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Policy Landscape: Various SA
Government Stakeholders

HYDROGEN SOCIETY
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The South African Government has officially designated Green Hydrogen Hubs,
which have been registered as Strategic Integrated Projects.
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Ministry of Public
Works and
Infrastructure

No. 47658

Current Infrastructure Planned infrastructure
o Ports. Roads (N1 N12 N2, N3), REDZ, Northern and ° Desalination plants, Electrolysers, Ammonia
Southern Ele. Transmission, pipelines plants, Refueling Stations, pipelines, CO, direct
air capture

i
HySA| InFrastructure

Hydrogen South Africa

WNWU"°



HySA Infrastructure Project Qg science, technology

.

] (E{\ );) Department:
P O rt O I I O \ % Science, Technology and Innovation
REPUBLIC OF SOUTH AFRICA

LOHC

H D]l D 1|l

(A

7] i
HySA / !th;iggﬂ?ture W NWU



science, technology
& innovation

Department:
Science, Technology and Innovation
REPUBLIC OF SOUTH AFRICA

Sono-TEK Ultrasonic Spraycoater
Catalyst ink

System Specifications

+ Fully automated and programmable testing
procedure

+ Electrochemical Impedance Spectroscopy (EIS)

» (Cell temperatures up to: 100°C

A maximum cell current of: 250A

Active cell area: 25 & 100cm?

* Back-pressure control of up to 6 bar

* Ability to measure H; %in O, and 0, % in H;

* Water conductivity

* Mass flow rate (Oxygen + Hydrogen)
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Fully automated 2kW PEM electrolyser system -+ Gas sensors
« Voltage monitoring in each cell  PSA system
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Customized Testing Hardware
Pol curves and EIS measurements
+ Voltage: 0-100V

i Temperature control: <90°C

-+ H & O, pressure: 0-10 bar

_  .+ Water flow rate: 0-114 L/h

» Water conductivity: 0,06uS
Binary analyzer: H,/O, and O,/H,
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Electrolyte

* No moving parts
* H, gas purification by separation
* Noise less

GEN1 EHC Compact

Current Density 0—1 Amp/cm?
Compression Rate | 0—3 085 mLy/min
Rated Pressure 300 Bar(g)

HySA’s EHC Stack
* Reached 330 Bar(g)

* Currently busy with new
design focusing of reaching
higher pressures
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LOHC: Laboratory Testing

Capabilities

Hydrogenation

Comparison of foam and pellet based catalysts for
dehydrogenation of H18-DBT

Dehydrogenation

Control box
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Batch setup for catalyst screening tests
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I ’II LOHC Catalyst Preparation
Capabilities

Buchi rotary evaporator for heterogeneous
catalyst preparatlon by wet-impregnation

Pelletiser for catalyst preparation
Powder to pellets

Catalyst production
4 capacity per batch:
8 150g

PGM Beneficiation

Raw pkztinum Dissolved platinum Platinum impregnation PtIAIi? Catalyst . Pellet size: 0.85-38.1 mm
' « Shape: Spherical
« Capacity: 0.006-0,02 m3/h
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Catalyst Characterization

)

LOHC Analysis

Scion GCSQMS

sl

Agilent 5977C GC/MSD

Key Feature
* Selective lon Mode, Peak

Function

* Degree of hydrogenation

* Quantify/qualify isomer
fractions and by-products

2D-GC-TOF-MS

Refractometer

o
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Key feature
* Refractive index K t
Function s i i
+ 1%and 2™dimension  Fynction

* Degree of hydrogenation
g ydrog separation, TIC, 2D .

and 3D plots
NMR 400 MHz .

T ae—

Degree of
hydrogenation

Key feature
*  Chemical shift (ppm)
* Number of protons
Function
_ *» Degree of hydrogenation

area, Total lon Content (TIC)

Quantify/qualify
isomer fractions

SHIMADZU EDX

BELCAT Il
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+  Catalyst Textural Properties

*  Temperature Programmed
Experiments

+  Elemental Composition

J

Gas Analysis

)

GC SRI-8610C Key feature

* Peak area, retention
time

Function

* H,gas purity,
quantification of
gaseous impurities

Scion 456

Hiden Analytical HPR-20 MS

Key Feature

* Detect and quantify permanent gases,
NHj, chlorine, etc. in a fast response
time (300 ms)

Function

* Online gas analysis

J
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Fuel cell dozer expected to make g ging 2019 debut
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J undenground next year, Anglo Anwerican Platinun (Amplats) CEO Cluris Griffith said last night

speaking at he fortiet) Setwork dier, Griffith soid third ge i hadalready tabenip
porwered by aliquid yddrogen ted .

“This ehanges the game, he said in response to Mining Weekly Online

P s HYDROGEN STORAGE AT

HYSA INFRASTRUCTURE .
1 MWh ¢,

- [llquld organic hydrogen carrier] energy
equivalent
d n "a

.Jte, non—tcx-c‘ low-cost, re-usable
em stores 1 MWh energy equivalent at NWU

AngloAmerican and HySA Teams

demonstrated H, LOHC system for
low profile dozer

HYSA ON DEMAND ON-SITE PRODUCTION AND STORAGE
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— . SPECIFICATIONS HYDROGENATION PLANT
frama tOme |
H, CONSUMPTION RATE 4 Nm#/hr
HYDROGENATED LOHC PRODUCTION RATE 5 kg/hr
OPERATING PRESSURE 28-30 bar
OPERATING TEMPERATURE 140-180°C
REACTOR VOLUME: APPROX 50 Litres
REACTORTYPE Fixed-bed downflow

* High H; capacity: 6.2 wt%
(equivalent to 57 kg-H,/m? -
LOHC or 2.06 kWh/kg-LOHC

* Degree of hydrogenation >

95%
* Non-flammable
+ Compatible with existing
infrastructure for fuels
70 - | | B
= o | HEIHL A
o |

NAPH: NAPHTHALENE

DBT: DIBENZYLTOLUENE
MBT: MONOBENZYLTOLUENE
NEC: N-ETHYLCARBAZOLE
7-EID; 7-ETHYLINDOLE

Volumetric capacity, kg/m?
w w
o v
s L

40

4,5 55 6,5 7.5
Gravimetric capacity, wt %
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Specifications

5 x 3 x 50 meter ventilation tunnel
55kW (50m3/sec) controlled custom ventilation fan

On-site hydrogen production and storage

P =

Hydrogen release lines into the tunnel @ 350 bar and 200 bar P S
Hydrogen sensors
Remote site office

Hydrogen South Africa
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DISPENSE

COMPRESS.
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GENEIATE COMPRESS §roqg DispeNsE

Specifications

« 6 Nm?hr PEM electrolyser with 15 bar discharge
» 500-litre potable water supply tank on the roof

» 350 bar on-board hydrogen storage

» 350 bar SEA hydrogen dispenser

* 63 A 3phase electrical connection

» Deionizer water purification system
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Ambient Refuelllng Protocol

.&_ E LN NS ele e

R e e e

Hydrogen Storage
tanks
Refuelling n6zzle

Water deioniser
PEM WE system
Compressor
Power electronics

i
HySA / Infrastructure

Hydrogen South Africa

science, technology
& innovation

Department:
Science, Technology and Innovation
REPUBLIC OF SOUTH AFRICA




Decarbonising Steel Industry: H2 DRI
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Ammonia Synthesis
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Temperaturs
Control Systam
T5-1
Caaling Water
Circulator UC-1 Compressor
High Temperature. AC-1

Circalater HC-1.2
Air Receiver Tank

AT-1

Exhaust Cabinet EC-2 “, Chiller UZ-2

Exhaust Cabinet EC-1
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A Green Ammonia Plant consists of following units:

+ Hydrogen Production

Nitrogen Production

+ Ammonia Production

« Hydrogen Storage

« Ammonia Storage

« Balance of Plant (utilities and infrastructure)

| Haber Bosch
—|  Process

_.@_.

Separation |
Unit

Green
Ammonia
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Gas flow
controllers

ww z2zs

Chimney

______________

Catalyst 2Hp+0,=2H,0
/| section +244.9 kJfmol

In i‘?t H,- Air mixture
section
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Hydrogen Production
by Water Electrolysis

Electrochemical Power Sources:

Fundamentals, Systems, and Applications
Hydrogen Production by Water Electrolysis

2022, Pages 455-486

Chapter 13 - Hydrogen storage

Henrietta W. Langmi *, Nicolaas Engelbrecht *, Phillimon M. Modisha ®,

Drmitri Bessarabow ®
Show more \/

+ Add to Mendeley «f Share ®3 Cite

hitps://doi.org/10.1016/8978-0-12-819424-9.00006-5 » Get rights and content 2

Abstract

This chapter presents an overview of the key hydrogen storage approaches
being pursued. It discusses the recent status of hydrogen storage options and
provides an outlook for the development of hydrogen storage technologies. It
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7= Industrial Arene Chemistry: Markets, Technologies,
‘ Sustainable Processes and Cases Studies of
Aromatic Commodities

Ed Jacques Mortier
First published: 10 March 2023

Print ISBN: 9783527347841 | Online IS8N; 9783527827992 | DOk: 10.1002/9783527827292
© 2023 Wiley-VCH GmbH

HOME ‘ AUTHOR BIOGRAPHY

About this book

Industrial Arene Chemistry
Explore the wide array of uses for aromatic hydrocarbons in this comprehensive reference
Aromatics are a class of compounds—neormally but not exclusively organic—which tend to be

produced as by-products of various industrial processes. Their importance as_.... Show all ~

Table of Contents
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Wiley Online Library gy NWU" Search

Chapter 35

Storage of Hydrogen in Reversible Aromatic Organic Liquids
Phillimon Modisha, Dmitri Bessarabov

Book Editor(s)Jacques Martier

First published: 10 March 2023 | https://doi.org/10.1002/9783527827992.ch35
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Modisha, P., Jordaan, J. H., Bosmann, A., Wasserscheid, P., &
Bessarabov, D. (2018). Analysis of reaction mixtures of perhydro-
dibenzyltoluene using two-dimensional gas chromatography and
single quadrupole gas chromatography. International journal of
hydrogen energy, 43(11), 5620-5636.
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Bessarabov, D. (2019). The prospect of hydrogen storage using liquid
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D. (2019). Evaluation of catalyst activity for release of hydrogen from
liquid organic hydrogen carriers. International Journal of Hydrogen
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Oral presentation: March 12-16, Analysus of reaction mixtures of
LOHCs using 2D GC-TOF-MS and GC-SQ-MS, European Hydrogen
Energy Conference 2018, Malaga, Spain

Aromatic liquid organic hydrogen carriers for hydrogen storage and
release

P Modisha, D Bessarabov - Current Opinion in Green and Sustainable
Chemistry, 20
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COMPRESSED STORAGE
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