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Why analysis of global gas markets at SWM?
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» Electricity: generation, distribution, sales

v

Natural gas: production, transport, distribution, sales
» District heating: generation, distribution, sales

» Water: collection, distribution, sales
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Swimming pools: indoor pools, open-air pools,
saunas, ice skating

» Mobility: subway, tram, bus, cycle rental system, etc.
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n e » Telecommunications: Internet, phone and TV
Mein Netz  \jth fibreoptic technology
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WEGA delivers gas flows and gas price development

» WEGA is the abbreviation of ‘Weltweites Gasmarktmodell’
» Worldwide model in daily resolution 2018-2040

» Goal of optimization - cover the demand in each
zone/country/hub at each day at minimized costs

» The model was developed by POYRY
Management Consulting (here: Pegasus)

» Linear Programming with Xpress from FICO
» Source code and dataset was purchased by SWM

» The complete dataset was modified by SWM
- Results are an own view of SWM
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Modification of parameters by SWM

» Oil price and EUR/USD exchange rate

» Pipelines, Interconnections

» LNG terminals

» Storages

» Gas demand / own fundamental electricity model

» Costs (commercial databases for CAPEX, OPEX, transport costs)
» Contracts (CEDIGAZ, BNEF LNG contract database)

» Production volumes and flexibility of gas fields

» Actual gas flows and backtesting
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Worldwide gas market as a grid of nodes and edges

» Source: pipeline or LNG

» Source: indigenous production
» Source: demand shedding

» Delivery point: pipeline or LNG

» Demand zone: country /
region / rest of the world

» Storage: in demand zone

» Interconnection: between
demand zones
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User interface of WEGA
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Storage in Germany, Germany_NCG

Krummhom
FlzedEKE

Empaide:
Hahniein
Stockstadt
sandhauscn
ierwareg
Eschenselden

BREEEEEEE

il

elecl AR None

Hende: Mame:

Node Grauping

Node Longhude
N Lalilude

Node Active

Nade Market

Node Ciass

Node Cost 1o arket
Nade Cast from Market

Storage Capacity In

Help

Ao s

< complede >
< complets =
< complete >
< complede =
< complets >
< complets >
< comglele: >

Proparties

< nul =
<nuil >

completa

=

2 Viewss oS Entibes
T Mt Scenanc Table
e il Serrric Chert

() Backag L Al
@) Restore 0L e
) Pt Wy
= Pun
) Run Sy
Aggregetan:
] Run Satt g
tagirts - Miszelanecus
Historcal Vesr:
Branch propetie:
Branch vesighting:
ts - Scenanios
) Seerania definrion
Darriand tracks
Prechuztion tacks
Drags brarks
Raut: traces
Coastirarks
Cantract tracks
uts - Modes
Hoce sopertes
Hag casks ta market
Mo class proseries
ourts - Routes
Buuls prcpat s
Rauts capacity
Ruubs autage
Rauts casts
Route clazs propertie:
7 Mouts clas: cefintion
= Agaeasted Roube
) Routs capacity (age)
T ke cest Cea
o et - Demand zans
) Demand vakame
I D
) Demang prefies

1]

LY
HEUzy

=

k]

ul pr

StorageTrack | Mege | 2015 | a016

Central
Central
Central
Central
Central
Central
Central
Central
Central
Central

Central
Central
Central

Krummhorn
Efze|EKE
EpeECN
Empeide
Hahnkain
Stockstadt
Sandhausen
Blerwang
Eschenfelden
Kraak
Allmanhausen
Lehrte
Datlingen
Harsefeld

228
oo

228
00

187494 187454

169
a0
135

169

2808

1149

28

sy
1874 54
169

BO

135

1000

AB 03
2808

19

o
1874 84
168
81

135
0
000
4803
2608

48.03
2808

1%

167494
Ton

a0

135

000
4803
808

o
o
1%

oo
RETERT)
700
a0
135
30
o0
4803
moe
62

o

o
18

15

874 94
700

a0

135

an
1000
4803
200 6

o
o
119

00
187494
0o

1000
4803
2008

0
0
18

1874 54
700

B0

135

30

1000
4803
2808

19

ABTA 54
700
B
135

1000
4803
2808

119

All fracks

Aggregation

Irack

16N

1sam

Al penods

Gragh

Storage Capacty Out

= complete =

Sw/m




Nord Stream 2

| N
TWO Strlngs NORWAY AV, / 2 ESTONIA
Capacity 55 bcma N oy .
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European gas demand 1 i L Ve
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Calculated average price difference in EUR,,,-/MWh on wholesale gas prices in
the period of 2020 till 2040 if Nord Stream 2 would not be built

United Nether- Czech | _
Kingdom France lands Germany Republic Poland Italy Bulgaria ~ Romania

0.66 0.70 0.79 0.80 0.89 0.70 0.55 0.39 0.15
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Nord Stream 2 AG; www.nord-stream2.com/en/pdf/document/125



Pipeline flows in 2028 with Nord Stream 2
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rounded volumes in bcm; only gas flows = 1 bcma



Pipeline flows in 2028 without Nord Stream 2
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rounded volumes in bcm; only gas flows = 1 bcma



Conclusion

» With North Stream 2 in the presented Base Case

4

4

» Transit contract between Gazprom and Naftogaz expires;

North Stream 2 is not fully utilized on an annual level

Gas flows from Norway to Germany are directed to Northwest
Europe

Ca. 20 bcm of LNG are pushed out of the merit order in
Northwest Europe in 2028

More transit flows via Germany (+17 bcm in 2028)
Less gas flows from Poland to Germany (-14 bcm in 2028)
Moderate reduction of wholesale gas prices in Europe

uncertainty about transit flows via Ukraine in long-term
» Transit flows via Ukraine are only a last option for Russia
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Contact detalls

Dr. Maik Gunther
Expert Energy Economics

Stadtwerke Minchen GmbH
Energy Strategy and Policy
Emmy-Noether-Str. 2
80992 Munich / Germany

+49 89 2361-6631
guenther.maik@swm.de

www.swm.de
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