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SATIM Full Sector Energy Systems Model

(abstract/sketch)

Primary Supply

Coal Mines

Coal

Crude Oil

Natural Gas

Transformation

Liquid Fuels

Electricity

Transmission and Distributiol

Coal Transport

Coal

Crude Imports

Gas Imports
Pipeline

Coal Power Plants

Liquid

Gas

Electricity

Demand

Liquid Fuels

Gas Power Plants

Distribution

RE Power Plants

Crude Refineries

Gas Network

Coal Boiler

Gas Boiler

Gas Imports
LNG Terminal

Coal to Liquids Plant

Electricity Network

ICE Vehicle

Electric Vehicl




Energy detailed SA CGE model (SAGE)
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Linked model: production of steel
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Linking CGE model to energy model
necessary to capture technical change
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SATIMGE - 2021 Improvements:
Mainly focused on adding options for reaching Net

» Mining
» EVs and Hydrogen fuel cell trucks

» Metals
» Iron&Steel — Hydrogen

» Ferrochrome & manganese — bio-carbon reductants + CCS/CCU
Cement and lime: Clinker substitution + CCS/CCU
Ammonia: Hydrogen based production
Other Industries: Process heat supplied using electricity/hydrogen

Transport: EVs and H2 trucks (these were already there)

vV v . v v Vv

Power: hydrogen storage + fuel cells and CCS options, coal plants allowed to run at lower annual
average capacity factors (20%), retirement endogenous

Crude refinery retirement endogenous

CTL retirement endogenous and part of Chemicals sector output linked to CTL output
Residential Electricity (energy) recalibrated

Waste: more mitigation achieved

AFOLU: more mitigation options allowing for up to 45 Mton of CO2 sinks by 2050

vV vV v v v Y

Green H2 based exports added to model



Net-Zero Scenarios run so far (64 runs)

2 different reference GDP growth projections (productivity gains)

2 different assumptions around Energy Efficiency (Tech in Industry,
behaviour in transport/mode switching, commerce and residential
— lower useful energy demand)

2 different levels for land sinks by 2050 (20 Mton and 45 Mton)

Without and with Green H2 based products from growing from
2030 to 2050 (iron-14mton and ammonia 6.7mtons) exports

Different levels of cumulative CO2eq ranging from no limits, down
to 6Gton (2021-2050)

Currently NOT exploring uncertainty space on fuel prices (assuming
low IEA-WEO 2020 oil/gas prices throughout~50S/bbl), and
Technology Costs (uncertainty on learning for solar, wind, storage,
nuclear, hydrogen, CCS)



Cumulative emissions budgets, 2021-2050

The net zero goal in 2050 in itself does not guarantee
that South Africa will follow an emissions trajectory
within its "fair share"

A literature survey indicates a range from 7 Gt
upwards (with an outlier below this) - we have
modelled 6, 7, 8, 9 Gt cumulative emissions limits

6 Gt is an outlier, but was included to explore the
implications of an extremely ambitious scenario
The latest CAT "modelled pathways" are around 8.6
Gt

A range of emissions outcomes defined by the
updated NDC and a net zero target gives an
emissions budget of 7-10 Gt.

11,



Preliminary Results: CO2
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CO2 eq: down to ~20-80 Mton CO2eq by 2050
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Where reductions are occurring?
Looking at the difference in CO2eq in Energy and IPPU
relative to the reference cases (i.e. least cost)
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Difference in Primary Energy Supply: Relative to 2
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Difference in Primary Energy Supply: Relative to Refer
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Difference in Final Energy Relative to Reference

Growth / Efficiency / Year
Ref Growth | High Growth . Bi
2050Cu.. NoEE WithEE | NoZE | WithEE 10mass

500 | ﬂ Coal
4 I Electricity

Gas
Hydrogen
M RefinedProducts

NZ45

PJ

-500 |

-1000 |

500 |

-1000 |

500 |

8 a 500

-1000 |

500 |

-1000 |

500 |

-1000 |

. 2023 2029 2035 2041 2047 | 2023 2029 2035 2041 2047 . 2023 2029 2035 2041 2047 . 2023 2029 2035 2041 2047 ‘




2050Cu..

REF

Power Installed Capacity

LandSink

45Mt

Indicator

Capacity

GW

300

200
100

Exports / Growth / Year
NoExports ‘ WithExports
Ref Growth | High Growth | Ref Growth I High Growth

NZ45

45Mt

Capacity

GW

300
200

NZ20

20Mt

45Mt

20Mt

45Mt

Capacity

Capacity

Capacity

Capacity

GW

GW

GW

GW

200
100

300

200 |

100

300
200
100

20Mt

Capacity

GW

300
200

100 |

45Mt

20Mt

Capacity

Capacity

GW

GW

300
200

100 |

300
200
100

2022 2027 2032 2037 2042 2047 :2022 2027 2032 2037 2042 2047 2022 2027 2032 2037 2042 2047 :2022 2027 2032 2037 2042 2047 -\

[ | EWlnr:I

| ECSP
 EPumpS5torage
. EHydro
= EQil
ENuclear
EBattery
M EHydrogen
EGas CCS
EGas
B Imports
M ECoal



Power Production Mix
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Power: New Capacity (to 2040) B ewing
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Power: New Capacity (to 2050)
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Freight Transport
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2050Cu..
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Natural Gas
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Hydrogen
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Difference in System Costs
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Difference in System Cost: Power Sector
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Initial Conclusions

1. After updating SATIMGE in 2020 to do the 2030 NDC update, it
was further updated in 2021 for a netzero carbon analysis. More
detailed work will still need to be done on the modelling
framework.

2. 64 scenarios have been modelled to 2050, based on different
carbon sink values, different cumulative emissions budgets and
other factors.

3. Decarbonization of sectors in which technology options are known
and costs are competitive is not (technically) challenging, and
comprise most of South Africa's GHG emissions.

4. The last mile decarbonization from 2040 to 2050 is complex, with
significantly higher costs and technology uncertainties, and
requires a lot of further work.

5. The cumulative carbon space available to the system is sensitive
to the assumptions around the carbon sink that is available.



SATIMGE-2022

» Further unpacking of Pathways to Net-Zero for South Africa
by 2050-2060 in collaboration with CSIR and NBI

» Link to Global models under Imagine and NDC-Aspects in
collaboration with international partners, to get projected
global commodity and CO2 prices, and carbon space

available for South Africa.
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Thank you!

We are open for collaboration and contributions for future work...

Presenter contact: Bruno Merven
Energy Systems Research Group: University of Cape Town, South Africa

email — brunomerven@gmail.com
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2018 | SANEDI Flexible Demand on our website)
CER Coal-IPPs https://cer.org.za/wp-content/uploads/2018/05/ERC-Coal-IPP-Study-Report-Finalv2-290518.pdf
SA-TIED Alt-IRP http://www.erc.uct.ac.za/sites/default/files/image tool/images/119/Papers-2019/Alt%20IRP%20final%2007022019 2.p
019 | CoBenefits Study https://www.cobenefits.info/wp-content/uploads/2019/03/COBENEFITS-Study-South-Africa-Employment.pdf
SA-TIED https://sa-tied.wider.unu.edu/climate
20 DEFF-SSN 2030 NDC Update Report Due early 2021
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Net-Zero CO2 by 2050?
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Dispatch in SATIM, coarse on temporal
resolution but detailed on sectoral resolution

Scenario
30
£ 20
=3
NoPAMS E_
2
16
n
30
= 20
=
oy o
NaPAMS-RR o
2

3

,|“|‘

Year | Day-Type / Hour

2025
51B1

52D1

Demand

Demand

SATIMGE

45

w
3

Year [ Day-Type / Hour

SO DE
a8 o

51DT 52D1 Sector
Commetce

h -
Transport

l “3 3 ?111519"3

SATIMGE SATIMGE SATIMGE

SATIMGE

Year [ Day-Type / Hour

ii'iiI'Iii'iii'lii'iil'iii'iil'Iii'iiI'Iii'iiI'
.o IAEMAAAMAMAAAM AN

o ST AR AR i

[
[ ]

? 11151927‘ 3 ? 11151927’




Hydrogen for iron & steel

Iron
Exports

I H2 storage Iron storage

Electricity

(Solar PV) Electrolyser | I

BF-BOF
Electricity DRI-EAF coal
(grid) Scrap-EAF

Onsite gen. or
CHP MIDREX-CONARC

Onsite gen. or KILN-EAF
CHP (new)

Energy efficiency Today

improvements Export:~1Mt
Local use:
~5Mt

Coking coal . — — — — —

New technologies
BF-BOF (New)
DRI-EAF coal (New)
DRI-EAF gas (New)

[e]l}
products Scrap-EAF (New)
Biomass BF-BOF w. CCS (New) ﬂ
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Waste fuels
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