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Brief history

® Eskom

2022 First ready first served concept

2023 GCAR proposed for codification

2023 IGCAR adopted as clarified

A Criteria very simple provision of end
user information in end user letter
head

A Grid capacity check done before BQ
development will proceed

A Attempts to apply it towards the end
of 2022 in the Cape provinces
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- A comprehensive criteria
developed assessing readiness
of the project

- Criteria include w.r.t facility

- Sufficient Land rights,

- EAWULA and CAA approvals,
- PPAHeads of Terms

A W.r.t grid capacity optimization for use
by NSP

- resource measurement data
- Technology type

- Project size

- Timelines to execute project

A w.r.t grid connection works readiness
- Design consultants

A Other:

- NSP would provide real-time
data on capacity allocations

A

A

A comprehensive criteria developed
assessing readiness of the project
Criteria include w.r.t facility

- Sufficient Land rights,

- EA,WULA and CAA approvals,

- PPA Heads of Terms

W.r.t grid capacity optimization for use
by NSP

- resource measurement data

w.r.t grid connection works readiness
- Design consultants

Other:

- NSP would provide regular
update via the GCCA on
allocations information



IGCAR March 2025 Update

3(1) (b) Proof of payment

Cover letter

3(1) (c )NERSA Proof of application for
registration/Generation License
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BQ fee invoice maybe withheld & issued only when
all documents have been provided, except NERSA
registration application proof

Indicating all info submitted and dates such approval
was obtained

IPPs may require an NSP letter before they can
apply to NERSA.

NSP Consent letter only issued after BQ payment.
Generator MEC/installed capacity to match end-user
NMD on NSP Consent letter

No tradersdé details wildl
going forward (from 08 November 2024).

Traders (licensed, unlicensed, aggregators) will be
seen as end users who actually consume energy
(e.g. large mines) and therefore must provide
account details of account /Point of Delivery for the

NSP letter

Clarification Problem being solved

Devel opers pay QF and do
therefore attempting to reserve a space/hog capacity

Ensure there is alignment in documents and
establishing when last of criteria was met

To ensure generation and demand balance. Current
applications at various stages exceed 200GW, BQ
requests/development>23GW. Current Eskom peak
demand 32GW

There are no NERSA rules for traders, Eskom is
working with relevant stakeholders including NERSA
to develop a framework (or Rules) to regulate
trading.



IGCAR March 2025 Update

Further Clarification Problem being solved

3(2)(b) PPA HoT 1 Section 34 IPPs must issue a preferred bidder appointment letter. To remove doubt

Whether there is a firm intention to sell or buy power between both parties. To keep to the purpose of IGCAR to

Generator Capacity must match offtaker/end user NMD. prevent hogging of capacity where Gx
capacity is exceedingly higher than
offtaker NMD

3(2) (c ) Design consultants Appointment  Letter from IPP  Developer Appointing Design Fyrther clarity

Consultant(s) for Substation and Power Line Designs

1 It must be indicated on the appointment letter if the appointed design
consultant is going to subcontract other services.
Appointed Design Consultant Company Profile indicating projects. Further clarity

1 Relevant projects related to Tx (NTCSA), Dx and Renewable Energy.
1 The resource names and roles in the project must be indicated by the
Design Consultant(s) on the supplementary letter of design consultant(s).
Appointed Design Consultant(s) Lead Designers and Engineers CV's Further clarity
and Relevant Qualifications

1 1 x Overall Lead Engineer, 2 x Electrical Substation Engineers (1 X
Primary and 1 x Control Plant), 1 x Overhead Line Engineer, 1 x Civil, 1 x
Structural Engineer, 1 x PTM&C, SCADA and Telecoms Engineer.

1  Other relevant disciplines with clearly marked electrical and renewable
energy projects experience and Valid ECSA registration.

1  Not applicable for an Eskom build.
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IGCAR March 2025 Update

Further Clarification Problem being solved

3(2)(d) Measurement data ! LIDAR may be used for at least a year of measurement for the four
corners of the site.

U GRS TR U CIIE S R Further clarity not previously provided

1 For dispatchable technologies, generation profiles are required i.e.
when will power be dispatched, when the BESS charges/discharges,
and any seasonal changes e,g, a hydro plant that generates during the
rainy season (winter only in the Western Cape).

3(4) (a) Grid Capacity Allocation A Guarantee is based on new Installed generation capacity. For existing Generators installed behind the meter with

guarantee plants that apply to increase their MEC and/or Installed capacity, IGCAR zerg export capacity (MEC) have an
Guarantee is based on additional capacity, that is the difference between the jmpact on the integrated power system, so
original MW value and new MW value. the capacity that matters is the installed

A Where the generator is behind the meter and the customer will increase capacity.
the load to at least match the generator capacity, then the IGCAR guarantee

will not be payable (zero-sum generation impact on the network). This is
applicable only where the CEL was issued based on an additional load

matching the generator capacity and the zero-sum generation impact is
confirmed.

A Similarly, if the customer is installing BESS to be charged from PV as an
example, the customer will be liable to provide the guarantee that is the higher
of the generation capacity (PV) and the BESS (export) capacity.

In partnership with \Q@'ﬂ, G20 &
Y7



Challenges ® Eskom

A Exponential increase in applications requires that a proper system be put in place to ensure transparent , consistent and fair management.
Reconciliation for energy accounting.
A Problems picked up and we are working on:
- Same CV for consultants used repeatedly by various developers
- Simulation of PPAs, HoTs and insufficient and effective mechanisms to validate firm intention to contract.
- End users/offtakers are repeatedly used many times especially where there is a trader in submission by many developers/IPPs
- Land rights w.r.t. tribal land and no delegation from Minister of DALRRD.

- Alot of developers with scope that is dependent on strengthening of the evacuation corridors in the Cape ( 765kV lines etc), expect
that they should not provide the guarantees. Developers must provide IGCAR guarantee or await the evacuation corridors then apply
to connect.

- Consultation process to review IGCAR and migrate towards GCAR.
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Ove rVI eW National Transmission
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A Introduction
A Grid Code Evolution
A Objective of the Hybrid Power Plant Guidance Note
A Hybrid Power Plant Guidance Note
- New Terms
- Connection Requirements
- Testing and Compliance Monitoring
A Lessons Learnt and Progress to date



® Eskom

IntrOd UCtlon National Transmission

Company South Africa ™
Grid Code Objectives ‘

Establishes reciprocal Defines minimum technical Ensures

obligations of ESI participants requirements Non-discriminatory access to the
IPS by both generators and loads
C Connection and use of the C Network Service Providers customers
distribution and transmission (NSPs)
power systems Adherence to minimum technical
C Generators (all types) requirements

Development of the network

C Load customers Maintain system integrity &
Operation of the Interconnected adequate service delivery
Power System (IPS)

Defined accountabilities

Information availability

Security Reliability Stability Efficiency

10
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Company South Africa ™

Wind Grid
Code

Transmission
Code

Scheduling &
Dispatch Rules

Hybrid
Guidance Note

_____ R — _— - _— = P — P — - - -__———p

RE Grid
Code

Distribution
Code

. "

11



® Eskom

Objective of the Hybrid Power Plant Guidance Note Nt e

Company South Africa ™

C Hybrid Power Plants came in C To facilitate the RMIPPPP C SAGC Preamble Version 10.1

response to the RMIPPPP C To assist Hybrid Power Plants (i.e. Preamble Code)

C Technical requirements for to comply to the approved SAGC Network Version 10.1
Hybrid Technology not SAGC, where two or more (i.e. Network Code)
specified in the Code Codes have different capability

requirements under similar

operating scenarios

Grid Connection Code for
Renewable Power Plants
v3.1 (i.e. RPP Code)

C Nor did it envisage Hybrid
technology being configured
as part of an existing No clause or condition in the
generation or demand scheme Hybrid Guidance Note takes

precedence over any clause or

conditions in the SAGC

Battery Energy Storage
Facility Code v5.3 (i.e. BESF
Code)

C Hybrid technology is not

defined in the Grid Code Depending on the

technologies used, more than
one Code may be applicable
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National Transmission
Company South Africa ™

GUIDANCE NOTE i GRID CODE REQUIREMENTS
FOR HYBRID POWER PLANTS
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N eW TermS National Transmission

Company South Africa ™

Hybrid Power Plant:
A Facility that has a combination of two or more of the following technologies
connected to the same POC and operate as a single entity:

A PV

A Wind

A Energy storage

A Altenaor -- o _
Scenario Description
disch charging

Only BESS available to meet dispatch instruction prior
to sunrise

Operating Scenario:

. . . B [50] BESS supplements PV to meet dispatch instruction
Operation of a Hybrid Power Plant such that one or more technologies (e.g., PV,

Wind, BESF and/or Alternator) are in operation at the same time (refer to = o PV alone meets dispatch instruction and excess PV
Appendix A). charges BESS

D [} [} PV curtailed to MEC, BESS fully charged|
Renewable Energy Technical Evaluation Committee (RETEC):

RETEC is a technical team within the System Operator established to validate or
verify compliance to the SAGC as demonstrated by the RPP Generator in respect
of his/her RPP.

14
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Connection Requirements National Transmission

Company South Africa ™

Table 1: Hybrid Power Plants Categories Hybrid Power Plants shall operate continuously, at any power

Category Hybrid Power Plant’s MCR between Minimum Generation and MCR, within voltage range at
A -0 B < 1MW the POC according to Table 2
A1 >0 to <13.8 kW Table 2: Minimum and maximum operating voltages at POC
A2 >13.8 kW to <100 kW Nominal voltage, Un [kV] Umin [pu] Umax [pu]
A3 >100 kW to <1 MW 785 0.95 1.05
5 =1 MW . <20 MW 400 0.95 1.05
B1 >1 MW to <5 MW 275 0-95 105
220 0.95 1.05
B2 25 MW to <20 MW
132 0.90 1.0985
C >20 MW to <800MW
88 0.90 1.0985
C1 220 MW to <100 MW 55 590 T 098E
C2 >100MW to <800 MW v, 090 708
D 2800 Mw 33 0.90 1.08
The requirements of the Grid Code are applicable to Hybrid 22 0.90 1.08
Power Plants depending on the rated capacity according to 11 0.90 1.08
Table 1 6.6 0.90 1.08
3.3 0.90 1.08

Frequency response, active power constraint functions, reactive power capability, reactive power and voltage control, fault
ride through, power quality and protection are all referenced in the Hybrid Guide Note and refer to the relevant code for
applicability. 15



Testing and Compliance Monitoring

® Eskom

National Transmission
Company South Africa ™

A1

Studies and Tests Requirements

Requirements

Pre-connection study

GCC Tests

RMS Model validation

Reactive power capability

All operating scenarios

All operating scenarios (Updated)

20 degree phase jump

All hybrid operating scenarios (more
than one technology in operation)

All hybrid operating scenarios (more than
one technology in operation) (Updated)

Frequency trips (Under and Over)

All hybrid operating scenarios (more
than one technology in operation)

All hybrid operating scenarios (more than
one technology in operation) (Updated)

Fault ride through

All operating scenarios

All operating scenarios (Updated)

agreed with the system operator

Absolute All operating scenarios unless otherwise | All operating scenarios as per the site testing
agreed with the system operator

Gradient All operating scenarios unless otherwise | All operating scenarios as per the site testing
agreed with the system operator

Delta All operating scenarios unless otherwise | All operating scenarios as per the site testing

Frequency Response

All operating scenarios unless otherwise
agreed with the system operator

All operating scenarios as per the site testing

Reactive power control

All operating scenarios unless otherwise
agreed with the system operator

All operating scenarios as per the site testing

Power factor control

All operating scenarios unless otherwise
agreed with the system operator

All operating scenarios as per the site testing

Voltage Control

All operating scenarios unless otherwise
agreed with the system operator

All operating scenarios as per the site testing




First Hybrid Power Plants Tested: SK1, SK2 and SK3 ®€skom

Company South Africa ™

A Scatec Kenhardt 1, 2 and 3 Solar PV and BESS hybrid plants were _

successful bidders in the RMIPPPP Maximum Export Capacity 50 MW
A Each plant is required to dispatch MEC from 05:00 to 21:30 daily oL
Installed PV Capacity 180 MWp
Installed BESS Capacity 380 MWh (75MWp)
Installed HV Transformer 80 MVA

A The plants are located just outside the Northern Cape town of Kenhardt

L= KR

05:00 — 06:30 Only BESS available to meet dispatch instruction prior

to sunrise
2 06:30 —08:00 ° BESS supplements PV to meet dispatch instruction
3a o PV alone meets dispatch instruction and excess PV
charges BESS
08:00 -17:00 BESS supplements PV to meet dispatch instruction
3b (%) . .
during periods of cloud cover
3c @ [ x]) PV curtailed to MEC, BESS fully charged
4 17:00 - 19:00 [5¢) BESS supplements PV to meet dispatch instruction
5 19:00 — 21:30 o ) Only BESS available to meet qlspatch instruction prior
to sunrise
6 21:30 - 05:00 0 6 0 Plant curtailed to zero 17
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Lessons Learnt and Progress to date National Transmission

Company South Africa ™

Multiple teams are required to test the different technologies separately and together

N
Pre-planning and preparation are vital i.e., testing procedure
Understanding practical vs theorical
Y,
)
Review to include Zero MW Export Hybrid Plants

18
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Grid Connections Enablement Overview




Accelerating Grid Connection for IPPs and Generators

Grid connection enablement initiatives

Several grid connections enablement initiates have been initiated (at
different stages of life-cycle), notably:

Interim Grid Capacity Allocation
Rules (IGCAR)

Congestion curtailment as
constrained generation ancillary
service

\_

4
Batched Generation Connections
Framework (BGCF)

\_

4
Private sector participation

\_
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® Eskom

National Transmission
Company South Africa ™

The presentation focus areas

A TDP implementation, Grid Stability
Enhancement, Renewable Energy Surveys
and National Collector Station Enablement

1. Grid Capacity Allocation and TDP Delivery
progress

Expediting TDP implementation

z )

Grid Stability Enhancement

2. Sustainable connection of Energy from

Renewable Energy Surveys BerEE RS SaliEes

I South African Renewable
Energy Grid Survey

National Collector Substation i.  Grid Stability Enhancement

Networks

3. National Collector Substation Networks

- J
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Grid Capacity Allocation and TDP Delivery progress
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Grid Connections and Capacity Allocation




Introduction and background ®€skom

Company South Africa ™

GCCA 2025 published in 2023 7 Demonstrating that the A The IRP and other studies indicate that solar, wind,
generation connection capacity in the Northern Cape, energy storage and gas will dominate the South African
Western Cape, Eastern Cape, and Hydra Central supply \ generations mix

areas has been depleted - The best renewable energy sources (Solar PV and
Wind power) are located in the greater Cape areas.

- Most of the potential sites for gas-power generation
are also located in the greater Cape area.

- The greater Cape is historically not a major load
center

Limpopo
JJoMwW

|
Mpumalanga
IoMw
<J ]
A Positive outcomes of grid capacity allocation

< 9 - ( Freesae - The connection of substantial renewable energy
T ‘ projects has been achieved

- Furthermore, collaboration between stakeholders
has enabled effective allocation of capacity (in
GCCA 2025) to many IPP projects in the rest of the

= // ,\W —~ | g~ grid
’ T \\ [ S e // Grid capacity constraints (strong demand for grid connection)
Q.\ jar-o-ng .\‘/' /,/ A Investment in long transmission lines is required
. b /H,\,Jr—/\_*- ~ A Execution timeframes i long transmission lines
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® Eskom

Grid Connections overview i end April 2025 (Public procurement)

National Transmission
Company South Africa ™

Announced preferred bidders for Department of Energy and Electricity Independent Power producers programmes

REIPP REIPP REIPP REIPP REIPP
2 projects 28 projects 19 projects 18 projects 26 projects 11 projects 25 projects 6 projects
1135 MW 1434 MW 1070 MW 1628 MW 2205 MW 1998 MW 2583 MW 1000 MW

All projects All projects All projects 17 projects All projects 4 Projects 3 projects 6 PB announced,

connected connected connected connected, 1 connected connected, 3 connected, 8 of which 2 are in
project in in execution project in execution & 2 in
execution execution development

REIPP BESIPP BESIPP
BW7 BW2 BW1

8 projects 8 projects 5 projects

1760 MW 615 MW 513 MW

8 PB, of which 7
are currently in
development

8 PB announced,
of which 5 are in
development

5 PB announced,
4 in execution &

1 in development

Total preferred bidders projects announced ~ 15,9 GW from 156 individual projects

99 projects totalling 8017 MW have been commissioned, of which 6882 MW is from RE Sources

(YY)
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17 projects totalling 1754 MW are in execution




Grid Connections overview i end April 2025 ® Eskom

(Private off-take mechanisms) Company South Afiica ™

Capacity allocation for Private off-take projects

Cost Estimate Projects in Development Projects in execution Projects in operation

m\Wind = Hybrid m Hydro m Biomass m Biogas

36 projects totaling over 1.2 GW of energy from renewable sources are in commercial operation

38 projects totaling over 3.4 GW of energy from renewable sources are in execution

59 projects totaling over 7.6 GW of renewable energy are in development phase

In partnership with \\‘A"/ GZO EE;SE
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Transmission Development Plans (TDP)
Delivery progress




TDP Summary of Major Projects / Schemes

® Eskom

National Transmission
Company South Africa ™
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44 priority projects have been identified to
accelerate the new connection capacity by 2033

® Eskom

National Transmission
Company South Africa ™

1- Komsberg 400/132kV 500MVA Trfr 3

2- Kappa 400/132 500MVA Trfr 2

3- Koring 400/132kV SS Int o~

4- Droérivier 3rd 400/132kV Trfr i

5- Galenia 400/132kV SS Int 7 \

6- Grassridge 400/132kV 500MVA Trir 3 ‘__,.«J \\

7- Dedisa 400/132kV 500MVA Trirs 3&4 \

8- Hydra 2 X 250MVA 400/132kV Trfr Upgrade i

9- Theseus 400/132kV 500MVATrr 3

10- Gumeni 400/132kV 500MVA Trfr 2 v

11- Mercury 400/132kV 500MVA Trfr 3 . L

12- Delphi 400/132kV Trfr 3 ™ / ¥ | 3 il

13- Krypton 400/132kV Sub Integration kY /

14- Artemis 400/132kV SS Integration B

18- Camden B MTS - ~_ |
J’fairieaumeny ~J

Hen

§ — e A ad ’,_J"

16- Majuba 400/88kV Trfr Upgrades 5 F
) ; W

17- Majuba MTS 400/132kV Extension
18- Alpha 400/132kV Extention

19- Hendrina 400/132kV Trfr 3 LS S @% el mdlen B e
20- Carmel 275/132KV 500MVA Trfr 3 e Me,w,yscafé"’*““w A=\

21- Priarie 275/132kV Trfr upgrades ~ A

22- Scafell 275/1132kV 2 x 500MVA Trfrs g
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Additional transformers: 22 Transformer projects will unlock 14 GW of new Gx capacity
A 5 projects in development stages to deliver 5 700 MW
14 projects in procurement and construction stage to deliver 6 784.5 MW

A
A 3 projects cancelled consisting of 1 339.5 MW

N

Upington Str: Aries-Upington 400kV line 1
Upington Str: Ferrum-Upington 400kV line 1
Asteria 400/132kv S/S Integration
Mookodi Extention and 1st 500MVA trfr
Paulputs 400kV Str Ph 1
East Coast Gas 3GW at Richards Bay
Agulhas 400/132kv S/S Integration..
Cape Corridor Ph4:1st Perseus-Zeus 765kV
Cape 765 ph4 Gamma-Kappa 765kV no2
0- Cape Corridor Ph4: Kappa-Sterrekus
2nd 765kV
11- Cape Corridor Ph4: 2nd Gamma-Perseus
765kV
12- Gamma Str: Gamma 765/400 kV trfr
13- Kimberley Ph 4A: Beta-Boundary 400kV
14- Kimberley Ph 3 Ferrum-Mookodi 2nd 400kV
15- Kimberley Ph 3 Mookodi-Hermes 2nd 400kV
16- Greater East London Str Ph4:
Pembroke-Poseidon
17- Droerivier-Gourikwa 400kV line 1
18- Hydra-Kronos-Aries 400 kV line 2
19- SGS-2x Gamma-Grassridge
765KV lines

SPPNeERER

20- Hlaziya 400/132 kV/ Zeus
MTS integr IPP 15
21- Aurora - Juno ”
400kV line 2
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1st and 2nd Y F (14 P
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Expedited projects: 22 new line projects will unlock 22 GW of new Gx capacity

A
A

12 projects in development stages to deliver 5 670km and 16 154 MW
10 projects in procurement and construction stage to deliver 1 640.4 km and 6 565 MW




Projects in execution and procurement, with remaining projects @Eskom

National Transmission

under development on track Company South Africa ™

Tx lines
Execution and procurement

A 2919 km in various stages of procurement and others under construction
In development

A 11 542 km under various stages of development

Transformer Capacity

Execution and procurement

A 23 115 MVA in various stages of procurement and others under construction;
In development

A 108 220 MVA under various stages of development

TDP delivery mechanisms

A Owner s Engineer (OE) and Engineering
panels

Delivery challenges

A Mitigation measures including escalation to NECOM-Presidency for increased
focus have been adopted to mitigate several identified delivery risks to the
overall program 31
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Grid Connections Enablement

Sustainable connection of Energy
from Renewables Sources
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South African Renewable
Energy Grid Survey
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Introduction T Location Predictability National Transmission

Company South Africa ™

A Energy transition has led to many challenges with respect to RE generator location predictability
- Dispersed RE generation results in strengthening path uncertainty
- Attempts to lobby for geographically targeted bid windows not successful due to competition considerations
- Each BW round located RE in varied locations
- ERA Schedule 2 amendment resulted in unprecedented RE Applications (Approximately 13GW)

Limpopo

Concentrated Generation v Dispersed Generation

Northern Cape
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Geographic Dispersion of different Bid Windows Nt e
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Bid Window 1 Bid Window 2 Bid Window 7
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Renewable Energy Survey Initiative
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A To mitigate for location uncertainty

- Eskom initiated and partnered with SAPVIA to conduct an annual RE survey (sent to all other Associations)

Participants i

A Benefits

Targets the IPP sector (PV, Wind, Storage, Gas, etc.)

ndi cate wher e

t hey

- The intelligence allows strengthening to be targeted at the right places
- Informs generation assumptions for the TDP,
- TDP projects become consistent from year to year

- Long-term strategic plans

Contracted Capacity mwao

Contracted - grid capacity

Contributions

483 133748

209 66507

Survey Survey Survey Survey
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MWh of Battery Storage [ 7114
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The results in 2023 indicated that 66000 MW can potentially connect to the grid, this increased to 133000 GW in the 2024 survey
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Alignment between Survey and Generation Assumptions Nt e
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Survey Results Generation Assumptions
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A High degree of alignment between Survey results and Generation Assumptions
\ ” G20 i A TDP has a high degree of reliability and projects are implemented where they will be needed
In partnership with Y N =" A Although there is no geographically targeted bid windows, long-term UPFRONT planning is fostered due to

a hiogh dearee of confidence
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A High degree of alignment between Survey results and Generation Assumptions
A TDP has a high degree of consistency and projects are implemented where they will be needed

A Although there is no geographically targeted bid windows, long-term UPFRONT planning is fostered due to
a high degree of confidence

A Other distribution level initiatives are done with the help of the survey
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Grid Stability Enhancement
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A Energy transition has many environmental benefits and many exciting challenges for Power Grid,

A Current IRP projections indicate the following trend:

- Synchronous generation (Coal) will be decommissioned and mostly replaced with variable RE resources
- System Inertia is depleted with every unit of generation that is decommissioned

Cumulative Capacity Per Annum
Legend @Coal © Gas

44958 44958 44958 44958 44958
3414 3414 3414 3414 42658 41 901

““““ = A A loss of approx. 15GW of synchronous
B s generation
“““““ This is replaced 50GW of RE+Storage and
9GW Gas
Gas will run at a low to moderate load factor
Contribution of Wind and PV (~ 46GW) to
Inertia in minimal

In partnership with \\\A‘”/ Gzo Z*EE’SE

Megawatts
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Challenges with high RE and Low Synchronous Generation Nt e
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A The ability of the system recover from system events is curtailed

- Rate of change of frequency increases, leading to higher chances of frequency instability and
loadshedding -> blackouts

- Reduced system strength result in inverter and voltage instability
- Oscillations are likely in increase in the system - this can be damaging to plant

A Without any mitigation, it gets progressively difficult to increase penetration
A Increasing number of blackouts can partially be attributed to instability related to high RE penetration

Sync Active Power Output 19485(MW)

Control Interactions/Resonance/Oscillatio

i wmm SR
me%m i SRR, =

In partnership with \\@4[ GZO EEE’SE
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A Grid Planning conducted a stability study with forecasted levels of new RE and decommissioned
coal generators

A This was before there was a relaxation in decommissioning rates
A Results indicated instability in the system for many scenarios

SYNC Active Fower Output 1L9485(MW) Sync Raactive Fower Output

200 %

heactive Pomet (MVA)

System without Synchronous Condensers
(uncompensated Inertia ~ 50% SNSP)
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A Proposed solution was the installation of synchronous condensers in different parts of the network
A This is an active project with Owner Engineers already appointed

A Results indicate that the solution will result in a stable system enabling the grid to accommodate
the required levels of RE

System with Synchronous Condensers
(compensated inertia - ~ 50% SNSP)

(YY)
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A PSCAD training initiated to enable planners to interactions and oscillations at a higher resolution

A A BESS study will investigate the usage of grid forming inverters for fast frequency response in
our system 1 these systems are being proposed in other parts of the world

A A future system is likely to contain both Syn Cons as well as GFI BESS for FFR and system
strength

(YY)
In partnership with \@‘@%/ GZO Egim
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A The cooperation between NTCSA and RE Associations in concluding RE Surveys is a key
success factor for orderly and certain grid development

A Synchronous condensers will be deployed in South Africa for the first time, thus joining other
countries with high RE penetration in their deployment

A Synchronous condensers and Grid forming technologies are more likely to work together in future
to mitigate for lost stability due to decommissioning

A Skills upgrading of Power Systems engineers will ensure that they stay abreast with this quickly
developing environment

(YY)
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Accelerating Grid Connection for IPPs
and Generators

NATIONAL COLLECTOR SUBSTATION NETWORKS 1
AN ENABLER FOR EFFICIENT GRID CONNECTIONS

IPP Office
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PRESENTATION OVERVIEW

1. What and why of collector substations?

2. 15t Study (Case/Conceptual) i Methodology, Results and
Recommendations

3. 2" Study (National Study) i SOW and Expected
Results/Outcomes

4. Key benefits of the study

nnnnnnnnnnnnnnnnnnnnnnnnnnnn



COLLECTOR SUBSTATIONS
WHAT AND WHY COLLECTOR SUBSTATIONS?

What?

A The collector network is for ensuring coordinated planning
for the integration of RE IPPs.

A A proactive, and optimal network design to integrate large
amounts of RE in one geographic area

Why?

A Concentration of RE power plants in high-yield areas

A RE projects development around transmission substations
with the capacity to integrate RE

A Ensure grid preparation work is done to create capacity to
align with the development of the anticipated RE generation

A Reducing the environmental impact of and streamlining the
integration of RE

electricity & energy

Department:
Electricity and Energy
REPUBLIC OF SOUTH AFRICA
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15t Study (Case Study) i Methodology,
Results and Recommendations
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FIRST STUDY
APPROACH (4 PHASES)

pesign F
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Study Inception & Kick-off Meeting

Assumptions & Methodology Report » Application of the Collector Design Framework
Data Collection MNetwork Analysis & Modelling

Status Quo Analysis Transmission & Sub-Transmission Network Plans
Cost Estimates

Desktop Environmental Screening

- - - -

gwal ““Wl'&q

I

* Final Presentation
* Final Report & Recommendation
+« Handover and Close-out

* Environmental Screening Assessment Report
= Stakeholder Engagement for Servitude Acquisition

* Regulatory & Legislative Framework

* Collector/Satellite Station Network Update

+ Updated Cost Estimates f -,

INCEFINDENT FOWER FRODUCERS OFFICE




DELIVERABLES OVERVIEW

Phase

Phase 1: Status Quo

Deliverable

Assumptions and Methodology Report

Status Quo Report
A High-level generation spatial location per Technology
A ldentify areas of focus: High-interest; Medium-interest and Low-interest

Timelines

February i May 2023

February i July 2023

Phase 2: Collector Design
Framework & Desktop Studies

Reviewed Collector Station Framework
Environmental Screening Assessment Report

Transmission and Sub-Transmission Infrastructure Requirements

July T August 2023
July T August 2023

September i October 2023

Phase 3: Stakeholder
Engagements

Regulatory and Legislative Opportunities and Constraints
Procurement Strategies for Servitude Acquisition
Revised Collector Station Framework

Updated Transmission and Sub-Transmission Infrastructure Requirements

March i April 2024
March i April 2024
February i April 2024

February i April 2024

Phase 4: Final Report &
Recommendations

Final Report and Presentation
GIS Datasets (.mpk & .shp) and Maps

Network Simulation Casefiles (PowerFactory)

May 2024
April i May 2024

April i May 2024

nnnnnnnnnnnnnnnnnnnnnnnnnnn



PHASE 1 OVERVIEW P e

qw“‘:’:‘nmm S il
0: s s ety oo
- Statos o Anaysis ~ Tranemissions Sub-Transmission Network Plans
A The objective of this phase is to develop a spatial presentation of = - Gesion Emonmeril Scsenng
known and future IPPs for the RE capacity allocation per REDZ / >
RE nodes PN s
A Source publicly available information and other information sets ’ _
supplied by the IPPO \_/ "
A Information Gathering: - S e
o EIA applications, - Unded CostEstmater

Transmission network plans and case files,
GCCA 2023 (2024),

REDZ,

Power corridors (SEA),

Topographic and environmental datasets,
Regulatory and legislative information,

o Previous reports, etc.

A Stakeholder Identification

A Project Implementation Plan (PIP) & Project Schedule

A Agreed RE capacity allocation per Tx Substation, REDZ / RE
nodes

A Identify three areas of focus
o High-interest
0 Medium-interest
0 Low-interest

©O OO OO0 O

RENEWABLE ENERGY
BOTSWANA DEVELOPMENT ZONES (REDZs)

DESCRIPTION:
e
Onvebosmret Zooes, whhn Scuth s

NAMIBIA

LEGEND.
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PHASE 1 RESULTS (.
RE INTEREST TOTAL CAPACITY (MW) K"‘;if

A The RE projects from the EIA dataset and survey
results were consolidated to determine the overall

. : L s _ = »
interest in MW per technology type within the study \g/ S = s S s = %
areas. : w = E = = S o
Study Area Substation @ o 3 = = = = o
. 5 = X c = = o
A These were based on the projects EIA status. The E % 2 = s & s >
. . S ]
assumption was made that the projects within the - & @
study areas from the survey results with approved Study Area E Komsberg REDZ2: Komsberg - } . 5226 7372 12598 1 2 2 X High RE Interest
EIA status V\_/ould appear in the EIA dataset as Study Area B Gamma REDZ11 Beaufort ) ) . 3900 8461 12381 2 & 1 X High Wind Interest
approved projects, therefore these project MW were Niounehoos & West
not added. An exception is made to projects that Study Area | uﬁﬁ;inoop REDZ7: Upington - 10 - 10817 20 10847 3 1 13 X  High Solar Interest
have RE technology types not included within the Study Area F Aggeneis & Groeipunt REDZ8: Springbok - - - 5205 158 6493 4 3 6
EIA d_ataset under the same stu~dy area. The same Studs(/) Area  oa o A R S N T
exercise was performed fortheicura@gmlti c at Study Area
status which in the EIA dataset would fall under i | n H Kronos - - - 453 320 4873 6 4 12
Pr o c eppkcations. Study Area L Ferrum - - - 4359 401 4760 7 5 11
i Study Area . i
A RE projects from the survey results that are future c Iziko B - - - 193% 2759 4604 8 7 3 X Medium RE Interest
applications were added to the overall combined Study Area A Poseidon B REDZ3: Cookhouse - - - 505 2648 3153 9 13 4
totals. St“déArea Helios - - - 397 2545 2942 10 14 5
A Thus, the t_otal generation capacity interest in the StudsllqArea - ) ) C imm AGE 2mm 4 W §
study area is ~80 GW.
; —— ; o Study Area K Mookodi REDZ6: Vryburg - - - 1904 20 1924 12 9 13
P (""/ ‘ "‘gﬁ : Study Area J Boundary REDZ5: Kimberley - - - 1917 - 1917 13 8 14
e St”d?\'AArea Olien - - - 1636 - 1636 14 10 14
St“déArea Hydra B - 40 - 80 643 148 15 15 7
Study Area P Thyspunt - - 19 5 1438 1462 16 15 8 X Low RE Interest
Totals 1507 50 3353 45356 30087 80 702




PHASE 1 RESUL
RE NODES SELECTION

The selected RE nodes to be assessed further in
Phase 2, spans over the 3 Greater Cape provinces
(Eastern, Northern and Western Cape). The
selection categories were as follows:

A High RE Interest: Study Area E i Komsberg

A High Wind Interest: Study Area B Gamma

A High Solar Interest: Study Area | i Upington

A Medium RE Interest: Study Area C i Koruson

A Low RE Interest: Study Area P i Hlaziya

CEL dataset provided insight into the RE interest

project readiness. This insight was used in the grid
integration plans in Phase 2

Study Area RE(II\r/\&:/;est (Sl\jl)\lzg \(,'\\//:Cvd) Reason Province
Study Area E 12 598 5226 7 372 High RE Interest NC & WC
Study Area B 12 381 3920 8461 High Wind Interest NC, WC & EC
Study Area | 10 847 10 817 20 High Solar Interest  NC

Study Area C 4694 1935 2759 Medium RE Interest NC & EC
Study Area P 1462 5 1418 Low RE Interest EC
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STUDY APPROACH v
PHASE 2 OVERVIEW oo s, <ol

Study Inception & Kick-off Meeting
Assumptions & Methodology Report Application of the Collector Design Framework
« Data Collection + Network Analysis & Modelling
) . ) ) « Status Quo Analysis . Tmnsmi;sinn& Sub-Transmission Network Plans
A Review & apply collector & satellite framework for integrating RE Q: etkopEmanmentl Sraning
A Planning criteria >
| | o 3 7 oo
A Desktop environmental screening to identify opportunities & , <
constraints map using various GIS layers
A Network modelling & analysis - ‘
E §takghouerEng§9.en}e;1_forSemtfc;;msiﬁon

A Network development plans (Tx & Sub-Tx) ; Rl S Pk

+ Updated Cost Estimates

A Cost estimates per Tx substation / Node -

+ Final Presentation
+ Final Report & Recommendation
*+ Handover and Close-out
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PHASE 2 RESULTS
ENVIRONMENTAL SCREENING

A Results provide an indication of the likely
environmental constraints

A Higher-level constraints = greater risk of not
obtaining Environmental Authorization

A Site-level investigation may reveal constraints not
identified by available tools (e.g., due to scale of
the plans, mapping errors, incomplete information)

A May also reveal opportunities in areas indicated as
having higher-level constraints

A Other constraints still need to be considered (e.g.,
heritage, agricultural)

A Detailed Environmental Screening i National Web
Based Env Screening Tool

A Identify which specialist studies will be required as
part of Environmental Authorisation process



