Shaping the energy
transformation - securing
energy supplies




WHO WE ARE VNG

PRESENT IN FIVE COUNTRIES

ENERGIEUNION GmbH

Schwerin
VNG is a group of companies active throughout G.EN. OPERATOR Sp.z 0.0.
Europe with over 20 companies and around ¥ * Warsaw
1 Tarnowo Podgdrne
1,600 employees. As a gas importer anc_l . - T 0o
wholesaler as well as an operator of critical Goldgas GmbH Handen Sp.z 0.0.
gas infrastructure, the Group with its i TN W
headquarters in Leipzig stands for a secure BALANCE Erneuerbare Energien GmbH  Gas-Union GmbH 1o 5 rech S0
. GDM GmbH
supply of gas in Germany. e iR Goldgas GmbH (A)
Infracon Infrastruktur Service GmbH & Co. KG Vienna
- 5 o MGMTree GmbH
With its "VNG 2030+" strategy, VNG Is also M Gleisdorf
pursuing an ambitious path for a market ramp- Ssgifﬁastfanspmﬁmb“ VNG Austria GmbH
up of renewable and decarbonised gases such VNG Gasspeicher GmbH VNG Italia S.r.l
1 1 VNG Handel & Vertrieb GmbH ;
as biogas a}nd hydrogen, thus paving the way e ke Spigas SIL. |y goiogna
for a sustainable and secure supply of gas and, il Sl

in the long term, a climate-neutral energy
system of the future.



ANNUAL BALANCE 2022

<6

36,237 -205

Revenue billed Adjusted EBIT
in € million in € million

Stand: 31.12.2022

©

-337

Net Profit
in € million

VNG

2

128

Investments
in € million



BUSINESS AREAS

Value creation in five business areas

_ A&
TRADING & SALES

»

5

BIOGAS

VNG

\d
DIGITAL [Egii
INFRASTRUCTURE

Gas import and wholesale
for inexpensive and reliable
supply of public utilities
and industrial customers.

588 bn kWh
Gas send-out

Operation of the critical gas
infrastructure at the level
of transmission network as
the basis for secure energy
transport.

7,700 km
Transmission network

Gas held in four
underground storage
facilities as a pillar of

supply security.

2.2 bn m3
Storage capacity

Regional production of
biogas and biomethane in
eastern and northern
Germany as a contribution
to decarbonisation.

40
Biogas Plants

Broadband expansion with
fibre-optic infrastructure
as a basis for highper-
formance communication
today and in the future.

5
FTTx-Projects




GREEN GAS PROJECTS

Excerpt of the current project overview

Import of green ammonia

Production of blue H,

Cracker for the generation of H, from ammonia

Increasing the proportion of hydrogen in the
natural gas grid

Liquefaction plant for bio-LNG

Establishing a value chain for green H,

Electrolysis on an industrial scale for green H,

Sand box of the energy transition

Large-scale storage of H,

O 6 0 © 0 6 6 o6 o ©

o
Feasibility study for CCU/CCS

VNG

(Important Project of Common European Interest)
=== Green Octopus Central Germany - 305 km

=== 0ing hydrogen - 616 km

Companies involved in the project
VNG AG

@ ONTRAS

@ VNG Handel & Vertrieb

@ VNG Gasspeicher
Balance Erneuerbare Energien GmbH
EnBW

Locations
Locations of biogas plants of BALANCE
Erneuerbare Energien GmbH

As of: September 2023
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ENERGIEPARK_
BAD LAUCHSTADT

ENERGIEPARK BAD LAUCHSTADT
THE FUTURE OF GREEN HYDROGEN

Dr. Kai Schulze, Technical Manager R&D
VNG AG

Supported by:

* Federal Ministry
for Economic Affairs
and Climate Action

on the basis of a decision

by the German Bundestag
2. November 2023
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ENERGIEPARK
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Investigating the hydrogen world:
ENERGIEPARK BAD LAUCHSTADT

2. November 2023




: ENERGIEPARK
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Located in central Germany near to
the chemical center of Leuna

Holleben

A VG5 Control room

B Existing wind farm

C 380 kV Substation for 50Hertz
D Plant wind farm

Goethestadt ‘

Bad Lauchstadt

2. November 2023
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Transport
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Production

2. November 2023
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How does the energy park work?

1. Production 2. Storage 3. Transport 4. Marketing m

Local network

o 1
y SH “» H:
/f\ }F\ Chemical industry
Wind farm Underground Conversion of a Development, N
50 MW output storage/ natural gas analysis and =
cavern pipeline optimization of g
50 Mio.m? capacity possible business N
Working gas volume 100.000 m3/h models Mobility
0: (_—kJ_-) H:
Large scale
electrolysis

30 MW output

2. November 2023
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Areas of expertise of consortium partners

VNG
« TeErrawarr Gasspeicher *@ONTRAS VNG
uni & oBI- & oBI- uni
per ol ol per
VNG
/ Handel & Vertrieb [V ‘I-g'n(ciiel&\fertrieb

2. November 2023
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2. November 2023
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Financing and subsidy framework

”Re

al.-Wo,-[d
Orieg for the

210 Mio. €
total funds required

34 Mio. € 103 Mio. € 73 Mio. €
subsidies own contribution invest for windpark

2. November 2023
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Handover of subsidies on September 9th, 2021

From left: i -'ﬂ

Wasspretae
ETSYORF fiir Mite|gey s

Chlang ENERGIEmam

BAD LAucHsTAT

¢ Dr. Axel Wietfeld, uniper

e Uwe Ringel, ONTRAS Gastransport GmbH
e Cornelia Mller-Pagel, VNG AG

e Prof. Dr. Hartmut Krause, DBI

e Andreas Feicht, BMWi

e Falk Zeuner, terrawatt GmbH

e Dr. Reiner Haseloff,
Ministerprasident Sachsen-Anhalt
e Bernd Protze, VNG Gasspeicher GmbH

Supported by:

* Federal Ministry
for Economic Affairs
and Climate Action

on the basis of a decision
by the German Bundestag

2. November 2023
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BAD LAUCHSTADT

Groundbreaking ceremony on June 6th, 2023

From left:

Dr. Jorg Nietzsche (DBI)

Hans-Joachim Polk (VNG AG),

Michael Kretschmer (MP Sachsen),

Cornelia Miller-Pagel (Projektleiterin),

Dr. Reiner Haseloff (MP Sachsen-Anhalt),

Dr. Axel Wietfeld (Uniper)

Stephan Haupt (VNG Handel & Vertrieb),
Bernd Protze (VNG Gasspeicher),

Falk Zeuner (Terrawatt Planungsgesellschaft),
Uwe Ringel (Ontras),

Prof. Dr. Hartmut Krause (stellv. Projektleiter).

LT iid
84, AUCHSTADT

@
.

Supported by:

* Federal Ministry
for Economic Affairs
and Climate Action

on the basis of a decision
by the German Bundestag

2. November 2023
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Timeline

H,-MEM, H,-PIMS, H,-Home, H,-Net, INES

&

HYPOS

H,-UGS

H,-research cavern

o
I
190
N
c
s
N
|
(1
)
=
o

research

Completion of basic

I Phase 2.1: Construction / Research operation
: H,-production: windfarm, electrolysis, pipeline

Completion of research for H,-
production

Phase 3: real operations of the value chain

Completion of research on H.-

storage

I
1\ .
! Status quo | Milestone:
: : ; Commissioning
1 | :
| 1 :
I 1
| : : Phase 2.2: Construction / Commissioning !
= ! | EERICIE Real operations of H,-storage
o ! ! _ | :
|
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

2. November 2023
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<J TErrawarTt

2. November 2023

uni
per

Project partners of

Energy Park Bad Lauchstadt

VNG
Handel & Vertrieb

VNG

VNG
Gasspeicher



ENERGIEPARK

BAD LAUCHSTADT

TRANSPORT Pipeline

2. November 2023




: ENERGIEPARK
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DBI' e
Transport pipeline - Initial situation = jgl"

High-pressure gas pipeline operated in parallel with other ONTRAS pipelines and
in open interconnection with the ONTRAS network as a storage connection

pipeline
Energiepark
Bad Lauchstadt

.

* Length: approx. 25 km : _
Umwidmung einer
* Nominal width: DN 500 Erdgasleitung

* Design pressure: DP 63

* Operating pressure natural gas: MOP 55

* Year of construction: 1973/1976

* Designed for pigging

* Connected to the MOP 55 bar network in 2 network nodes

Linde-Lig

No restriction for gas storage operation!

2. November 2023
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DBI ’
Transport pipeline — The way to the destination - jg i

1. Study for notification procedure according to § 113c EnWG with an expert Feasibility study

consultant
2. Planning of the new construction part
Planing
3. Planning of the measures for the conversion of the existing lines
4. Joint interface planning

5. Obtaining the necessary permits

o

Financial evaluation

Realisation Construction

7
8. Commissioning

Research operations

First hydrogen transport in 2024!

2. November 2023
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BAD LAUCHSTADT

Transport line - preparation for the changeover

1. Study for notification procedure in accordance with § 113c EnWG with an
expert consultant

* Documentary study based on installer documentation and current
results from piging, TZA, etc.

* Inspection based on the current state of the art

* Catalogue of measures to prove compliance with the current state of
the art

First hydrogen transport in 2024!

2. November 2023

Feasibility study
- Pigging incl. evaluation

- Current material verification

- Sampling segment bend

- Pressure adjustment

p
IR QHZ
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Transport pipeline — Diagnosis

1. Study for notification procedure according to § 113c EnWG with an expert
consultant

* Pigging using an EMAT pig for axial crack detection for the first time
(Rosen company)

Evaluation completed!

2. November 2023

Feasibility study
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Transport pipeline — Diagnosis

1. Study for notification procedure pursuant to § 113c EnWG with an expert
consultant

* Non-destructive testing RT (on site), X-Cube and CT - SLV Halle

Ultrasonic wall thickness measurement (UT) + 3D measurement

* Integrity verification FEM

Fracture mechanical strength verification

2. November 2023

Feasibility study



ENERGIEPARK
BAD LAUCHSTADT

DBI* et
Transport pipeline — Diagnosis i =

1. Study for notification procedure pursuant to § 113c EnWG with an expert Feasibility study
consultant

*  Fracture mechanical strength verification — IMA Dresden

B Ergebnisse Ermiidungsfestigkeitsnachweis

B Vorgaben des Auftraggebers

« Geometrie Rohr Ergebnisse Ermiidungsfestigkeitsnachweis J W me v ow awa ko
* AuBendurchmesser g = 530 mm * Berachnung der fiir ein vorgegebenes Anwachsend ! ™ e - |
* Wanddicke Segmentbogent = 8 mm der Risstiefe um Aa = 0,2 mm notwendigen b . e Lipiid REE,__ Ao AmEy =
=" " T "
* Werkstoff ST52-3 (S355) ushvechsalN R i ———
* Streckgrenze R, = 353 N/mm? = Ermittlung der Betriebsjahre bei 1 Vollastwechsel f‘::“ H’“;"g;.’"é‘;” Wm‘:’;:‘:r'::m

» Bruchzihigkeit (vgl. ASME B31.12) K. = 55 MPaym aller 2 Jahre

* Beanspruchung Volllastanderungen Ap * Keine Berlicksichtigung kleinerer Lastwechsel LU - o -
* gine Vollastanderung in zwei Jahren, variabler Amplitude (Betriebslasten) - T T T ;;;-ﬂ
= fiir 3 verschiedene Varianten: = Erf; g des Eigensg o des durch ; x 3;; t:': :::
Ap = 30 bar, dp = 46 bar, dp = 55 bar Lage der Rissfortschrittskurve It. AG ! e e e Ml
* Rissgeometrie halbelliptischer Innenriss * Erfassung des Wasserstoffeinflusses durch Lage d S
= Anfangsrissiinge (1/3 vorn Rohrumfang) 2¢, = 520 mm Abb : der der Risstortschriftskurve . AG Abb.: Risswachstum und die dafir notwendigen
* Anfangsrisstiefe a; = 2 mm aus Mess dos A Ergebnis Lastwechse! bel Betriebsdrack p pens = 46 bar.
= Grenzwerte nach DVGW G464 Ein Anwachsen der Risstiefe von a = 2 mm auf e - — - — -
* Kritische Risstiefe ay.;, bei Uberschreiten der FAD-Grenzkurve oder Giiltigkeitsgrenzen der a=2,2mm it durch dia ang e e T W mw wm o i
Berechnungsgleichungen von einem Volllastwechsel aller zwei Jahre nicht zu i e T b
* Sicherheitsbeiwert j, = 1,5 gegen die kritische Risstiete ayy, erwarten. Bis zum errsichen siner Risstisfe von : s = e . o
+ maximal zuldssige R“isstiéfe Gyt = N[ Qe £/2) e a = 2,2 mm werden fir die drei untersuchten Betriebs- . o BT o e
i z Al i drilcke die folgenden Betriebsjahre berechnet: : L »
- Risswachsiu‘msbt:‘zmhung nach ASME B31.12 Pinenn = 30 bar: 4180 Jahre 2 i tom :Sﬂ m ::':
g - o Pinens = 46 bar: . 890 Jahre v___2 mm am e =
i __mm Ploean = 55 bar: 470 Jahre Abb,: Risswachstum und die dafilr notwendigen
[8K) = Mpavim urel [de/ ] = ox Lastwechsol ol Botriobsduck isea = 55 bir.

2. November 2023
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DBI e
Transportleitung — Diagnosis = el

1. Study for notification procedure pursuant to § 113c EnWG with an
expert consultant

* Destructive material testing — SLV Halle

e Spectrometric analysis

e Tensile test (transverse)

- . e
- )

et — — - p A L]
° Bendin g test Abbildung 17: Lage der Hartesindriicke im Schweiinahtbereich der Montagerundnaht MRN SB-SB1,

am Schliff A-P2-MR"

*  Notched bar impact test
*  Hardness test (HV)

*  Metallographic material analysis (macrosections and
microsections)

Abbildung 16: Lage der Harteeindriicke im Schweifnahtbereich der Montagerundnaht MRN AR-5B1.
am Schiiff A-P1-MR*

2. November 2023
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Transport pipeline— Planing =

\’;\ | [ q? J /" x“ ’“'.;g"“d-"‘"‘"‘ﬁ s : R
: Underground gas storage
Bad Lauchstadt

Status of the conversion of the transport pipeline - approval

* Evaluation of pigging results completed
* Pigging indicators within the expected range
* Noimmediate measures necessary

* Package of measures derived in preparation for the changeover

e Coordination of package of measures with TUV

* Evaluation FEM calculation completed
*  Proof of suitability of critical components is available

* Evaluation of material and weld seam sampling completed
*  Proof of suitability of material and welds is available

* Expert opinion available as preliminary statement

* Ongoing involvement of approval authorities

Connection point refinery

2. November 2023
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Transport pipeline— Planing

Planning layout measuring and control system for customer connection
completed

* Sampling of pipe accompanying materials within the scope of pigging by the DBI

* After evaluation of the samples, various residues were found in the

pipeline that could at least temporarily influence the quality of the
hydrogen

On the basis of the results, a fine purification concept was developed
* Construction of two adsorbers

* Permanent measurement and control of the accompanying substances
within the framework of the research project by DBI

Planning of measures, interfaces and approval issues
completed!

First hydrogen transport in 2024!

2. November 2023
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DBI ’
Transportleitung — H,-Startnetz i jg s

Connection to Energiepark Bad Lauchstadt

* to the Central German Chemical Triangle (Reallabor)

* perspective on the projects "GO! Green Octopus Transport to
Salzgitter

* and "Doing Hydrogen" to the Leipzig, Rostock and
Eisenhiittenstadt area (IPCEI)

g g
|| v D e Sy
Erargecars But Lo rsemy

2. November 2023
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TRANSPORT Pipeline — Deep Dive Gas Treatment

2. November 2023
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ONTRAS

H,-Pipeline gas treatment

Why H2 preparation before handing over the H, to the customers?
* Use of an old existing pipeline by ONTRAS
* Deposits within this pipeline

* Thisis in contrast to the quality requirements of the customer (refinery)
* Requirements slightly lower than for classification group D (99,97 %)
* Transfer of components from pipeline depends on pressure,
temperature, component, time-of-stream/standstill or flow rate
* Adsorbents are used for purification
*  Planning of 2 adsorbers
* Various adsorbents (hydrocarbon and sulphur removal)

Building for measurement technology in planning

2. November 2023
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Gastechnologisches Institut

Mass transfer in pipeline - solubility of components in hydrogen (model-

dependent)

benzene

IS
Q
o
~
5
B ~— methane
E — nitrogen
g __ hydrogen
c
o
o
0
0 20 40 60 80 100

pressure / barg

2. November 2023
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Sulphur compounds from pig residue

cs,

GTl

Gastechnologisches Institut

2. November 2023
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Gastechnologisches Institut

GT

Breakthrough curves / adsorption and investigation of adsorbents

2,00 2,50
—+-DMS Beladung [Ma %]
s 1,75 -~ Konzentrabonsverhaltnis ¢/c0 [-]
(=)
i}
= 2,00
?o 1,50 QO
c (S)
S 125 Re)
© 150 =
9 o
1,00 S
.S
+—
0,75 100 ©
o+
o
0,50 2
c
0,50 8
0,25
0,00 0,00
0 24 . 48 72
Time / h

2. November 2023
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Analytics - traces in hydrogen

Components to be measured
*  Water

*  Oxygen

* Hydrocarbons

*  Sulphur compounds

Work in progress, validation still necessary for sulphur
compounds

2. November 2023

GC/BID: Prisfgas in Helium (1-50 ppm)

Hsnmaraid

]

Gastechnologisches Institut

Ao -\-\-
e . A. Kalibriergerade
Konzentration Signal y=HIkEcT Kalibriergerade
0.87 |ppm 12551
9,67 |ppm 124842
100 xm 1179306 1400000
1200000
ppm —
= s =
pom 4
o 680000 /
o 400000
ot 200003 :
|Korrelationskoeffizient 1,0000 0 20 40 60 100 120
Konzentration
AS BW+X s
Mittelwert 0,873|ppm
Standardabweichung 0,01]ppm
rel. Standabw. 1,33|%
NWG 0,035]ppm 0,035]ppm
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