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ABSTRACT 

In 2010, South Africa embarked on a process to 

diversify its energy sources by introducing 

renewable energy (RE) as part of the energy 

mix. The Renewable Energy Independent 

Power Producer Procurement Programme 

(REIPPPP) has already been through a number 

of successful rounds. Following from the 

Integrated Resource Plan (IRP) released in 

2010, Department of Energy (DOE) released a 

Draft IRP in December 2016, which shows 

ambitions to integrate substantial RE generation 

in the country up to 2050. Although the IRP 

indicates how much RE needs to be connected, 

it does not indicate geographical location within 

the country. This spatial uncertainty makes it 

difficult to formulate plans for grid 

enhancements. Furthermore, the initial rounds 

of programme have consumed much of the 

available connection capacity on the national 

grid; hence an urgent need to create additional 

capacity for the future IPP programmes. 

This paper presents a South African case on 

strategic planning using the least-regret 

approach to effectively deal with RE spatial 

dispersion and capacity challenges.  Eskom’s 

Transmission and Distribution Planning 

Engineers recently undertook to formulate a 

Strategic Plan to ensure an optimal RE 

integration plan that mitigates above-mentioned 

challenges. Information from previous IPP 

applicants, together with the IPP EIA 

applications database, was used to determine 

areas where the interest is likely to materialise 

in the future. This amounted to 35076 MW of 

potential generation, which represents about 

64% of the total generation from renewable 

sources in the Draft IRP of 2016.  

By integrating above information sources, a 

strategic plan was formulated using an iterative 

approach, with the result being that future 

distribution collector stations and transmission 

corridors were proposed in accordance with 

applicable network codes. This allows Eskom to 

initiate Strategic Environmental Impact 

Assessments and, where justified, acquire the 

land strategically. This approach will shorten the 

lead-time for RE generators to connect to the 

grid, prevent transmission substations from 

being prematurely saturated, and also prevent 

“blocking” between IPP project developers.  

The results of the study indicate that that two 

additional transmission strategic corridors need 

to be added in the Strategic Environmental 

Assessments over and above those already 

identified in a previous CSIR/Eskom/DEA study. 

The results also indicate that extensive 

transmission and distribution infrastructure will 

be required to enable future IPP connections. 

Eskom has secured technical approval of the 

strategic plan and the process is under way to 

conduct Strategic EIAs for the additional 

corridors.  

The strategic plan will ensure that the spatial 

uncertainty to connect to the grid is mitigated 

for, which will result in the energy mix 

imperatives of the IRP being met more 

optimally. Further, the future network is 

optimized in terms of aggregate infrastructure 

requirements, cost effectiveness, grid 

accessibility to various IPPs, environmental 

impacts, and project delivery timelines.  
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1 Introduction 

According to the DOE’s 2016 draft IRP, the 

procurement of energy from RE sources will 

continue to increase over the next 33 years [1]. 

The anticipated high volumes of renewables; 

together with the dwindling network connection 

capacity in the areas with excellent renewable 

energy resources, has necessitated a strategic 

planning approach for future RE generation 

connections in order to mitigate potential risk of 

delays to grid connection.  

This paper presents the Strategic Plan for 

Integrating Future Renewable Energy 

Generators in South Africa in light of the 

uncertainties associated with the energy 

planning process, particularly the location, size 

and commissioning date of future renewable 

energy projects. It outlines the assumptions, 

methodology and results of the joint study 

between Eskom Transmission Grid Planning 

and Distribution Network Planning departments 

with the support of other stakeholders, including 

the DoE IPP Office.  

2 Background 

The REIPPPP has so far procured around 

6400 MW of energy from 106 IPP projects, 

which are mainly in the Eastern Cape, Northern 

Cape and Western Cape provinces. A total of 

approximately 65% of these projects are in 

commercial operation. Generation from RE 

resources supports Government policy 

objectives for a diverse energy mix as stipulated 

in the IRP. 

To date, the DOE has announced preferred 

bidders for REIPPPP Bid Window 1, 2, 3, 3.5, 4 

and 4B. One of the critical enabling factors for 

the initial phases of the REIPPPP, namely 

Round 1 to 3.5, was the abundance of 

connection capacity in the areas where high 

interest has been shown. However, grid 

connection capacity has since been depleted, 

resulting in capacity constraints for integration of 

future RE generation sources. Consequently, 

significant infrastructure investment will be 

required to enable the integration of future 

generation. 

3 Problem Statement  

Rollout of the REIPPPP experiences the 

following challenges: 

• Generation from RE in South Africa is 

predominantly located in southern and 

western parts of the country, where the most 

efficient wind and solar resources exist. The 

transmission and distribution networks in 

these parts of the network are historically 

weak, as the sole purpose of these networks 

was to support the load.  

• The design of the REIPPPP process is such 

that some of the critical information, 

including RE location and volumes, critical 

for transmission and distribution network 

development planning is only finalised on 

announcement of the preferred bidders.  

• The time between announcement of bid 

window winners and connection date 
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(approximately 3-5 years) is not sufficient to 

allow for the development of extensive 

transmission and distribution infrastructure. 

This is because the lifecycle of the 

transmission network development involving 

long EHV overhead lines ranges between 

5 – 10years, mainly due to long EIA and 

servitude acquisition process.  

• The potential renewable energy projects are 

dispersed over a large area owing to the 

nature of the REIPPPP, which allows for 

bidding in any part of the country. This 

makes it difficult to efficiently design the 

transmission network to unlock large 

quantity of renewables in a specific area.  

4 Approach 

To enable the integration of generation from RE 

sources in the future, a least regret approach to 

the development of future grid was adopted. 

This entails adopting a framework that favours 

the long term transmission and distribution 

network development to facilitate the integration 

of generation from RE resources. In order to do 

the study, it was important to have an overall 

approach with which to guide the process. The 

approach was both deterministic (i.e. decided 

upfront) and emergent (i.e. certain elements 

were deemed necessary during the study). 

Figure 1 provides a diagrammatic 

representation of the process flow. Individual 

steps of the process are outlined below: 

 

Figure 1: Strategic IPP study process flow diagram  

a. Need Identification  – The study was 

initiated as a result of interactions between 

stakeholders in the RE IPP sector 

b. Team formation  – To increase high 

levels of buy-in, a multi-stakeholder 

development team was formed, including 

Distribution Operating Units and 

Transmission Planning 

c. Scoping Phase  - The team decided on 

the assumption and technical criteria for the 

study, the approach most preferred was a 

bottom up one where Distribution planners 

developed plans for collector stations and 

this cascaded up to Transmission who also 

formulated corridor and Substation capacity 

requirements 

d. Study Execution  : 

i. The study was based on the relevant 

Transmission and Distribution reliability 

standards and Grid Codes. 

ii. Distribution conducted studies at local 

level based on integrating the installed 

capacity as it is possible to have high 

capacity factors at individual generator 

level. 
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iii. Load balancing was achieved by 

ramping down the base load generation so 

that total generation matches the load 

 

Figure 2: Typical transmission line Loadability 

curves  

iv. Transmission Planners applied capacity 

factors as there is diversity between many 

different RE generators. The sizing of the 

corridors was based on line loadability 

characteristics at angular displacement of 

35 degrees [2]. Figure 2 shows typical 

765kV and 400kV line loadability 

characteristics. 

v. Consolidation of studies – This entailed 

an iterative process between Distribution 

and Transmission Planning.  

e. Governance  – The plans were approved 

through an internal Eskom technical approval 

process. 

f.  Consultative Process  – The final step 

involves adoption of the plan through a 

consultative process with industry 

stakeholders.  

5 Assumptions  

The study was complicated by the fact that the 

IRP is not location-specific for the volumes 

planned. This was further compounded as the 

IRP revision was not finalised at the time of the 

study. The following key assumptions were 

made: 

a. Location and Volume Assumptions  

Data from multiple sources were used as 

follows: 

i. Connection Requests From IPP’s 

Eskom has a database of applications from 

prospective RE IPPs that made requests to 

connect to the grid. From this information the 

most popular areas as well as the indicative 

generation outputs were identified. 

ii. EIA information 

Most potential IPP’s have done Environmental 

Impact Assessments upfront to allow them to 

save time in case they win connection bids.  

This information was used to determine the 

potential volumes as well as the dispersion of 

RE resources. Figure 3 shows the areas where 

applications were made [3]. 

 

Figure 3 : EIA Applications from IPP’s (in blue)  
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iii. REDZ Research 

Another source that was used to supplement 

volume and dispersion data from RE connection 

requests and EIA, was the work done previously 

to determine the Renewable Energy 

Development Zones (REDZ), this study relied on 

resource abundance studies for wind and solar 

irradiation resulting in the REDZ shown in 

Figure 4 [4]. 

 

Figure 4: Areas Identified as REDZ  

iv. Integrating the information 

Team members collated the information 

obtained from the sources above and decided 

on a common set of assumptions to use for the 

study. Figure 5 shows the agreed volumes and 

locations between the stakeholders; this is also 

shown pictorially in the map.  

 

Figure 5: Volume and dispersion of future IPP  

b. Determination of Capacity Factor 

RE is known for its intermittency, which means 

that the installed capacity is not a true reflection 

of the power that will be realized. A transmission 

network will be overdesigned if installed 

capacity is used. Thus, the most onerous power 

evacuation scenarios were identified based on 

the generally accepted practice, midday, peak 

load and light load scenarios were chosen as 

onerous network conditions. Table 1 depicts the 

capacity factors used for study scenarios.  

Table 1: Capacity factors for study scenarios  

 

Metered data for connected RE IPP was used to 

verify the level of accuracy between the 

assumption and actual data. The results indicate 

that the assumptions were within reasonable 

range as shown in Figure 6 below, the assumed 

capacity factors were mostly conservative 

compared to the actual values. 
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Figure 6: Capacity factor verification RE IPP  

Based on the above, it was resolved that 

midday was the worst power evacuation 

scenario for the Northern Cape, and midnight 

the worst power evacuation scenario for Eastern 

Cape and Western Cape. 

6 Findings of the study 

Flowing from the process and methodologies 

outlined above, a strategic plan was formulated 

using an iterative approach. The result was that 

future distribution stations (collectors and 

satellites), as well as transmission infrastructure 

(main transmission substation and power 

corridors) were proposed in accordance with 

distribution and transmission network codes and 

standards. This lays a blueprint on which 

additional Strategic Environmental Assessments 

(SEAs) for future Distribution and Transmission 

infrastructure will be based. This work will 

enhance process that had already been started 

by Eskom, CSIR and DEA on SEAs based on a 

Strategic Grid Plan as shown in Figure 7 [5].  

 

Figure 7: Existing SEA corridors 

It is envisaged that this pre-emptive approach to 

determining the total requirements in terms 

transmission and distribution facilities in a 

geographical area will shorten the lead-time for 

RE generators to connect to the Grid. 

Furthermore, this will prevent transmission 

substations from being prematurely saturated, 

and prevent “blocking” between IPP project 

developers competing to connect to same 

existing facilities. The results were fairly aligned 

with the SEA results, with additional corridor 

requirements as shown in Figure 8. 

 

Figure 8: Additional transmission corridor 

requirements  
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Figure 9 is an example of the resultant 

infrastructure requirements for the Transmission 

and Distribution network in the Namaqualand 

area. 

 

Figure 9: Transmission Infrastructure Requirements 

for the Namaqualand area 

In the above example, an additional 

transmission strategic corridor need to be added 

to the SEA over and above those already 

identified in a previous study 

An example of the Distribution corridor 

requirements for the integration of future RE IPP 

in the Eastern Cape is shown in Figure 10:  

 

Figure 10: Example of sub-transmission 

infrastructure 

A summary of the estimated transmission and 
Distribution infrastructure requirements is shown 
in Table 2 and  
 
Table 3 below. These exclude the dedicated 

IPP connection infrastructure. 

 

Table 2: Transmission Infrastructure Requirements 

Infrastructure Quantity km 

Total 

Transformer 

MVA 

400kV lines 24 2161 N/A 

765kV lines 11 2862 N/A 

400/132 500MVA 21 N/A 20500 

765/400kV 2000MVA 10 N/A 20000 

 

 

Table 3: Sub-transmission Infrastructure Requiremen ts  

Infrastructure Quantity 

Sub-transmission lines (Mainly 132kV) 2002 km 

Number of new Substations  107  

7 Conclusions and Recommendations 

The strategic plan will ensure that the spatial 

uncertainty to connect to the grid is mitigated. 

This will result in the energy mix imperatives of 

the IRP being met more optimally. Further, the 

future network is optimized in terms of 

aggregate infrastructure requirements, cost 

effectiveness, grid accessibility to various IPPs, 

environmental impacts, and project delivery 

timelines. 

The following recommendations are made: 

• Development trigger points: from the 

study performed, it is evident that 

geographical areas require varying degrees 

of grid development, with some areas having 

marginal spare capacity on existing facilities. 
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Instead of allowing random triggering of 

infrastructure investments across the 

geographical space, it is best for the industry 

to systematically develop in blocks of 

developmental phases, with infrastructure 

investment triggered at each bid-window, and 

the developmental phases, ranked according 

to the overall cost to the economy 

• To enable expeditious rollout of 

infrastructure, certain strategic activities need 

to take place in advance; these include EIAs, 

acquisitions and concept designs. It is 

recommended that funding be approved for 

these strategic initiatives. 

• To optimally implement the strategic 

plan, various stakeholders such as DoE’s IPP 

Office, Eskom, IPPs, NERSA, and other 

parties need to be aligned.  

• The blueprint emanating from this plan 

should be used for future infrastructure 

development plans and IRP’s. 
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