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Background

« An increase in industrialisation has culminated in unprecedented economic growth as well an increase in
greenhouse gas (GHG) emissions from fossil fuel combustion and cement production;

« Greenhouse gases emissions (CO,, CH,, NO, and H,0O) have sparked global warming, ocean acidification and

climate change;
« Carbon dioxide (CO,) is the most prominent greenhouse gas, technologies are required for its capture, utilisation

and storage (CCUS).

S 40 2.00
Q
[G] 175 Currant
30 - ' warming rate —.
E‘P .\I "I-
20 = -
o o
o & 125 2017 o
=30 *
10 TR }
E.E 1.00 | Human-induced
warmin
E £ 075 g Climate uncertainty
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2022 E'é for 1.5°C pathway
o 2 £ 050
S a
U
0 ...,.u.....-,..ﬁll.u.ullu,.u...ll,l..l..uluu..h_.lﬂ....h..l 'y 028
-1 0.00
) 1860  19B0 2000 2020 2040 2080 2080 2100

IEA. CCBY 4.0

Anthropogenic warming

Global annual CO, emissions (IEA, 2023) compared to pre-industrial levels
(NASA, 2023)
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Background

Extreme Events Are
Increasing in Frequency

The number of record high temperature events in the
United States has been increasing, while the number of
record low temperature events has been decreasing,
since 1950. The U.S. has also witnessed increasing
numbers of intense rainfall events.w Image credit: Régine
Fabri, CC BY-SA 4.0, via Wikimedia Commons

July 2023 hottest month on record as
heatwaves scorch Earth

Global average temperature for July confirmed to be highest on record
of any month, says Copernicus Climate Change Service.
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Source: NASA (2023), Al Jazeera (2023)
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Carbon capture, utilisation and storage

« Carbon Capture and Utilisation (CCU) is a viable alternative for the abatement of CO, emissions
« Sustainable conversion of anthropogenic carbon emission to value-added chemicals

« Paradigm shift to view CO, as a valuable resource i.e., CO,-to-methanol (Green methanol)
 Promises to form closed, circular carbon cycle

CCUS

cO.
dtilization | ™= CCU
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CoO, 4 CO, CCU: Carbon Capture and Utilization
source capturing

CO,
storage =) cCs

CCS: Carbon Capture and Storage
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why CO, conversion to green Methanol?

1. Methanol is one of the Top 5 global chemicals — green chemical
2. Energy carrier for maritime industry

3. Export pathway for hydrogen

4.  Synthetic fuel feedstock (Methanol-to-Olefins; Biodiesel; etc.)
5. MeOH fuel cells

6. Cooking applications

$CSIR
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Methanol supply, demand and applications

MMSA Global Methanol Supply and Demand Balance
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Different types of Methanol

GREEN

METHANOL

and unwcfl’:lo electricity

l | Source: Bureau Veritas
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why CO, conversion to green Methanol?

Renewable
energy

460 GWh/y 65 MW 8900 tons/y 44000 tons/y

To be used locally

To be used locally 65000 tons/y To be used locally

.
. 9CSIR
Source: - CCH @’)
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CO, to green MeOH demonstrations in the world QCS'R

uvehing Fvwa lhigugh innovalion

BioMCN —The Netherlands

Carbon Recycling international
ycing (from biogas)

(CRI) methanol production plant
(Iceland)

Chemrec-Sweden
(from forest waste)

EU funded MefCO, project brings
together 9 partners throughout
Europe

Enerkem Canada Shunli commercial plant, China
(from municipal _ (110,000 tones/year of
solid waste) methanol commissionedin late

2022) BT

Belgium: North CCU-

Hub Roadmar @ CS“IR

NORTH

CCU

HUB
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Methanol in South Africa

+ Atotal of 140000 tons of methanol is consumed perannum in South Africa
« SASOLis sole producer of methanol (Grey, from natural gas)
+ Sasol consumes 60% of the methanol they produce

Consumption of Process
Methanol chemical Other
User Area (Sasol captive)
(Metric tons per annum) Methylamines
2019 6%
Formaldehyde Producers - 44000
Wood Chemicals Piet Retief 40500
Resinkem Umbogintwini 3500
TAME (Sasol
Formaldehyde captive)
TAME Producer - 80000 3% 57%
Sasol Sasolburg 80000
Captive as process - 4 000
chemical
Sasol Secunda 4 000
Methylamine Producer - 8 000
African Amines Newcastle 8 000
Other identified users 4 000

(including paint strippers, ” / c s I R
N/
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Trade statistics

« About 11 000 tons exported in 2019 worth 65 million Rand
* Imports of 5 000 tons amounted to 26 million Rand
« Methanol traded amounts to 11,5% of domestic production (140 000 tons)
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Trade statistics

* Noticeable decrease in methanol trade:
« African Explosives and Chemical Industries (AECI) methanol plant with 20 000 tons/y closed down in late 1990s

« Commensurate with state economy?

Historical imports Trade value
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Techno-economic studies of the methanol project

« Catalytic conversion of CO, to methanol Model assumptions

« Methanol plant capacity: 8500 kg/hr

 Three plants in system (CO, capture, H, production, methanol production).
A 20-year equipment depreciation

* Methanol price = 450 euros/ton

« Catalyst cost = 95 240 euros/ton

« CO, and H, conversion = 90%

$CSIR
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Biogenic CCU to methanol at CSIR
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CO, valorisation to green methanol

CO5 conversion (%)
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CO, conversions. T =230° C; P =50bar; Q, ;=40 ml.min?; = Methanol ®CO

GHSV =10 000 h'; H,/CO, = 3:1; 24 hours.

CO, conversions range from 10-46% under industrially relevant catalytic evaluation conditions
Catalysts exhibit high selectivity towards CO due to endothermic competing RWGS reaction
Methane formation also observed due to the Sabatier reaction

Duma et al, Catalysts 2022, 12, 1104; Duma et al, Catalysts 2022, 12, 401

mCH4
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Anthropogenic CCU vs. Biogenic CCU

« Capture of CO, from fossil fuel-based power
plants.

* Pre-, post- and oxy-fuel combustion capture.
« Post-combustion: Capture of CO, from flue gas

* Pre-combustion: Capture of CO, from syngas after
reforming or gasification

« Oxy-combustion: Combustion in O, reach
conditions (Separation from H,O)

* Benefits: Abatement of CO, emissions

« Limitations: Decreased plant efficiency due
regeneration of CO, sorbents, increased
operational and electricity costs; low partial
pressures of CO, in streams (5-15%)

#CSIR
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Biogenic CCU vs. Anthropogenic CCU

« Relatively concentrated streams of biogenic CO, (Compared to 15-20% in Cement and Steel production processes)

mamd BiOgas upgrading (Up to 40% v/v CO,)

* Anaerobic digestion or thermal treatment of biomass
» Gaseous fuel: 60% biomethane and 40% CO,

Bioethanol production (Up to 100% v/v CO,)

* CO, from liquid fermentation (Wine and beer brewing Food and Beverage industries)
* CO, recycled for carbonation and protection of liquor from O,

mmmad BiOmass combustion (

* CO, from solid biofuels
« Small concentration of CO,, economically infeasible

) CSIR
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Conclusions and Recommendations

* In South Africa “Grey” methanol is currently produced at scale

« South Africa is a net exporter of methanol (2019)

« Direct CO, hydrogenation to green methanol is viable for scale-up

* Waste, anthropogenic and biogenic CO, will be the carbon sources
« Methanol will be one of the important green chemicals

« Catalyst development and optimization is highly relevant

« Reliable supply of gigatons of low-carbon hydrogen is mandatory

CSIR
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