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Traditional electricity planning
éwas relatively simple   

CAPACITY 

EXPANSION 

MODEL 

(least -cost 

generation mix, 

years resolution)

+

UNIT 

COMMITMENT 

MODEL 

(validation of 

generation mix, 

hours resolution) 



Traditional electricity planning
éwas relatively simple, until the òfour Dsó arrived

Decarbonised, Distributed, Deregulated, Datafied  electricity

CAPACITY 

EXPANSION 

MODEL 

(least -cost 

generation mix, 

years resolution)

+

UNIT 

COMMITMENT 

MODEL 

(validation of 

generation mix, 

hours resolution) 



Traditional electricity planning
éwas relatively simple, until the òfour Dsó arrived

Plans from 2022: eq. 

of 1 ï 3 Koeberg 

power stations per 

year

Koeberg 

Nuclear 

plant (10+ 

years to 

build)

Decarbonised , Distributed, Deregulated, Datafied  electricity



Traditional electricity planning
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Why does electricity 
planning need to 
adapt?
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Why does electricity planning need to adapt?
Inadequate geospatial and temporal representation of wind and solar
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Why does electricity planning need to adapt?
Inadequate geospatial and temporal representation of wind and solar

Curtailment of wind due to coalôs 

minimum generation levels, even 

at the current low penetration of 

wind.



Why does electricity planning need to adapt?
Stability  costs as variable renewables increase are not considered
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Source: Mararakanye& Bekker 2019 | Eskom 2022 (TDP 2023 ð32).

Renewable Energy Integration Risks

Frequency Stability

Short Term Scheduling
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Market Dispatch

Secondary Reserve

Tertiary Reserve

Transient Stability

Transmission Efficiency

Congestion Management

Voltage Stability

Fault Level and Protection

Sub-synchronous Interaction

Power Quality

100%

Constrained Transmission

Constrained Flexibility
Constrained Inertia

SA 2022

SA 2030

Complications:

The required stability data, 

if available, is typically 

confidential and unlikely to 

be released by the utility.



The SU grid 
modelling project

1. Objectives and methodology

2. The geospatial model

3. The grid model

4. The CE + UC model

5. Preliminary results

6. Proxy metrics for stability



The SU grid modelling project
Objectives and methodology

Å Utilise high -resolution wind and 
solar resource data to produce 
technology -specific geospatial 
and temporal inputs .

Å Develop and demonstrate an 
iterative soft -linking approach 
that explicitly incorporates 
transmission constraints and 
resource sensitivities into 
expansion planning.

Å Evaluating the use of steady -
state proxy metrics  for voltage 
stability and inertia 
requirements.



The SU grid modelling project
The geospatial model - estimating  available area and potential capacity
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The SU grid modelling project
The geospatial model - estimating  available area and potential capacity

Resource Data 
Locations

Filtered Resource Maps

Create grid and 
remove critical 

features

Å0.25° x 0.25° (1958 locations)
ÅHourly temporal resolution  
Å15-years (2009 ς 2023) 

Resources within 
100km of MTSs

Resources outside 
100km of MTSs

Extract maps for 
each GCCA supply 

area 

Supply Zone Resource Maps 

Extract maps for 
each GCCA supply 

area 

Estimate area and 
potential capacity

NC

HC

NC

HC

EC

EC
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Outputs included:

1. Hourly 500 MW / 1 GW cluster profiles (15 years, 2009ð2023) up to 50 GW for 
each node (GCCA supply areas, within and outside MTS 100km buffer):

ÅWind: 500 MW + 1 GW profiles for clusters with > 20% capacity factor

Å Solar PV: 1 GW profiles for all clusters, no cut-off capacity factor

2. List of the ERA5 grid cells/coordinates  contributing to each 1 GW block, with 
corresponding potential capacity shares

The SU-PCC grid modelling project
The geospatial model - wind and solar supply profiles

Site Supply 
Profiles and Est. 
Capacity / Area 

Rank Profiles by 
Capacity Factor

Group profiles into 
1 GW / 500 MW 

Clusters

Supply Profiles 
per Cluster and 
Summary Data

Generate Cluster 
Profiles (Weighted-

Mean)

Sample
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Maps included:

Site exclusion maps

Gridded 0.25ϲ Ҏ 0.25ϲ map depicting:

Å1 GW clusters up to 50 GW per node

Nodal data included:

Locations of the 1 GW allocations 

(latitude, longitude, ID)

Amount of capacity installed at that 

location per 1 GW

The SU-PCC grid modelling project
The geospatial model - wind & solar geospatial map outputs
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The SU-PCC grid modelling project
The grid model

òGCCA ð NTCSA.ó Accessed: Feb. 03, 2026. [Online]. Available: https://www.ntcsa.co.za/gcca/

NTCSA, òTransmission Development Plan (TDP) 2025 - 2034.ó National Transmission Company South Africa, 2024. Accessed: Jan. 13, 2025. [Online]. Available: https://www.ntcsa.co.za/transmission -development/

ÅDigsilent model of all 

transmission-level 

substations and lines (> 132 

kV).

ÅBased on a GIS dataset 

released as part of the 2022 

GCCA.

ÅThe first pass of future 

network expansions is from 

the 2025 Transmission 

Development Plan.
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Geographic map of the transmission grid model.

https://www.ntcsa.co.za/gcca/
https://www.ntcsa.co.za/transmission-development/
https://www.ntcsa.co.za/transmission-development/
https://www.ntcsa.co.za/transmission-development/


ÅTransmission components were modelled 
by choosing a single conductor 
type/transformer per voltage level, as 
exact data on components were 
unavailable.

ÅSubstations were modelled according to 
the requirements set out in the South 
African Grid Code: The Network Code.

ÅSubstations consist of double-busbar 
configurations.

ÅThe voltage levels of substations were 
provided in the GCCA GIS dataset.

Å  The number of transformers per substation 
was also provided in the GCCA GIS dataset.

The SU grid modelling project
The grid model ð transmission lines and substations

Nominal Voltage [kV] Representative Conductor

132 WOLF

220 ZEBRA

275 BEAR with 2 bundled conductors

400 DINOUSAUR with 2 bundled conductors

765 ZEBRA with 6 bundled conductors

NERSA, òThe South African Grid Code: The Network Code.ó National Energy Regulator of South Africa, 2022. Accessed: Feb. 07, 2023. [Online]. Available: https://www.nersa.org.za/wp -content/uploads/2022/02/SAGC -Network-Version-10.1_January-2022.pdf#page=37&zoom=100,99,834

Example collector substation layout.
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The SU grid modelling project
The grid model ð connection costs
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ÅConnection costs include the 

infrastructure required to connect the 

generator to the nearest MTS and 

upgrades at the MTS to accept the 

generation.

ÅConnection costs were then adjusted so 

that subsequent generators also 

contribute to MTS upgrades.



The SU grid modelling project
The capacity expansion and unit commitment model ( Plexos)

Reference Scenario (BAU) Early Transition Late Transition

Demand growth Adapted ESRG Demand used in IRP EDP Scenario 4 Net Zero pathway EDP Scenario 4 Net Zero pathway

Emissions limit/s No emission limit Adapted 8Gt economy-wide emissions to 2050 NZ 
Pathways scenario

Adapted 11Gt economy-wide emissions to 2050 NZ 
Pathways scenario

Fuel prices Aggregated open-source data, market related costs

Technology cost curves IRP 2025

Fuel emissions Aggregated open-source data

Coal decommissioning IRP 2025 Schedule

Small scale embedded generation Modelled using ERA-5 Data and SAM based on IRP 2025 predicted growth

Transmission costs, losses and availability TDP 2025

EAF IRP 2025 Base trend
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The SU grid modelling project
Preliminary results : PV capacity buildout
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The SU grid modelling project
Preliminary results: Wind capacity buildout
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The SU grid modelling project
Preliminary results: Battery capacity buildout
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ÅVoltage firmness can be 

approximated using the short -

circuit ratio, providing an 

indication of grid areas that 

require further study.

ÅAfter an extensive literature 

review, the site -dependent short 

circuit ratio (SDSCR) was chosen 

for this project.

The SU grid modelling project
Proxy metrics for voltage stability: the short -circuit ratio

29D. Wu, G. Li, M. Javadi, A. M. Malyscheff, M. Hong, and J. N. Jiang, òAssessing Impact of Renewable Energy Integration on System Strength Using Site-Dependent Short Circuit Ratio,ó IEEE Trans. Sustain. Energy, vol. 9, no. 3, pp. 1072 ð1080, Jul. 2018, doi: 10.1109/TSTE.2017.2764871.



The SU grid modelling project
Proxy metrics for voltage stability: the short -circuit ratio

30

Preliminary SDSCR values for the South African grid model before any grid expansions.Preliminary SDSCR values for the South African grid model with an additional 765 kV 
corridor from Gauteng to Northern Cape to the Western Cape.



Å System-wide inertia calculations assume similar frequency stability at 
all nodes within a power network.

Å This, however, ignores the fact that network characteristics result in 
varying local -area frequency stability. These characteristics include:

Å Nodal inertia, i.e. the sum for all synchronous machines electrically associated 
with or connected with a node.

Å Nodal degree, i.e. the number of incident lines into a node.
Å Node/coupling strength, i.e. how strongly the node is electrically tied to the 

rest of the grid.

Å Electrical Distance, i.e. the effective impedance between a node and an 
inertial centre 

Å The project explores the use of steady -state metrics based on the above 
metrics to identify network areas with higher ROCOF values, allowing 
the mapping of locational inertia requirements.

Å Using such a locational inertia requirement map, the location and 
associated costs of local inertia strengthening, through e.g., the 
placement of synchronous condensers, can be estimated.

Å At present, locational inertia is an emerging field with few literature 
sources to build on, complex implementation, and validation challenges.

The SU grid modelling project
Proxy metrics for frequency stability: electrical distance from inertial centres
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RoCoF diagrams for various disturbances modelled on 
the IEEE 39 bus system showcasing the locational 
aspect to these disturbances. All disturbances are a 
change of 2MW of load at the indicated bus.

W. J. Farmer and A. J. Rix, òEvaluating power system network inertia using spectral clustering to define local area stability,ó International Journal of Electrical Power & Energy Systems , vol. 134, p. 107404, Jan. 2022, doi: 10.1016/j.ijepes.2021.107404.



Inertia modelled as a reserve in the UC 
Model

Å Allow OCGT, CCGT, Hydro and PS to 
run in synchronous condenser mode

Å Assumption is made of a system 
inertia requirement of 63 800 MWs

Å Based on a 1 Hz/s RoCoF requirement as 
set out by the Irish system operator.

Å Based on the risk of a half station trip at 
Medupi or Kusile & the risk of losing a 
unit at Koeberg (2.2GW)

Å Will decrease slightly once Koeberg is 
decommissioned

Å Preliminary results show that inertia 
requirements will influence unit 
commitment more in 2035 than post 
2037

The SU grid modelling project
Proxy metrics for frequency stability: system inertia



What should be 
modelled next?

1. Validation of proxy methods for 

stability

2. The impact of SAWEM market design 

on power system reliability and 

operations

3. A Southern African grid model 

4. Establishing accurate gas needs and 

costs in a future SA power system



Models alone do not improve planning outcomes
éand academia does not make the decisions that shape SAõs future

"Storytelling is our superpower"

FOR IMPACTFUL 
MODELS, LEARN TO 
TELL BETTER STORIES

άΧŀƴ ƛƳŀƎƛƴŜŘ ǊŜŀƭƛǘȅ ƛǎ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ ŜǾŜǊȅƻƴŜ 
believes in, and as long as this communal belief 
persists, the imagined reality exerts force in the 
ǿƻǊƭŘΦέ

STORIES 
SHAPE 
REALITY

MODELLING 
INFORMS 
STORIES

+ =



We can make our models impactful
éby telling these stories to audiences that can effect change

ÅEveryone likes listening to good stories.

ÅHowever, you have limited time and resources to 

make your models impactful, so choose wisely 

where you tell these stories.



ÅDecision-makers are more likely to listen to stories 

from people they know and trust.

ÅRelationships help you understand the decision -

maker's existing knowledge scaffolding. 

We can make our models impactful
éby building relationships and trust with model recipients



We can make our models impactful
éby mentoring and inspiring the next generation

https://erickimphotography.com/blog/2017/05/15/archimedes-lever/


