ati@mpensating for the declining capacity of
indigenous gas production to provide seasonal swing
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Finally, Figure 4.2 gives the full picture concempithe share of storage in the overall supply of
seasonal swing in northwest Europe until 2030.
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Figure 4.2 Historic data and model-based projection of theatiele shares of different swing
supply options in total swing supply in northwestdpe until 2038

Model projections for the reference scenario shaerdginuously decreasing role for production
in the provision of seasonal swing. The share oflpction in this scenario decreases from little
over 30% to about 20% in 2020 and 5% in 2030. feuntiore the model projects an increase in
the amount of flexible gas supply through impofikis is mainly based on gas imports from
Norway. The decline in flexibility from indigenoysoduction is for the largest part compen-
sated for by gas storage. Until 2030 gas storageojected to play an increasingly important
part in the provision of swing in northwest Europle share of seasonal storage is projected to
increase from abut 53% in 2010 to about 61% in 26A0 68% in 2030.

In the next two subsections we analyze the impadifierent gas demand assumptions and dif-
ferent assumptions with respect to alternative ssiof seasonal swing on the need for seasonal
swing and the role of storage in providing seasendhg.

4.2 Impact of changes in gas demand

In this section we compare the results from theehaghs listed in Table 4.1.

2L Historic data is presented until 2007 (whichdtually gas year 2007/2007). Afterwards model-bgs®iections
are presented.
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Table 4.1 Overview of model runs assessed in Section 4.2

Model run Name Description

S1 Reference scenario (BAU)  Reference scenarialmséhe Primes 2007 update. This
run was analyzed in Section 4.1.

S2 Low demand (SER) Scenario related to achieviageUs 2020 goals with re-
spect to sustainability, leading to a strong deséa gas
demand.

S3 Crisis (delay BAU) Scenario constructed to itigage the impact of the cur-

rent financial and economic crisis. This scenagibased
on the reference scenario but has a delay in gaarm of
about 5 years. Realigns with reference scenari@gion
from 2025 onwards.

S4 High (BAU +10%) High gas demand scenassuming a 10% increase in
demand in every sector compared to the refererge sc
nario.

Figure 4.3 presents the main output data requbethe analysis of the impact of different de-
mand scenarios on the need for seasonal swinghendote of gas storage in the provision
thereof.

The gas demand projections for northwest Eurodeatethe gas demand input for the model
that was depicted in Figure 2.3. The change irtdte¢ demand of swing volume that is related
tot total demand projections closely resemblesated demand for gas but is not identical due
to differential growth rates for each gas consunsagtor. The low gas demand scenario that
was based on the 2020 sustainability targets-b&&#l study has a lower swing demand in
2030 of about 39 billion fcompared to the reference scenario. We also absenoticeable
impact of the crisis scenario on total swing demabdmpared to the reference scenario, the
crisis scenario has a decrease in the amount ofgssémand of about 1.2 to 2.3 billior? per
year in the 2010-2025 time period; which equalsuaid% - 2.5% of swing demand in the ref-
erence scenario. Finally the high demand scenahah was based on a 10% increase in total
demand in the reference scenario, shows an incodesging demand of more than 10% com-
pared to the reference scenario. This is due tdaitiethat the additional demand is not equally
spread over summer and winter time.

In all considered demand scenarios substantialimesstments are undertaken in the years until
2015 (+13 to +21 billion thworking gas capacityy. After 2015 additional gas storage invest-
ments of about 14 billion frare needed in the high demand scenario when the 20d 2030
gas storage capacity levels are compared. Tottlllied working volume of storage facilities
stays constant after 2015 in the low demand amsis@scenarios, with total need for gas storage
capacity in the latter scenario being about 7dsillin? lower. The difference in total storage ca-
pacity developments between the reference and aiginarios seems negligible. The impact of
different demand developments on storage capaeitgldpments outside the northwest Euro-
pean region varies. When gas demand decreases2080l (low demand scenario) the total
need for new investment in gas storage capacitsedses in northwest Europe with about 30%,
whereas the decrease is about 43% in the Balkat@yarea and even over 90% in Poland. In
the high demand scenario, investments in gas savagking capacity increase with 31% in the
Balkan/Turkey region and about 63% in northwesblgarand Poland.

22 \When assessing this projection we need to keegirid our discussion on differences in estimatesfisting gas
storage capacity in Section 3.
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The impact of a low gas demand has large implioatfor the total volume of gas storage with-
drawals. Whereas gas storage withdrawals increasetime in all other scenarios, including
the crisis scenario, total gas storage withdraivalhie low demand scenario are 50% to 57%
lower in respectively the years 2020 and 2030. $@asge use in the crisis scenario is just a lit-
tle below the gas storage use in the referenceasoembout 4% to 5% in the years 2020 and
2025. Finally the high demand scenario represer#iag% increase in total gas demand gives
rise to an increase in total gas storage withdsweaipared to the reference scenario of about 7
billion m? (+23%) per year in 2020 and about 10 billioh(#B82%) per year in 2030.

Figure 4.4 presents the shares of the differeetratives for seasonal swing provision for the
different demand scenarios. Compared to the referenenario, that was already discussed in
Section 4.1, the role of storage in providing seasewing in northwest Europe is much smaller
in the low demand scenario when compared to thexreete scenario. This is explained by the
lower production levels within northwest Europe dhe extension of the capability to produce
seasonal swing over time. Whereas the share o$tgesge in seasonal swing in 2030 is about
67% in the reference scenario, it only amountsma45% in the low demand scenario. When
the reference scenario is compared with the cssenario we find only little differences in
overall development of shares, except for the ofasien that developments in the crisis sce-
nario are lagging behind the developments in tfer@éace scenario for five years. As expected,
the role of storage in providing seasonal swingsigecially large in the high demand scenario.
This demand scenario projects a quicker and eatbpietion of indigenous gas production.
Combined with the fact that swing supply in impdadimited storage has to provide an even
larger share of total seasonal swing in each yeapared to the reference scenario. The differ-
ence between the shares of gas storage in themetescenario and the high demand scenario
amounts to about 12 %-points (67% versus 79%).
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Figure 4.4 Model-based projection of the relative shares ffedent swing supply options in
total swing supply in northwest Europe until 2080different demand scenarios

In the next subsection we turn to an analysis efithpacts of different assumptions with re-
spect to flexibility on the role of storage in theerall provision of seasonal gas supplies.
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4.3 Impact of changes in flexibility assumptions

In this section we compare the results from theehadhs listed in Table 4.2.

Table 4.2 Overview of model runs assessed in Section 4.3

Scenario Name Description

S1 Reference scenario (BAU)  Reference scenarial@aséhe Primes 2007 update. This
run was analyzed in Section 4.1.

S5 High production flexibility = Compared to the nefece scenario production function

parameters have been adapted to simulate a higlkéilf
ity in gas production in the Netherlands.

S6 High LNG availability Compared to the referescenario production function
parameters have been adapted to simulate a highénilf
ity of LNG gas supplies.

S7 Netting of gas flows Compared to the referecedario this model run as-
sumes netting of gas flows (e.qg. full availability
counter-flow capacity (back-haul capacity) up te tech-
nical maximum given by the forward flow.

The different parts of Figure 4.5 show the impdcthanging the assumptions with respect to
the provision of other possible swing supply alé¢ires.

Since the scenarios assessed in this section ndiffdy with respect to the level of flexibility
provided on the supply side, we do not expect wdahand for gas or the seasonal swing in de-
mand to be affected to a very large degree. Pgsdhzre is a small demand-increasing effect
the changes give rise to somewhat lower or higherggices. Figure 4.5 (a) and Figure 4.5 (b)
show the model-based projections for total gas den@and the amount of swing volume (i.e.
the difference between winter and summer gas copisom) until the year 2030. Varying the
assumptions with respect to the provision of praiducflexibility, the flexibility of LNG sup-
plies and the efficiency in which transport capaciin be used has a small but in some cases
noticeable small impact on gas storage developm@ttanging the minimum usage rate of
LNG import capacity to 80% instead of 90%, giveerio an increase the demand for gas. This
gives rise to a somewhat larger demand for additigas supplies in winter as well (see part (b)
in Figure 4.5). Also a change in the availabilifyback-haul capacity affects the total level of
demand. An increasing availability of transportagfy enables a higher level of arbitrage be-
tween markets and ultimately gives rise to a degr@agas prices. The decrease in gas prices in
turn leads to an increased demand for gas. Sinteopthe increase in gas demand concerns
temperature related demand, the demand for swihgnein winter also increases. The latter
effect is indeed observed in part (b) of Figure &bBere the total amount of swing volume is
about 2 billion m (about 2%) higher than in the reference scenaré the 2010 to 2030 time
span.

We have observed that the absolute level of derf@angeasonal swing has not been affected
that much, as was to be expected, but the diffeeircscenario parameters should have quite a
differential effect on the use of different sead@wang provision options, for example gas stor-
age. Part (c) and (d) in Figure 4.5 present theakbdsed projections for the amount of gas
storage working capacity and the amount of gasagowithdrawals under average winter de-
mand conditions.

Changes in the scenario environment (i.e. highedilbillity in production, higher flexibility in
LNG supplies, and more efficient use of transpagacity) give rise to a decrease in the amount
of storage investments. An increase in the assuieadility of indigenous gas production
leads to a decrease in total needed storage cajracibrthwest Europe in 2030 of about 3 bil-
lion m®. In this case, storage investment requirementsilaoeit 12% less than storage invest-
ment requirements in the reference scenario. Thease in the flexibility of LNG supplies
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gives rise to a decrease in the need for investinestiorage capacity in northwest Europe of
about 1 billion m (4%) when compared to investment need in the eater scenario. When full
availability of back-haul capacity is introducedaises the potential for arbitrage between mar-
kets. This results in partial cancelling out of disvs on some routes. Overall this leads to
more efficient use of available transport capadcitgp in winter periods. This finally results in
less need for additional gas storage capacity. iffipact amounts to about 1 billion®*rar 4%
less need for investment in additional gas stog®acity when compared to the base case.
Also gas storage investments elsewhere in Eurapaffected by changes in flexibility assump-
tions. Higher production flexibility of gas prodiar in northwest Europe decreases storage in-
vestments with over 30% (0.8 billion*raf working capacity) in Poland, but only 1% (0i2 b
lion m*® of working capacity) in the Balkan/Turkey areaisTis explained by the proximity of
the Polish storage to the northwest European gasudg centres. The impact of higher flexibil-
ity in LNG supplies decreases total need for gasage investment over the whole period by
about 14% in Poland while need for gas storagesinvent in the Balkan/Turkey region re-
mains unaffected. More efficient use of existinggline capacity via full availability of back-
haul capacity (up to the physical forward flow) @gwrise to a decrease in Polish storage invest-
ments of about 23%, which is a substantially ladgarease than we observed for the northwest
European market (-4%).

Part (d) of Figure 4.5 presenting the actual usgasfstorage in winter the above observations.
When production flexibility is assumed to be hightere is less need for additional supplies in
winter from storage facilities. The total reductionaverage winter gas storage withdrawals is
about 8% (2.7 billion M in the year 2030. An increase in the flexibiliff LNG supplies to
northwest Europe also reduces total gas storadedsaivals in winter, but to a lesser extent:
about 2.6% throughout the whole time period (0.88ob m®). The availability of back-haul
capacity however gives rise to an increase in theust of gas storage withdrawals. This can be
explained as follows. The increasing use of avélatansport capacity gives more opportuni-
ties for shippers and traders to efficiently usailable storage capacity.As we saw earlier,
total gas storage capacity in northwest Europesaszs as a result of higher capacity availabil-
ity, but the usage rate of total storage capaoityeases by even more. Total gas storage with-
drawals in an average winter can therefore be ahdubillion n? higher (+11%).

23 Note that this also presumes that all availataasport capacity is indeed offered to the market.there is no ca
pacity hoarding.
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Figure 4.6 presents the development of the shdre aifferent flexibility options in the total
provision of swing supply.

In the high production flexibility scenario we hasssumed that the Netherlands is able to
maintain its level of flexibility in gas producticas compared to a decline of this capacity in the
reference scenario. The result is a much largenesbiaproduction in the provision of seasonal
swing by 2030; 20% in the high production flexityilscenario versus 4% in the reference sce-
nario. Also the share of imports is relatively kardn this scenario. The share of storage de-
creases with about 7%-points in every year untB0n increase in the minimum usage rate
of LNG import terminals only marginally increasé ttotal swing provision of total imports:
3%-points in 2030. Finally, a more efficient useashilable transport capacity gives rise to a
lesser need for gas storage since available sdaswsimgy capacity of both imports and indige-
nous gas production can be used more efficienthe impact of terms of shares in total provi-
sion however is small.
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Figure 4.6 Model-based projection of the relative shares ffedent swing supply options in
total swing supply in northwest Europe until 2080different flexibility
assumptions scenarios

4.4  Confrontation of existing storage investment and projections

Figure 4.7 presents a confrontation of the exped®alopment in gas storage capacity based
on currently known investment plans on the one Haré section 3.1.4), and the model-based
projections on the other (sections 4.1-4.3).
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From the confrontation we learn that the total amtoof planned gas storage investments
largely exceeds the required gas storage capasitalaulated in our model. Planned invest-
ments even exceed the total gas storage capa@tjedeto accommodate a total gas demand
that is 10% higher than projected in the Primes72@@erence scenario. In short, if all planned
investments in gas storage go ahead it is likedy tlorthwest Europe as a whole will have sub-
stantial gas storage overcapacity. Based on threrduamount of existing gas storage capacity,
plus capacity under construction we observe thetethvould be a lack of storage capacity of
about 14 billion Min 2015. Even in the low gas demand scenario xistieg capacity plus ca-
pacity under construction falls short of the needasl storage capacity in 2015, by about 8 bil-
lion m. In order to achieve the level of gas storage cigpm 2015 as calculated by the model,
at least 46% of currently planned gas storage tmas needs to be realised in 2015.

4.5 Summary

Reference scenario outlook

A gas market model covering the whole Europeanngaket is used to estimate future devel-
opments in the northwest European market with @sigegas demand, the need for seasonal
flexibility in accommodating gas demand, requires gtorage capacity and gas storage with-
drawals. Using real cost data the market modelkgétes the optimal mix of different alterna-
tives for the provision of seasonal flexibility. Whin a reference scenario based on business as
usual conditions the model estimates a total needdditional gas storage capacity of about 17
and 21 billion m for respectively the years 2020 and 2030. The amofitotal gas storage
withdrawals is estimated to increase with about $0%2.5 billion ni in 2030. One of the main
drivers of the increase in required gas storagaaippis the assumed seasonal swing provided
by indigenous production (i.e. the Netherlands @iJ. The share of production in the overall
provision of seasonal swing supply decreases fro# 31 2010 to about 5% in 2030. Imports
provide only a very limited compensation for thechihe.
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Impact of different demand scenarios on gas storage

Three alternative demand scenarios have been adsessheir impact on gas storage and the
provision of seasonal flexibility: (1) a crisis segio reflecting the current economic and finan-
cial crisis, (2) a low demand scenario reflectimgméind developments related to reaching the
EC 2020 sustainability targets, and (3) a high deirecenario that provides a reference maxi-
mum in expected gas storage developments. The sgsnario reduces the amount of gas stor-
age withdrawals somewhat but leads only to a nifgiglecrease in total gas storage require-
ments when compared to the reference scenariowAlémand scenario still gives rise to addi-
tional need for gas storage investment, but sicgmifily below the reference scenario level ( -5
to -7 billion n? in 2015 and 2030 respectively). A high gas dermso®hario (+10% compared
to the reference scenario) poses large additi@uplirements for total gas storage development.
It would increase required gas storage capacitly Wibillion n? in 2015, and with 14 billion Pn

by the year 2030.

Impact of different flexibility assumptions

We have assessed the impact of alternative assumspiiith respect to the future provision of
seasonal flexibility via other sources than gasagte: (1) seasonal flexibility provided by in-
digenous production, (2) seasonal flexibility pasd by LNG supplies, and (3) seasonal flexi-
bility from pipeline imports in a situation whergaglable pipeline capacity is optimally used.
Our results indicate that especially productiorxifidity and transport capacity assumptions
have a significant impact on the required amoungas storage investments in the future.
Higher production flexibility of indigenous prodimh can reduce the need for gas storage in-
vestments with 3 billion f(4%) in 2030. In addition, more efficient use ehable transport
capacity induces more arbitraging between regiosnaarkets and gives rise to more efficient
use of existing gas storage capacity. This decsetise need for gas storage investment with
about 1 billion m (1%) in 2030. Increasing the flexibility of LNG splies to northwest Europe
by decreasing the minimum supply level from 90 @88decreases the need for additional gas
storage also with about 1 billion*rfL.%) in 2030.

Confronting future estimates with existing investip@ans

When the projected gas storage capacity requirenagatconfronted with currently known gas
storage investment plans we find that the curremuat of installed capacity plus additional
capacity under construction is not even sufficiardaccommodating gas storage requirements as
estimated for the low gas demand scenario, letealonthe other scenarios. The gas storage ca-
pacity requirements as simulated in the refereseaaio run still require additional commit-
ments of about 14 billion frin 2015. On the other hand we observe that inoydill planned
and projected gas storage projects to the totadgpcurrently in the market combined with
capacity under construction would give rise to saiaegree of over capacity in the period to
2030, even when the high gas demand scenarioes @k point of departure. In order for real-
life gas storage capacity to match the model-baséthate for required gas storage capacity in
2020, about 46% of currently planned gas storagesiment projects for 2015 need to be real-
ised.

Reflections on model approach and assumptions

Two important considerations need to be kept indmimen it comes to interpreting the esti-
mated projections that originate from the gas ntamkadel. These are related to the distinction
between ‘average winter conditions’ modelling verqueak winter conditions’ modelling, and
to the supposed seasonal flexibility provided by@ supplies.

As to the first issue, the model in its currentsi@n is only capable of simulating average winter
demand conditions, implying that initial gas st@agvestment requirements calculated by the
model are only sufficient to cover seasonality & gemand experienced in average winters. In
reality the provision of seasonal flexibility viaag storage needs to be dimensioned on much
harsher winter conditions (e.g. 1-in-20 years wsjteWWe have corrected for this fact by exoge-
nously assuming that in average winters gas staragacity is only used at 60% of maximum
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capacity. Hence, a cold winter reserve margin 8649 applied. This figure is based on data on
historic use of gas storage capacity in northwesbje. However, this implied reserve margin
might have a different value in the future. If Epean gas market integration will be improved,
sufficient new investment in gas transport capawitybe undertaken and total capacity will be
fully available. Thus, it could induce a more dffitt use of existing gas storage capacity result-
ing in lower required gas storage capacity reseraggins. If this is indeed the case, the future
required gas storage capacity requirements shaalthterpreted as an upper bound. On the
other hand, as uncertainty of import flows may lgghér than that of indigenous production,
there might be a tendency towards higher resemaciiées.

Regarding the flexibility in LNG imports, in the miel-based analysis we have assumed that
LNG is mainly acting as a base load gas suppligh aminimum level of gas supply at 90% of
full export capacity in the reference scenario 808 of full export capacity in an alternative
scenario. Reasons for this approach were the folpwirstly, our model does not represent a
world gas market where LNG shipments can go tadifferent international markets (the US,
Asia and Europe). Secondly, investment in LNG faef across the full LNG chain for only
seasonal deliveries is not deemed to be financigligle, i.e. there should be some sort of sink
for summer LNG. Thirdly, historic data on LNG suiggl to northwest Europe does not show
any seasonal pattern. When we would assume higkasgnal) flexibility in LNG supplies to
northwest Europe, this would improve the compegifosition of LNG versus that of gas stor-
age in providing seasonal swing and could lea@ds Investment in gas storage capacity in the
future.
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5. Conclusions

5.1 Continuing demand for seasonal gas deliveries

The basic need for gas markets to provide instrisndat are able to deliver seasonal flexibil-

ity in gas supply follows from a seasonal pattergas demand. The seasonality in demand var-
ies from sector to sector. Seasonality is the Hgirethe residential and services sector, and
quite low in the industrial sector. Seasonalitygas demand in the electricity sector falls in-

between the former two sector but is still reldynew. The need for instruments to accommo-

date seasonal variability varies across northwesbean countries, because the larger the
share of the residential and services sector ifomat gas demand, the relatively higher are

flexibility requirements.

An analysis of seasonality in UK and Dutch gas daiiia various sectors confirms the above
statements. Gas demand in industry has been ediagtable whereas gas consumption in the
electricity sector has been increasing in all coest with the UK showing the largest increase
in the last two decades. Gas demand in the regidisetctor has been slowly decreasing in the
Netherlands in recent years due to market sataréiaccombination with savings in gas con-
sumption, whereas residential gas demand in ther @ibuntries has been increasing at low to
moderate levels. The potential increase in resiglegas consumption in these countries could
be subject to further study, especially as it mayehan impact on the demand for flexibility in
gas delivery. After all, the residential sector ltfa@s highest flexibility requirements when gas
consumption is concerned. For the time period ctameid we have not found any evidence that
the relative level of seasonality in the gas demniartte different sectors is changing over time:
in fact it has been rather constant throughoutasietwo decades.

Projections for future gas demand vary from indrepgias demand in reference scenarios to
decreasing gas demand in scenarios related toingashthe EC’s 2020 sustainability targets.
Model-based analysis shows that demand for seasapaly of gas to end-consumers will re-
main a high level, varying from about 92 billiorf in a reference scenario assuming business as
usual conditions to 104 and 62 billior! in respectively a high demand and a low demand sce
nario. The conclusions drawn in this study withpexs to gas demand and the demand for sea-
sonal gas deliveries are in line with the conclasidrawn in a previous study on seasonal stor-
age by CIEP (2006): there is a continuing demamdrfstruments that can provide seasonal
flexibility. However, the growth rate in demand &easonal flexibility as estimated in this study
falls within the lower range of estimates of thé&RIstudy. This is mainly due to downward re-
visions in total gas demand developments for sled¢akference outlooks as published by the
IEA and the EC.

5.2 Increasing role of storage in providing seasonal flexibility

A thorough assessment of IEA gas balance data lesatts conclude that the role of gas storage
in providing seasonal flexibility to the northwdatiropean market is becoming increasingly im-
portant. The main reason for this developmentasdicreasing capability of indigenous north-
west European gas production to deliver seasoeabflity. When gas fields reach depletion,
which is the case for the UK on the short term #relNetherlands in the medium term, they
also lose the capability to vary production frormsoer to winter.

The assessment of gas balance data over the lastewades shows indeed that the amount of

seasonal flexibility delivered by gas productiomélining, both in absolute and relative sense.
Whereas seasonal variation in indigenous gas ptiotucovered over 60% of the total need for
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seasonal flexibility in the beginning of the 199i@s,share is now reduced to below 40%. At the
same time, historical data analysis shows thairgperts via pipelines from Norway and Rus-
sia or via LNG tankers from Algeria and Egypt ig able to compensate for the decline in sea-
sonal flexibility provided by indigenous productiBrEconomic considerations (e.g. capital in-
tensity of gas transport) give rise to an almostehaad infrastructure usage. However, due to
its proximity to the northwest European gas matetway seems to be able to deliver more
seasonal flexibility in its exports than Russian &NG exports to northwest Europe. LNG im-
ports into northwest Europe are still a relativatyall share of total gas supply but based on his-
torical data on LNG flows we conclude that LNG @& structurally contributing to the provi-
sion of seasonal flexibility in northwest Europe.

We conclude that the decline in seasonal flexibifitovided by indigenous gas production in
the last two decades has been largely compensatéy {seasonal) gas storage. Total gas stor-
age capacity in northwest Europe has hardly exghidéhe last 5 years, the level of gas stor-
age withdrawals during wintertime has been increpir some time now, despite the fact that
the last few winters were relatively mild to norést European standards. The average use of
available gas storage capacity has increased fomuata0% in the early 1990s to about 60 to
70% in the last 5 years. The former study on sedsgas storage by CIEP already signalled a
significant increase in existing gas storage uséwhereas CIEP projected an increase in gas
storage ratios for the last 5 years, the actuakgasge ratio has been more or less constant at
about 65%. This can be explained by the relativd minters over this same period.

5.3 Future developments in seasonal gas storage

A gas market model covering the whole Europeamgmiet was used to estimate the physical
future need for seasonal gas storage. Using realdeta the market model determines the opti-
mal mix of different alternatives for the provisiaf seasonal flexibility. Within a reference
scenario based on business as usual conditionsidkel estimates a total need for additional
gas storage capacity of about 17 billiohim2015. The main driver for the increase in reeghi
gas storage capacity is the decline in seasonalgswbvided by indigenous production (i.e. the
Netherlands and UK). The share of production inaderall provision of seasonal swing supply
further decreases from the current 30-40% to ab®tutin 2030. Imports provide only a very
limited compensation for the decline in the shamvided by indigenous production.

Confronting the estimated needs for gas storagecitgpn the next 20 years with existing gas
storage capacity, gas storage capacity under catistn and planned gas storage investments
we find that a substantial share of planned gasgéoinvestments need to be realised for future
gas storage requirements be met. In fact, it sekeatsat least 46% of planned investments need
to come on stream in the next two decades. Whengasnd and associated demand for sea-
sonal flexibility in gas deliveries is much lowéoy example as low as in a scenario where the
EC’s 2020 sustainability targets are reached, e that still current capacity combined with
capacity under construction is not sufficient inetiteg required gas storage capacity in the next
two decades. On the other hand, realising all atlgr&known gas storage investment plans
would give rise to substantial more capacity thaaded according to our model calculations,
even in a high demand scenario that takes intousstca 10% increase in total gas demand
compared with the reference outlook.

24 Technically speaking pipeline imports could poevhigh levels of seasonal flexibility but it isnsidered to be
not economic, and in fact has not been observétkipast.
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The above conclusions are robust for variationmadelling assumptions with respect to the
availability of alternative sources of seasonatifigity. Either an extension in the ability of in-
digenous production to serve as a supply for seddlaxibility over time or an increase in sea-
sonal flexibility of LNG supplies to northwest Ee has relatively small impact on total gas
storage requirements. The same holds for changi®iassumption with respect to gas infra-
structure availability, although a more efficiemdatransparent use of existing gas pipelines
does have a noticeable impact on gas storage emogiits. Improved usage of the existing pipe-
line infrastructure reduces the need for additiqyesd storage facilities. More in general, im-
proved market integration across Europe withousipgmt transport bottlenecks, and transpar-
ent and efficient infrastructure operation reduttes need for seasonal gas storage as existing
storage capacity across Europe would be then nsgdniore efficient manner.

Future gas storage requirements were also estinmat€tEP (2006) but these are difficult to
compare with estimates in this study since the gaigcal scope is somewhat different:
OECD-Europe in the CIEP study versus northwest giio this study. However, we can state
that future physical gas storage requirements agtanin this study are comparable to the lower
end of the range of estimates provided in the GifeEly. This is explained by a downward revi-
sion of gas demand projections for the future.

5.4 Points for further discussion and research

A number of aspects are important to raise witp&esto the outcomes of this study. This at the
same time provides some interesting directionduture research efforts in the area of seasonal
gas storage.

First of all, the future demand for seasonal fléiibcould decrease if average temperature de-
crease over the long-term, making average winteditions milder. The number of heating de-
gree-days in winter in the last 18 years in norgtveurope has been decreasing. However, the
considered time span does not warrant firm conmhsson the very long-term trend in average
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temperatures in northwest Europe. This would reqgairbstantial study that falls outside the
scope of this study.

A second issue is the potential role of LNG as are® for seasonal flexibility in northwest
Europe in the future. Although historical data does$ provide proof of a structural role for
LNG in supplying seasonal flexibility, there areotywossible reasons why this could be different
in the future. Firstly, the current overcapacityengasification of LNG worldwide might induce
different dynamics in LNG supply. From an investingarspective it would be difficult to see a
profitable re-gasification project come off the gnd based only on seasonal gas deliveries (e.qg.
partial load instead of near-base load), if thaigeswould imply such seasonality in the entire
LNG chain. This fact could be somewhat obscuredtiwy current overcapacity in re-
gasification. Alternatively it has been argued tparhaps a structural overcapacity in re-
gasification could facilitate a structural seasdielibility contribution by LNG, in view of a
world-wide gas market. The argument then goesthisae is a sink somewhere in the world for
summer LNG, for example because there is a demantdecwith relatively cheap gas storage
operations in summertime (e.g. the United Stated)as compared to the relatively expensive
gas storage operations in Europe. This would baauially sound if the storage and transport
differential together would be able to cover thgeistment costs due to overcapacity in re-
gasification. As a matter of fact, some argue thiatoption is currently already played out, as a
result of the oversupply of gas in the world. Bdtkese issues could be addressed in a further
study.

A third observation is that, given the nature & tbol used in this study, it has proven too diffi-
cult to in-depth explore the issue of gas storaggired to accommodate ‘1-in-20 years winter
demand’. As reference point in this study we haaerbable to calculate the optimal level of gas
storage capacity for average winter demand comdificorrected for a constant additional re-
serve margin of total storage capacity to accommneoare extreme winter demand conditions.
The assumed reserve margin is based on historistgesge capacity usage in northwest Europe
and is as such a correct point for departure m $hidy, but in future research we need to con-
sider the option that the implied reserve margwvecimg more extreme winter demand might be
decreasing over time due to increased market iatiegr and more efficient use of existing in-
frastructure capacity.
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Appendix A Model parameters

A.1 Gas demand parameters

Table A.1 Flexibility in gas demand per sector and seasorafeelection of northwest

European countries

Sector Season Country
Belgium  Germany France  Netherland®&)K
Industry low 0.95 0.95 1 0.95 0.95
medium 1 1 1 1 1
high 11 11 1 11 11
Power generation low 0.93 0.93 1 0.93 0.93
medium 1.04 1.04 1 1.04 1.04
high 1.14 1.14 1 1.14 1.14
Residential low 0.36 0.31 0.28 0.39 0.34
medium 1.45 1.47 1.52 141 1.42
high 2.04 2.13 2.12 2.02 2.13

A.2 Cost data

Table A.2 Overview of long run gas storage cost data use@astale

Gastale region

Typical storage costs

[€/m
Balkan region 0.035
Baltic states 0.035
Belgium 0.034
Central Europe 0.035
Germany & Denmark 0.032
France 0.034
Iberian peninsula 0.044
Italy and Alpine region 0.040
Netherlands 0.030
Poland 0.035
Turkey 0.035
UK & Ireland 0.034

Table A.2 gives the aggregated cost of bring LN@rfithe producer region to the consuming
region. This total cost includes liquefaction, spart and re-gasification but excludes the cost
of producing at the gas field.
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Table A.3 Overview of total LNG long run operational costalased in Gastale [in € perin

Consuming region

Producing region

Algeria  Egypt Libya Nigeria Norway  Qatar Russia
Balkan region 0.057 0.056 0.056 0.066 0.077 0.064 .079D
Belgium 0.059 0.068 0.062 0.068 0.062 0.076 0.065
France 0.057 0.066 0.060 0.066 0.064 0.074 0.066
Iberian peninsula 0.053 0.062 0.056 0.062 0.068 7®.0 0.071
Italy and Alpine region  0.054 0.060 0.056 0.063 7a0 0.068 0.076
Turkey 0.059 0.055 0.056 0.068 0.079 0.063 0.081
UK & Ireland 0.058 0.067 0.062 0.068 0.063 0.076 0686.
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