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Overview

e Underlying story of this presentation is the extent of global gas
market integration

* Analysis is made following 3 preconditions:
* 1) prices should follow “common trend”

 2) increase in global trade should decrease share of pipeline gas and
support flexibility through arbitrage — to leverage potential
cartelization

e 3) growth in infrastructure interconnectedness
* Implication for global and European energy security
* Gas Exporting Countries Forum (GECF) would be the next OPEC?
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LNG imports by region 2016-2019
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Monthly exports by region
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WEU LNG Send-out 2015 - 2019
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Major Import Routes to the NWEU
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US LNG export by destination
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US Export by terminals
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Russian LNG export by destination
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Export from Asia-Pacific
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Price development — econometric analysis

 Testing for cointegration to illustrate integration GGM

* Johansen test for cointegration was applied to datasets based on daily
data of JKM, TTF, HH between 2016-2019

* This approach follows recent studies and results confirm growing
cointegration

* Testing resulted in confirmation of cointegration, especially in the
observation from 2018-2019

* This is in consensus with current scholarly research into that topic



Papers on price cointegration in energy
markets

Siliverstovs et al (2005) "International Market Integration for Natural
Gas? A Cointegration Analysis of Prices in Europe, North America and
Japan.“[@®

Neumann et al (2006) "Convergence of European spot market prices for
natural gas? A real-time analysis of market integration using the Kalman
Filter.” L®

Asche at al (2017) "Modeling UK Natural Gas Prices When Gas Prices
Periodically Decouple from the Oil Price." L®

Chiappini et al (2019) "Towards a worldwide integrated market? New
evidence on the dynamics of U.S., European and Asian natural gas prices.”
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Prices in Dollars per Million BTU
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Cointegration analysis - results

Table 1: Correlations between energy prices

TTF NBP HH JKM
TTF - 0.9874 0.4942 0.8806
NBP 0.9874 - 0.5063 0.9015
HH 0.4942 0.5063 - 0.4557
JKM 0.8806 0.9015 0.4557 -

Table 2 : Unit root tests for corresponding gas prices

Table 3: Cointegration between corresponding markets

Phillips-Perron test Augmented Dickey-Fuller test

Market . Test 1% Critical . Test 1% Critical
Scenario . . Scenario . .
area Statistic Value Statistic Value

TTF Trend -27.325 -3.960 Trend -17.201 -3.960
Constant -27.334 -3.430 Drift -17.195 -3.430

NBP Trend -28.526 -3.960 Trend -17.533 -3.960
Constant -28.542 -3.430 Drift -17.538 -3.430

HH Trend -30.655 -3.960 Trend -15.799 -3.960
Constant -30.675 -3.430 Drift  -15.809 -3.430

JKM Trend -24.707 -3.960 Trend -13.755 -3.960
Constant -24.713 -3.430 Drift -13.758 -3.430

HO: r= Trace 5% critical 1% critical
’ statistic value value
-E 0 1358.20 54.64 61.21
é 1 931.27 34.55 40.49
= 2 537.65 18.17 23.46
< 3 240.14 3.74 6.4
. % 0 710.30 18.17 23.46
|: Z 1 313.37 3.74 6.40
W - 0 709.07 18.17 23.46
= 1 285.08 3.74 6.40
T~ 0 582.83 18.17 23.46
Fx
1 243.71 3.74 6.40
S 0 631.39 18.17 23.46
T X
- 1 248.59 3.74 6.40

Notes: The lag length for PP tests determined by Newey-West procedure at 6, for ADF determined by
Bayesian Information Criterion at 2

Notes: The lag length determined by HQIC (3), trend
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Inter-regional trade
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Global gas trade

Bcm CAGR (2000-2017)
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Regional trade patterns
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3. Condition — mfrastructure development
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Infrastructure change
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Liquefaction Capacity and Trains
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Summary

Precondition 1

Precondition 2

Precondition 3




Conclusion

* Market becomes integrated and similar to crude oil trading, with
development of major regional benchmark prices, growth in spot trading
and increase in enabling infrastructure

* Important is political will and strategy — Is Qatar after leaving OPEC looking
at GECF?; Will Russia leverage its energy resources for power projecting
global in gas market?; Will “gas OPEC “ help to support trust in gas as a
bridge fuel in the EU?; Will Norway join the “party”?

* For the EU energy security, one may argue, political leveraging of energy
resources is more supporting its RE+CA policies

* In the long-term, recent development is driving transformation of global
gas market commercial and political picture, while cartelization needs
deeper integration
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