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Ongoing hydrogen projects in porous reservoir in Hungary | Tamas Méré
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Introduction of HGS Ltd. | Tamas Méré

Introduction of Hungarian Gas Storage

Our main activities

Underground gas storage operations

Regulated activities (Mining authorities, Hungarian Energy
Authority, Emergency management)

Focus on gas storage services : not allowed to transport or
trading natural gas

Flexibility services provider: Demand-supply balancing
operations

Crucial pillar in energy security of supply
Electricity generation permit
4 gas storage sites in Hungary

Total of 4,4 bcm working gas capacity (HU gas consumption is
around 10 bcm/year) at HGS Ltd

Sole shareholder: MVM Energy (100% state owned company)

SLB-Private
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Technical capacities of underground
gas storage facilities in Europe

B CZ:4,2 bem
- GER: 24,9 bcm \

= NL: 13,5 bem

i‘ ‘ SK: 4,4 bem
=== HUN: 6,3 bcm
Bl Fr12,7 bcm
RO: 4,3 bcm
= AT:8,9 bcm - ‘
Bl iTA: 229 bcm ‘

A PL: 4,4 bcm

/

Source: GIE Storage Database
https://www.gie.eu/transparency/databases/storage-database/



Project Aquamarine | Tamas Méré HGS '/) ‘H[]UH["HRI[]E
Hydrogen - How ?

Underground gas storage operations Green electricity can be stored and utilised in different energy carriers

Injection into the
transmission system

AOURMARINE

PROJECT

Own consumption in
compressors / equipment

Blended gas

Injection into underground

storage HyUsPre

Water GREEN hydrogen

System balancing and energy storage with PEM-electrolysis Applied R&D programs

4 Supporter: I ' %
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Project Aquamarine | Tamas Méré

Main characteristics of Project AQuamarine

* 2.0 MW electrolyzer including H, compressor unit with buffer tanks

* Energy storage including H, production, blended gas to existing
methane fueled systems, and also send out to transmission system

e 1 February 2021 — 31 January 2024

* Long-term R&D programs with 5 Hungarian universities and research
institutes

e Continuous pioneering in the recent regulatory environment

* Pilot Project: effects of hydrogen blended natural gas on the existing

gas infrastructure
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Project Aquamarine | Tamas Méré

Hydrogen utilisation schematic in Kardoskut UGS

Hydrogen production schematic

Hydrogen supply for
gas engines and
burners

Electrical grid

|
< i :
02, H20 ‘

Gas grid

Underground
storage

HGS w) ‘ AOUAMARINE

eeeee d by MVM

Applied research and development program

g3

Safety and
technical
improve-
ments

Hydrody-
namic
modelling

Process
controll

Testing of
carbon

steels

Research
of
materials

LOHC
storage
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Project Aquamarine | Tamas Méré

Research of materials — Hydrogen effects

Vagas vagétarcsaval

SLB-Private
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Hydrogenation vessel design (BME)

MFGT's new test piece
(patent application)

Hydrogen permeation test chamber

Supporter: I ' I
KULDETESUNK A BIZTONSAGOS 10VE




HyUsPRe project — R&D programme | Tamdas Méré

HyUSPRe consortium

Injection &
production
well N

>500 m to
surface

100 m

Caprock: Hydrogen plume Injection/production:  H, - cushion gas: Cushion gas- brine Structural geology:

+ Diffusion +  Fluid-rock « P/T change * Unstable +  Fluid-rock « Fault leakage

« Capillary leakage interaction + Multiphase displacement & interaction « Farand near

« Fracturing + Microbial activity processes uncrontrolled « Unstable field stress

+ Buoyancy + Dissolution & « Stress/strain lateral spreading displacement changes
pressure residual trapping changes « Gas mixing « Dissolution & Reactivation

residual trapping « Overpressure
Source: Heinemann, N., Alcalde, J., Miocic, J. M., Hangx, S. J. T., Kallmeyer, J., Ostertag-Henning, C.,
Hassanpouryouzband, A., Thaysen, E. M., Strobel, G. J., Schmidt-Hattenberger, C., Edlmann, K., Wilkinson, M.,
Bentham, M., Haszeldine, R. S., Carbonell, R., & Rudloff, A. (2021). Enabling large-scale hydrogen storage in
porous media — the scientific challenges: Energy & Environmental Science. Energy Environ. Sci..
https://doi.org/10.1039/DOEE03536)

100 m

THE HYUSPRE CONSORTIUM

HGS '/)

/ Powered by MVM

‘ AOUAMARINE

0
yUSPRe

7 EXECUTIVE PARTNERS, 10 INDUSTRY PARTNERS, FUNDED BY THE FCH2-JU

INDUSTRY

CENTRICA - United Kingdom

EBN - Netherlands

EQUINOR - Norway

Hungarian Gas Storage - Hungary
NAFTA - Slovakia

RESEARCH INSTITUTES

* TNO - NL (project coordinator)

« Energy Institute Linz - Austria

* Fondazione Bruno Kessler - Italy
« FZ Julich - Germany

UNIVERSITIES

« University of Edinburgh - UK
+ Clausthal University - Germany
* Wageningen University - Netherlands

f ; ENERGIE

* NEPTUNE - Netherlands innovation WAGENINGEN
i INSTITUT UNIVERSITY.S RESEARCH
- RAG - Austria m for life S e e
* Shell - Netherlands 'l =
* SNAM - Italy ‘J :,’,H';;,',E"j : ( @ TU Clausthal
+ UNIPER - Germany - A THE UNIVERSITY
% @ &‘ of EDINBURGH
centrica l\ﬂ"ﬂ
. cmumd;.nglmwmn reference:
is presentation as:
Groenenberg, R., Cremer, H. (2021) HyUSPRe project briefing. H2020 HyUSPRe project deiiverable. 15 p.
equ inor %< AUSTRIA Ag A/ \\ ‘@f; il e sdoms ol
% Acknowledgement:

uni K d

Disclaimer:

This project hes recetved funding fom the Fusl Cels and Hydrogen 2 Jaint Undertking (now Clean
Hydrogen Partnership) under grant agreement No 101!

is Joint Undertaking receives support from

HGS 4 NEPTUNE per o, mwwgmmmmo research and innovation m-nm. Hydrogen Europe and Hydrogen
/ Powerad by MVM :

'rmdocumm refiects the views of the author(s) and does not necessarily reflect the views or policy of the
Commission. Whilst efforts have been made to ensure the accuracy and completeness of this
caused,

deo.moﬂl the HyUSPRe consortium shall not be lisbie for any errors or omissions. however
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HyUsPRe project — R&D programme | Tamdas Méré HGS '/) ‘ AQUAMARINE

Research activities

/ Powered by MVM

EVALUATE H, STORAGE POTENTIAL IN POROUS RESERVOIRS IN EUROPE
AND MAP THEIR LOCATION IN RELATION TO H, PRODUCTION AND
DEMAND SITES, AND TRANSPORT INFRASTRUCTURE

GEOCHEMISTRY MICROBIOLOGY H, FLOW BEHAVIOR INTEGRITY & DURABILITY
INVESTIGATE EXPERIMENTALLY INVESTIGATE EXPERIMENTALLY INVESTIGATE EXPERIMENTALLY I INVESTIGATE EXPERIMENTALLY
THE EFFECTS OF THE EFFECTS OF «== THE DIFFUSION, DISPERSION, === THE INTEGRITY AND
GEOCHEMICAL REACTIONS OF MICROBIOLOGICAL ACTIVITY AND FLOW OF H, IN DURABILITY OF RESERVOIR
H, WITH ROCK AND FLUIDS IN IN RESERVOIRS IN THE RESERVOIRS ROCKS AND WELL MATERIALS
RESERVOIRS PRESENCE OF H, EXPOSED TO H,

DEVELOP AND APPLY INTEGRATIVE MULTI-SCALE MODELING TO ESTABLISH
GUIDELINES FOR SUITABILITY ASSESSMENT

PERFORM A TECHNO-ECONOMIC ASSESSMENT OF SCENARIOS FOR H,
STORAGE AND DEVELOP A ROADMAP TOWARDS DEMONSTRATION AND
IMPLEMENTATION IN EUROPE

HyUSPRe project briefing, Nov. 30, 2021 H M 0 -
9 yUSPRe *
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Expected physical-chemical reactions | Tamas Mérdé '
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Microbiological activity in the reservoir

r5 2

-,/..) ks

> NS
CH,COO- CH;

S0, H,S
Sulfate reducers

Methanogen
and
acetogen
present

* Loss of H, through microbial metabolic processes (methanogenesis, sulfate-reduction and acetogenesis)
* Generation of H,S through microbial sulfate-reduction

* Loss of H, injectivity due to near well bore plugging by bio-based solids (microbes, Extracellular Polymeric Substances (EPS), FeS,

etc.)

SLB-Private
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Case Study — Kardoskut UGS
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Compositional modelling of H,, H,S and CO, | Gaspar Gednczedl

Geological Summary

12
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Pusztasz6l8s Field is a reservoir triple, located in
South Hungarian neogene formations having a
paleozoic basement with an area of c. 4.16 km2

|. — Selected for hydrogen injection
ll. — UGS gas reservoir

lIl. — UGS gas reservoir
Average depth is ranging from 995 to 1145 m ss

The three reservoirs are separated by shale,
shaly marl as seals

Average reservoir thicknesses are ~10, ~16 and
~31m



Compositional modelling of H,, H,S and CO, | Gaspar Gednczedl
HGS % ‘ AQUAMARINE

Simulation Summary

Main rock properties/characteristics are as follows:

Rock type Unsonsolidated sandstone, Component Mol%
aleurolite and shaly marl methane 95 7200
Wettability Strongly water wet ethane 1.8175
Average connate water saturation Swe="01 propanc 0.3634
: - 1-butane 0.0553
Average porosity, average 22-30% hutanc 0.0559
Permeability range ~300 - 400 mD i-pentane 0.0120
: n-pentane 0.0086
/1. 15 heptane 0.0029
1l./2. 6 octanet 0.0015
11./3. 10 N 1.0300
CO, 0.9285
. 10 Gas density, kg/m’ 0.713
. 15 Relative density, kg/m’ 0.58

13
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Compositional modelling of H,, H,S and CO, | Gaspar Gednczedl

Simulation Dynamic Model (Tartan grid)

sw_2
Water saturation

14
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Compositional modelling of H,, H,S and CO, | Gaspar Gednczed| HGS '/) ‘HUUfﬂﬂmﬂE
From Black-Oil Eclipse 100 to Compositional Eclipse 300

L-\t- f éé > b 5 2 o = e = o ‘63 @ 7@ A %3 Move up

il Move down
New P Show aminate P t v : Reset

/ Powered by MVM

Defauit Component Composition

fuid » Hastory layout columns properbes.  type. I Default order
Project b. 9 [ FlidBe X /) Phase envelopes M- Fiuad B6 fingerprint 8w
Original fluids Source  Component Molecular weight Specific gravity Mol Mass Normal boiling ~ Critical < Acentric factor G Volume < Parachor
2 Fid 86 - (rel. water 60°F) point temperature translation (Visc)
e g/mole v percent v |percent v/ degC v| [degc v lpsi v mymol v mymol v |(mN/mA(I v
Derived floids W oo 16043 98067 737 16155 8255 778 0013 28es 01444 2865 n
L= 3007 02763 051 8855 228 70834 00986 14864 01034 14864 108
L ] N2 28013 o 034 19575 ~146.95 4923 004 9.0€-5 034 90E5 o
m  co “on 06588 178 7845 355 107133 0225 9485 00428 945 ™
oy LR L e ewecves [0 @
wia
Combined
50
P
a8
a
p
45
u
43
e =) LRC v oo rce ] i
P 552 Component €1 @ N2 o2 “
Cormpontan Moke bactun 41 £l
o= f @ 0 %
— povest Eopm— N2 0025 001 Y
- o2 o105 om 0 3
33
Er3
3
30
2
28
E a
2 5
g
ﬁ 24
a 2
b3
B
Component Critical Critical Molecular Critical Critical 13
Name Temperature Pressure Weight Volume Z-factor I
K Barsa Kg/Kg-M M3/Kg-M i
___________________________________________________________________________________ AF3
1
H2 15.42000 12.99000 2.020000 0.3020107E-01 ©.3060000 8
C02 286.7600 73.87000 44.01000 0.8843552E-01 ©0.2740000 H
C1 200.0000 50.00000 18.05000 0.8680129E-01 ©.2610000 E
H2S 355.8200 89.37000 34.12000 0.9334980E-01 ©.2820000 s
1
U-EED -250 -240 -230 -220 -210 -200 -190 -180 -170 -160 -150 ~140 -130 -120 -110 =100 -%0 -80
Temperature (degC)
Fluid 86 H2

— Bubble — Saturation
— Dew ® critical point
® crmical point

® 3-phase points
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Compositional modelling of H,, H,S and CO, | Gaspar Gednczedl

From Eclipse 100 to Eclipse 300 - Initialization

1 Jan 2822

FIP
Run on

Fluid in place
3/96/2022 at 89:88:21 version

report
2921.2 cpu

B.67 elapsed

Average

pressure PV weighted:
HCPV weighted:

Total pore volume at P(ref)

Total pore volume

Hydrocarbon pore wvolume

Average
Average
Average
Average
Average

Average

X permeability BV weighted

Y permeability BV weighted

Z permeability BV weighted
porosity BV weighted

cell thickness DX*DY weighted

oil saturation

Reservoir volume of oil

Average

water saturation

Reservoir volume of water

Average

gas saturation

Reserveoir volume of gas

Water

HydroC

H2
o2
1
H25

Average
Average

Moles
884.124568 M Kg-M
15.813748 M Kg-M
Moles
@.eee00e Kg-M
158137.478269 Kg-M
14.863618 M Kg-M
@.eeeeee Kg-M
hydrocarbon molar density
water molar density

111.241 Barsa
118.656 Barsa

20.461579 M RM3
208.461737 M RM3
3.588365 M RM3
277.364294 MDarcy
277.364294 MDarcy
277.364294 MDarcy
©.291413 M3 /M3
8.569991 Metres
0.000000
0.eeee0e RM3
8.825021
16.881372 M RM3
8.174979
3.588365 M RM3

Surface volume

16.398138 M SM3
359.694197 M SM3

et gas volume

8.000000 SM3
3.596942 M SM3
356.897255 M SM3
6.eg0e0a SM3

8.734 Kg-M/RM3
43.289 Kg-M/RM3

©.00008 Days report step 8,
1.44 memory 45 Mb

Mass Material
balance

15927.583943 M Kg 1.0080008
Mass Material
balance

@.0ee0ee Kg 1.ee6008
6.687558 M Kg 1.008008
268.288167 M Kg 1.008000
@.8eeeee Kg 1.eee00e

16
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Mole fraction

8.e0e00e
a.681e008
a.990000
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Compositional modelling of H,, H,S and CO,, | Gaspar Gednczedl
’ BT TR 2P HGE '/) ‘HUUHmHRIﬂE

Molecular diffusion

- | EESSs: f_hx
l _i‘_\_‘_ﬁ_—ﬁ__\_'_‘—“_‘_‘—
t
i * Effective molecular diffusion coefficients
* Mechanical dispersivities
* Relative permeability curves
¢ * Validate compositional modelling

17
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Compositional modelling of H,, H,S and CO, | Gaspar Gednczedl
S : HGS % ‘ AOUAMARINE

/ Powere d by MVM

C1 Molar Density C1 Molar Density C1 Molar Density
- We have developed a simulation model e e B T PR TR PR | e e B O P T T LT

to follow the movement of injected
hydrogen in the reservoir

127600

o008Lz)
127600
009224

127200
127200
00zLZ8

]
]
g

- This model was used to determine the % EES.- i =
losses of hydrogen due to diffusion and : : == |
to other processes (dissolution, H o
methanisation, etc.) R 8

- Hydrogen natural gas mixture Qs R RS
actually injected into a porous gas H2 Molar Density H2 Molar Density H2 Molar Density

8780400 780800 = 781200 781600 782000 782400 762800 783200 783600 780400 780800 781200 781600 782000 782400 782800 783200 783600

000L2F 00082}

reservoir (10 vol% H2) .

126000
00092}

125600 126000

125600
00852}

2 8
.

125200

00v¥Zh  00B¥ZE  00ZSTH
124400 124800

Ly papmrareeTey

00pPZL  00BKZI 002521 009GZE  000SZI  0OWOTI  00B9ZI 002.21

124400 124800 125200

sRgeRZAIRZ A

780400 780800 781200 781600 782000 762400 762800 783200 783600 780400 | 780800 | 781200 | 781600 | 782000 | 782400 | 762800 763200 . 783600 780400 780800 781200 781600 782000 782400 762800 783200 783600
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Compositional modelling of H,, H,S and CO, | Gaspar Gednczed|

HGS r/) ‘ AOUAMARINE

/ Powere d by MVM

Vapour component mole fraction

H2 INJ Well
CH4 PROD WELL 1

CH4 PROD WELL 2

CH4 PROD WELL 3

Vapor companent mole fraction
04 05 06
n L L

H2 PROD WELL 3

H2 PROD WELL 2

H2 PROD WELL 1

19
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Compositional modelling of H,, H,S and CO, | Gaspar Gednczedl

HGS '/) ‘HUUHmﬂRIﬂE
/ Powered by MVM

Microbiological processes

Microorganisms can also turn H2 into
methane, model must be matched
against experiments

Fermentat
: 0(\6" co %% - Protozoa, fungi, bacteria
; 5 =
&” co, CHOH B, o\ P co, NADH + H O T
?90 el d ?9@ T e (o) H NAD™ ?H
: /.,'., O\S‘ Mgz’ N\ / Archaea
CH,COO" CH, C=0 —— C —_— CH»
"2 . | pyruvate alcohol |
. CH3;  decarboxylase CH; dehydrogenase CH;3 NG CHg
2
Pyruvate Acetaldehyde Ethanol
SO,* H,S
Sulfate reducers Assimilatory Dissimilatory nitrite
nitrite reduction reduction

20
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Compositional modelling of H,, H,S and CO,, | Gaspar Gednczedl 3
b BOT T 2P HGS v/) AOUAMARINE
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How much percent of H2 can be produced after 1 cycle ?

B6_STUDY1_XP
TNGv2022 a0

o0 20m0
N

0 40000 160000 18
>

000
N
Be
N N
se

Amount Of Substance, [kg-mole]
%00
~
[ews] ‘awinjoA uoganpald se9

00 600 50000
"
N
\\
2!
NS

1MAY-2022

Field H2 Component injection cumulative Field Gas injection cumulative Field H2 Component production rat
Field Gas production cumulative Field H2 Component injection rate Field H2 Component production cumulative
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Conclusion | Tamas Méré

Conclusion

QOO0

Hydrogen storage is one of the main pillars of Hungary’s National Hydrogen Strategy

HGS '/)

/ Powere d by MVM

‘ AOUAMARINE

flexible
services

Long-term collaboration with European Research Institutes, Universities and Gas Storage

Companies
Consortium for developing hydrogen technologies in UGS circumstances

Amendment of the mining law —in progress

Matchmaking of our ongoing projects — fuel cells, LOHC, coating, methanation

o

Testing
equipment

of material
samples

Aquamarine + (2023): Knowledge Center of H2 Technologies

22
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Engineering
principles of
process control
system and
Wtrumentation

- new hydrogen
technologies in
existing
infrastruc

¢

Alternative
hydrogen
storage

whnologies

¢

Supporting
technical
engineering
process
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merot@ mfgt.hu
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